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QCD ANALYSLS OQF THE NUCLEON STRUCTURE FUNCTION
Y7[X,QZ) MEASURED IN MUON-CARBON DELP INELASTIC

SCATTERING

V.Genchev, V.G. Krivokhizhin, V.V. Kukhtin,
R. Lednicky, S. Memcchek, P.Reimer, I1.A. Savin,

A.V. Sidorov, N.B. Skachkov, G.1. Smirnov
I'resented by I. Savin

Joint Institute Tor Nuclecar Rescarch
hubna

1. INTRODUCTION

In this paper we describe results of QCD analysis of the structure
function Fl(x,qa) weasured by the BCDMS collaboration in an cxperiment
on muon dcep inelastic scattering from carbon turgcts/1/. The mcthod of
the analysis is based on the expansion of a structure function (SF) in a
Jacobi polynomial scries as described in paper /2/. It is applicd both
to nonsinglet (NS) and singlet (5} structure functions the Qz~d0pcndenco
of which is predicted in the lcading order {L0) and next-to-leading
order(NLO) of the perturbative QCD theory, A short summary of the me-
thod and the appropriate formulae arc given in Scction 2.

The experimecntal data are obtained at incident energics of 120,
200 and 280 GeV in the region 0.25 < x < 0,80, y = 0.15-0,9 and
Qz > 25 GeVz, where x and y are usual scaling variables and Ql is the
four-momentum transfer squared. In this region higher twist cffccts arc
supposed to be negligibly small and the data well suited to test the

QCD predictions. Although F, is almost a singlct structure function, in



the region x > 0.3 a main contribution to it comes from a nonsinglet
distribution of valence quarks because distributions of sca quarks and
gluons arc concentrated at smaller x/s/. Taking this into consideration,
we have compared the data with the QCD predictions using both the NS-
{Scct.3.) and S-(Scct.4) formalisms and NLO-corrcctions. A consistency
of these analyses proves the validity of the nonsinglet approximation

in this kinematical domain.

Our main results of the NS analysis obtained with the help of the
Jacobi polynomial method have been reported clscwhere 147, ticre we de-
scribe the analysis in detail and estimate systematic errors in the
QCD mass scale parameter A arising both from the duta and from the me-
thod. To be consistent with paper /4/, we have used the same cut y<0.2
removing from the data 9 points out of 166 measured in the whole y re-
gion. The dependence of the results on this and other kinematic cuts

is also studied.

2. BASIC FORMULAE
According to paper /Z/’ the basic relation connecting the structure
function F,(x,Qa] and moments MQCD(n,Qz), calculated in the perturba-

tive QCD, takes the form
Novax wft k k Qo 2
B = K0P & "6 ;ch‘(d'”' Mn@), (0

where 6;p {x) are the Jacobi polynomials, x®(1-x)® is a weight fun-
ction, c¢;(e,p ) are known coefficients of an cxnansion of the polyno-

J
mial in a xJ series, n = j+2, and NMAx is the number of series

terms.

For calculation of the NS- and S-moments in the MS subtraction

scheme, we have used the expressions (in notations of papers /2'5/):
n
eed, 2 4 2y = [ On(®/2) T9ws 4 2
M2 () < & €D, = [—JW o N)] -4 <A@y, 2

and



by
MS (-m), [(S(G)) 14+ 9_"') ’ !B =.n <Glerp, 7, (3
where A is the QU mass scale p:xl'-‘lmcror,d.\‘.q are anomalous dimensi-
ons /5/, iz“)z,/ o r H .J:(Ql) is a4 running constant of strong inter-
—(. /574

B = ¥ A
actions, and B H are wnown cocflicients {sec

0 The running

constiant
1: l Eu((.-//\} [f P Unbn ()/A)/ﬁ'--&(a//\)] fu 241- '"hP\ o’— ny

is calculated for ne = 1. Expressions for 4, = and G are given

7 ki R
/'/. They describe (7 evolutions of moments of nonsinglet quark,

in Ref .
singlet quark and gluon diztributions, respectively. Initial values of
these moments are given or determined from the same experiment at a re-
ference point K\I:). Compuring data to the QCD predictions, onc can cither
consider initial moments as free parameters (the so-called "direct
dapproach’™) er calculate them using the following relations {the "para-

metrization approach'):
1
2 h-2 N
<alalys, - jdx UMD

Q . fdl x )\Z(’(,Qv:_) , (1)

<G(0.,l)>_‘ :_/5'( h"-1 »G‘(“'D:),

where the yuark and «tunn distributions have the assumed parametriza-

tions
. W 6~S
xA(x Qo) ¢ C v x (( (e 3v . 15)
s
By o At af ci(w)‘;‘, (6)
and
n AG(K.Q.-ZJ" 03(4.,()8.‘7(1’4%;() 7

Unknown parameters in (5-7) should be determined from the same data to-
gether with A . Onc of the parameters, namely <xG», or (?q, is fixed
by the total cncrgy-momentum sum rule

SR, ¢ e Gudys, = 1. .


file:///vhere

The final goal of the analysis is to comparc the data on F, to
their QCD expectations from (1) and to find out the QCD mass scale pa-
rameter A corresponding to the best data description by the QCD for-
mulae. We believe that a statistic error of this parameter should be
defined by the statistical fluctuation of the data while uncertainties
of other parameters are to be included in an estimation of the systema-
tic error.

Particularly, ta estimate the systematic error in A due to pa-
rametrization uncertainties, in the NS approximation we have performed
the analysis by the two above-mentioned methods the first of which
(direct) docs not require a knowledge of the quark distribution while
the second one assumes a certain form (5) for it.

As the input for the fitting procedure performed with the help of
the MINUIT program,we have used the values of Fz(x,Q!) calculated
on the assumption that R = GL/ Gy =0 (Tables 4-6 in paper /1/). At
cvery step of the fit we have introduced a correction assuming that
R = RQCD' where RQCD is the QCD prediction for this parameter /87,
The initial (F,R=0) and corrccted(FzRQCD] structure functians are
R=0

connected by a rclation F,RQCD = K(y,E,Qz)-Fx , where

K(V;EQ) [{ ‘a__:_ ,,y?fz'az]/c‘_y _+&_~_

P T 4E" 2e%(Roey +1) (9
and
z le
R &) = FC b @)/t Ht /el £ Tngly - EX %03 ) (10
The longitudinal SF, FLQCD, is calculated according to Eq. (1) with
S/
the longitudinal moments given by CKPT-/
Qiy BV &b G (2)
M 2 = Ln 2 < Y
v ) i, M (e F"u(a/,e« Gl@, . (n
where
H 5 ¥ 4 [
Si = s BL.'\ = —5[1/(’“1)1 , BL’h = 3.‘2/[(ht4)(h¢z)J .



3. NONSINGLET ANALYSIS

3.1 Parametrization Approach
As is seen from the basic relation (1), the final value of A could,
in principle, depend on variations of the weight function parameters o
and f, , CXpansion terms NM/\‘(’ parameters defining the form of the NS
2
quark distributions (5) and the reference point QQ. Using the EMC dat:/,”

onc can shuw/Z/ that A is practically indepcndent of thesc parameters

if is large cnough. For the BCDMS data we have repeated these

Max
tests as described below.
We started with the choice of the reference point Q; taking,as
- omme 12 _ o N L 2
recommended n '\MAXJ’ & =-0.85 and ?’-3'0' The variation of QO
within an intervaldo 5-100 Gev’ has practically no influence on A
which is stable (see Fig.la) around an average valuc of 231 MeV with

point-to-point lluctuations less than 0.5 MeV. This can be taken as a

2
systematic error in A due to arbitrariness of the refercence point Q,
)(J/DF 2
F a For further analysis we chose
[ 2 2
. L L Y . ° O QO = 27.5 GeV , i.e. at the begin-
N T ST S W
Ams 100k ning of the data kinematic range.
Mev A }3'
[- 3. Y BON S I =
sok 14 4---4--
MU ST S S
20 40 50 80 100
2 7
Qy Gev
x’/DF 2 b
‘: e g v oo e
[ "y -] n A L i A .
Ams  ag0f Fig. 1. Results of the nonsinglct
Me Vv [ z
L _d-p-d-4-4--4231 analysis for and /OF as a
wof Tt tAt44 : Aoandx
X function of the reference point

mdblirsndl i "t P 2 N .
Q_ {(a) and the number of cxpansion
o

terms NMAX {(b).
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Next we studied the stability of the results with respect to NMAX'
As is seen (rom Fig. 1b, for N‘AAX from 3 to 9 point-to-point fluctuati-
ons in A's are less than 5 MeV. This value gives an estimate of the
systematic error in A due to NM.AX' Later the stability tests were
extended up to NMAX= 14 with almost the same results. The other parame-

S . .
ters, CNS, ov.NS, FNS, and KN”, were also stable within the cirors. lor
v v v v

further tests NMAX= 7 is used except {or spccial cases.

The influence of the weight function form on thc other parameters is

scen {rom Fig. 2. As expected "2/, all of them are stable within the errors
NS
NS “voas ¢ h
cy L a 14 +
1.3} 1.3
'2:¢*¢$+.¢¢ 12 ¢‘¢ooooo¢
’ 1 D N 1 1 L 'y A 1.3
NS — —
a -3 + eV sof o
.32: + + ¢ .401—
,28.4_44+J .’. _’. .30} +.‘¢¢¢¢0.b
BNS 3.2;’ + ’ + + BNS s
v 34 ¢ + ’ v r
]
NS E S af L I SPR P
y ~6F R e
v -3£¢.¢¢’¢0¢ } )
P T S ~7f
x7oF 2¢ -.;'+4§.
[ NN ALAELK]
fe’'® e 00000 ror
Ll IR NI
AM_S. : PR - A
Moy 300; " :ﬁ's 300 2
zoo;*..-*-.-’-f-*." g*}. oof ¥ ¥4 +*+47 A
-8 =6 ~4 =2 . 41- 2. 3. 4, 5.
a B

Fig. 2. Results of the nonsinglet analysis as a
function of one of the weight function parameters
& (a) or [5 (b); the second parameter is fixed:

IS= 3 and ©& = -0.85, respectively.
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in a wide range of variations {et = -0.7 2 ~0.15 and P =2 $5.5% in
particular, the A varies by less than 3 MeV. An unpronounced IZIDF
minimum at R = 3 ¢ 1.5 is seen in Fig. 2b. The values of ol= -0.61
and B = 1.45 corresponding to the fit with all free parameters indi-
cated in Fig. 2 by arrows are uscd for further tests. As we have learn-
cd, the parameter fluctuations in {ig. 2 are due to a relatively low
accuracy of calculations at Max = 7. These fluctuations become negli-
gihle when the calculation accuracy increases, e.g. at Npax~ 12+

The results of stability tests with respect to various kinematic
cuts  are  shown in iig. 3. These tests characterize not the method
of the antlysis but the quality of the data.

The dependence of A on Ql cut has been studied up to QZu§65

i . .
GeV . Larger values are unrcasonable due to losses of statistics, As
’ -
is scen in Fig. 3a, the A obtained at various cuts are in

statisticnl agrcement. A small systematic increase of A with in~

2
creasing ch( was used to estimate the corresponding systematic er-
rors. he A averaged over the points in Fig. 3a is equal to 238

MeV. The difference bhetween this value and a2 valuc of 231 MeV ob~
tained without wdditional cuts can be considered as a measure of this
type of svstematic error in A . Note that the averaging over all points
cxcept the lirst one gives A = 216 MeV and indicates that this error
could be larger.

With respect to x-cut the A’s sre also stable (Fig. 3b).
However,a small sysicwatic decrease of A with increasing Xoup ©an
hooseen in Fig. 3b. We consider 5 MeY as a possible systematic errvor
in A Jue to x-cut of the data, e.g. duec to the NS approximation.

A small systematic decrease of leﬂlf is also seen in Fig. 3b indica-
ting that the XS approximation is more justified at x > 0.3 where the
gluon and sea quark contributions become negligible.

\s stated above, we have corrected the data for RO(‘D at cvay

step of the fitting procedure. To calculate RQCI] ywe use fxpr.(11}) for

12



x/pF 2[ py Fig. 3. Pesults of the nonsinglcet
o 2
TEREEREERER fits for A versus Q cut (a)
‘ [ L A 1 | T— 1 W ——. Il
L or x cut (b) applicd to the
A -
MS. 300 + data.
L ST W
zook
30 40 50 60 . . .
ML, where the gluon distribution
2 2
PeurBeY is taken in the form (7) with
ﬂg = 8. A variation of Pg from
4 to 10 has a very small influ-
x?/or b X ) A
27 ence on P‘QCI) in the considered ki-
o ® ° nematic region and,consequently,

on A which varies by Iess than

>
..:' [
+
.JI- 5

)

I
N
wy
)

1

MS.

oy 200} ! MeV. Since there is 2 30% theore-
100: o tical uncertainty in R due to high-
2 3 4 5 er order corrections to Fl‘/s/, we
Teur estimate the corresponding systema-
tic error in A to be 5 MeV. We have also estimated that the use of

R = 0 instcad of R

the X .

QD increases A by 15 lcV and slightly deteriorates

Studying ll of each data point,we found and excluded one point at
E = 200 GeV, x = 0,275, Qx = 50 GeV' which contributed to l‘ more than
10 units.

Thus, the final result of the NS analysis shown in Table 1 is
based on 156 experimental points. The values of frec parameters are
given in the table. When all of them, except A , are fixed,the fit
obviously gives the same values of I.z and A as in Table 1, but the
error in A instead of 20 MeV becomes 17 MeV because now it has no
contribution from uncertainties of the parameters characterizing the
x distribution of F,.Comparing the errors in A obtained from the

fits with free and fixed parameters and assuming that in the first case

13



they are summed up quadratically, one can estimate fhe systematic error

in A duce to x-distribution uncertainties of about 10 MeV.

Table 1
Final Results of Nonsinglet Fits

NS NS NS NS A, 2

LV OLV ﬂv KV a ﬁ M -x-
eV

1.22 .286  3.071  -.830  ~-.61 4.45 232 166

.020 . 021 +0.22 +.51 .11 %20

I+
=
“w
"

Finally, we have studied an influence of the cxperiacntal systema-
tic errors on the results of the QUD analysis as a function of y cut
applied to the data. For this study cach experimental point of the un-
distorted set was multiplied by a factor characterizing a given
type of uncertainties and a new (distorted) data set was fitted
again. The factors werec taken from Tables 4-6 of paper”/. The absolute
differences between the values of A for the distorted and undistorted sets of
data are given in Table 2 together with the total systemat:c error of

A estimated in guudratures. The number of the experimental points
and the value of A for the undistorted set of F, are also given in
Table 2. We can sce that the A's obtained at different vy
cuts are statistically consistent. The cut y = 0.2 reduces the syste-
matic error in A by 20 MeV. Further reduction of the data by a
stronger y-cut, while increasing the statistical error, practically has
no influence on the total systematic error of A .

Concluding this part e can say that the systematic errors of the po-
lynomial expansion method are estimated and found to be small as com-
pared with statistivaland systematic errors of the data. The final valuc
of A from the NS analysis of the data is Alj_s = 232 & 20 % 50 Mcv,
X" /DF = 166/150 = 1.10 (see also Fig.d). "

14



Table

[

Systematic Errors in A‘.—-‘S hie to
Experimental Uncertainties in Scattercd
Muon Momenta (dpA/'.n), Incident Encrgy (Iiol,
Magnetic Field of the Spectrometer ( B )

and Detector Efficiencies

¥ C.15 0.20 0.25
Source of Systematics l,.-’\ distorted - Aundistortcdl, MeV
dp/p 47 33 21
Eo 23 13 13
B 36 19 21
Detectors 25 26 26
Total syst.errors 68 47 42
No. of data points 166 157 141
'U;ldistorted 4
Aﬂ-s * stat.err.,MeV 208218 231£20 248+24

T | T

2% <r< 32

Sbeaeaaata

Fy(x0"

30 <xc A0

c
r
i
l
r
L
L %
r
r
r
r

Pl

=
50 <u< .60 2
8 <»x< 70 "
4
!
i
w? 70 <n< .80 Fig. 4. Compavison of the data
)
W on F,(x,Qz) and final results
': of the nonsinglet analysis for
| AR | . Agg = 232 MeV (solid line).
* ) o (Covsey



3.2 Direcct Approach

Using this approach,we have performed the analysis at NMaax® 5,6 and

with A and moments <L(Q;)>n at Q; = 27.5 chz as free para-
meters. [(he weight function parameters o and g were found
and [ixed at the values corresponding to the minimal 1}. To minimize
corrclatiom between free parameters, all moments with n > 2 were
normalized to the sccond moment. Although the results for all used NMAX
are statistically consistent, morc stable valucsol A were obtained
at  Nyiy > b. For Mk = 7 the results are Aﬁf 235 £ 20 Mev, 1:/DF= 1.1,
i.c, the same ax obtained by the parametrization approach. From this
voincidence one can conclude that the assumed paramctrization (5) des-
cribes the experimental data well  and practically has no influence on
the precision of the A determination.

Drawing a general conclusion,one can say that both the direct and
parametrization approaches to the nonsinglet analysis with next-to-leca-
ding order corrections arc sellconsistent and provide a good descripti-
on of the data hy the QCD formulae. For completeness we have per-

formed the LO fit resulting in  ANS = 226 : 22 Mev.

3.3. Comparison with Other Analyses

As known, there arc several practical methods (programs) of
QCD analysis of structure functions, each of them having own limitati-
ons. These limitations arc not always clearly indicated in papers,and
applications of different programs to the same set of data could give
different values of A (sce examples 'n 14,84y

Within the BCDMS collaboration,an altecrnative method of QCD-analy-

sis based on numerical solutions of the Alta.elli-Lipatov-Parisi
(ALP) evolution equations has been developedllo/. ¥e have access to
/11-13/

other programs as well.
So, the ronsinglet analysis has been performed using all availahle

programs for the same set of data (the set of .57 peoints described ahove).
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The results (Table 3) for the first four programs are in cxcelilent ag-

rcement,
Table 3
Results of Nonsinglet QCD Fits to Fz(x,Qz)
2 A 2
Data Ao X /DOF 75 K /DOF
[Program] (MeV) (MeV)
BCDMS [2} 226222 174/152 231120 176/152
BCDMS {10} 21520 174/150 235£20 178/150
BCDMS {11] 220£20 178/151 220+20 1807151
BCDMS {12] 2241220 190/151 232220 1987151
BCDMS [13] 222%25 1787152 270225 1817151
+90
EMC [12] 90:20 115/80 115210_45 106/88
EMC [2], Q > 5 GeV' 130230
ENC (2], Q° > 15 Gev' 210440
. I A <7 S . .
In the MO-case the program gave the result which is two standard

deviations away [rom others. The reason of this deviation is not clcar.
Thus, for the final value of A from the nonsinglct analysis of the
data, the average value obtained with programs [2,10-12] is
taken  as AR = 230:20460 wev,

where the total systematic error includes also uncertainties due to the

me thods .
One can comparc this value with the EMC ones 1/ obtained from
the analysis of F, measured in muon-iron intcractions. As is seen

from Table 3}, the FMC and BCDMS analyses are marginally compatible wi-
thin statistical and systematic errors. Why is it so? It could be due to
different kinematic regions of the experiments: the EMC data as com-~
pared to the BCDMS ones extend to lower Qa (up to § Gev'l. Using our

program,we have performed the analysis of the EMC data in the region

7
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0.35 - 0.65, Q -

clearly scen from this figure at

Q‘

5 - 200 and obtained the results as a function of

vut applied to the Jdata (sce Fig 5). A stronp systematic effect is

< 15 Gch while in the region

2
QCU[

15 GeV the experiments are consistent within the statistical crrors

the EMC data at Qa < 15 Gev’ probably contain a systematic

non-QCI contribution vanishine with

Qz

increcasing

Fip. 5. Nonsinglet analysis of the

A,
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EMC data/7/, dependence of

&
on Q@ cut.
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9. SINGLET ANALYSIS

This type of analysis is performed by the paramctrization approach

dassuming that the measured F,

is a purc singlet structure function with

a4 quarh distribution paramctrized by Expr.(6). Taking into account the

anawn corrclation between A and the gluon distribution paramcter ﬁp

in (7},

first we

fixed

Py

= 8 and studicd the stability of the fits

with respect to the paramcters characterizing the method. As is seen

from Figs. 6 and 7, the resulting

T

X "/ DE
2
1
"ms 300
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200

S

P S S S S Y |

-m+-

20 40 60 80
H

H
Q, GeV

100

A's arc independent of these paramc-
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I': *® o @ 0o @ [
fms. auf
MeVv 1 237 e _+_.+..+..-
200f f+’*’
S 4 6 s
N‘Il

Fig. 6. Results o! the singlet analysis as a function of Qy (a}

and Nyax{P?-The final result ol the nonsinglet fit is shown in

this figure and in ¥ig.7 by dashed lines.



12/ DF XT/DF

U R S U " i i AM‘EA

Anis, [ Mev 300

mey 300 ¢ PURP S S PR O 1 ¥ W
*:*"'+j+';*_'+';+'_‘§:‘7 20 +4l t j -* -

T 5 4 32 1 2 3 4 5
a

20

Fig. 7. Results of the singlet analysis as a lunction of the

weight function parameters ¢of (a) and ﬁ (b).

ters. The tests were extended in Q; up to 5 Gev’ and in NMI\‘( up to 13
with practically the same results as in Fig.o. The point-to-puint lluc-
tuations in A due to the variations of Q; and NM.—’\X arc cven less than
in the case of the nonsinglet analysis. So,the systematic errors in A
arising from the method are small.

For further studies aimed to determine A and PS' we have taken
2

% - 10 Ge\'z, o= -0.99 and performed [its with Pg fixed in steps
and other parameters being frec. To guarantce a high accuracy of T,
calculations (better than 0.1%1), we took Nuax® 10- Stable

results for Am and a broad %° mi-

200t nimum are obtained for ’RE between 8
re =
X and 17 (sece Fie,8) indicating a low
100 .
P o® sensitivity of the results to the shape
L Y TYTYY M §
'BOT of the distribution of the gluon con-
170 tribution which is expected to be
NP S S S S
small in our kinematic region. The
AMev
300 + fit with free ﬁg gave
teideee
ol TTTLTeIY;
‘ Fig. 8. Results of the singlet
2 4 6 8 10 12 14 18 18 20 fits as a function of the gluon

4 .
[ power )Eg
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N ‘- e ¢ 2 .
Agg = 207t 21 Nev, pos 113 and X = 182 for 157 cxperimental
points.
The systematic orrors are the same as in the case of the nonsinglet

amalvsis,

S0 BISCHSSTON AND CONCLUSION
The BUDMS collabaration has made the most complete comparison of the
nucleon structure function F,(x,Qz) with perturhative QUD twist-2 predic-
tions nsing the nonsinglet and singlet lormalisms with next-to-lcading
order vorrections. A pood agreement hetween the data and QCD is lound in
the kinematic range 0.25 < x < 0.8, Q1> 25 Gev’ which is presumably
Iree of higher tuist contributions. In this region main contributions to
the structure function F, come from valence quarks. So, the nonsinglet
analysis is well justified giving j&%% = 230 * 20(stat.) * 60(syst.)HeV,
where the systematic errors are dominated by experimental uncertainties.
\ cood agreement of data with QCD and the value of J\%% = 200 *
£ 20 £ 0el has heen also obtained by the BCDMS from the nonsinglet ana-
lysis of a proton structurc function at Qz > 20 Gch /’4/. Morcover, a
good description of the data by QCD was obtained fitting the BCDMS nu-
cleon and protmstructure functions simultaneously. The resulting
A.%% = 115 t 15 * 50 is to be considered as an average valuc of two
measurements,

The nonsinglet analysis of the EMC nucleon structurc functions/7/
performed by us in the overlapping with the BIDMS kinematic range
x = 0.3 + 0.7, Ql > 15 GoV! also gave the results comsistent with X and
%; = 21040 McV. The lust value agrees with the BCOMS ones within the
statistical crrors. A satisfactory agreement of data with QCD and A°s
around 200 MeV has been obtained from other muon and neutrino experi-
ments (see Rev./IS{i[thcdutn are taken at Q‘ > 10 Gerlf the data are
analysed in the region starting from lower Qi [¢ Ql > 3-§5 cev’), fits

have low confidence indicating that in this region the data are contaminated

oy non-QCD contributions or/and systematic effects.

ST

NP



The complete singlet treatmert of the micleon structure functions F,
incrluding NLO corrections has been performed by thc BCDMS for the first
time. The result 1\%3 = 227 t 21 MeV coincides with the nonsinglet one
confirming an internal consistency of the data and formalisms. Due to
the limited x-range of the experiment,the singlet analysis is not sen-

sitive to the shape of the gluon distribution. If the latter is parametri-

zed as xG(x,Q;) = Cg[1-x)Pg , the best solution is found for ﬁ:LO=11:%

2 2
at Qg = 10 GeV . Similar results are obtained from the singlet analy-

sis of the proton structure functions 714/ in the range 0.06 < x < 0.8,

2 2
Q > 8 Gev :
Ags = 205 = 20, ngO =9t 2

So, the gluon distribution power »g is significantly higher than that previous-

ly determined in the leading order approximation 17,144 ( p:o ~ 5).
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W TlEnnAY

FAINEPHHE OQPEKTH B T AYBOK: HE

N.11. Kantaps, B.Jl. PesHuk, AV Turoe, A D YMruaror

OGbeaHHEHHBIA UHCTUTYT SAEPHLIX Mccrnenonawuit, Jly6ua

Hent  RavHOTO ROKNaRa ~ GOCYRMTL  EKNAR  ALepHx  s¢derTor b
r1yGoKoHeynpyroM IelTUH~AREPHOM PACCEAHMM M WY ENUSHHE Ha WRGOPMall: o
KE4PKOBHX pachpeleleHuil ALep. USBIEKzeMyb Ha  aKCIepuMeRTa. B osnaeTi
MaIbix x: 0,1 < x 20,3 3TO Me3oHHble oOMcHHbie TOKH /MOT/, ¥ RIWA
X 2 1-penaTHBHCTCxOe (epMU-IEBMXEHME HYKNOHOF B Afpe,  yUUTHBAKWLA-
EHEMACCOENCTb HYKJIOHOB M MHOTOTKEQDKOEBE KOMIGHEHTH ALCPHOR  HOAHOFGH
GYHKUMN.

I. TipencraBnseTcs QUEBMAHBIM, “TO MEZOHHbE TOKM /MT/  BOJNKHE
JaBaTh BKjal B TayGokoHeynpyrToe paccesdue (THP) snekTpoHoB  ampamu,
NMOZOCHO TOMY, Kak OHY NDOAKBNANT CeOA E  DPALNUYHHX 3NeKTPOMATHUTHHX U
3NeKTPOCNacHX AACPHHX mpoueccax”' * . HeymUEMTENBHO MOATOMY, YTO HMEHHG
ME3OHb ABUAMCE MEPEHMM KaHAMZaTaMu Ha oCLAcCHeHWe  EMC-adpertTa -
HaGMoRaeMOTO  OTKJIOHEHMS OT eNHHMBE OTHOWERWA CTDPYKTYPHBIX  GYHKUMN
TAXeNoro sapa M neitrepus -~ P*'P. Tpemnonarancch, uTO B TAXENHX  ALpaX,
#3-3a CUILHOTO B3aMMOLENCTBUA HYKIOHOE, CYWsCTEYeT HEKOTODHM UIGHTOK
Me3OHOB  (NUOHOB), TPMXORAUMXCA Ha OOMH HYKJIOH, [0  CpaBHeHMK ¢
HEBIAUMOLEHCTBYDWIMY HYKNOHAMU - 6N, KOTOLWM OCEACHANCA NOLBEM pAsD
npy Manwx (x < 0,2)/"7/, CnaduM  MecTOM 2Tux padoT OmIO TO, UTO
BemMuuHa &n, He BLMMCNANACH, a sajabaflaChb MO0 Kak napaMeTp, 7Moo  kak
(GYHKUMA OT HeMSBECTHHX BENUUMH, KOTOpHE caMd  SBRATACH  3fdeKTHEHLIMY
napameTpaMy. O3To TPaKTUYECKM O3HA¥asT, HTO EONPOC O BRIAKE ANEPHHY
ME30HOB K CTPYKTYPHY® GYHKUMD sAlpa ©OCTaeTCs OTKPHTHM. [locTpoerue
caMocornacosaiHoit Teopuu MOT B THP Ha Taxenwx sapax - JReno Oymywero.
OBHAKO MPOCNELUTh OCHOBHHE KaYeCTBEHHBE MOMECHTH 3TCH TEODUM MOKHG Ha
NpUMepe TOYHO pemaemoy ANSPHON MORENM - NEeUTpOHA, TlockonbKy ampOHHEM
TEH30p wﬁu, KOTOpHY comepxuT uHPopmauwo o THP, onpefenseTcs MHUMOR
4acTbo AMNIUTYAH YNPYTOr'O pacCesHud EMDPTYanbHOI'O y-KBaHTa INeRTPUHOM, TO
INA Hawed uemy MORHO DNDHMEHHTH Teopur MOT, pasBuTyp QT3 ONMCAHWA
ynpyroro paccesHus (YP)  SJeKTpoHOs  nmervadiuumu  sgpamu’ 2% ¢
MCNOML30BAHUEM DasBUTON TaM METOZM:W EHIeNeHUSs OCHOBHHX JAuarpams. B
cevyerus THP, Tak xe kax ® B VP, JabT EkAal pa3Rbe AMarpammul -
umnyabcHoro npudauxenuws (M), wMesorHwx Tokoe (MT), TOKOB oOThauM,
NEepEeHOPMUPOBKH, TPEXYACTUYHHX Cun M T.4 *7

MoxHo mokasaTh, 4TO YacTb AMarpaMM B3AMMHO COKpalaeTch, a YacTb
MOXHO YYECTb B NUATpPaMMaX UMNYNLCHOTO NPHONUXEHMAs , TaKk uYTO B UTore
aIpOHHHHR TEeH30p WDU npeicTaBideTCA E BHAE CYMMH ABYX Iwarpamy - W u
MT, npuBeleHHHX COOTBETCTBEHHO Ha puc. la,d, npuueMm guarpammsl MT  HocAT
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W oD Lol HEMY S4pniie o NODTOMY  BKIAL T MUX MOXeT  GHTE
iH R T eMeHB B

[ )

Pue | arpammnt THP Ha feliTpoHe.

TAMOCOT A ORIRHOCTE  TeODUM  [OIPasyMeBaeT.  4TQ  MpuM  pacuere
MMarTpamMd MT BONKHH  YHMTHEAThed Te  Xe  MeBOHM. KuTopue “renepupyoT"
M -FuauMoRencTeMe B edTposs. B Hawmx pacueTax WcCnonb3yeTcs  ABa
UNTeHUERARA  TIOTEHUMAN  ofHodoansHore odmeda (n o w 6 np+p) GOHHCKON
rpyane 7@ "napuxckuwi” noteduan’®’,  kotope# nmpu r 2 0,8 fm
UpeRoTARACH  CYMMOR  m+2m e 0OMEHHBX NoTeHuxanoe & npx ¢ 0,8 fm
COLEPERT PeHOMEHNIOTHIOSKOe UTTAIKUBAHKE .

PateT oTpYRTYPHUR PyHruun Rebdtpora & W croadTed ® HuMCTeHMD

CheDTRY
FLo () - 1F (2 ¢lf) dE, (11
rae B {x) - ~TpYKTYpHaA ¢yHKUMA HykJoHa, a #({) - pacnpefenenue
CEABAHHBX HYEROHOE B IeUTpOHe MO Rone NpofofibHOTO wMnynkca §=(p +p )M,
p1-MD—(p5rM¢3‘ ?. Pacnpenenenne ¢(¥) yLOBNETBOPAET YCNOBAD HOPMUPOBKU
Ha flapHoHHNE Dapan 't
[ opCEY dF = 1 (2
! cBA3aN0 © BUAHOROH QyHkuue# (B peirpona '’
$EY = fO1 4+ p, M)|¢D(p1|2 5(E - (pu+p;)fM)dpf(2n)’A 3
Hamut wucnossiomanack chelyouas NapameTpuoaluks FeN(xL
F oy # ¥(5Cu +d 1+24q_ )18, €3]
a v v 5

rhe u 2,69 *201-0% 7, d =1, 860 t2 (-0 T, q =0, et (107

PeayneraT pacuera F:D ¢ domHckoit B npencTaBneH Ha puc. 2 B BURte
ornowenns RN (kpusas 1). Kauectsenso RPN pemer ceds Tak xe, Kak u
OTHOWGHHE CTPYLTYPHWX GYHKUMM Tsamenoro sgpa W HyknoHa™'?”, omHako
rAyouHa MubMMyMa npd X > 0,5 . 0,7 23mech 3HaUMTENBHO MEeHblle M3-3a
OTHOCHUTENBHOJ MaJlocT¥ OJHEpru¥  CBA3M  gefiTpoHa. IfdexT  “cBABHOCTH"
HYWJIOHOB  MPUBOAMT K  usBecTHOMy (oM.  nampumep” °”)  HapyweHun
QIHEPTETUUECKOTO NpaBUjia CymM
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1A =
§FLA (0 dx = (1-6) J F_(x) dx. (5)

rfe pacueT cooTBeTCTBeHHO ¢ B gedtrpona B “doHHcwOM" ¥ "nmapuxckom’
rnoTeHu#anax xaeT: 6,=4,7-107%; §,=5,0-107.

Puc. 2. OTHOwWEHME CTPYKTYp-

R¥ A yHKuM@ peATpoHa M
104 / HyxsoHa. Kpupbe: 1-umnynsb-

CHo®  NpUGAuXeHHe, 2-YyyeT
102 2 MT (pacuer ¢ B nefrpoHa B
100 = o "GOHHCKOM” NOTeHUMane).
ass

0,0 Qi Uk qé &ak
Briax W3OBEKTODHHX NCEBAOCHKANAPHHX OOHOMMOHHKWX 0GMEHOB B
CTPyxTYypHYD §yHkumo F, . uMeeT BUX

2
dp, dp, (k°+k3) P x M ) gn(k) _

6FT (x)== -+ % #(p ,p 8k +k),
e ol B LR T I AL

1 2 n (6)

TIe m, -~ Macca MWOHa, k = (ku,k) = (MD—‘Ei —Ez, P, +pz) -  ero
YeTHPEXUMNYARC, g, (k) - BepuMHHasn PyHrumus NUOH-HYKAOHHOT'O
BaaumoneficTBua %, M - Macca HyKNmoHa, M, - macca JBeRTpoHa,

E, = OFpf )72 Ina F,  WaMi MCMONB3OBATMCH NapaMeTpHiuA

an(x) = x(5qv+20q)/9, q,=0, TBx~°-*(1-x), qs=0,075(1—x)’ Ne)]
dynwuua #(p,p) ceAsana ¢ S- ¥ D-KomnomenTamw feRTpoHHoR B¢ u H W
COO1oWEeHUEN:
2(p, ,p2)=4n[kz(2f(p‘)f(pz)-B(u(p’)u(pz)m(pl)w(pz)Pz(cosB))h

+2(P,(cosfI-1) - (p? f(p‘)w(pzhp: fCp,Iwip 101, (€:)]
rae f(p) = w(p) + ¥ 2 u(p), =|pl. 6 - yrom mexgy p ¥ p,.
P_(2) - nonunom Jlexanapa. Peaynb'ra'm pacuyeToB GF" npuBefieBd Ha puc. 3
(kpusag 1). OTMeTuN, yTa, B OTAMUME oT YP 8 THP sBxmag MT
TIPONOpUMOHANeH NHTerpanaM NepeKpHTHA MeSORHMKX BepWMHHNX Oyuxumit c Bd
nefiTpora, B KOTOPOR M3-3a OTTANKMBAaHUA HA MANHK pPACCTOAHHSX B
NN-noTexuuane "BHpe3aeTCA" KOPOTKOREACTBYDWAS YacTh. 3TO NDUBOAWT kK
OAaBJIEHAD 2n— M w-MEe3OHHWX BKNAZOB, [0 CPaBHEHWD C OFHOMUOBRHM. lia
uamocTpaluy Ha puc. 3, kpusie 3,4, npuBefeH pacueT BkMaja 2n-OCGMEHHOTO
Toka (KOTOpHH, Kax OCWYHO, ANNPOKCHMUPOBANCA OOMEHOM CKANADHHM
O-Me30HOM) M w-Me3OHHOTO Toka. Ha puc. 2, xpupas 2, npuBeneH DeayiLTaT
pacueTa otnoueus: R°N=(FLA+6F2™)/F | ¢ ucrionesoanuen “domckoro™
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lloTeHuMana. SR, YTo yyeT MT NpUBOIMT K MOABEMY R2N npu mamwx x:
x £ 0,25. Pacuer Bknaza Ml u MT B 3HepreTHueckoe MpPaBHNO CYMM DIPWBOAMT
K peaynbTaty

GOx = (DB )00 > 0,998, €2}

N
npu 3ToM (<x.2 +<x22 Yotxr, > 2,5:107

yTO cocTapaseT * 50% or 6 (oM.
oFp, (5)). HeGombwoe oTmMuKe

<x>D/<x)N OT EeIWHMUH BH3B3HO
. HapyWeHHeN CaMOCOTNACOBAaHHOCTH
0,002 e pacyeTa: oGlacTb Kopa B “peanu-
oo CTHYSCKUX" TMOTEHUMANaX MO CY-

0,004

v, a0 . - WecTBy 3agaeTcH HeHOMEHONOTH-
v.00u : yeckd. BoccTaHOBUTE camocoria-
7 COBaHHOCTE MOXHO, Hanpumep, my-
— 0,04 ) \ ' o TEM yueTa MHOTOKBapHOBOR CTDYK-
o4 .1 b X TYpH NeRTpoHa Ha MAMNX paccTo-
Puc. 3. Bunan MT B cTpykTyp- AHUAX. OTMETHM, UTO DasBUBACSMEN
Hyo ¢yHruup gefiTpoda. Kpupwe:2,3,4,- MOAXOXN OHEPHpPYeT C MYyCTOTHHMM
OTHEeNbHO EBKNAL 1,50 N w-MEe3OHOB, MNN-BepliMHaMn ¥ MESOHHHME NPoO-
1-cyMmapHElt BxJIaJl KCeX MESOHOB. naraTopamM M He npegnonaraeT

HHUKaKUX “'HONORHUTENBHEX"
Me30HOB (muoHoB) B Azpe. JoGaBka K CTPYKTYpHO® {yHKUMM BOIHUKAET
©CTeCTBEHHO M3-3a yueTa OOMeHHHX Auarpamd. dncTo gopmanbHo 3Ty [OoGaBKy
MOXHO UMUTHPOBATE “XOMOAHATENLHHMMA" ueaouaum YUCNO KOTOPHK Ha ONMH

HYKJIOR B nenTpOHe MOXHO OUEHUTH Kak: 6 = <% /(<x> M >0 4- 107,
3TO 3HaueHue 6n MEHbIl® TeX BHaYeHHH, xoropue TpedynTcx AN OGBACHEHHA
EMC-oipexTa na Tsxenux agpax (dn > 1.2-10"), ozHako yxaswBaeT Ha

BAXHOCTL NOCHefOBATeNLHOTO YyueTa Meaonnux cTeneHefl CBOGOAH B TaKMX
npoueccax.

I1. B HacTofuee BpeMs CTAHOBUTCA yXe OCUENDUHATHM, UTO pasiMune
KBApKOBKX pachnpefleeHuR B Afpe U B CBOSOAHOM HYWJIOHE B OOMAaCTH CPERHUX
%737 ofbacHAeTCA 3pPeKTaMn PepMUEBCKOTO IBUXECHUA RYKNOHOB C YYETOM UX
CBS3aHHOCTH B AfePHOM noTeHuuane’'®”. YueT (EpMMEBCKOTO ABUEEHHR C
HYKNOHaM¥ Ha MacCOBOWl nobepXHocTH (c  dolee  XEeCTKHM  WMITYTECHHM
pacrnpezeneH#eM) TpPHBOAMT K  KayeCcTBEHHO WHOMY 1O  CpPaBHEHMD C
BKCIePUMEHTOM NOBEJEHUD OTHOWEHUS CTPYKTYPHHX GyHHKILKR FzA(x)/FzN(x)A
flcho, uTO Takas xe CHTyaluus CyAeT HadnpiaTbCA M B TPaHWYHOR oOnacTy
X~ 1, TrZe 4HCTO HYKNOHHasd  HOMIOHEHTa MCYe3aeT, a BKJaAN
MYNbTVKBapKOBHX COCTOAHMI K (QEpPMMEBCKOTO JBMESHUS CpaBHHMH. Ponb
MYTbTHKBApKOBHX COCTOAHMU ( BHCOKOWMIYNECHOR KOMIIOHEHTH }  feTalbHO
MCCNefoBanach B KYMYNATUBHNX hA-peakuuax”' */npH CpaBHUTENBHO MaHX



nepegauax uMmnynsca ( Q® < 10 rap2/c2)7*’ B peakuusx TITyGOKOHEYNpyroro

wA-paccesHus nepenaHHKR UMIYJTEC CylecTBeHHO donbue
{ Q° ~ 100-300 r3B2/c? ) u noBeleHWE MYyNFTUKBAPKOTO paclpeleneHUs B
odfacTn X ~1 MoNeT H3MEHUTLCA  UB-3a  HapylleHWs  MacwTadHOf

MHBapUAHTHOCTH. KavecTBeHHHW aHamu3 Q°-BaBMCHMOCTH CTPYKTYPHHK OYHKUMA
Amep apu X > 1 Ges yueTa Qepmi-IBHASHHA HYKJIOHOE OWA Nan B padore”'®”.
OnHako, nockoNMbKy B IOrPaHMuHOM ofnacT® X ~ | BKnag d¢epMueBckoro
NBUXEHUA CYWECTBEH, TO IONA  HONYYeHUs  KONMUYECTBEHHHX  OUEHOK
NpencTaBNAeT WHTEpeC MCCRefoBaHWEe CYMMapHOro Bxjlalla ¢$epMU-fBMXEHUA U
MHOTOKBapKOBLX KOMITOHEHT AllepHol BONHOBOR $GYHKLHM B FzA(x.Oz). 9Tta
3ajaya aKTyallbHa B cBA3n ¢ Tem, YTO 3fdeKT Hapymwenus  MacwTacHOR
WHBapUaHTHOCTH B CTPYKTYpHO# QyHKu#M CBOCOAHOTO HyKJOHA Bo3pacTaeT NpH
Xx —> 1

lpencTaBuM CTPYKTYPHyD ¢yHKUMD ABpa A npu RaHHoM Q° B crepyvueMm
BUIE:

= .k
FzA(x)—(I—Pa)jﬂyd‘szN(—i)S(k)d(y q/;q)+Ps* F:q(—f), (el

rae: -q°=Q%, S(k)-cnekTpanbraf AllepHad JyHKUUA C YYETOM CBI3AHHOCTH
nyknosos, F;9-wectuxsapkosas cTpykTyphad dynkum (2 paccMaTpupaemoft
odnacTu 0,8 £ ¥ £ 1,2 OCHOBHOR BKJaA RanT WeCTWKBApPKOEHe KOHPUrypaumu),
PB'COOTBeTCTBmeaﬂ BEpOATHOCTE. CnexTpanphas ¢yHkuus S(k) B odonoyeuHoht
MOZen¥ COBNajaeT C ONHOUACTUYHHM MMIYTLCHMM pacnpeleneHueM. ONHako, Xnd
o6bAcHeHHs EMC-sddexTa, wax Owno mokasado 27'27, cneKTpanpHyD QYHKHHD
HEOOXONUMO BHYMCIIMTL C YYETOM Gonee CHOXHWX KONMEKTHBHWX BO3CyXIeHud.
Ins sawe# uemu yROOHO WUCIOAB3OBaThL OTHOCHTENLHO TNPOCTOE BHpakeHue LA
clieKTpanbHOR PyHKuURH Stky, paccunTaHHOR AHTOHOBHM-—
-Bukonaerum-TleTkosuM” 77, KOTOpad oONMCHBAaeT OCHOBHHE XapaKTepPUCTHKK
A0pa, BSHEpreTHYeCKHWe W MMNYJNbCHHE pacnpefiefleHUs HYKNMOHoB. Jlpy 9ToM
UMYNBCNOe  LGCTpeleneHuMe COBMAfaeT ¢ TEOPETHUECKUMM  BHAUSHUAMH,
TONyHaeMHMM & MMKPOCKOTIMMECKUR pacueTax LDYrmx aeTopor”*®”.  Hywnomwyp
CTPYKiyDHYD (YHKUND FzN(x.Qz) B (10) HeoGxomuMmo Opath U3 YCHOBHA
XOpoWwero onucaHis BAHHWX paccesHus NENTOHOB Ha Bonopole M feATpoHe mpu
ZanHoM DHavuenu Q°. K comanenwo, B HacTosuee BpeMs B odjacTH Hepenad
umnyneca Q* ~ 100-300 TsB2/c2 jpauHux OfiHOf JsiMwb BCDMS-konnadopauuu
HeJOCTaTOUHO LNA HaleNHO#l NapaMeTpH3alul MCTUHHO HYKNOHHOR CTDYKTYpHOR
dyHKULMM FzN(x,Q’), NO3TOMY M  BOCMOJNB3YEMCH napaMeTpusalielt,
YAOBNETBOPUTENLHO onmucHBapten COBOKYNHOCTE JiaHHuY EMC u
CDHS-konnadopauut”* ®” npu Q* ~ 15-25 rsp2/c2. OTMETHN, YTO napaNeTpw
F:q(xJ ONpefieANTCA TaKke U3 BKCMNEePUMEHTOB NPYU CPABHUTEABHO HECOMLLUX
Q®. TakuN 06pasOM, MH wmoxeM paccuuTaTh ALEPHYD CTPYKTYPHYD $iyHKuUMD
FEA(x,Q:), rae Oi ~ 1T rsB2/c2, [nAa cpaBHeHMud ¢  paHmeMu  BCDMS
( Q* ~ 100-300 r»B2/c?2 ) HEOOXONUMO pEWMTE SBONDUHOHHHE  ypaBReHHS
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JunaTosa-AnbTapennu-lapusu”°” ¢ HaUaNLHMMM YCNOBMAMYM, PacUMTAHHEMM TIO

gopmyne (10) B Touke Q: ~ 15 raB2/c2. OmHake 3gech HafO OTMETHTb
HEKOTOpHe HeONpefefleHHOCTH, CBAJaHHHE C BHOOPDOM HAYANBLHHK YchoBul.
Bo-nepsbiX, npu cpaBHeHMM sNepHHX JRaHWwx EMC ® BCDMS- xonnadopauu?
HaonpRaeTcd HedoNbUOe CUCTEMaTHYECKOe pa3NuuMe, KOTOpOe, MO-BHEHUMOMY,
CywWecTBYeT ¥ ANiA HYKJTOMHHRX CTPYKTYPHHX QyHKUM#k M BONXHO cCKasaThCA NpH
pelleHdH  COOTBeTCTBYDWHX  puddepeHuManbesx  ypaBHeHud. Bo-~pTopHX,
nNapaMeTpH MY/TbTHKBAPKOBMX pacrnpefefleHHl B F:q(x), TakHe, Kak BEPOATHOCTDb
WeCTHKBRPKOBOR KOHPUIypali¥y, HaxOH B DacnpefleNieHMM M mp., U3BNekapnTcs
¥3 peakuMit ajpoK-sNEPHOTO B3arMONEMCTEHA.  3Iech  HeOnpefeNeHHOCTH
CBA3a@HH C YYETOM BTODHUHLIK AREpHHKX IPPeKTOB, HaNmpuUMep, MepepaccesHnen
YacTHL, WY TNOTJOWEeHWeM B Afpe W T. .. '

YpasHenua JunaTopa-AnTapennu-flapus¥ pewaNMck B NMAKPYDUEM
NOopAAKe C TNapaMeTpoM KBaHTOBOR xpomomuHamuMknm  A=(0, 21-0,23) rss/c.
HykJOHHble M WeCTUKBADKOBHE CTDPYKTYPHhe QYHKUMK B TOuKe Q° dpanuch

HB'/‘ e/:
Fu(%.Q.0= 57187k (1-%)7(2, 25+1,55(1-x)) an
F290x,Q )=5/18xvR(1-x)7+2/3%0, 23(1-x)* !
2 aZ= 150 Gevisc?
2 W, x=,65 10 [
0%
x=,75
% x= 85 10-3_ 2
%107 % 3
: "= 10Y
x ZZZZZZ x= 1,05 IV}
L (1
gy 4
10! 165
X=1,25 1
Yz ’
3 N\
10'5 n I 1 L Ia %
0 S0 100 150 200 250 300 . - .
06 0O, 10 1.2 X
0iGevl c2) o
Puc. 4. * -aBonouus CTpyKTypHoR Puc. 5. CTpyxTypHaa ¢ysKuus
¢yHkuMs yranepoga ¢ ydyeToN $ep- yrnepoga npu O = 150 TaB?/c?
My -IBHEEHMS ¥ Bq-KOMIOHEHT. Kpupwe: 1-yueT  epuu-nBHEenus,
3auTpUXOBaHHAR 06NACTL - ClleAcTBHe 2(3)-yveT Bg-KOMIOHOHT ¢ 5%
HeonpeneNeHHOCTH B BHOOpe Hauanh- (10%) BEpoATHOCTHD.

HUX ycnoRul (CM. TEKCT).

Ha puc. 4 nokasaH pesynbTaT IBRONOUME CTPYKTYPHOR QYHKUMM ampa'ZC



INA pasHLX 3HAYEHMH X ¢ yUeTOM MONMpaBOk Ha CBA3BAHHOCTH HYKJIOHOB U
WEeCTUKBAPKOBHX  KOH{UTrypauu® BawTpUxoBaHHaA odacTs oTpaxaeT
HEONPeNEeNeHHOCTY B HauallbHbiX yCNOBMAX, O KOTODHX YNOMMHANOChH BHue
BepoATHOCTbL WECTHKBApKOBHX KOHQUTYypauuih P, B yriepole BapbupoBanack

B npezenax oT 5% zo 10%

Ha puc.5 npuBemeHH pesynsTaTh  METOAMUECKUX  PacyeToOB  INs
CTPyKTYpHolt  dyHkuum yrmepoma npu Q=150 r>82/c2 B rpaHuuHoR
KUHeMaTHYeckoft odmacT  X. 3nech xe IPUBOAATCA uMeDLKecs
3KCNepUMEHTaNbHele Toukw BCDMS. U3 3TuUX JBYX PpUCYHKOB BUIHO, 4TO
fepMiteBCioe NBUXEHMe HYKJIOHOB C YUETOM MX CBA3aHHOCTH YEOBNETBOPUTENLHO
ONUCHBAET 3IKCNEPUMERTANbRHE flaHHWE IANA X B HEKYMYNATHBHOR odnacTH. Ha
rpakule HYKMOHHO{ KUHEMaTHKV BKNAll WECTUKBADKOBOW KOMMNOHEHTH CTaHOBUTCA
CpaBHUMBM C QepMHEBCKMM IBUREHHEM, M C POCTOM X  MYJbTUKBapHOBHE
KOMIOHEHTH CTAHOBATCA LOMMHMDYOWMMHU. BUIHO ewe, UTO yyeT BHeMacCOBOCTH
HYKIOHOB # 3(derTon Q°-3BONDUMM NPHBOAWT K CMATUEHUD BHCOKOUMITYTBCHOM
KOMIIOHEHTH B ANpaX 0O CpPaBHHED C DPe3YNbTaTaMi, MONyYCHHNMU B
KYMyJMSTUBHHX hA-peakumsax. 9TOT peaynbTaT clelyeT UMeTb B BUAY TIpH
COTIOCTABNSHUN PaB/IMUHLK IKCTIePUMEHTANBHHKX  JAHHHMX 1O  CTPYKTYPHHM
PyHKLUAM, TNONYYaeMHX B PaBHWX Mpolueccax- B JNeNTOH-sAXepHoM (donmeuwue Q)
WM afpOH-AiepHOM paccesHun (cpemume Q°).

OTMETHMM elle OIHO OGCTOATENLCTBO. YpaBHEHWA SBOADUMK  HaMu
pewamMchk B JUAMPYDLEM TopAnke. B nocneiHee BpeMA NOABUINCHE pacyeTH ¢
yueTOM MONpaBOK OT BHCWHX TBHCTeB. Oxasasoch, YTO BKJag OT  BHCWHX
TBUCTOB OGPaTHO NponopuuoHanes Q° M pacTeT ¢ PocToM X. B HaweM chyuae
3TH TIONPaBK¥ HecyWecTBEHHH. [efCTBHTeNbHO, B  TpPaHMuHOR  oONacTH
X ~ 0,9-1,2 ocHoBHOM BKNag B FEA(x,Oz) napT leCTHKBapKOBHE
KOMIIOHEeHTE(CM. puc.5), 1A KOTOpHN MacuTadHas# TMepeMeHHas X B Jpa pasa
MeHble HYKJIOHHOR, T.e. X .. ~ 0,45-0,60, 1 ana TaKMX X BhHcuMe TBUCTH
Majll He3aBUCHMO OT 3HayeHus Q°.

ABTOpR  BHpaxanT raydoKyn GNMaronapHoCTh A A. AHTOHOBY,
B.B.F-pory, E.BpaTkoscko#, M.Kupxdax, B.K JlyxnaroBy, B.A.Huxonaesy,
WM. A Capuny, T.A CMmupHOBY 3a MHOTOUMCJIEHHHE TIONOTBOPHHE NMCKYCCHH.
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ANEPHHE SMEEKTH B TIYBOKOHEVIIPYTOM PACCEAHIH

I'.M.Barpanos
HBCTRETYT sanepuux mccnemoBamuit AH CCCP, Mockma

1. DBpenenme

# 00BACHeHRA ITAHRHX 110 I'NTyOOKOHOYNPYTOMY JeNnTOH-SRepHOMy pac—
cen I/ (ENC-20feKxT ) IDRRIEKAMCH DAJAYHNE coolpaxeHEA 00 laMe-
HEeHMH KBAPKOBOf#f CTPYKTYPH HYRJIOHOB BHYTPH Ampa. C 27pyroﬂ CTOPOHH, B
paMiax TDaIRIMOHHOQ AGepHolt fMauky G0 noxasano/ , 4TO B EMC-addex-
Te HApALYy ¢ fepME-IBHXGHHEM ONpPeZeaRANNyD POJEH WUIPAeT M CBA3AHHOCTH
HYRJOHOB. Takoit Momxon ROJKeH OCHOBHBATBCA HA T0CHEZNOBATENLHOM 110JI6—
BOM ONMCAHMH B3aMMONeficTBMR BHCOKODHEDIHYHHX YaCTHI, CO CBA3GHHIMMA
crcreMamit, HO sTa Sasava NOKA JANERS OT LIOGNHOT'O ©0 IOHEMAHEA,H B AAH-
Holt padoTe MH OCTAHOBHEMCHA Ha HOROTODHX IDHHIMNMANBHHX BoUpocax.llpex—
Ie Bcero, HEOOXONMMO HEATH Taxkde MHKDOCKONHYOCKHE XAPAKTODHCTHKH
ANPA~MENOHN, KOTODHO NPOARJFINTCA B PeakUaX ¢ CONBIMME N6pejavaMy
OMOyXECA. [ 9TOre OO0paTHMCA K OTHOCHTENBHO NPOCTOH Me3OHHO# moZe-
JH Afpa, KOTOPyR MOXHO DAcCMATDHBATEH KAK (PEHOMEOHOJOIWYECKYD. B pam~
Kax 5Tolf MOIOJE IuHaMMyecKHe DepeMeHHHE ANpA YHAOTCA BHDA3HTH Yepes
Jroi?imzymapmrme 4-EMIYJLCHHE DACHPOJeNeHNA ANEDHHX KOHCTHTYeH-
TO] 3, Go3 KBAHTOBAHHA HYKJIOHHOI'O NOJH MO K. KOMy-JMGO OFHOYACTHYHO-
My dasmcy. Jamee, He HCHOAB3YA ONEPATOPHOIC Da3JIOKEHMA, ycTauo—
BEM CBASEH MERIY CTDYK:yDHHME fynxumsmu (CP) <upa H CP ero KOHCTHTY~

SHTOB,
2. do3onHad MONOIb D3

KaKk WUmOTPAIMD K 3AIAYS O DEJIATMBHCTCKOM ONMCAHAM CBA3IAHHOR
CHCTOMH DRCCMOTDHM HYKJONHOS M CKANSDRO® IIOJA C I'aMIJIETOHEAHOM

Hetotl, Wl ROCoomm, Wl (e et (e
Heg{iTFe@me®, (o, Cel=20:560),  wmVired
My OyZeM NpSMIOJATATH, YTO BCO HANIREMHS (U3HYOCKHe BONHYEHH B
9T0# MONGNE ARNANTCA KOHOYHHMH, B CHCTOMA A GBDRORUB HMEeT OCHOBHOE
COCTOAHNE C HYyXOBMM NOJNHHM CIIHHOM:

b <l o)
Bipepie, e -clbioe i,

rae P, - omepaTcp 4-mMmyibca, M =~ Macca IIOKOR ANpA B OCHOBHOM
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COOTOAHMM, 10> -~ BOKTOD BAKYyMHOrO COCTORHMA, |pP>  HOPMEDOBAHM
T vH{THBHCTCKIM O0pasoM:  <plp>=(2x)'epS(H-F).
U4CBRNHO, 4TO P2 HeJibag NPeJICTABATL B BUES "JOKOBCKO} CTPOKH"

. 1% v—S(du) V-(t',...,‘)n;‘...az.lu )
{ 4 = Omeparsp POMLOHEA CBOCOXHOIO HywioHa). JieftcTemTempho, H3
(I) B onpenancHEa Baxyyma { C:10%20 , Gglo?=0 ) cpasy =e c.newer

Bo(P)= (‘22:;';,) g;:,; € Ny EF), g VT,

rie VYo - DacnpefenoHMe HYRJIOHOB HO 3~HMOyNECaM. TamAM oCpasoM,
NpecTANIEHEe (2) He3ABMCHMO OT BHOODA CHCTOMH OTCHOTA He OTDAR’sT
IMHAMARE, JMHOMAYECKOe ONMCAHM® ¢ HCNONL3OBAHMOM KBAHTOBAHMH HYKIOH-
HOr'O NOJA HO KAKOMY-JHBCO ONHOYSCTHYHOMY Ga3HCY C HOOGXOIMMOCTEN NpH-—
BOIMT K MPENCTABIGHEN |p> B BEIe CeCKOHeUHOK cymMH "QoKOBCKEX
cTpoK" ¢ pasmqm YACNEMI HYKJIOHOB, AHTHHYKJIOHOR M Me3OHOB,

mcx R IpyToMy chiocody omucammA "OZHOYRCTHYHEX" BO3CYR-
TOHK .u.na STOrO BBelieM NOJHHE EAGOp COGCTBEHHWY BSEXTOPOB COC~
TOSHRM cuc'rem H3 A~I GapmOHOB:

A K A - A s e
f: I(P)"" P: KP)I-" P:-(p:, P.ls ®)= Yﬁ fM; )
C HODMEDOBKO! ‘(w‘ I[(f)‘: ?‘('Zl‘l') ..S(? -89 8, (P’/M“ M:-' ~ HOPTHA HOKOR

anpa (A~I) B cocrommm L), OnpenosaM @yHKIBI® B COMHODHOM NPOCTpAH-
CTBE

A4 " )/z
‘Pﬁi(”'cup‘(l"‘)t ¢toip>, Cas ™ D (3)

Besnrdmsa |¢,;;(v)l'dy' 8UTh BOPOATHOCTH HANTH B OOCTOSHHE )p> dapu-
OR B OKDACTHOCTH TOUKE ¥ , & pcransaHe A~I - B cocTOAHEH |(p- 'Oa.
BoCnoL30BABIMCE” PABOHCTBOM 11())-4" '{ MORHO jammcaTe (3) B ERIe

i
Ucp O Q@RS QEPGag ol 90 @)

e & &m,8), € Eh)= p,-ST(ﬁ-i).
TaKiM 06pa30M, BEPOATHOCTb HAMTH B COCTORHME |p> OBDHOH C 4~NMITYJIB~
com XK' OmIOPOZHA BO BCOM HPOCTPAHCTBO-BPEMOHK. TONBKO B MOJGIH Ho-
3ABHCHMHX JacTEL @0 CoOBuATAST ¢ HopMEpOBauHOf BosHOBOR Jymamoft
HYWIOHA B CPoHHeM IOTOHLmANE.
Jymame @ (KF)  JEOBNOTBOPANT YCHOBHD:
S W PN «4+40 5&,

ZSM‘M 4Pl q,w,SmpIWN'ﬁ)lP A8, (4)
(ren, MPONOPUROHSJIGHHE 0OteMy KBaHTOBRNER (), BOSHHRAST H3-3a HEp&-
KOBCKOI'C MODA), BOCHOABSCEANIHCE KOMMyTAUHOHRHME COOTHOMOHHAMH WA

V() , nonymam
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S(,‘).E ®pIQEBI a,,,,S‘v*pl!I'("(P.-H)i(ﬂlv- <Pl * Hle>/2pip>.
OrTcuia n #3 (I) ClONYeT BHpameH#e A NOJHOK SHEPrmE AApa

P.'ég%erawlmwﬁg%-we" G-, <oliio=-4QJ e, (5)

re M - G-MMmYILOHOG PACpANeXBHEe MEIOHOB B AIPe: = <PCGlerbaspin
MonHut Hadop BEKTOPOB l(p) > ofpasyeTcA M3 HBYX TpPyImI: ORHA OTHOCHT-
o K CHCTeMe M3 A dapnonon MEHYC OffMH HYKJIOH ( A-W ):

(a B )ip-wr= Qle's, eGmE), SEeEFH,  (Jm;
n;pyraa - !c cuc'reue ns A GapHOHOB ILTC OFHH aHTHHYKIOH ( AN )

z va

(- P)((p IO >--K{(p r) > ®=(EEF)-K), CepbfYn, (R
C y9eTOM TaKoro pascueHMA (5) MOXHO OGOCUMTH ¥ 3AMMCATL 4-¥MIYILC
Aanpa v
g—x K, {5,080+ S, (e pre S up)-5, ¢ -)}
S=enlIQEPIE(vewh),  SremEpblcu, SO,

§.-20 1B Sl ¥5p), BEP=Cp <tooe) ™ 1yl
v v
3meck, Kek M B (5), comepmaTcA PAcHPeReNOHHA ME30HOB HA MacCo-
Bo#t NOBEPXHOCTH, 2TO OOYCJNOBVIGHO TEM, YTO KX BIARMONCHCTBHMA C HYRAO-
HaME y®e BRveHH B S, #  %-S,. - pz arom S;#0 dmaromapa
CBASAHHOCTH CHCTEMH, X IT1 YMCNA MB3OHOB B AIpe HMeeM

(L S epmi;.

Jlerx0 BHEETE, WTO DACUPOAGEHHA S AEIINTCA JIODOHI-MHBADEAHTHHMA.
O4eBHIHO, YTO B JONI6e DEAJMCTHYOCKON! MONGNH, KOTHA HMEEeTCA HOCKOIb-~
KO Me30HHHX Dosell ( WM HeKOTODHX deCHBeTHMX OOLeKTOB), B (6) Se
CiefyeT 3aMeHHTh Ha CyMMy pacnpoiefioHHil 1O pas/mIIHHM Me30HaM (ecaH
B3aANORSfCTBHOM MOXIY HEME MOXHO OPeHeOpedh).

Bupaxenne (6), NMO~-CYmMECTBY, ABMASTCA TORLECTBOM. TeM HO MOHSO,
Ha OCHOBe (6) MONHO 3aKJNMHTH, YTO CBASAHHAA CHCTOMA IpeNcTaRIAeT
codof ra3 HO3aBHCEMHX KBASEYACTHN CO CIEKTPOM Macc W, , m, » Me
PABHOMEDHO SATIOJHANINX BCe OPOCTPAHCTBO ¢ PAZJIHYHHME HMIY.NDbOHHMA
pacnpeneneHHAME. [IpE 3TOM, nooxo.vmcy Py — RoHEUHAR BEJHTMHA, B S,
B S:~S.. CPSUPOBAHWA U0 K , A B Y  OTDAHNYGHR HOKOTODHMN HA-
TOPBANAMH, BHe KOTODHX 9TM PaCHpoIeJoHNMR NMPARTHYOCKHE ofpamaprog B
Hynb. CMenyeT EMeTH B BELY, YTO ONHOEYKJIOHHOe cocrommke |(p),>
(wm |(p)y>) rtaxme CONGPEET MOIOHHOO NON® X3-38 COGOTBOHHO-SHOPIE-—
TE9ecnCd uactR. loaToMy M8 (5,6) oMemyeT HCRMOYATE WIEHH, HPONOLIA-
OHANBHHO YECNAM HYKIOHOB M AHTNHYKJIOHOB.
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Pacrpenenerne S '(-p) MOXeT OHTH M3RNEYOHO H3 IaHHHX 7O Deax-
LMAM KBASHYNpYTOro BuOMBamAa (e ,ep ), ( p, 2p) E T.N. OpU NMepemas-
HHX BHepruax -~ 1 TaB.

JIer'KO yCTAHOBHTH CBASH HANOKEHHOro HODMAMBMA C M3BOCTHHM TOTEH~
LUMAKBHHM ONWCAHHEM ANeP. A 9TOrO B CUCTEMe IOKOA ANpa ClejyeT Hpe-
Hedpeus JBHXGHMEM LIeHTDS MACC ¥ BOCHOXL3OBATHCA CTATHYECKEM IPUGIEES-
HEGM [0 Me3OHHHM MOJIAM, 3 MV HYKJOHOB — OOHWHHM HeDeJATHBECTCHAM Jpe-
nesioM. U3 KOMMyTalMOHHOro cooTHomeHmA [CeHl=wici+f: (59 iar¥Hyme )
B crammdeckom mpucmoenmn  (H-p)/s 30  CreAyer

Cle=- m Pe fers- g fele> p=(M9). (7)
OTCONA K U3 HEDEJATUBHCTCKOTO upe.ue;za ma ¢ nMoeM
pemar Bleler G o Do (e vioitioepasne,

roe V - YKaROBCKEf moTemman: Y(¥)=-9 S"‘e‘ Al OTMETEM, 4TO
MHOXHTENH I/2 B MV —B3aumonofCTBMM BOSHEKAET K3-38 DaBSHCTBA

<plHy,, lpr=~i<plHg lp> » EOTOpO@ IPOCTO HNOJNYYMTE: ¢ Homomsm (7).
Beoma nanee cpefHee moxe V()  LAA EYKIOHA B ALpe, OIPSLEJHEM COOT-
perTcTByIIyD (3 ) omoqacmm SHEPIED

e @mE « (i gaVeeD igwi

roe @) ~ dypee-odpas BoqEOBOH JyHFIMM HYRIOHA. (JVIR KPATKOCTH ME
ONYCTHMH PENATABUCTCKME NONPEBKH). EcaM B 5T0M NPROTANOHNM H MOXHO
BHMMQMTE S, , TO SHAYHTOJBHO CJOXHee OGCTONT Heto ¢ Sy-3. 1 Me~
3OHHHMU DaCHOpPSHeNIOHMAMY, A ONpeReNeHHs KOTOPHX NOKA HOT HE TeOpeTH-
YECKHX, HH DKCIEepHUMeHTanbHEX HIefl. XoTA offeKTH, CPA3aHHHEe C AHTHHYK-
JIOHHHMA B MO30HHHMM CTOIGHAMA CBOCOXH HOBHAYMTEJNHLHH, TEM He MeHee

OHM MOIYT n;aamucx B mywxoneynpyroﬂ OUIACTH,

Yro0H BHBOCTH COOTHOMOHES MAXIY 0@ ma H aro xonc'mryem'oa. pac-
CMOTDHM DACCeAHHe BHDPTYEJIBHHX JOTOHOB HA ANPE WM 3 SHTHYW 3aIa-
49y ero p3amMofioficTBHA C BHOIHNM 3JGKTPOMATHMTHHM no.n95

0, (=8, (T2 &V,
IMé Q, - MPOMIBONBHHO KOHCTAHTH, 470 , q <0-

ByltleM cHauana CUMTATH AXpo ToyewHoM dacTHUOR C BHYTPOHHEME CTe~
OeHsMM CBOCOIH, KOTOpHe MOTyT BosOyxunaThced mozsm a(y) . IlycTs ra-
MILT: TOREAH Bamoneﬂcwm ANpa C 3THM [OJEM HMEeT BHX

H'w=Wye GO,
rre 3 - omepaTop MOJHOTO TOKA ANP&. ITOT ONEPATOD HMEST CJIOXHYD
IpHPOLNY, HO, KAK MH YBHIMM HiNe, €I0 KOHKDOTHHI BN XA HAC HECYmMeCT-
BeH.
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AMILTATYRA BEPOATHOCTH HailT NP0 B MOMEHT Bpemend t B Hauamh-

HOM COCTOAHMM {p> ONPEASJRETCH BHDAXOHREM
e

T= g QPRI = 2o <p NI, Heme" e,
Tne U(tz- U(t,-gn - onepaTop BpeMeHHOM SBOMIUME. M3 DaBeHCTBA
(=M@ BO BTODOM NODALKe NMO daly) M B OpeHeGpe—

EOHHE CHCTPO—OCUWUINDYNIMME WISHSME B (8) NpH  t-~wo 6yneM ¥MeTh
A A, Y,
PR oy v <pldOlprareo, 10N (ao-2).
Tl TRl et Y (9
arech P l(phepl@l, peB@-VMEF, <@ leb=() 2665565
M, - macca noyoy BO3CYRNSHHOTO ANPa A B COCTOAHME »n , ONpenesmmM
Temeph MATpHILY

Wy (p)=i (T ,.)S AALoLepe AT (e, 10

Yepes w BHpaAXRETCA BOPOATHOCTE mepexona B OIMHMIY BDOMOHM
Anpa B3 HB‘IGJBHOI‘O BO BCe HNONYCTHMHE KOHEYHHEe COCTOfHNA

:l "

A P.q,n,W, (11)
i ARpa KAk TOYeUHOHM JacTHIIH BHN \V,, orelyeT M3 TpedoBaHM#t panA-
THBECTCRO} MHBADHANTHOCTE, COXpAHeHHA TOKA M qemoc-m/

V(F'=a (ﬂ;i! - gl") E(x)qi) t pz_a (Pr‘ %3 qr)(P'_ r;i—g Qr) E (X;QI), (12)
rne E s - AnepHHe CP, 3aBMCAIMe OT ObSDEOHORCHUX IODPEMEHHHX

X=q fapq B Q9" ., DIE JyHKIME CO4eDRAT MHOPMAMD O BHYTYDOH-
He#t CTPYKTYDPS CHCTEOMH H OOHUYHO ONDONEJIANTCA C IIOMOUBD ONepaTOPHOrO
PASJIOKeHAR .

C Ipyroft CTODOHH, Kak MH yCTAHOBHM B pasfese 2, ALpO HpexncTab-
16T COG0lt COBOKYHHOCTh HOSARHMCHMHX HBAsEUACTEI., UTOOH naliTm CRA3B
MEXRY IOByMd DASEYHEME IPORCTABRAGHHAMM (TOueuHOe SIpO X ras), pac—
CMOTPHM CHAYANA LIX YHPOWEHHKA CRABAHHYD CHCTEMY TOYEYHHX 38DAROHHHX
fepsmoHoB ( ¢=! ) OmHOro copra M M30CKANADHHX MOBOHOB, I'aMAJIBTOHMAH
BaauMONoRcTEEA (EDMMOHOB C MOJeM Qfy) ¥MeeT BHA:

K 0=Se0,6040. S B4
B NMPHECYTCTBMM BHOMHOTO NOJA CD‘-- {y) CJISKYOT 38MOHATE HAR QYHKIED
Buep (=G (P, TLERIVO) L (W)lp>, i3 Ufet)=H, u).

its ypapHowna NEREeHMA Lt omepatopa § i (\yd-m){P(r=geiyh),
MOXHO 3amECATH G la_m_z_(euq))q“ {y)=0,
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rme Maccoem#t omepatop Z olfpexneJAeTcA COOTHOMEHHGM

pACKT, PROLTES ‘(P"): " petole-

BOCHIONL30BABHEACE STHME YPABHOHEAMA LA Popp(Y) , SammeM aMmuTYRY
paccesums §OTOHA BNMEPST A KBAJWUACTANS C MMOYIECOM X*

s %Ll’" &4; 9,0 (v)‘P.‘;F(t,y)t;:: %,%,Sdf Tues M PR-m2 6 )G ey), (19)

Jlerko noxasatk, 4TO

%&;’; ; S‘(‘—;,.Sii LM P,;ﬁ(t,y)t_: <ol B OUp> /<pip>.

BBeseM omepaTOp PaccesHMA Ha KBA3MYACTHLE

(- mZ e o), {4 e Piep )

Yot

Tlo anarorzE c¢ (9) Bupaxenme (I3) MOXHO NMPeNCTABATH B BHIS
12000 IQEPIT RN, ma(]

roe Martpmia T"'  onpeXendeTcs DPaBEHCTBOM

L4 To sl =~
v Siee PEAQED bg Ta, S"d’ Pucp WO P)
3aMeTIM, 9TC I CBOGOMMOT'O TOYGUHOTO JepMHEOHA (?,(i‘,nv\/._.i, Usss E;.“u" n)
T,, CORNANAeT C K3BOCTHNM BHpAMCHMEM IUr1 AMIUIMTYIH PACCeAHEA
Brepex.
Yepemiaa T,, MO NPOGKUME NOJHOT'O MOMOHTA KBASHYACTIM ,
B cooTercTRME ¢ (IQ) BBefieM maTpmly w,,

o i
4, (05 (iﬁqr"&.)i.@.&')*.—,::ra *'r(%r"q,)( ‘-%”q,)i,(a,q), (14)

k]
rae §,, - CP xBasmuacTmm, %=Q/2(vy).
BEPOATHOCTE MSPEXONA KBASKYACTHIM M3 HAANLHOTO BO BCO JONYCTH-
VMO COCTOAFMA SANMNETCH B BHIO

L R LY
u=" 49, EP1 W (ee): (15)
CoveHEe NOIVIOWEHMA (OTOHA HA KBASHYACTHIlG ONPOREIA@TCA KAK

@ o T 0 T
L e
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¥, - NOTOK (OTOHOB OTHOCHTGNBHO KBA3MYACTMUK C MMIymecom k¢ . [lo-
CKONBKY IV HeB3&MMONeRCTBYNIEX KBR3MUACTH, MPOLece MOIVIONEHMA HB/A-
OTCA HOKOTEPEeTHNM, TO I NOJNHOIC CEYeHHI GYyNeM MMeTh
.__ dE B Vy- 4
& ZS(:«)'G v M,V (16)
¥ - noToK JOTOHOE OTHOCHTONBHO AApa, & BesmuuHa W us (II) co-

OTBETCTBYET TOMEYHOMY AMDY.
Teleph yRo JOTKO yCTAHOBMTH CBA3h Memmy F, = §,, c moMowsm

"TPOSKIMOHHEX" MATPHI

prbGiira) Bl (rs)

KOTOpPHE NPHBOIAT K paBeHCTBAM
(A4 / [ 24
va .Ep ‘P':w -FL' (I")
Bocnosb30BABIMCH MPOHSBOILHOCTED Ko(fiiMeHToB &, , B Npeness-
HOM cayuae Q am’ mpR  Me=A(Mep) B ~pm TOYUMM G YYaTOM

(II ~ I?)
F(! Q)= S(ﬁd (;' S‘|+ e )S(k,p)-_{d(x ), JLIES

."- (vp) - 4-mMOyIBCHO® DACTpaNeNeHMe GEPMMOHOB. 3K6CH MH HDHHAME,UTO
mpr x> 1 fymaum §,, oopawawTcA B Hy:B, & X< /A,

{anoxeHHoe IpocTo ododmaeTcAa HA ciyyafl COCTABHHX KOHCTETYQHTOB
B AIpe (HYKJOHOB, AHTHHYRJOHOB M ME30HOB ¢ KBAPKOBOR CTPYRTYpO#t):

F(KQ)S o (5 8,00 )(s.f"ﬁ !r+2.$,’s -3 'S'o,) (18)

THe CYMMADOBAHAe 1O T HPOBOMMTCA 110 DASJMYNMEM CODTAM MO3OHOB. B
PyHKUMI j"" " pomqanres a(JeRTH KAK BHYTPeHHe# CTPYRTYPH COOT=
BETCTBYNIMX KBAsHYACTHIl, TAK A HX B3auMoZelfcTBHA co cpemol. Ecmm
TeM Ho MeHGe NMPAHATL, 7T0 CP KBASENACTAL cOBHANADT CO fodomm,
amwmM S, BOCNONG30BATHCA ANEPHHME IAHHNMHE, TO DACYET 2/ Taw?
YIORJIETBOPATEALHOE COTMACHS ¢ HAMMIASMUMA LAMMHMA,

B mpenene Qe B COOTBOTCTEMM ¢ TeOpeMaMit KX M ¢ yueroM (4)

R (6) MOSyHM NpaBENA CyMd \
d
(ke (E@=0 55 R 6r8-3025)

TEe KOHCTAHTH Q@ X Q, OmpeJeAANTCA KaR
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Sd& i:,;(‘)=ai"“ ] 8"'{"2"-/‘)‘41 ) .Sd‘ j';‘ (=0,

3aMeTiM, 9TO MpaBWIO CY M LA F,  HapymaeTcA M3-3a HamMdIMA
3JIeKTPOMATHUTHOT'O NOJA B A'pe: 39TO MOJe HeceT 9acTh uMIOyiabca, HO He
u3mensieT CO.

4, BakmoyeHue

Ecom B 3a5ayax O DAaCCedHUM PeJIATMBMCTCKON 9acTMIH OrpaHMIHThECA
TOJNBKO OLGHKAMM, TO AIPO~MMIICHL MORHO CYATATh Fa30M CBOGOINHHX HYHKJIO~
HOB C WMOYJILCHHY DACHDENGJOHHSM, OTBEUSMIEM X (epMU-IBiKeHHK, Ho B
dasee CTPOIOM PACCMOTPeHMY HeOOXOIMMO YYMTHBATh MX CBA3SAHHOCTL M Ha~
JuuMe B gupe moseli, fopmupymumx A4 ~BIaEMomeHcTEMA. [IpH STOM ME YRe
He B TpaBe, KaK B CJyvYae cJacHX Bo3CymneHmil, BOCIONb30BATHCA KAKAM—
JMOO YACTHHM BUNOM AfOepHOU BOMHOBOHR QyHKIMM, HOCTPOSHHO! Ha TOM WM
MHOM ONHOYACTMYHOM Gasuce. YTOOH BultT: 3a pamKi NMOKZOGHHX HpeicTaBiIe~
Hulf, MH OGPATIVINCE K METOLY, OCHOB&HHOMY Ha OOCWEX COOTHOWEHUAX IJA
TOJICBHX ONEpaTOPOB M YCJIOBHMAX NMONHOTH BEKTOPOB COCTORHuft (pasmes 2).
3TO NPHBOTUT K OIPeleNICHNK JIOpeHU~MHBAPHAHTHHX KMITYJILCHHX pacopelie-—
JeHM}t ( CNeKTPaNbHHX QyHiuii) § AZEpHHX KOHCTHTYGHTOD. ONHAKO Ha—
XORIOeHMe Bcex BTHX (yHxuui¥ HaTaJxuBaeTes Ha CePhedHHe TPYHHOCTH, ITO
BHOCHT RONOJIHMTE/JBHHE YCJNONHEHMS B 34789y O BO3MOXKHOCTH BHIEJISHMNA
KBApKOBHX CTeNeHol CBOCOIH ( ecym 38 HyJNeBOoe NPUCIMXeHUEe K TEOPHH
ALEPHHX CHCTEM NPHHATH MEe3OHHYD MOJEJb).

OyeBumHO, YTC NpelCTABIGHNS nipa B BHfie I'a3a HE3aBMCUMHX KBas3HU-
9aCTHLL, 3QNOJHAKIMX BCe MPOCTPAHCTBO, HE NO3BOJACT BBECTH IIOHATHE
CEYEHMA DACCEsHMS Ha sIpe KaK IIIOM: 3TO MOXMHO CIEJAThH JMUE LA Kak-
Ioff ¥3 KBASKYACTHL (aHANOTBYHO CuyyakR GeCKOHeTHOR cpemu). C pyroit
CTOPOHH, €CJM CYUTAT: AHPO TOYEYHHM OCBEKTOM ¢ BHYTDOHHUAMH CTENOHAMYU
cBOGOHE ( T.e. CO CNeRTPOM ero HoaCymAeHu#t), TO LA Hero BepOATHOCTD
nepexoga B eIMHVILy BpeMeHM HA GNMHMYHHA NMOTOK AKX 9JacTdll JOJRHa
COBNAJATE C CYMMO} COOTBETCTByKWHMX BepoATHocTe# mrA weasmyacTm. OT-
coga, B YaCTHOCTH, CJeHyeT, uTo B cooTHowermu (I8) mm CP oTCyrcTBY-
T MOTOKOBHY MHOERMTENM: ( KAk ¥ B KOHBOJEEIKOHHOH gopmyse KXN) ¥ He
TpedyeTcd Kakof-yM60 CHCLAANLHOE HOPMADOBKM CIEKTDRIBHHX QyHKILAK ,S' .
B nameM momxoze ecTecTBEHHHM 0CDA30M OCYMECTRIASTCA NepeXol OT Toyey-
AHX KOHCTATYGHTOB K KB&3KUaCTHLIaM C BHYTDeHHER CTDYKTypof#f, AIA KOTO-
pux C® BHpamaeTca B Tolt me gopMe (I8) uepe3s pacHpeleseHMA KBADKOR H
nx CO. 3ameTHM, uTO LA KBApKOB TaK X6, Kak A KBasudacrTull, TepaeT
CMHCJI OpefcTaBieHne 06 MX NPOCTDAHCTBEHHOM DaCNpeLeJOHRMM BHYTDH AIPS.

OLeHEK noxaauﬂalo'r/ 2 , YT0 B EMC~3@djexTe Me30HHHE CTeNeHU CBO-
GO MIPART 3aMETHY® POJIb TOJBKO MPH x = @'A.qo < 0,3, ? AHTUHYRIOH-

HHe, MO~BHIMMOMY, NPeHSCPeXMMO MAH. CPABHEHHE pacueToB C IaH-
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HHMM/ 1/ CBUIETeNECTBYET O CTACIIBHOCTH KBAPKOHOH CTDYKTYpH: CD CBO-
GOIHHX W BHYTPMAIEDHHX HYKJIOHOB COBNAawT B NMpelejaXx TOYHOCTH 3KCIe-—
PMMEHTOB K BHYUCJeHH{, ODHEKO MH OIPaHHYIUHICE DACCMOTDGHMEM MOLeJni,
B KOTOpOli MW — CHIH OCARAHH OOMEHYy HeKOTOpHMH "CesuMu" OCBeKTaMd.
He HMCHJIRMENO, YTO yYaT UBETHHX B3auMozeilcTauit, msioro; p7osux odpa-
30BaHM# ¥ T.0. HECKOJBKO M3MCHMT DE3ynbTaTH pacyeTOB 2 , BEpOATHCA
BCero B odjgacTH « > I. Ho jo cux 1Op eme He DaspadoTaHO CKOJBKO-HM~
OyIb HATSXHHX MCTOIOB KOJMYECTBEHHON OLEHKHM Takux 3HPerTOB.

JiTeparypa

I.The EMC: Phys.Lett. (1983), 123B, 275. The BOMDS Collab.Phys.Lett.,
(1985), 132B, 282.

2. ARy/mmmyeB C.B., Kynaruw C.A., Barpamos I'.M. llpenpunT WAW,
P-0382 (1984)
llecrMa B E3T®, (1985),42,I05. Phys.Lett. (1985), 158B, 475.
Physica Scripta (1986), 34, 508.

3. Barpamos I'.M. KpaTkue coolmenms mo dmsuxe (I987), 4, 9.

4. Molinari A., Vagradov G. Preprint DFIT 14/88 (1988).

5. Vimxcon K, 3wdep E.-B. KBanToBaA Teopua nosid, T.2, Mockea,"Mup”
(I984).

39



YPOKH EMC-SODEKTA
E.M.JepuH

JGHMHTDALCKYG HHCTHTYT HAGPHOA yMauK: AH CCCP

HecMoTpa ma uymnxy poKpyr FMC-offexTa, NOUHATY® Hex SKCHepYMeHTa-
TOPEMH, TaK H TeOpeTHKaMW, MH MO-NpeXHeMy HAJEKH OT MOCTPOSHUS CaMo-
COIJIaCOBAHHOR TEOPMM INIyGOKOHEYIPYTOI'G pacCemiua Ha sgpax. Cama me
yMuXa, B OCHOBHOM, NO-MOEMy CBA38HA C TeM XY3HeHHHM (PAKTOM, UTO MH,
TeOpeTHKH, OKasaluch He IOTOBH OGCYMUATbL MeCTHUe NpoNECCH HA ANpPAX,
He TMOHWMANM, K kKakuM djexTaM MoXeT NpuBecTH (oige peTaibHHil yueT
CTPYKTYpH Afipa. MHe wameTcH, uTo celtyac HacTynus IofXopmguili MOMEHT
38HATBCA TJYCOKOHeYIIpYyTiM pacCedHHWeM Ha fEpax scepbel, Pa3BuUBBA NO-
cliefioBaTeNbHy® Teopuo PTHX NpoLeccoB. B ¢BA3M ¢ OTUM, B JI8HHOM HOK-
nage A Rejan MNONNTKY CUCTEMATU3NPOBATL TE YPOKH UMPOKOro oGCyXueHds
EMC-afxperra, koTOpNE MOTYT GHTH IIONIE3HH B MpeAcToAmuel paGore. C Moel
TOYKM 3PEHMsA, TeopeTHUeCKHe JOCTHMeHMA WUCUEPNNBANTCA CJACLYDEHMY YT—
BEPRACHWAMH :

I. Npocreiiwas nonkTka PeJATMBMCTCKOrO ONMUCAHMA RUEp B PAMKaX npep-
NOXeHHOR JMpPAKOM KBBHTOBOW MEX8HWKM Ha CBETOBOM (POHTe NpOTHBOPEUNT
oKCnepuMeHTaNbHLM gaHHuM mo EMC-adgexTy (cM.o630p ). Taxum oGpa-
30M, nepeuit ypox EMC-sfdexTa cOCTOMT B TOM, UTO NapaMeTp MalOCTH,
KOTOpNA B MPHHLMIE MOr KOHTPOJMPOBATD TOYHOCTL YpaBHeHHA lipegkiurepa
Ha CBOTOBONM JDOHTE,a WUMOHHO:MALOCTEH BKIANA HEHYRIOHHHX CTelioHeld cBo-
Gone B AQPAX, OKA3AJCH HENpABWIbHHM, HEe8JEKBATHHM Npupome. JApYTI'HM
HEAOCTATKOM JMHAMHKH CBETOBOTO (pOMTa fBIAETCHA YKCTO TeopeTHUecKoe
YTBepREeHde, uTO J0 CHX MOp He [OCTPOEHO HH OZHON TeopeTHUeCKOR MO-
Beau, 8 KOTCpoW On BHNONHAZMCH npepomeHust CrpukuaHa-Jpaukfypra. ToT
$axT, uTO M He ¥MeeM HM OONOW TeopeTHueckoft pealH3alud KBAHTOBOM
MEXaHUKH He CBETOBOM (POHTE, TO-MOEMY, MMeeT 0ONlee BAMHOe SHaueHMe,
yeM [pAMOe HecOOTBETCTBHE C axcnepuue%'?u. )

2. Axynuuuyes, Barpepos ¥ Kyaarux nokasajv, uTo Bomex v Pauu
73/ npoBeaM HENpaBWibHOE sBuuucheHve EMC-afpexra B pamkex Tex npeano-
NOXeHUN, KOTOpHe OHM clienand (Tak HasusaeMoe NPUOIMKEHWE HYKJIOHOB
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BHe MaccoBO# mopepxHocTH), OHW NOKAB&NM TEKKe, UTO KOpPPEKTHWHA yuer
CBA38HHOCTH HYKJIOHE B Afpe MOXeT OGBACHUTL EMC-9fpexT. 3To oyeHb BEX~
Hu}t pesynbTaT, KOTOPHIl onpefest HampaBAeHIe JALBHOMMX LOMCKOB.HpoMe
TOr'0,BpAL Ji ORI OH Boodll@ BECH IyM BOKPVI' ifiU~2(6KTa,eCau OH TOT
peayabTaT NOABWICH paHbie,

3. ONHT MHOTOMMCAGOHHHX NONKTOK 06bAcHNTbL EMC-addewT nokasam, yro
npaBuiIbHAR QopMyinpoBka Gyayuelt TeODMM HeBOBLOKHA (€3 BBefleHMA HeHy-
HIOHHHX cTenmerell ceobomk. B pasauHEX crocoGaX ONMCAHMA puIyGOKOHEYL-
PYTOr0 pacceAHMA HE AUPAX HEHYHIOHHHWE CTereHW CBOGOAM MPOABAAOTCA fi0~
pasHoMy. B muHamuke HE CBeTOBOM (PpOHTe MH BHHYXHEHH BRJOMATH 9TH CTe-
fieHd cBOGOmH HABHHEM O6pa3oM BN ONMCAHMA SKCNepHMEeHTANbHHX OaHHHX. B
NpUMGIMXEHUM HYKJIOHOB BHE MACCOBOM NOBEPXHOCTH Ge3 BBEINEHHSA HEHYKJIOH-
HHX cTeneHelt ¢cBOGOHH He BLNOJHANTCA BHepreTHMUEeCKMe Npasuia CymM.

4. Jo cux nop nocTpoeHa eRMHCTBEHHasA NOCIeNoBaTeJ]bHAA TeopeTHyec—
Kag cXeM&, B KOTOpo#l oTOGpomeHHHE NONPaBXM MANk MO MApEMeTDY
( V~ noTeHUVeJIbHaR BHeprua HYKJIOHOB HApa, m - ero u_g_(_:ca) 74/ .

IlocTpoeHa TeOpHs, KOTOPAS YWMTHPAET NONPEBKM Mopagka Vo u
npeteSperaeT BEIANAMM nopsakalf - STa TEODUA OCHOBAHA HA CJEAYMNX
[PeATIOIOKGHIAX ;

a) HywioHH B3aMMOIEHCTBYWT B ANpe 4Yepea OOMeH MeaoOHOB, IpHYeM B>HPeK-
THBHHI JArpaHXuaH paBeH:

Loy PR -m)¥V+FV(Q)Y ~UCs) ¢S

roe Y - cxanspHoe (nceegockansproe) more.
6) BepHO npeAnonomeHHe O CBEPTKE, TO €CTh

Ba@+ 80 ) Fop (E)ly +§ Lo, (E)dy

rae Faa ko4 u F2p - cTpykTyDHHe (yHKUMM AfDA, HYKIOHE M
CKaAAPHOrO (nces.uocua.nnpﬂorofueaona COOTBETCTBEHHO, ‘p (Pq ) - Be-
POATHOCTH HaltH HyxAoH (Me3oH) B Anpe. ~

B arom mopxome pas oTHoweHMA [ (x )= Fg (X} nonyusetca gop-

Myna /4 : AFM(I)
{
R(xy= 4 - &L (£-¢ x Fon(x) (3)
r: N :c > ,,) Faa ()
- 4. P X ap (@) | A
im (2w 2 - i (S @
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Hnea cpapHeH#s ¢ SKCIEPHMEHTOM BTOH (GODMYNH S8RADYAETCA B yraeg:neﬂuu,
uTO nocaefHee caarceMoe B Helt jaeT Bruak B obnacTs Mamx X < TF/p™

~ 0,3 (Pr - mmyabc wepumu-anpa). llodTomy B TOR o6xacTH, rpe BeNH—
Ko SKcnepumenTasbHoe oTauuMe R (X) oT I, M4 MONEM CDABHWTB C 9Kche-
pumenTon fopmyny (3) 6ea nocnepnero caaraemoro. B (3) € - cpemas
SHEprua OTheReHUA AHpa, (Vt)- CpeNHAA DHEPIMA MyJoHA B appe, < P’
- cpemHMi KBajpaT uMmyJibca B sape. Coriiacue SKernepuMeHTa c fopMysofi
(3) norasaHo Ha puc.l. OHO BrONHE YHOBAETBODHTENBHO. CaMo ROKa3aTeNb-
cTBo dopMyan (3) cBA3BHO C ONpefeNleHHHM TEXHWUECKMM MOCTHXEHHKEM ZBTO-
POB,a WdeHHO~— C AOKA3ATENLCTEOM TEOPEMH BHPUANa JJif BIAHMOEEHCTBHA
Buga (I). MMeHHo Teopema BHUpHala OGECNICUHBAET BHITOKHEHWe SHEpPreTHUE~
CKMX NpEBWI CYMM W NO3BUJIAET BNPASHTD BKAGA HEHYKIOHHHX CTeneHel!
cBoGoin Yepea Heckonbko seawund ( € , Vi » <p?> ), oTHocHmMXCH
K CTPYKTYpe Ampa.

5. BeefieHue B TeopH GOJBIKX BEHTOPHEX NojNefl TPUBOILMT K PESKOMY
NPOTHBOPEUNN C SKCTIEPHMEHTANbHLMA REHHEMH 10 EMC-afdexty. llero B ToM,
uro B gopMyne (3) < Ve> 3aMeHseTcs Ha BEJIHWUKHY CPEIHEro BEKTOPHO~
ro noia B SApPe, KOTOPAA MO pPasjMuHbM OUEHKAM KolelaeTcs B pafioHe
200-300 MaB. HenocpencreeHHo u3 (3) BugHo, yro R CTAHOBATCA NODALKA
R~0,1~0,3-0,5,4To HaXomiTcA B DPO3KOM LUPOTUROPOUEY B SXCIIGDMMEHTOM.
Mre KameTca, YTO 9T0 OueHp BaxHuil BMBOA M3 EMC-addekrTa, Leno B TOM,
YyTO BBelieHHWe BeKTOPHHX nojelt npegncTapifeT COGOf OyeHb MHTepecHW#, ¢
TOUKM 3PEHHA TeOpMM, crocob TocTpoeHns sapa. Koea 2Toro mocTpoeHKs
COCTOMT B TOM, YTOOHW NOCTPOMTH TEOPHO B3AMMOEHCTBMA HYKNOHOB B RADE
[0 BHANOTMK C KaNWOGPOBOUHEMM TEOPHAMH, KOTODHE ROCHAWCH SHAUHTEIBHO-
ro ycnexa B (M3WKe BJieMEeHTapHHX WACTHI. llpepmonaraercs, uTo B Afep-
HOM MBTEDWH ecTh JIOKJIbHOE COXpaHeHWe GapHOHHOTC 3spauia. MmeHn. 2To
NOKBJIBHOE COXpaHeHHe OGapUOHHOrO WHcJA NPHBODMT K IOABJIEGHMND BEKTODHWX
ME30HOB, M HAJIMYME Y HX MACC BHONBAET NOABNeHMe XHITCOBCKMX HACTHL
{cKaLApHOro MesoHa Mofedk Baneukn). Taxaes cxeMe NMOCTPOeHWs NPUBORHT K
deHoMeHoJOPHH MOzean Bajeuxy U Lpyrux nomoGHEX WM cxeM, K comazmernwo,
¢ Moefl TOYKM 3peHwa, BCEe 3TH KPACKBLHE BOSMOXHOCTH 38KPHBANTCA JKClE-
PHMEHTENbLHEMA JaHHEMH 00 EMC-afjexty.

6. I'mnoTesa cseprkn (cM.ypapheHwe (2)) He MOKeT OWTB NpapWIbHOM,
® uHTepdepeHIMOHHEe BKAGNH MOTYT W JOAKHH OHTh BeNUKHM. B yacTHOCTH,
OHM BesMKu mpW ojpexTuBHOM BaauMofeficTedu (I). o Hammu oueHkam, aHx
MoryT oGsscHuTh oT 1/3 mo I/2 EMC-spperta. 9TO yTBEpANEHHE OueHb
BAMHO ¥ NOKA3LBAET OFPAHWYEHHOCTb BCEX HamMX MOMNTOK NOCTPOMTL Teo-
P¥0 IyGOKOHEYUDYTHUX MpOLeccOB 0e3 TOCTPOEHHA HACTOANe#d JHHPOCKOIH-
WeCKofl TeOpUH ANePHHX CHi.
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7. fl XoTen OW 38KOHUMTL fepeuucierne ypokop EMC-ajjerta Ha He-

CHONMbKO GOJiee ONTHMMCTHYECKON HOTe, & MMEHHO NPEIOXMTb HEeKOTOpoe
KOHCTPYKTHBHOE NPOfiBMXEHHe Briepefi. OTO CBA3EHO ¢ Mueefl NMPUMEHHUTHL
A NOCTPOEHWA TEOPHH SNEPHO! MaTepHH NpasHlia CyMM KBSHTOBOH XpPOMG-
IvHauvku. Takas nonwTka Ouna npepnpuxaTta E.T.JpykapessM u MHol ’
W OHA OXAa3aloCh yCleWHofi B ONMCBHMH 2HEPIMH CBASH, PaBHOBECHOHR ILIOT-
HOCTH H CRHMaeMOCTH smuepHo#t MaTepun. llpapmaa cysu KXI npepcrapnsoT
COBOH METOM, KOTOPHA NIPAMHM OOpA30M NPUMEHAETCA K XeCTKMM MponEecCaM.
Bonee TOro, OH [OBOABHO YCNEIHO ONMCHBAN  OCHOBHHe CBOfiCTBA WX JAA
8APOHHOTO mpé . [losToMy Mu Hapieemcsd, uTo npapwia cydd KXJ oka-
XYTCS &UEKBATHHM METOMIOM NMPH NOCTPOEHHWH TEOpPHH XeCTKMX NpPOLIECCOB

HE ARpax.
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QCD AND SHADOWING OF VALENCE AND SEA QUARKS IN DEEFP INELASTIC
LEPTON~-NUCLEUS SCATTERING
Lo LeFrankfurt, M.I.Strilman

Leningrad Nuclear Physics Institute, Gatchina, USSR

The basic aim of this talk is to eatimate the magnitude of shadow-
ing for sea and valence quark distributions in nuclei and to consider
implications of the shadowing phenomenon for the EC effect at x~0,1.
We also briefly consider high Q‘? lepton scattering off nuclei at
x> 1 and the colour transparency sffect in the large angle quasielas-
tic hadron-nucleus scattering (for details mee /1/).

The recent BC experiments/2/ have confirmed o0ld predictions of
quantum field theory, parton mcdel, and nonperturbative QCD (with
account of the scaling violatior) that nuclear shadowing is the lead-
ing twist effect (see /1/ for the 1ist of referencies)., The data are
at variance with the model of Brodaky et al. and belisves of many
interprsters of the EMC effect that shadowing is the higher twist
effect,

Pirat, let us demonstrate that large longitudinal distances are
esgential in nuclear shadowing. In the nucleus rest frame the average
longitudinal distances in the s amplitude can be determined from
the analysis of the 7'1! scattering using equations derived by B.L.
Joffe neglecting scaling violation:

<Pljy },\lO)lP>=[r,rx%:. A AL T
o R AT

Ve (0,py)= (2 my,y ! j 4% £, (x) sin(myYsX) (2

B0z 4] 40muys) Vo (& 7w Jo) simtmuyormepye . ()

Applying egs.(2),(3) for Fy(x)~(1-x)> and ¥, valence ~ 2 wix -
“Fy gy~ (1-x)3 we find

L(x)= Mx)/mgx - 0
whers



A”a(x)= )valence(x) ~1 for x £C.5 (5)
-0 for x = 1.

Consequently at not too large 02 if

1(x)/2 > 2 R, -

where R, is the nucleus radius, f‘ transforms into 2 qf pair (had-
rons) before the nucleus,

The transverse size of qg, A4,
when it arrives at the target is

Qt (6)
For jets aligned along T (Bjorken)

s 2
Eﬁ»Bq (or Eq»Eq) ~(m'o-x.e)/z,,,~x and

2 z
Ay, ~ Kot /(l".""' Kop) . N
lead - to shadowing (k , ~ 0,35-0.4 GeV/c is the typical transverse
momentum of a parton in the aligned jet).

For symmetric jets,
E,"E" > a)’t'v"/rzﬁ

and no significant shadowing is expected,
Accounting for these two compone:its in the 7 wave function we
sbtain modified Gribov representation for X"A (x <<1/(4mgR,)) (the

(8)

main differencies from Bjorken, Zakharov and Nikolaev analyses are
inclusion of unshadowad term (colour transparency of nuclei) and &

more quantitative estimate of the shadowed term):

MSmax i M2 2
Coxa =hAT oL B (MY M*dM (9
A L N oL

.Z/o(Mo-M‘) +0(MEME ""*}

where lﬁu/ﬂz ~ 1/(4RAmN x), R(Mz) = 0 (e*e”™ —» hadrons)/ o |+a'~p/l;'f-).

The factor 6k2,/MZ in eq.(9) is due to sccount of the amall phase

volume for the alipgned jets ~4k2 /M and due to alignment of qg as

a consequence of spin 1 of ) - A factor 3/2. FPinally we obtain
A /A = (any o PR sAGHE ). (10)
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where A=0.2 is estimated from the application of eq.{9) to A=1.
Note that )(Q2=0)=0.2 +0.05 (Really it is slightly larger since
the Y -meson contribution is weakly shadowed).

Thus shadowing at Q2 ~ few GeV® and small x £« 1/(4mNRA)
should be clome to one observed for the case of real photons. This
is in a reasonable sgreement with experimental data /2/ and really
wiih the previous data (mee /1/).

In QCD one has to take into account the gluon radiation. The
aligned jet configuretion with increease of Q2 transforms inte

configuration like T 9
w—<2» ‘g ‘571:
4

where gluon is predominantly emitted mlong q or § momentum, Hence
Ay, (Q7D mligned jet model)xay;(aligned jet model). The analysis of
the QCD diegrame corresponding to the Q7D aligned jet model contri-
bution to the nucleer shadowing is givem in /1/,

Thus in QCD shadowing is the leading twist effect (1) A.rf/Aqu
Qa—const) decreases, (ii)A ff/A(x-conat Q%4m )increases slowly, (4ii)
shadowing is present for events with high Pt jets (this effect ia
abgsent in the parton model),

The nuclear shadowing should be present for the valence distri-
bution also, because the esrential longitudinal distances in the
valence and sea quaerk channels are similar (eq.(5)). Really the alig-
ned jet contribution to V,(x,4%) is more shadowed than for the §,
case, since the nucleus center 15 black and gives negligible contri-

bution to the differcnce T WA~ Twt A (nonvacuum reggeon exchange)
soft
i 5% ligned jet,N_ A-1
A oyegE T [ T (1- $d IS Tt on
N
-033
=~ 07 A for @ =20mb

T(b) = [ pal¥, m)d=.

soft  seft
me AV -V W 4y
AW (12)
= 06l 40 %5 |ar 200,
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Here AV characterizes contribution of nonalirned jets to VI»I' From
the QCD sum rule analysia of VN(x.Qs) made by Ioffe and Kaidelov/>/

we expect Ay £0.3.
The discussed analysis of Aeﬁ,/l\ can be extended to the region

of small x: Mi=92/‘""., Rax
£ [ R(mMy) MM

2
Aegs (ne) 5 4 &
“}_7\—_ A oy %0 (MA@
Ty

2
{g(MJ—M‘) + fﬁ—"’fom‘-n:’)} [Aopn-Fe 3

(13)

j d*b d2, 42, fa (b,24) fa (b2,) P (é,_—:,,).
exp (- (MY@* +4)myX (£4-22) ex[;—-j_—r,,,,,/ oplb21d2’.
L

Similar expressions are valid for vA/VN' According to eq.(13) sa-
turation of shadowing occurs et (see fig.1):

Zgnt ~10"2 (12/A)x , 8r 0.2. (14)

This Xont is smaller and has weaker A-depe:dence than according to
naive guesses. Eq.(13) is in a reasonable agreement with the K'C
data /2/ (see fig.2, solid (dashed lines are calculations including
ghadowing for sea (gea and valence) Euai‘ks for ’\sea= A valence=o'2)'

At x »(2-3)10"° behaviour of 9, /Ty VA/VH depends on the pat-
tern of corpensation of shadowing in the sum rules for the energy-

-mo:uentum (Zakharov and Nikolaev) 4
1 H - 2z 2 —
A0 450 2,599 + 4,08 s, - [ [ H] =0, (1)
2
¥A=‘Q /ZM‘Q. , and for the baryon number{Frenkfurt and

Strikman)

A 4
J (UMY, (2,85 dx, = [Vytx, @7dx = 0. e
[ o

Eq.(16) unambiguously leads to E‘(X,oz)'_—":'VA“/o‘)/VN {x Q‘J”
at 0.05 £x £ 0,15, In particular § ;,(0.05 < x € 0,15)~ 1,1, In
combination with tbe BCDMS and new BC data for FZA/F2D et 0.1
this fact implies some suppression of EA {which ig consistent with
exiating experimental data, see review /1/). In addition eq.(15)
in this case leads to an overall enhancement of G,. Indeed the data /2/
combined with eq.(13) lead to

47



(+-Foat gt /6 ~Hnlo) /B )

[

o8

a7

s

a3
A=12
A~60

ol e R A2

03 0? w? X

107 0T 0 x4 % woox
Fig.2
(XX, T Ty g d 8, 0.0°)fm Q"

2 -\ 1 (]

wlh o degame /0 o /—\ Yon

. = N - o

oo} Ve RS

o8 | .A‘ - ) Ji"

[ 24 [ w x

Pig.)



Ag= JA"A céh ("A,Qz)l‘/-(‘ 6y (x, Q%) dx = 1 05,

Note that in the Zskharov and Nikolmev scenario /\G=‘l and 0'5P2A/P2N
~1,1 for A=118 at x~ 0,1 which is in variance with the data.

In the discussed Q2 range scaling violation is a rather small
effect (see,e.8. £1g.3) though we will consider it in the new analy-
sis which is under way.

The simpleast way to check our conclusions would be to measure
the A-dependence of the charge asymmetry of the pion production in
the current fragmentation region,i.e.

LY +xhx) - o'(/u--rA-v/L +x'+x){xp o.p % VA(x.Qz) .
The FNAL experiment E-665 1a well suitted for such measurements.

This " iscussion has obvious implications for the ENMC effect
model builders: shadowing resgion backfires - convolution models are
inapplicable for x<£0.2. Really a success of any model for x~ 0.1
which does not reproduce shadowing as well is really a failure.

Let us discuse niow the region of larger x, Skipping over the
"dull" region of the ENC effect at x~ 0.5 we will consider the
progress in the x3 1 region.

Measurements of the (e,e') cross sections at x3 1, 02‘ 3 cov2
were performed at SLAC. In the s‘udied kinematics invariant mass of
the produced hadron system !s close to the threshold. Consequently,
predominant process is production of nucleons and nuclear fragments
=~ quark degrees of freedom are hardly excited. Thus at xe¢1 a dip
is expected for the ratios like (A, > Ay

Az Fap,lx, 67} <1/ Ky,
2 L as A -] —_—.
R(A‘/ 2, / ) *

4 F, As (,‘102;) R (4/"242'

A step for R is expected for 23 x » ﬁninmz)' ﬁnin(qz“ 2.5 GeVi)m
~ 1.4, due to dom:l.nnnco of pair nucleon corrslations, e.g.

R(A1,D, x> x4, (Q %)) = 5 21, Both these features are in line with
the data for the A1/D lnd Po/*te ratios (see /17).

Anslysie of (e,e') reactions at x >1 indioates that in heavy
nuclei problbility of short-range correlations is about 30%, which
matches well with quenching measured for small momenta (~ 70% nucle-
ons are below the Fermi surface) (see B.Prois’talk).

A new evidence in favour of large pair nuoleon correlations in
Ne was presented in the J.Guy talk who reported the results of the
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BEBC analysis of the reaction (;’) + Ne-llu + fast backward
proton + X« For events where cascade conitribution was small
a correlation between x and o ~ the 1light-ocome frac-
tion for a fast backward (cumulative) nucleon, was obser-~
ved consistent with 1977 prediction of the palr nucleon correlation
model /4/. Por a comparison, asimilar reaction with deuteron target
was studied. For large 4 the observed decrease of (x)d sesms to
be somewhat larger than the (x)‘ =¢x ) (2-) decrease expscted in
the two nucleon approximation for the deuteron wave function. Quali-
tatively this pattern is consiastent with prediction /1/ of the mini-
delocelization model of the ENC sffect (suppression of point-li‘e
configurations in bound nucleons).

To measure quark distributions in nuclei at x> 1 measurements
of F'ZA(::,Q2 210 Gev2) are necessary (for A2 4) /1/. The few nucleon
correlation (FNC) model relates the slopes of «£-(or x!.) distributi-
ons at #A>1 for production of fast backward particles "c"

d o Ale
da

For b a7 it leads to b,(z 9 which 1s conaistent with the recent
high energy date reported in the 2olin talk. Por the quark distribu-
tions at x> 1 the FNC model without EMC effect leads to ‘*: b
similar to the prediction of the flucton model and the Baldin model.
The pion model of the EMC effect leads to : small increase of bq:\-L;
25 ( =l’x ’ « At the same time the suppression of the point-like
configurations leads to a significant increase of the slope

ol =< cxp(-bc-‘)",.‘ .

bqu 11 - 14 (without change of b,).
(Note that really the shape of the x-distribtution is not purely
exponential(ses /1/). Thus we conclude that q,(x3 1,Q2) im very
sengitive to the model of the EMC effect.

In the beginning of the talk ws discussed that QCD predicts
presence of point-like configurations in the 7"' hadron wave function.
The question arises whether similar configurations are present in
the quark-~qluon wave functions of hadrons. This property is import-
ant for interpretation of many phenomena and in particular of the
EMC effect at x ~0.5. A perspective method to search for these con-
figurations and for study of the microscopic nuciear structure is the
investigation of the oelour transparency of nuclei in large angle
quasielastic reactions h+A »h' + K + A' (see /5/).
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QUARK CLUSTER MODEL - COMPARISONS WITH RECENT DATA

James P. Vary, Avaroth Harind th and Granddon Yen
Physics Department, The Ohio State University
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and
Physics Department, Iowa State University

Ames, Jowa 50011, USA
and
H. 1. Pirner
Institut fiir Theoretische Physik
Universitit Heidelberg, D-6900 Heidelberg
Federal Republic of Germany

This paper reviews the quark cluster model (QCM) with emphasis on detailed isons
with deuterium data. A critical review of the phenomenon of y scaling for these same > data i
presented.

1. INTRODUCTION

In this review we focus on the application of the quark cluster model (QCM) to deep inelastic
(DIS) lepton-deuteron scattering data. Since the same data we address within QCM has been
the subject of a y scaling analysis we begin with a critical review of tbat particular phenomena
and show that y scaling is not readily evident in the deuterium DIS data.

2. CRITICAL REVIEW OF Y SCALING FOR DEUTERIUM DATA

Ever since West and K et ol proposed’ the idea of y scaling (scaling of the inelasti
lepton-nucl ttering cross section based on quasi-elastic nucleon kuock-out) there have been
I experimental and theoretical attempte to understand this ph These attempt
generally fall into four catagories: 1) extracting a ummnl ling function F(y) and thereby
trying to put stringent limits on the modification of properties in the nucl dium?;
2) estimating the effect of final state int jons®; 3) elucidating the ambiguities in the possibl

choices of both the scaling variable y and the scaling function®, and 4) estimating the validity of
various approximations used in the derivation of y.**

We choose *H for u critical review of y scaling b 1) the Deut (D) is the simplest

of nuclei with the lowest bhinding energy per particle and the lowest average density. Hence our

pp tion of neglecting final state interactions should be more accurate. 2) D is the nucleus

for which (e, ') absolute cross section dsta® are available over the widest kinematic range.
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According to the y scaling hypothesis, in the plane wave impulse approximation the differen-
tial cross section for lepton-nucleus quasi-elastic scattering can be written as

d’c

iE Tal 7).

= {Zop+ N tr,.) Tal
In this expression E’ is the final lab energy of the electron, Z( ) is the proton (neutron) number
of the target nucleus, o, {@,) is the elastic electron-proton {neutron) cross section, m is the
nucleon mass, q is the laboratory three-vector component of the four-momentum transfer of the
virtual photon and @ is the negative of the invariant four-momentum transfer squared. The

elastic cross section is given by

0 Y]
ON = Oaou— T +(— tan’i)z—Q';G,’u ]-

q:
Ia I’ 2 Taf q I’
It is important to mote that the mbove expression results irrespective of whether one uses rel-
ativistic or lativistic ki tics in the overall energy conserving delta function. On this
point we agree with the authors of Refs. 5,7,8 and not with authore of Ref. 9 .

With the conservation of relativistic energy the scaling variable y is given by y = —b+ a with

_laly, , (Maap —m?
be gl

v+ M (Ma_s + m) (Ma_s —m)?

= TS0 - T - T -

where A? = (v + Mr)'~ | q|{" and M,y = My —m + c. Here M7 is the mass of the target and
¢ in the binding energy.

The key issue of y scaling ie whether the dats indicate that F(y,Q?) in independent of Q3.
In the impulse app tion the scaling function F(y) is directly related to the nucl
tum distribution function. Thus, if the experimental dsta exhibit y scaling we have a model-
independent determination of the )| tum distribution in the nucleus. Of course
there is still a possible conspiracy that neglected effects cancel but more exclusive experiments
could eventually test this. In fact a recent report!® on (e, e’p) measurements with SHe targets
indicates the invalidity of the y scaling interpretation of the inclusive data. The main point of
our presentation here is to exhibit the luck of y scaling in the inclusive D data.

In order to extract the function F(y,Q?) we have to make a choice of nucleon form factors.

We ch the trizations of Ref. 11. We have checked that alternative widely used

P

do not change our q vely.

We consider results from two experiments®. The data group into 11 sets characterized by
Q? ~ 0.8, 1.0, 1.5, 1.75, 2.0, 2.5, 3, 4, 6, 8, and 10 (GeV/c)’. In order to have a smooth
representation of the y < 0 data we fit to a functional forin of a Gaussian centered at y=0
plus two cxponentials. The form F(y,Q%) = a e ¢ e® 4+ f o™ employs Q! dependent
cocfficients. Without Q? dependerce the best fit gives x3/d.o.f = 15. With the restriction that
the Q” dependence of the coeflicients be of polynomial form with terms Q-*, Q-%,Q?, and Q*
and the restriction of only 10 parameters for the Q? dependence, a best fit (x?/d.o.f =1.26) was
obtained which we refer to as Fit A.
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With the same functional d d a separsate fit (Fit B) to the B data scts omitting the
Q?=0.8, 1.0, and 10.0 GeV?/c? utl yielded x?/d.o.f = 1.17. The differences between Fit A and
Fit B in the range 1.5 € Q% < BGeV?/c? can be interpreted as an indication of the uncertainty
in the @7 depend of F(y,Q?) dictated by the deuteron data.

Since inelastic contributions play a major role in the high energy side of the quasi elastic
peak (positive y), we consider only the negutive y region. The results of Fit A for F(y,Q?) are
plotted versus y in Fig. 1 for certain Q% values in the range 1.75 < @ < BGeV?/c?. We find

temati ling violations for the entire range of y. In Fig. 2 we plot F(y, @?) from both fits
versue Q? for thrce different values of y .

For cach value of y a different pattern emerges. We observe that at any value of Q7 the
data do not indicate approach to scaling in the variable y. For y = -1 GeV/c, F(y, Q%) rises
continuously with @3, while for y =4 GeV/c it exhibits 2 minimum at @ ~ 4 (GeV/c)? and
for y = -.8 GeV/c it falls uniformly over this range of @?. Further explanations of these features
and the diflerences between our conclusions and the works of other authors can be found in Ref.
12.

Having now shown that the deuteron data do nof exhibit ¥ scaling we turn to the QCM
explanation of this data. It should be clear that only one component of the QCM exhibits y

scaling - the quasi elastic component.

3. MODEL ASSUMPTIONS

The quark cluster model (QCM) was proposed3-17 to explain the deep inelastic electron-*He
scattering (DIS) results from SLAC™. In the QCM for any application one assumes the nucleus at
all times is organized into color singlet clusters. We label the clusters by their leading Fock space
t in the infinit tum frame as three-quark (3-q), six-quark (6-q) etc. clusters.
Larger clusters are assumed to form by the overlap of smaller clusters. Specifically & 3-q cluster
is assumed to have a critical radiue, R, such that clusters of 6, 9, etc., quarks are defined by the
number of 3—q clusters joined by center of mass seperations d < 2 R.. The overlap probabilities,
and di and tum space probability distributions for these clusters are obtained in
the rest frame from conventional nucl functi
Since we view the QCM as a model which allows us to write down the quark distributions in
nuclei we expect it will be ultimately superceded by direct calculations within non- perturbative

QCD. In the meantime we expect the QCM to form & basis for the uniform interpretation of
a variety of high energy lept leus and hadron-nucleus interacti In this context we are
able to summarise all our efforts to date with the claim that all the data we have examined are
consistent with R, = 0,50 + 0.05 fm which is the same value determined by the initial fits™® to
DIS data on *He.

Recent i and applications of the QCM include application to the elastic form
factor of nuclu", precision analysis of quark cluster probabilities®, application of the QCM to
the nuclear Drell- Yan process??, and to electroproduction of hadrons from nuclei®.

To apply the QCM to DIS we make two additional nesumpticns. First, as is customary
in parton ph logy, we that the participating quark (or sntiquark) is quaaifree.
That is, we ignore initial and final state interactions. Second, since the cluster from which




the participating quark originates is, by the definition of cluster configurations, spatially iso-
lated from the remaining clusters, we assume the cluster is also quasifree. Consistent with this
second assumption we assign to an i-quark cluster a mass equal to § times the nucleon mass.

Tect! het Vot

This last sssumption is also equivalent to neglecting quark exchange p!
Encouraging support for this approximation is obtained from the d tration by Frankfurt
and Strikman?® that the leading exchange graph ion to a 3-q cluster contribution to the
E Muon Collaboration (EMC) effect? virtually disappeass for z > 0.3.

{

4. APPLICATION OF THE QCM TO DIS DATA FROM DEUTERIUM

Since the key ptions and development of QCM have been extensively reviewed in the
literature'-1710-323% ye will only describe here the results obtained to compare with the SLAC
data®.

In the QCM the total inelastic st function can be written as the sum of the inelastic

and quaasielastic contributions from ench of the ¢ = 3,8,9, etc. quark clusters:

VWi = BRIWI(E) + v W)

where p; is the probability a quark chosen at random appears in the i-quark cluster. For deu-
terium
vWi™(D) = pslvWi™(3) + vWT~(3)] + B W3™(6) .
Corrections to the model include interference effects which were discussed sbove and contribu-
tions of final state interactions (FSI’s) which we neglect for the present.
The method of calculating »W§™/(3) follows the work of Ref. 27 and employs the inelas-
tic structure function of the proton measured in the same E133 experiment. The quasielasti

of the (e,e’p) croes section in the plane wave impulse
approximation ( with integration over the nnobserved nucleon’s final state.) Such a calculation
of ¥W3™ exhibits pure y-scaling.

Due to the constraints of a conf P tion we p only a small sample of our
results using the Reid Soft Core® (RSC) deuteron wavefunction. In this case® fy = 0.953,
Ps = 0.047 when R. = 0.50Fm. The results at @? = 2.5(GeV/c)* are presented in Fig. 3 and
the results at Q* = 10.0(GeV/c)® are presented in Fig. 4 and are compared with E133 data
from SLAC®, A very high quality description of the data is found over a large range range in
Q? and z. Since we have neglected FSI's we are not so concerned with the small but systematic
deviations between the QCM and the data at the lower Q2. With increasing @* the three quark

Tnati p t b parable to the quasiclastic contributi At high = the six
quark cluster dominates the three quark cluster. Since these inelastic contributions scale with =
they are the source of breakd in y scaling at these ki tics. A more complete presentation
of the QCM's deseription of the DIS deuterium data will be fortbcoming.®.
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ERECTKUE TTPOLIRCCH HA AHPAX
H.II. 3oToB
Haywro-BccaenoBaToNbeKaR HHCTRTYT anepHoR fwewmm MIY, Mocxsa
B.A. CaneeB
Kyficumopcxu® rocymapcTBOHHHR FHRBGDCHTOT
B.A. lapen
Juamveckn? micrETYT @M. II.H. lledexena AH CCCP, Mocxsa

nanhb DA CRERARHET'O

1. CToYsTYDHEe TVHRIRE ggep § du KHAS 3 ]

Vuer o ToM, ¥ro cTpywTypmNe Jymeipmz (CO) /n.uep onupegenan? JUIRAKY
mydonoa:%g}‘n R KYMyIATEBHHX OPORECCO! 1'2. OKASANACE POCHMA WLIO-
AOTBODHO! . Komxperraa %?naam 9Tof HRe# HA OCHOBe QRIyXTOHHOR
momen® ¢ pecKefnurroM (IMP)/ °/mosBouaiia yCHEWHC ONHCATH BCK CYWECTBY-
NIYD COBOKYOHOCTH SKOHE; HTANTHHEX NAHHHX [0 TAYCOROHEYUDYTOMY pac—
CefHND JONTOHOB !:7 v E BpencNasaTh Agepune sipexTd RAf IPYTHX
XOCTEEX ITPONOCCO! .

HanonHRM 7:0 B QMP/S"’/ C® Ampa RHDARAGTCA 9opes CP K —HYKAIOH-
HHX (QNyRTOHO! 8,

A
£ @)=2 Pl A) Bon (5@, (1)

rae x=x/x , a PfcA) - cpeames WmcKo K -HyXIOMEEX JUIYXTOHOR B RIDS
A, gaBicAmes OT IIOTHOCTR Anpa R OApAMETDa ¢ -"pamEyca KOTePeHTHCCTE!
Kpome Toro, B Momeld yIRTMBROTCA “"NedopMaImEA” mapT pacupsnexeHult

B CBASAHHNX HYMIOHAX CCTRACHO I'&NOTEB68 DPeCKeRmmr 9 :

3 (@Y=, (X, B &)-G%). @

llensp BAGTOAMETO Roxsama mmameTceA: (I) - OPEBECTH HOBMO 8PIYMOE-
TH B OOXLSY YXASAHHOTO HOXXOXAR, KOTODME CAGAYDT N3 AEANXSA IDORECCOB
poxmerms F7-ues0508 B MyMyanTERioR oO02&0TE H JOINTOHHMX Iap HA KKDAX,
B (2) ~ RaTh HpONCRASAMER RAA CPOLRGCOB NONTOH-ARGDHMX Bsammozcficrauf.
2, F

Cpan:zNM ToBexSHNO m ORI » ar’® 7/ | o sxonepmues-

TAALHMME NRNHMMN FpYIId KX BUXONA FY msonos
B mapoxoll odxaors 1€ X <3 nmmm

(72,3, ) dexoNpomanu my o cxumtnou?_o’,mqmm
DACOMHND AEITOHCE HA . Hom 10 cpaszex:n SRINSTON XEND

Y9OT CoXiEero wols (JMyxromos (k=€) B O0 mxep.

Ha puc. } lcxﬁumo CDANHGHNG OTNONGEER O EXRep, XZUNGAGHHMX B
OMP o 1V txs omaoxemntt covemR poxxemnx Or'-uesoHos B PA -
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-

Prc. I

asameonefcrexax (A=fe ,AL, Ge T ) upk £5<10,I TeB x &, =I1%°
3 1.c. » saawomoorz or X /Y. Coxownas x OYHXTE]EHAS XDEBSM COOT-
PATCTRYDT PacOpPexeXeHED mmrepHof myoTHOOTE mO dopMyxe Bymoa-Caxcona /I
OPEGANESHRD DOCTOMHHOR IXOTHOOTN, KOTNA P(,,A)ec:m /V)“" A 18/
TeopeTNYOCKEe KDABNG XA OTHOWOHER CD AxeD HOXHOOTED HeDARADT (MOT-
puft poer orHomeHNE CoweHER DOREOHEA w '-uamonon, mogx-
TROPXNAS TENOTESY OpexexsHOR JparweH?: *©/, corascHo xXoropoR aTM
COYSHNA B OGXACTE JPATMBETAINE XXPA IPONODIEOHANAHE @I0 KBEDR-IRp-
Tounofl OO, easucamef or Mmomradsoff mepemennof X. s pmo. I Taxme
BNEHO, W70 TEOPOTEWSCEN® OPOXOKABANNN CEALHO SARECAT OT NDAREOKSMER
O DACOPOASNGHEE [OTHOCTE NYRXOKOS B SApe. MomNO Xymatp, ¥TC Coxes

‘ POAXNCTETOOKN® DACHDOXSACGHEN HOSROANT

ﬁﬂ (pA—=>3*X) XOGETSOM XYUNOIO COTEACEA PROYETOD C KO-

TOPEMSHTOM .

B paMEax ruuoTesst DpexexstoR par-
Mexranmy JMP XODONO OHNCHBAST TARES X
oMy JOpMY OIBRTDOB, RAR 3T0 REENO X3
PEC. 2, N& XOTODOM TORASANN TOODOTENGC-
e xupin £ 48 (pA-» T+ X))~
~X[Up (0, QD+ 257 (x, Q*)] Xan sxDe. TOR-
*axa (XpEBAN HODMEpOREER B Touxe X = 1,3
HA SRCNCDEMBNTANLHVUG NANENS) X RAR SXDA
depusmex (Ges xaxoR-umdo XoumoxmETexsNOR
NOPMYDOBXE) . MOXGSE TEES LDABEAMNC J9-
Poxmer A -SaBMONMOOTE OTHONGNNA BEXORON
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3"7149 OHOB HA PA3HMX ANDEX K ANDY TAHTAIA OpH (EECHPOBAHHMWX
X . IPHEYeM TEOPeTHYECKCe ONECAHNe JAYRNROTCA ©C DOCTOM Macmradiod
nepeepro? X (pac. 3).
B mpocreflmeM BapEanTe IMP mame
IpE yYere SOAbmOro WNcxa QEyxTOHOB
(X =8) ODpexCKASMBAGTCE XADAKTEDHOS
*OCHRAANDYIR9e"” IOPeNOHEe OTHONGHEN
covennll, KOTOPOe, 10 HANOMY MHOHED,
HO NPOTNBODOYAT CYWOCTBYDMEM RAHHMM.
He acmo, AaxgeTon aM dToT BfifexT po-
anbHMM. Ecunm Eaxpuefimde sxclepuMeH-
TANBHME HOCAOXOBAHHE HOXTBODENT 6T'0
OPRCYTCTENG, 3TO OYyAOT CHXKBHMM &pry-
‘ MEHTOM B DOAB3Y QWyRTOHHOR MOROAR.
» ./ ORHARO Y0 OTCYTCTEMO HO SANROTOL
.4__41{.5___#_.‘ ADTYMOETOM IDOTHB JWYKTOHOB, HOC—
ROXLKY "OCIEARMIME" MOI'YT "OCriaxE-
Pac. 3 BATECA" B DOSYABTATE DASNWYHHX HE
yuTeanMx 3dfexToB (Pepua-XBERoHNE
QAYXTOHOB, DPASMETR® HX Rpaf X T.H.).

Kax daxo moxasano B /3, 6/ paserame O Anep X CBOGONHHX HYREOHOB
JOXNHO HDEBOXNTH K emcmmm sffoxTaM X B APYTEX XSOTKEX IpOU6C—
caAX HA AXPAX. B YACTHOCTE, B NPOUECCAX DORNOHNS JSINTOHHMX IAD CRNE
OpPeXCRASAHK /8 Anepuue wfifexTi, auAsormuHMe EMC-sfifexty.

Hoxamto xomaadopaimef AA IO OuMxo NpOBENGRO BXCHEPEMOHTANEHOE
ECQAGXOBAHNG ANODHMX SJJOETOB B IPONSCCAX DOREGERA MENTOHHNX NAp
pax poasdpama ¥ gefirepax 7 -esoraMu ¢ sHeprmefl I40 m 286 I's 2/.
CpamiNM DeSYALTATH HAUNX DACYOTOB ¢ STIMN XAHHIME. [TOOKOMLXY B BXC-
mepmeEre VA I0 msywanach odmacTs X,%€ 0,5, T0 RXMAENeM XYXTOHOB
2 JoDPME-NBEXOHEN HA KBADROMI® DACODOXSAGHRR B AXDS MORHO OMMO OM
OpeRedpeTh. ONHAKC IPOXCTARIADT NHTGDSC UDSRCKABAHEA XAX coveHNE
POXXGHEN XOITOHHMX I8P X RX OTHOWSHME 3 (oxee KNHOMATEYOOROR
o6IR0TH M0 X, . HosTOMy DacYeTM UPOBOXNANCDH B Jxx mxpa BOXL-
Gpasa mapaerp pecxeitzwnra, sxoxmmd 3 (2), pamen ;-. =2,3, &

2, A/Aco 1 (Qaywroml o CONLMMM YEONOM HYRACHOB HDN $TOM He YNTN-
BAXECH). KNHeMATENYeCKN® YOROBRK n7na T8 ¥A I0 GOOTBSTCIRYET
CAGAYUEAM SHAYOUENM ISDOMIHNNX min = 0,27, /tm’ « 0,65

X Xg3 0. Ha po. 4a HOXASAHO GUNG PeSFARTATOB pacieTa NAA
otHomemus S(N)/S¢N) o xmmnam /1°/ gax orHOMSIRE &( M/ 6(D)
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BuEHEO, WTO SKONSPNMORTANLNMG NAHHWG, OO OYNGOTNY, LOXTBODREAR POUYE-
HY SESPEOTO mom (anaxorawioro BMC-spfexry) mo nepemennof X, ,
mexcxesesxyn » /7,

4. PaUDANGRANES JAUTOHNMX LAD O LOISDOYEQMY KMIVALOY

PROTPORGASRES [0 HOUSPEVHOMY MMIYARCY AGUTORHUX NAD, POKNGHEUX
B ANPON-SEOPEMX BOAMMONSSOTERAX, BACIJENBANT OTAGKBHOI'C DAOCCMOTPONER.
mmwmmcmmm_mmn
XYKROESX NAp& .
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CevenEe Hpollecce AA—’(u'*{u"X B IOPPOM NODANKE TOOPME
poauymenal K{Jl ¢ yYeToM BHYTDEEHeT0 NONGPEYHOTO HMIyALCA map-r?igy
3 B3amdonelcTBYMRero ANPOHA MOXHO IPOXCTABHTL B CAONYDNEM BEXO

“”:95;’/’ de_y ‘P" (P‘)"'f“zkidmydy {ﬁ EZ)-4, (l—’l)]' ©

IR covemA ds'w/m{lj B 46"‘(3/“@4'/?‘ BUTHCIARTCA Yapes
{yH)aME PACIPOAS/OHMA NADTOHOB NAHHOTO THIA B AApS.

B cooTpeTeTRER O amauTHBHOR EBApROBOR MOBGALN /18/ H ooraacHo
NpONeAYPe YYeTA MHOT'ORBAPKOBMX depepaccesHul 16 17/ PacupexareHEe
KBADXOBD B AXPOHS A L0 ;arpanonolq’nonepewmq WMIyALCY IPX pacce-
AHRK HA HyRNOHAX AXDA MORHO IDONCTABRTH B BERO:

4 < n
B B)=Z MG B, Zh=1. (@)

3xecs M, /- BEPOATHOCTH /2 NePepaccesHu? XBAPRA H» HANOTAKMOI'O 8KPORA
BHYTPE AAPA DBPOX 60 ammmTaianRel. B nprdmmmenum nocrosmmHoR axepHoR
MAOTHOCTR Jb‘AeA/fﬂ'R: RAA A, MOXHO NOJYIHTH HPOCTOS BMDBEOHNO:

""4’5/1 6D, " P=:lsp*+q-0e2-1], (5)

Re p=2p, Sav . 8 6‘,4*6‘4.//5 ( Gyy - CevoHHe HOYN-
PYTOTO A -BsammomeficTaxs).

PaclpexeneHNG BANOHTHUX KBADKOB HS HANOTANROTO AXPOHA IO NONS-
DOHOMY NMUYALOY ZOCKe  NODPAOCEHHER MOXHO BANNCATE B BEXO:

('l) )_.(4171 ‘{d (B -K, %)‘P"(ﬁ)f (7).

3reck f’” ( 34) = CNORTDM mp:-x:uonﬂoro PACCERHNS IOGKe /2 Bya~

moxeforeeh: 3‘1' (ﬁ )= f’ v o‘ - (7,;'_, ‘P‘—’) =

é,,/zf)e v 74 , Tme, corzacuo /18/ Bgy=8yy= =46B81 |

a %(ﬁ)-@‘/m)e Ak, ~ PACTIPARGNSHN® X=2[XoD B ANPOHO® A 1o
"SATPABOWHOMY™ NONSPETHOMY KMIFALCY UPE PROCGURNN HA CROGOXHOM HYX-
aome. TaXEM OODASOM, DSDEDACCONEN® XBADNOD ONDARSZSETCS ANYME DADR-
MOTDOME 6"‘, x

(6)
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PoaynbTaTH pacieTOB IORABHBANT, WTO OTHOMGHHE

_ dS(r-WprpcX)/aMdydp
Rip)= 46‘(r,-W->/a*,«-X)/ndgdp§ o

IDAXTEYOCKE He SaBucET oT 4 B M . 0BTOMy 6I0 MOXHO CDABHATH C
OTHOMOHEEM ;?q,(}’.t)! é (.7,'—};/_.,47«'?{)/

AE fop_ - 4
ZE‘E& Dsperipe 'X), xoTOpoe HpoMHTErpEpopano mo M m 12/

Ha pHc. 40 HORASAHNM DesyAbTeTH Dacvera oTHomeEms AR(P:) mA
£g =140 TeB mpm A= 2,6 ToB™ & 64,10 u3. Tipr aToM E8 (6)
HAWIR, WTO BAA ARpa BoIndfpama Np= 0,54; #,=0,28; M = 0,12 &«

Mz 0,06.

CrexyeT, ONBARO, OTMETHTH, YTO yYOT MEDEPACCOAHHR ¢ YRASAHHMMA
afech MADSMOTPAME ODEBOAET K CANGHMM HIMGREHAAM DOsYABTATOB RAA Bo-
mwn 2¢x,) , K(k;) % T.0., DACCMOTPOHHNX B HPONHAYWOM Dasmexo.

CoBMBOTHOE OIMCAHEG BCAX NAHHMX C YYOTOM NEDADACCEAHEA KBADKOB
[0 OPOXOVBHMM ¥ TONOPOYHNM EMIYALCAM MOAYYAETCH NDH ADYIHX ilApDaMeT-—
pax: Sgy & 1-2 WO 8,,92 TeB~= 1 X, >Y4-22 (upE 3TOM DOsyXB-
TaTM DRCYSTOB, IOKASAHHNe HA D¥c. 4, IPAKTHYECKE He MeHAmTCK). Ta-
FE6 NADAMATDH xap%s?pnn HO JVIf COCTABAANNEX KBADKOB, & CKODEe AN
KBADROB-IADTOHOB .

B BTON paggane M NAMNM TPeACRAAHEA LIA ODONECCOB JASNTOH-HEeD-
Hux BsamopeficTaak, moxyweHHwe B pamxax IMP. Ha puc. S moxasauu oT-
HOWOHER CEYOHER ATGXTPOPOREOHER ¥ -030HOD HA DASHMX AKPAK
(eA-re’w*X ), pummonemmue B DAMKEX paccuaTpEBacuct MoxeaR mo

foraya :

”3 *(": *)= 4“369;(2)4-4,‘-6945[2{;)#]5; ®
VTR Ul B )+ Al 09+ SLHEHTIS @)

™ p(2)= DTGy DT(2)23, o SAW= SuOI=TACY=dp ().
Bugo, ¥T0 B ofxacTE X< I oTHONGHES ocovemE poxmetmR 77 -MeSOHOB
MLJT OeOR MOXOOHO %W. amp X > I HaGIREAGTOR NOBGRGHNE,
xapaxrepros xax WP /°+ /. Orwermm, wro mam odxmcrw X < 1571-
XOINGNS pny.u;za GiNd DOXYNGHR B MOXSAN KBADEOBMX RKIACTEPOB <Y,
B RoXIAN® OMAN DDOXOTABSGHN HHTGDOCHMO SKCUSDUAMSETAXLHNG
ANNUS RAR DonmeExa K “usscios B3 pA-asamwozefioTsEsx B XyMyARTEREOR
0GEAOTE. ORASANOCH, WIC CHORTP K “—MescHoB B odxacta X > I muser
yOT 38 HARXOH, ¥ro K ouextpu F 2~ X K’—uescHon. Looxoxsxy B pac-




CMATDEBAOMOM HOZXOZe BHXOX K —
MOJOHOB ONPORGAASTCA MOPCHMMA
KBADRAME H3 QXYRTOHA ANpa, TO BTO
03H&YaeT, ITO MpE X > I pacupeze-
JIOHRA MODPCKAX ¥ BEAOHTHHX KBRDKOP
HMED? OJH M TOT X0 HARNOH: s,f&)
~uQ(x) . B sroft crask Ham xora-
Joch GH CHOJATH NBA SAMOMAHUA.
Bo-TleDBHX, DACHPONENEHWE MOD-
CKEX KBADKOB B fAND8 MOXeT OHTL
OBASAHO C DASHOCTEHR ceYeHult mpo-
neccor VA-»aX 1 VA-»4’X .
Pec. 5 JeflcTRATONLHO, IR RSOCKAAApHOR

mumoER (oM., nanpmnap,/s'ao/)
4" 45 [t tE )L o0,

TIo8TOMyY, MCIOMLAYA BRCHGPUMGHTANBHHE cnexTp K -MesoHoB, moxy-
7axm B pA -PRaEMONOACTBHAX, B TENOTE3Y NpexenbHol fparMenrTanpg:
1,2/ , B8 (9) MOXHO cReAATh NPENCKASAHRA FAA COYeHmit A -Baamio-
Roftormalt.
Ha prEc. 6 moRAsaHN DOSYABTATM DACYETOB OTHOMGHER DARHOCTH cede—
Hal (9) REA pasANWHMX RNED, BMIOAHEHHNe B TMP. MONHO HameAThCH, 9TO
OyAyUIHde ECCAGROBEHMH NOSBOAAT HPOBEDHTH HTH NDONCRASAHUA.
Bo-BTopMX, B paMxax pec-
cMaTpUBaeMOR MOZeIN, HafmeHHoe
IoBOXeHNE MOXGT 03HA~
98Th, WTO [OCROMIJHT mAA pac-
npeeASHER] BANGHTHHX B MOPGKEX
ERAPKOB HPONCXOANT HO-PasSHOMY.
Tax, ecAr IPANIONOXETH, WTO BA-
JIOHTHMO RBADKN QOCDSHNOTOYGHM B
OOHOBHOM HA MRHLEMX DACCTOA~
ERAx (xop), WeM Mopcx®e, TO
POCRORANRT KIX BateHTHMX KBAD-
X0B (HMSINEX GOXe® X6CTROS DAc-

Pac. 6 IPeRGNOHNS Z).{X) B CBOGONHMX

(9)

HYRIOHAX, WoM DRONDOZSACHEe S(() MODCKEX KBADKOB) OyneT NPHBOZETH
X X CONENOMY OMATVORND 00 CDABHGHED ¢ MOPCKEMM. B pesyanTaTe noBe—



neHue l4{x) NpK GOJBWMX X MOBET CTATh GAKSKMM K NOBeuemo Sy (x).
Taxum 06pa3oM, NpoBefeHHHE 3AECL PACcYeTH NOKA3WBANT, UTO Ucche=-
NOBAHMA MpolleCCOB ANpOH~ K JENTOH-AREepHhX BlaumonchcTeul B Kymyas-
THBHON 0GXACTH NpelfCTARIANT HeCOMHEeHHW# uHTepec,
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and
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1. Introduction

Theoretical calculations based upon microscopic models of the nucleon-nucleon interaction
predict large corvelation effects in the wave function of both Jew-body systems and complex nuclei.
The most clear manifestation of these effects is the presence in the nuclear wave function of highly
excited two-nucleon configurations which lead to a strong depletion of the shell model states and to a
large amount of nucleon high momentum compon }ants Correlation effectg g/ave already been
observed in (e,e'p) reactions from few body systems / and complex nuclei 12,3/ and laﬁf effects
have been predicted 1o occur on inclusive (e, €) cross sections /Y and y-scalmg functions

In this paper recent calculations of inclusive quasi-elastic and deep-inelastic processes based
upon realistic Spectral Functions and momentum dlsmbuuons are reviewed and the role played by
high momentum components and nucleon binding is ill

2, Electrodisintegration, Spectral Functions and Momentum Distributions
The general expression for the cross section, describing, in Plane Wave Impulse
Approximation (PWIA), the knock-out of a nucleon N from a nucleus A, is given by

dc
= Epky O PGE) 80 + My - E(ky) - ER)) 5 m
dEddeyddEy ATEN

where Kk =ky - g is nucleon momentum before interaction, E(I:N)-(M2 + kZN)lfz is the nucleon
energy in lhe final state, Eck) = (Mg + E" 1)2 k)2 is the recoiling energy of the final
system (e 'A-) being the intrinsic energy of the (A-1)-nucieon system), E = Ef, A-1 -Episthe
nucleon removal energy ( EfA 1= =gl A-1+Ep_y being the eigenvalue of the (A-1) Hamiltonian;and

EA(E4_p),the ground state energy of the target {final nucleus)), O i the the electron-nucleon

cross section for the scattering of an electron off an off-shell nucleon with momentum k, and, finally,
P(k.E)is the nucleon Spectral Function

Pk.BE) =2n) 3 5 Y dz K2 Gp@2 (E - (Efp_;E) » @
where

Geg@= f da dy ¥1a 1" (R ¥Op (Berrr2) 3
is the overlap of the_the cigenfunctions of the final (A-1) system state and the ground state of the
target, respectively. The ! Fy the joint probability to find in the aucleus A a
nucleon with momentum k and energy Eor, equ:valemly, the probability that the system (A-1)isleft
with excitation energy E'" 5 _; after a nucl with mc kisr d from the target.




Therefore, one can write

P(k.E) = Pi(kE) + Pey(k.E) s @

where Pgr(k E) ("two-body channel" spectral funcuon), yields the probability that the final (A-1)
system is left in its ground state (corresponding to ef* A-1=0and E=E ; =IEAHE 1), and P,

(k,E) ("excited state” spectral function) yie] tj_ds the probability that the final (A-1) Syf *m is left in an
excited state (with removal energy E = E' 5 3 + Epjip, ). The following relation ™ between the

Spectral Function and the momentum distributions n(k) will be useful in what follows

n(k)=ldz dze'k @2) pzz)= | dE PK.E) = ngr(k) + nee(k) s V)]
Enin

where p(z,z) is the non diagonal one-body density matrix and

ngr(k)=2ny 3 [ dz eikZ Ggg(a)? ®
n“(k)zﬁfn Pex(kE) =2m)3 T 0 fdzelkZ Gy, ')
where

ng(k) = | dz B Z G2 ®

is the "partial momeiitum distribution™ of a nucleon in the A-body configuration characterized by a
“spectator” (A-1) system in the virtual state f.

The knowledge of the momentum distribution allows one to calculate the spectroscopic factors
defined by
So=1zGpo @12 = | nglyk2dk )

and normalized according 1o LS¢, = 1 . Using eqns(6) and (7), eq(4) can be rewrinen as

P(k.E) = ng (KBE-Eppip) + PEX1-BgE ) - : (10)
Br *“min

The Spectral Function for 3He in the T = 0 state is shown in Fig. 1 and the rich removal

energy structure due to the n-p continuum state can be noticed. The momentum distribution, i.e. the
Sp | Function i d over the al energy, is shown in Fig. 2 . The following important

features of the three-) Pody Spectral Function and momentum distributions should be pointed out:

i) for k 2 2 fm™" the momentum distribution is entirely determined by the three-body channel
configuration in the ground state wave function, i.c. by ground-state correlations;

ii)  although the components of the wave function with removal energy E 2 50 MeV have
probability less than three per cent, they have large effects on the high momentum part of n(k);

#)  high momentum components are strictly linked to high removal energies, so that the
measurement of the former should xmply the measurement of the latter.

The calculation of the full § | Function for complex nuclei has not yet been performed.
Recently the nucleon momentum dlsl:nbuuons in 4He / 8/ 12¢, 160 and 40Ca /9 have been
calculated with realistic two-body intcractions; the quantity ng; has also been evaluated and n, was
obtained as the difference beiween n(k) and Ngr (k) (see eqn (4)).

The momentum distributions ng; (k) and ng, (k) for 3He and YHe arc shown in Figs. 3 and 4.
It can be seen that the low-momentum part of n(k) is mostly detcrmined by  configurations in




Fig. 1. Proton spectral function in 3He P(K,E) (eqn (2)), in the isospin T = O state calculated usinzg
Pacis /7/ (left) and RSC 76/ (right) interactions (units are fm3 for the two-body channel and fm

MeV-1 for the three-body channe),

alk){Im3
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gy

Fig. 2. The integrated spectral
function in 3He. The dashed curve
represents o (see eqn 6) and the
curves labelled (a), (b) and (c)
represent the sum of ng, and the
three-body  channel spectral
function integrated from Enin WP
to 12, 50 and 300 MeV,
respectively. The full curve is n.

&r
+ Ny (After Ref. 6).
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Fig. 3. Nucleon momentum
distribution in 3He obtained /6/
with the RSC interaction. Dotted
and dash-dotted lines correspond
to ngr(k) and ngy (k), respectively
(see egn. 5); the full line is the
total momentum distibution n(k)
(After Ref.6).

Fig. 5. Nuclcon momentum distribution

in 12C obuained in Ref.11.The dotted
line is ng(k) =njp(k) + nj5(k) and the dot-dashed

line is ngy | ny. The full line is

the total momentum distribution n(k)=nq(k)+n) (k)

{see Section 4) (after Ref. 11).
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Fig. 4. The same as in Fig, 3,
but for 4He /8/. The momentum
distributions correspond to the

wave function obtained within
the ATMS method using the Reid

V8 interaction.
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Table 1. Spectroscopic factors (eqn. 10) for 3He, He and 12C calculated from the

momentum distributions shown in Figs.3,4 and 5 (After Ref.11). For

shell.
Sgr
3He 065
4He  0.80
12¢ o080

Fig. 6. Nucleon momentum
distibutions in 160. Full curve:
Ref. 9; long-dashed line: IPM
with Woods-Saxon wave
functions of Ref. /12/;
short-dashed line: HF wave

functions of Ref. /13/ (adapted
from Ref. 9).
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SgI.ES0 includes the (Is)"! state reached by knock-out of nucleons from the 1s
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Fig. 7. The same as in Fig. 6 but
for 40Ca. (adapted from Ref. 9).



which the spectator nucleus is in its ground sme.lzl:letus the high momentum part is emﬁ;y
exhausted by the break-up channels. The results for obtained with the Reid V6 interaction

are presented in Fig. Swhuelhescpmnmbetwwun =n,, and n,, =n; is also shown (note that
ng, include the 1571 state reached by knocking out nucleous from the 1s shell; see Section 5). The

calculated spectroscopic factors for 3He, *He and 12C are shown in Table 1 and a large amount of
highly excited confi; in nuclei can be noticed.

The results for and are presented in Figs. 6 and 7. It can be seen that for all nuclei
considered, the inclusion of shon-nnge and tensor correlations sharply increases n(k) in the high
momentura region (k> 1.5 -2 fm-1 ) with respect to various mean field approximations.

3. Inclusive quasi-elastic scattering and y-scaling
The inclusive cross sectica can be obtained fro eq.(1) by integrating over kp and E,

biaining

020 . .= o
02(q,w)= =(Z8 ., +NG,p) 21| ! F(q,») » an
2 dodQ2 open 4
where the ruclear structwre function F(y,is) is
Ernax(9:0) kygy(q,0,E)
Fquw=2xJ dE  Jdkk P(kE) (12)
Enin  Emin@Q @B,

Kex (30 Emin) Emax(Q®) kpyy(G.0.E) .
2xfdkkng®) + 2JdE  [dkkPy(kE) 3)

Kinin (2.0 Expin) Epin  Emin(@0E)
with Eqay Kinin and kingy fixed by the encrgy conservation and doi kdcosar (cosa = (g'k)(ak))
arising from the integration over the direction of k and evaluated (together with &'ep(n) YatE=E ;.
and k=kpin(Emin). Let us introduce the “scaling variable” y, which is nothing but the value of ki,
for B=E ., i tyl =k, (, 00, B = Epy). Tt is determined by the refativistic energy conservation

w+Mpx VM2 Harkimin)® +V(Mp 1 +Ep 1) +kipin? a4
with E®,_|=0. The dependence upon o tn €q.(13) can be replaced by a dependence upon y,
ptaining

Kknax@YEmin)  Epax @) kg (QY.E)
F(q.y)-:ufdkkn‘,(k) + 2%[dE [dkkPy(xB) as

Bmin kmin@¥8) .
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Forq — o=, one has: kg = Emax = % & Kygiq =ly-(E-Eqin) /15 and the above equation becomes

F(y)=2x [dE [dkkP(kE) - (16}
Emin  y~(E-Epip)!

Therefore if the PWIA is a correct description of the scattering precess, the following quantity, the

“scaling function”

Go(q.m)
24 1%, an

! (ZOegpt Nog,) kdcose

should scale in the asympiotic limit in the variable y and should be interpreted as the structure
function (16). However, because of the excitation energy of the final (A-1) system, the asymptotic
scaling funcuon does differ from the longitudinal momensum distibutions which is defined by

fy) = 2;:] kn(k)dk . (18)
iy

Only if non mlauwsuc kinematics is used Ne go egns (16) and (18) coincide.The calculation of the
the knowledge of the full Speciral Function, whose excitation

p:m Pex(k E), is exaclly known only for “He. For A>3 nuclei, the following approximation can
be tried

P(k,E) =g (k) 8(E - Eppip) + nex WSE - B) » (19)

where the quantity E =Ef"4_; +Ey can be obtained from the Koltun sum rule 34/, Thus by

©(19) the transition to the ground state of the (A-1) system is exacily taken into account, whereas the
transition to all possible excited states are taken into tin averagi i-gy.
In Figs. 8, 9 and 10 the scaling function F, X of He, “He and 12C is shown and compared

with the ucal longitudinal momentum distibution (eq. (18)) and the asympmu ’gnhng function

eq(l6)) fgc He eq(lﬁ) has been calculated using the full exact soectral function /Y, whereas for
the approximation (19) has been adopted, which Jeads to
F(y)=2x I dickngd) + 27 [dik ng () an
Iyt ) y-(E-Eppin)!

1t can be seen that at high negative values of y, which correspond to the low energy side of the quasi
elastic peak, the scaling function is almast entirely determined by the break up channcls, i.e. by the

excitation energy of the final (A-1) system (it should be recalled that the relation between y, w and
Clpesk is as follows: y=0 for ® = Dpegkr y>0 for o > Dol y<0 for m< mpuk).
y-r&aﬂl’ has been used to obtain the nucl distribution n(k) in few-body
ystemy’

. In the two-body system, binding effects arc absent so that eqn.(16) simply becomes

fty) = lel 1" n(k) dk @
y!

from which the nucleon momentum distribution can be obuined by a simple derivative
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Fig.8.The experimental scaling function of 3He obtained /5/ from eqn.(17) using

the experimental cross section from Ref.18. The dotted line represents the
tongitudinal momentum distribution (18) obtained with n(k) shown in Fig.3
whereas the full line is the asymptotic scaling function (16) obtained with the
Spectral function shown in Fig.1. The dashed and dot-dashed curves represent
the contribution from the two-body and three-body channels, respectively (After

Ref.5).
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Fig.9, The scaling function of 4He measured at SLAC /18/.The dotted line represents the
longiudinal momentum distribution (eqn.(18)) obtained from the momentum distribution
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Fig.10: The same as in Fig. 9 but for 12¢. The momentum distribution shown in Fig.5
has been used.
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Fig.11-The nucleon momentum distribution n{k)= h(k)i2 in deuteron. Black squares:
n(k) extracted /197 from the inclusive cross section 2Hge,e) /23, using eqn.22,
Triangles: n(k) extracted in Ref,24 from the exclusive 2l-l(e.e'p)n cross section 25/, The
full and dashed lines represent n(k) obtained from the RSC and Paris ineractions,
respectively.
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Fig.12.The nuclcon momentum distribution n{k) in 3He obtained from eq.(24) by disregarding the
binding correction (dots) and by calculating it using the full Spectral Function of Ref.6 (open
squares); the results coresponding to various model Spectral Func '?ns fall between the open
squares gnd the dots and are not shown . Diamonds: n(k) obtained /*/from the exclusive cross

sections ‘He(c,e'p)d and “He(e.£'p)np including FSI and MEC corrections. Full and dashed lines :
proton momentum distribution obtained from the RSC and the Paris interactions, respectively. (After

Refs.20-22).
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Fig.]3.The nucleon momentum distributions in 4He. Black squares: n(k) extracted from the

inclusive cross section of Ref.18using oqn(2); open squares, black dots and open dotsing,(k)

obtained from the 3He(e.¢'p)>H reaction of Ref.26, 27, and 28, respectively (After Refa. 21 and 22),
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1 df
n(k) = &y k=iyl - 22
For A>2, the above equations do not hold and nucleon binding playes a substantial effect (cf.Figs.8, 9
and 10). In order to take care of bmdmfgfffects when cxu'acting n(k) from the scaling function, the
following p dure has been adop % The asymptotic scaling function (16) can be rewritten
as

oo oo Kepig(y.E)

F(y) = 2x [dk k ngyfk) + 2x JOE JaKE P &E) = fy) + By) » @3
Iyt Emin W

where the ity B, wi ishes for o n, origi from nucleon binding. By taking the

derivative of both sides of eq (23), one gets

1 dF|(y) dBG)

M= oo gt ) kel @y
and the momentum distribution can be extracted from the experimental asy Jling fi

provided a reliable estimate of dB/dy can be made. Several of such estimates have been n:pomd
Refs.20-22 and it ums out that the binding correction dB/dy is much lower than dF1/dy at least up

to k ~ 2.5fm™!.The momentum distributions obtained_from the scaling f d in
Figs.11, for the deuteron, and in Figs.12 and 13 for 3He and 4He. For all three nuclcn, a proper
procedure to minimize the effect of final state interaction has been used. In the same figures, the
results obtained from exclusive (e.e'p) jons are also p d. It can be seen that the agreement
between exclusive and inclusive experiments is lmpmssxve and that the high momentumn pants of the
momentum distributions qualitatively agrees vmh theoretical calculations performed within
conventional nuclear physics with realistic two- H

4.Deep-ineluhc scattering (DIS)
Wle played by ni }W binding in the EMC effect has been illustrated by
Akuhmchcv etal and Birbrair ez al. who have shown that if, besides the Fermi motion, also
the binding of nucleons is taken into account, the EMC effect can reasonnbl be interpreted in terms
of the Hlmee Fock (HF) picture of thﬁlwcleus. The approach of Refs.29 and 30 has however been
questioned by Frankfurt and Strikman who argued that when relativistic effects are consistently
taken into account by considering the so alled flux factor i in the noxmnhzauon of the relativistic
spectral function, the effect of nucleon binding is d. The y of properly
eon,gg.nn; the flux factor Wso been proved in a subaequent comprehensive paper by Birbrair et
well es by Jaffe
of the EMC effect upon nucleon dynamics is mainly determined (for x<1) by
the vnluu of the mean removal (<E> ) and kinetic (<T>) energies. As illustrated in the previous
Sections, nucleon-nucleon (NN) comrelations induced by realistic interactions sharply increase the
amount of high momentum components and conseguently, the values of the mean kinetic and
removal energies. Since in most calculations of the EMC cffect nucleon binding has been treated
within a HF picture, it has been stressed in Ref.34 that, in order to fully clarify the role played by
conventional auclear physics in DIS of electrons by auclei, it is necessary to properly consider the
effect of correlations, and an approach has been presented based upon the nucleon momentum
distributions and spectral functions illustrated in p:evm:ﬁmons uuclear structure function
FA(x) was defined according to the convolution model

FyA Q) = o, dz [ P(2) PP (0/2,QP £ (2) Fp" (/2. Q)] @9

where F,P( is the proton (neutron) structure function, q* = 2.v%. Q2 the four-momentum
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transfer, x =QZ%2Mv the Bjorken scaling variable, z= (pq/Mv, and p the four-momentum of the
off-shell nucleon (in the Bjosken limit z — p*/M = (py-p3)/M ). The function £ X)) is

fPNz) = [ atp § PM(p) z5(z - (p q)/Mn)., (26)

where S P s the invariant function describing the nuclear vertex; it is normalized according to 31/
Jd*p (SP(P)+S™(p) )z = Jdz{ £ P(z) + £7(z) } = 1 and it is related to the non relativistic spectral
function P(k,E) by the following expansion: SPM(p) = PEWKE) 1 + kZ/M?) + ...] where k =
Ipl and ko= py= M - E. The factor z (flux-factor ), which appears both in the convolution formula
HIP 53 /.he normalization of S (p), stems from the relativistic treatment of the scattering process

-33/, Placing in £q.(26) the non-relativistic spectral function properly normalized to fulfill the
baryon number conservation, and integrating over the directions of k, one gets

£P)(z) = 2nM ’;P? 7 p%k PPONK.E) , @7
Prain P Vi
where EM™ ;. and kP ;, are determined from the kil ics of the process; in particular, k;,

depends upon the variable z, the removal energy E and the mass of the recoiling A-1 system. In the
calculations of Ref.35, the spectral function from Ref.6 has been used for the three-body system,
whereas for heavier nuclei the following ansatz has been adopted

P(kE) = Py(k, E) + Py (k,E). (28)

where

Po(kE) = 1) 3Z, 1] dr KT G ) 28(E - 1ey) 9
= 1/(4xA) T4 Agn,SRE(K) 8(E - leg 1)

and

Py (E)=Qry3 T, HarekIc mP? SE-Ef 30)

with Efj @B, 1 +E ;. Ineqns (29) and (30), nSRC s the many-body momentum distribution
which includes the effects of NN correlations, A is the number of nucleons in the orbital @ (X,

Ay=A) and the sum over a runs over the normally occupied HF states of the target. Within the HF
approximation, P1(kE)=0, n‘SRc(k) d to the HF distributi naHF(k), and
the spectral function of Refs.29 and 30, viz.

P HF(LE) = 1/(48A) Zq Aqng ) &(E - leg 1) (81)
)
is recovered (note that ansats (28) differs from ansatz (19) in that in the former  part of the excited

final states, the hole states @, are included in Py, whereas in the latter Pgy contains only the ground
state of the final nucleus ). The nucleon momentum distribution is n(k} = ng(k) + ny(k}, where

no(k) = 4 JP,(k.EXE 02
and
ny (k= 4xf Py(kEME 33)



The momentum distributions for 12C shown in Fig.5 are precisely nyand ny and the spectroscopic

factors Sgr and S, in Table ! are the integral of them. Eq.(27) becomes

) =2nMz{ VanAy SoAy [n Rk + [dE | PykBk ) (49
inZ€aMa.1) Eimin  Kmin@E.Ma. )

and the ratio R(x)=F,A(x)/F;P(x), where F,P is the deuteron structure function per nucleon, can be

calculated. A reasonable representation for Py is Py (k,E) = nj(k) S(E-El), whcreEl is the average
removal energy associated with Py . The momentum distributions n,SRC and ny have becn obtained
using the results of Refs. 8,9,11 and 36; the value of El has bcen obtained using the Koltun sum

rule 34, the values of €, have been taken from (e.c'p) reactions 737/ The values of <T> and <E> in

the HF apprgumanon and the many-body correlated approach (SRC) of Ref. 35 are listed in Table 2
for 12 GFe. It can be seen that correlations strongly increase the nucleon mean kinetic and
removal energies.

Table 2. The values of the mean kinetic, <T>, and
removal, <E>, encrgies calculated within the
Hartree-Fock (HF) and many-body correlated

(SRC) approaches.
<T> <E>
MeV) (MeV)
12¢ HF 17.0 230
SRC 37.0 49.0
56Fe HF 150 252
SRC 36.6 53.6
Several models I‘or the interpretation of the EMC effect have been proposed based on the
modifi of P inside the nucleus, e.g. the change of the confi radius of
a quark inside a nucleon bound in the nuclear medium /38:3%, 1 Ref 34 the Q2 - rescahng of Ref.
39, has been used in the convolution formula, which to repl the Q2 d in the

nucleon structure function with E(Q?)Q?, whene the rescaling parameter & is

E(QD) = [(ApARHIQIANBUIAS (35)

A, and Ay, being the quark confinement radii in the bound and free nucleons, respectively.

According to Ref. 39,at @*= 20 (GeVic)2, one has A =0.25 GeV/c and u =0.66 (GeVic).

The results of Ref.35 for 3He, 12C, and 36Fc are presented in Fige.14,15 and 18, respectively.
[t can be seen that:
i) nucleon binding withir a HF Eieclure cannot explain the EMC effect. This result, at variance with
Refs. 29 and 30, is due both to the proper consideration of the flux factor in the convolution formula,
as well as to the EMC effect on deuteron which reduces the denominator of R(x);
ii) NN correlations resulting from realistic interactions have large effects on the EMC cffect but an
appreciable discrepancy with the data in the region 0.7 < x < 1still remains cven if rescaling is
considered;

iii) if rescaling is introduced in the convolution formula within the HF medel, the best agreement with
data would require a 10+12 % i in the confi size of bound nucleons, whereas when
SRC are idered an iably ller increase, viz. 4 + S %, is obtained (the use of a Irrger

value of (A, A,AN ) would nesull in a curve located much lower than the experimental data for all nuclei
considered).
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Fig.15.The ratic R(x) = FA(x) / FN(x) for 12C.
Dotted line: HF resuit; full line: correlated many

body approach of Ref.35; dot-dashed line: 0.9
curmlaled many body approach of Ref.35 including

the Q? rescaling according *» ie ansatz (35). All

curves have been obtained mch.dmg the ﬂux factor

both in the and the c of R(x). o
Expenmemal ponms from Re(‘ 40 (crosses), 41
and 42

Fig.16:The same as Fig.1$ for 5Fe.
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Fig.14 The ratio R(x) = FA(x) / F,P(x) for *He .
The full curve corresponds to the many-body
structure function (eq. (25) ) obtained using the
spectral function from Ref.6; the dotted curve
includes Q? rescaling according to the ansatz (35).
Both curves include the flux factor in the
numerator and denominator of R(x). Expenmental
points are from Ref.40 and refer to 4He. The
shaded area has been obtained by rescaling the
experimental data according to the A -dependence
fonnulae given in Refs. 31 and 40. In this and in
the following figure the nucleon structure function
from Ref. 43 has been used.

X3
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In conclusion, it appears that a large part of the EMC effect in the region 0.2 <x <1 is

accounted for by realistic nucleon-nucleon comelations, but a quantitative and consistent explananon
of the effect would requm: the explicit introduction of non-baryonic degrees of freedom, e.g. pions

44/
sum rule. Momover. the momentun and energy d of p

which , by carrying a fraction of light cone L mentum, will conmbule to satisfy the momentum

of the

structure function should be considered; these modifications could consistently be incorporated in
the approach of Ref.35, where the urtribution from the low and the high components of nucleon

momenta and binding are explicitly separawd.

o
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ELECTRON SCHETERTHG IMD MESON-BHCHAMGR CUMREWTS

B. Exois

DPhN/HE, C.E.N. Saclay, 91191 Gif sur Yvette, France

1. INTRODUCTION
Nucleon-nucleon (NN} interactions are traditionally described in

terms of meson-exchange ptocesses“_“- A complete description of the

nucleus should therefore take into account all the elementary degrees
of freedom in the nucleus: pucleons, their various excitations and
mesons. However, the complete nuclear wave function ¥(N,A,...:;’,0,...)
ig not known even in the deuteron, and its calculation is at present
beyond our capabilities. Non-nucleonic degrees of €reedom are
eliminated from the complete wave function ¥ and nuclei are described
by "dressed" nucleons interacting via a two-body potential.

One usually assumes that the nuclear response to an external
current is just the sum of the contributions from individual nucleons.
With this assumption (the impulse approximation), the current is
absorbed by a single nucleon and the process described by a one~body
operator. But the external current can be absorbed at the same time
that a nucleon interacts (i.e. exchanges s meson) with another nucleon,
thus the elimination of non- nucleonic degrees of freedom from the
nuclear wave function requires that the one body c¢urrent be
supplemented by a two-body current. This additional current modifies the
amplitudes of transitions induced either by an axial or a vector
current. The observation and measurement of these non-nucleonic
contributions to the current provides a direct insight on the nature of
the nucleon-nucleon interaction.

Historically, significant deviations from the impulse
approximation were observed in several electromagnetic data, but the
first clear signal of the presence of meson-exchange current was found
in the radiative capture of thermal neutrons by protons:

. n+p=d=+y,
where a 108 discrepancy was observed belween theory and experiment.
This discrepancy is relatively small but revertherless significant,



given the precision of the experimental result and the negligible
uncertainties in the theoretical 4description of this reaction and in
the asymptotic behavior of the deuteron wave function. This
discrepancy was interpreted in 1972 by Riska and Brown/l/ as the first

quantitative estimate of meson-exchange currents in the deuteron.

In this process the photon has only 2.2 MeV so its wavelength is
too small to probe the spatial distribution of meson-exchange currents.
The inverse reaction

e+ D-oe’'" +n+p

turns out to be much more sensitive to meson-exchange currents when the
relative energy between the proton and the neutron in the final state
is very small. Electrons act as a source of photons of momentum E and
energy w, The wavelength of the photons (}\ 1/q) is easily adjusted
by selecting the incident energy of the electrons and their scattering
angle. Since the photon is virtual, the momentum and energy transfers
can be varied independently. This allows onc to study the variation of
specific processes as a function of g and thus to have information on

the spatial distribution of nuclear currents.

For an energy transfer corresponding to the deuteron break-up
energy i.e. 2.2 MeV, the deuteron is broken into a neutron-proton
pair with a very small relative energy Enp 0. If in addition, the
electron is scattered at an angle 6 180", this electrodisintegration
of the deuteron leaves the two—nécleon system in a quasibound lS“
IT = 1) state. The variation of the eross section’ '’ as a function of
the momentum transfer is shown in Fig. 1. Theoretical predictions
which take into account only nucleon degrees of freedom have a deep
minimum at Q‘ = 0.5 (Gevlz which clearly is not observed
experimentally. The filling of this minimum is entirely due to the
presence of meson-exchange currents. The full calculation’nf which
includes both nucleonic and mesonic degrees of freedom is in excellent
agreement with experiment: this result is now considered as the

classic example of the presence of meson-exchange in nuclei.

The central problem in the unambiguous observation of
meson-exchange effects was for a long time the absence of theoretical
framework. The breakthrough was the derivation of a general
theoretical framework for the description of meson-exchange cur-ents by
Chemtob and Rho/T/ in 1971. Following the prescription of chiral
symmetry and current algebra, they identified a clear hierarchy of
processes. Prediction for weak and electromagnetic transitions was

subsequently made by Kubodera, Delorme and Rho’“’. They have shown
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that low-energy theorems allow one to make reliable predictions of the
transitions that are st.ongly enhanced by meson-exchange currents.

DEUTERON
E).ECTRODISINTEGRATION
10-34 1 %
e

¢ ¢
Nucleons
- Nucleons

+
Mesons
10-40 ! .
0 0.5 !

Q2(Gev/c)?

Fig. 1 . Cross-section for deuteron slectrodisintegration at threshold.
The dashed curve represents the contribution of the one-body current.
The solid curve includes the effects of two-body (meson-exchange)
currents. The data are from Auffret et al. (Ref.5). The curves depict
the results of Mathiot (Ref. 5) with the Paris potentilal (Ref.2).
2., ISOVECTOR MAGNETTC TRANSITIONS

one

In order to determine the range of validity of the mesonic theory.
weeds to investigate meson-exchange currents as a function of
=omentum transfer. This is precisely has been

scattering experiments disentangle charge and magnetization densities

what
.ccomplished by electron scattering from few-nucleon systems. Electron
by varying the polarization of the virtual photon.

recently

The separation

betwsen isoscalar and isovector transitions can be made by studying
different reactions and thus specific reson-exchange processes can be



isolated. The interpretation of the results has essentially no
ambiguity associated with the ground state wave functions of the A = 2
and A = 3 systems since one knows how to calculate exactly/v’ these

nuclei in terms of nucleonic degrees of freedom.

The most convincing evidence for the presence of meson-exchange
currents is found in magnetic isovector processes. Kubodera, Delorme
and Rho’ﬂ/have shown that the contribution of two—-body currents is on
the same footing as nucleon currents and that a clear hierarchy of
meson-~exchange processes can be identified. We have already seen the
classic example of the electrodisintegraton of the deuteron to the lsu
quasibound state. The sensitivity of t¢his reaction is due to
destructive interference between one- and two-body a. _litudes. At low
momentum transfer, the wavelength of the virtual photons exchanged by
electron scattering is too small to resolve meson and nucleon currents.
When the momentum transfer increases, the pion-exchange is the first
process which can be resolved. Its long range induces a large
modification of the diffraction structure at relatively small momentum
transfer. Below 0.5 (GeV/c)], the only significant contribution is due
to the pion-exchange current which is described in a natural extension

of the soft-pion limit.

As the momentum transfer increases, the other meson—-exchanges come
into piay according to the range of their interaction. Beyond
Qz = 0.5 (GeV)', one becomes sensitive to shorter range processes and
in particular to the p-exchange and the excitation of the A-isobar.
The contributions of these different processes have opposite signs and
tend to cancel each other. Surprisingly, the poinlike pion current

contribution seems to be the only one which survives up to 1 (GeV/c)z.

The JHe form factors have been well known for a long time, but it
is only recently that similar data for *H have been measured at MIT
Bates laboratory and Saclay"OI. Thus, one can now separate Fs and F,_
the isoscalar =:nd isovector components of the A = 3 form factors

defined by: F, , ® F CHe) ¢ F {*H).

This separation allows a direct comparison between isovector
magnetic form * ctors of the two- and three-nucleon system. Figs, 1
and 2 show that the situation for isovector meson-exchange currents in
the two- and three-nucleon system are identical. The nucleonic
contribution to the cross section vanishes at a relatively small
transfer due to & destructive interference between nucleonic
amplitudes. When the same two-body currents which explain the
isovector magnetic form factor for the electrodisintegration of the
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MAGNETIC FORM FACTOR
! A*3 ISOVECTOR

0.l

0.0l

0.001

Q2(Gev/c)2

Fig. 2 . Isovector magnetic form factor of the trinucleon
system. The curves have the same definition as in Fig. 1.
The shaded area represents the experimental result
(J. Martino and 5.K. Platchkov, Priv.Comm.).

deuteron are taken into account in the three-nucleon system, there is
an excellent agreement between experiment and theory. Again,
pion-exchange currents are the dominant contribution to the cross
section up te Q' . 0.5 (Gev/c)® .

At higher momentum transfer, in the momentum transfer range
0.5 ¢ Q‘ £ 1.2 (ev/e)?, isovector magnetic transitionr become
sensitive to medium- and short-range meson~exchange currents. Due to a
cancellation between the #n-exchange and the impulse approximation

contributions, the differential cross-section for deuteron
electrodisintegration at threshold is given almost entirely by
v-exchange currents. The same is true for the three-body isovector

magnetic form lnctor'l""/. Thia form feactor is of particular

interest since a diffraction minimum is obszerved at about 0.8 (GeV/c)z.
while such a minimum has not yet bsen reached for the two-body system.
The location of this minimum is particularly sensitive to the



cancellations between the various contributions of nuclear currents.
The excellent agreement between experiment and theory for both the
A =2 and A =3 systens demonstrate ‘that mesonic theory gives -an

accurate description of the isovector one- and two-body currents.

3. ISOSCALAR MAGNETIC TRANSITIONS

Isoscalar meson-exchange currents have been observed in both the
magnetic form factor of the deuteron B(Qz) and the isoscalar part of
the magnetic form factor of the trinucleon system. One of the largest
contribution is due to the pn, exchange shown in Fig. 8. 1In the vector
dominance model, the pn’ vertex involves the following two-step process

I0-2
DEUTERON MAGNETIC
FORM FACTOR
a
10- 4
-6
10 Nuclecns
+
| pmTY
—_
10-8 t ¢
"I’ ~\\\‘
[s, !] \
1045 2 3

Q2(Gev/c)2

Fig. 3 . Deuteron magnetic form factor B(Qz) from Refs. 12-14. The
dashed curve represents the contribution of the nucleonic ({or
one-body) current. The solid curve includes the effect of the
dominant meson-exchange (or two-body current) due to the pny
exchange current,



¢+ lisoscalar) =+ w » p + n , or equivalently a 6 pion vertex. The
interpretation of such vertex requires a highly non-perturbative
approach.

Fig. 3 is a comparison of the experimental data with theoretical
predictions for the magnetic form factor of the deuteron B(Qﬂ).
Besides the "“ons" contribution, two other contributions must be
included in order to have a consistent description of the
electromagnetic current. The first one is a relativistic kinematical
correction to the one-body current (spin-orbit and Darwin-Foldy terms).
This correction contributes negatively to the magnetic moment of the
deuteron (i.e. to the magnetic form factor at zero momentum transfer}.
Exnact relativistic calculations in the impulse approximation
incorporate these corrections to all orders, and show a significant
decrease of the magnetic form factor for momentum larger than about
1 (Gevscr*. The second important correction originates from isobar
components in the deuteron and in the three-nucleon system. This
contribution is positive and cancels to a large extent the
relativistic corrections discussed above. This explains gqualitatively
why a calculation which includes only the "pay" exchange current/lu/

accounts for the experimental results/ls'l‘/ up to 1 (GeV/c)z.

The situation at higher momentum transfer indicates that the
limits of this description have now been reached. Recent measurements
performed at SLAC/“/ up to Qz = 3 (GeV/c)z show a diffraction minimum
at about 2 (GeV/c)J. This minimum cannot be explained when the "gpa;"
contribution is the only meson-exchange current taken into account
{(Fig. 9). At these high momentum transfer, the intrinsic structure of
the nucleon playes an important role/ls' ‘5/. It has been shown recently
hy Nyman and Riska,'“’ that the pn) process can be derived in a model
independent way from any effective Lagrangian constructed from Quantum
Chromodynamics (this process is related to the topological structure of
the nucleon and more specifically to the chiral anomaly embedded in the
Wess-Zumino term). This first calculation based on the Skyrme
description of the nucleon structure (Skyrmion} is in good agreement
with experiment. This result is encouraging and the new description of
meson-exchange currents in terms of the topological structure of the

nucleon is one of the moat interesting developments in this field.

4. BEYOND 1 {(Gev/c)®

Mesonic theory is a very efficient and economical description for
nuclear processes involving momentum transfers up to 1 lGeV/c)z, but



for higher momentum transfers the situation is different. Besides
relativistic effects, one must take into account short range processes
which are essentially not known. 1In order to describe very short range
processes, one needs to introduce more and more mesons of higher and
higher mass. The one-boson approximation is no longer sufficient, and

the description of the very short range component of the pcrential

requires an infinite set of mesons strongly coupled together. It is
obvious that one loses the simplicity of the mesonic description of the
nuclear interaction for momentum transfers greater than 1 (GeV/c)‘. In

particular one should introduce not only one- and two-body operators
but alsc three-, four- and many-body operators involving mesons and

nuclecons and the complete spectrum of nucleon excitations. Beyond
] 2 . .

Q" =1 (GeV/cl ', the complexity of the perturbative approach makes it
untractable. One is now faced with the challenge of finding a new

theoretical description for both short and long range processes in a

consistent framework.

5. CONCLUSIONS

Over the past few Yyears nuclear currents have been carefully
measured using high enerqgy electrons. This study has revealed several
processes dominated by meson-exchange currents. Specific
meson-exchange processes have been isolated and their spatial
distribution has been determined for relative distances between
nucleont 1larger than 0.8 fm. One has clearly "seen" meson-exchange

currents in nuclei.

A fully consistent description of the microscopic mechanisms in
terms of mesons, nucleons and A excitations has been achieved up to
momentum transfers Qz 21 (cevso)®. This corresponds to relative
distances between two nucleons larger than 0.8 fm. At this scale,
two-body operators are constrained by general theorems and, in the long
wavelength limit, meson-exchange currents are given by chiral symmetry.
This explains the importance of the pion current in transitionr induced
by both axial and vector probes. Long range intera~tions are
determined by & one-pion sxchange while medium range interactions are
described via dispersion relations in terms of 2m-exchanges. We have

shown that this fixes the limits of this theoretical framework to
@ <1 (Gevse)t.

In ovder to understand higher momentum transfer data, a
descripticn of the nucleon-nucleon interaction consistent with the

nucleson substructure is needed. This requires to understand the
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structure of the nucleon and to develop a theoretical framework valid
for both non-perturbative long-wavelength interactions and perturbative
short-wavelength interactions. This is clearly one of the most

interesting challenges of nuclear physics.
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PHYSICS W1TH POLARIZATION DEGREES OF FREEDOM AT THE NEW
ELECTRON STRETCHER ACCELERATOR ELSA I[N BONN

H. Meyer

Physikalisches Institut der Universitaet Bonn
Bonn, F.R. Germany

1. Introduction

Polarization experiments are an important tool to study the dynamics of elementary
particle reactions, First information about a particle reaction is normally obtained
by cross section measurements performed with unpolarized beams and unpolarized
targets. In general these 'spin-averaged' cross sections are averages of many pure
spin cross sections. Extensive experimental studies of spin effects in high or in-
termediate energy particle reactions have become available just since about 20 years
ago, One reason for this delay is that such experiments were difficult or impossible
to perform before polarizad targets and polarized beams came into operation. I[f we
are able to measure the spins of the incoming and outgoing particles as well as of
the target nucleon in a certain reaction the corresponding observables give a great
deal of information which is totally inaccessible to the spin-averaged cross section
measurement. Hence, many of the most interesting and important features of the
nucleon interaction can only be discovered by directly measuring the spir dependence
with using polarized targets, polarized beams and {(or) finalstate polarizations.

Polarization experiments in BONN at the 500 MeV {now closed) and 2.5 GeV electron
synchrotrons have a long tradition. The recoil nucleon polarization, the target
asymmetry from polarized protons and neutron targets and the beam asymmetry with
polarized photons were measured for the photoproduction of mesons in the nucleon
resonance region /1/. In recent years attention has been concentrated on the deute-
ron, especially on photodisintegration measurements with polarized deuteron targets.

In the following some remarks to the situation in the deuteron photodisintegration
are made, Latest results for the target asymmetry measurement from polarized deute-
ron targets are presented. At the new stretcher accelerator ELSA in Bonn significant
improvement of the experimental situation for y -induced reactions is expected by the
use of highly polarized targets in combination with a poiarized tagged photon beam
(PHOENICS-Experiment). The development of the radiation resistant oolarized target
material ammonia (NH, and ND,) enables the use of polarized targets in electron
beams /2/. Elastic ei’ectron stattering from a tensorpolarized ND. target was per-
formed and the measurement of the electric neutron form factor, :ilsing a polarized
electron beam and a polarized ND3 target is in preparation (ELAN-Experiment).

2. Deuteron photodisintegration
2.1 General remarks

One of the basic problems in particle physics is the investigation of the nucleon-
nucleon interaction. At high energies the composite structure of the nucleon becomes
apparent and the interaction is understood on the quark level. At low =nergies, as
far as the nucleon is fundamental, the interaction is well described by the one pion
exchange picture,

However, problems arise at 'higher' energies, as here the exchange of more and hea-
vier mesons like pand » must be taken into account as well as isobar configurations.
It is also not clear, how far the substructure {quarks) of the nucleons and the
exchange particles must be considered,



The energy range from ~ 100 MeV to 3000 is the transition region from the classical
nuclear physics to the high energy region, where the quarks are 'free' and their
interaction can be described by perturbation thecry. Mesonic exchange models as well
as hjgh energy quark models now try to include this intermediate energy region, The
quark model opens another interesting aspect of the physics with light nuclei, as it
constructs 'bags* with more than three guarks. An open guestion is the possible
configuration of exotic states, consisting of e.g. agq qqq ('dibaryon') as bound
coluurless objects /3/ /4/ /5/. The deuteron is a two nucleon system where all these
aspects are relevant. The 'dibaryons' can be resonant intermediate states of such a
two nucleon system, The deuteron ground state can also have a 6-quark admixture /6/.
In conventional theories the 'dibaryons' are constructed e.g. as bound NA-, 244 - or
NNv-states /7/. However, both hypotheses are experimentally nrat proved.

In particular, the deuteron photodisintegration yd —~ pn as a relatively simple
reaction is a good tool for experimental and theoretical studies. The properties of
the proton and neutron are well known and the binding energy of the nucleons is
small. In addition, there are not problems with many particle approximation as with
other heavier nuclei. However, both the theoretical and the experimental situation
in deuteron photodisintegration is unsatisfactory.

An experimental complication is given by the energy range, in which the dibaryon-
resonances are predicted { /s = 2.1 - 2.4 GeV). Here the contributions of many nu-
cleon resonances are overlapping. It is expected that only with very precise mea-
surements and for certain production reactions a small contribution of a collective
6-quark excitation can be detected. In addition to the direct search for resonances
in the invariant mass of subsystems /8/ contributions of smaller amplitudes can be
separated by measurements of palarization observables.

Due to the complicated spin structure of the deuteron photodisintegration reattion
12 complex helicity amplitudes are required to characterize complately the vd > pn
process; hence 23 different observables have to be measured as a function of the
photon energy and the proton c.m.s. angle (see fig. 1).

7\,::} e complex helicity ampl, 24
parity « time reversat 12

d real paramsier 24
Ap=2t Ag=210 1 phasc free 23]

g—g-o 22 polarization experiments

Fig.1l.Proton- neutron center of mass system and helicities,
for a complete descriptian of the vd > pn reaction 23
experiments are needea.

Only few experiments have been performed to investigate single polarization quan-
tities Jike target asymmetry {using a vector polarized deuteron target] /9/ beam
asymmetry (using linearly polarized photons) /1G/, and recail-nucleon polarijzation
/11/. Recently some double polarization measurements were done with linearly po-
larized photons, measuring the recoil proton polarization and the recoil neutrcn
polarization, respectively /12/. Mentioned are only the most recent measurementis.

2.2 Target asymmetry measurement from polarized deuteran targets

The latest results of the target asymmetry Ay for vd =+ pn are plotted in fig. 2.
The photon energy acceptance is 450 + 50 MeV, 550 ¢ 50 MeV und 650 + 50 MeV, re-
spectively. The errors include statisfical and systematical uncertainties. Up to now
the deuteron photodisintegration is theoretically described in the nucleon-meson
picture, There are a number of anaiyses. Some of them are based on non-relativistic
calculations /13/, /14/, /15/, some on relativistic omes /16/, /17/, /18/, /19/.
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References /17/ and /18/, in addition, include dibaryon resonances. Quark model
calculations for the deuteron photodisintegration do not exist yet. A comparison of
three analyses with the data is also shown in fig. 2. Fig. 3 shows the measured data
point for the tensor asymmetry Ayy in comparison with two theoretical predictions.
Although the measurement suffers from a large error, a contradition to the analyses
is obvious. This first measurement demonstrates the feasibility of a tensor asym-
metry experiment., On the other hand it is clear that further improved data are
urgently needed. This is especially valid for the tensor observables.
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3. Electron-deuteron scattering experiments

The elastic electron scattering off nuclei is an important tool to study short range
nucleon-nucleon (N-N} interactions as well as mesonic exchange currents. At high
momentum transfer q* such experiments can also be sensitive to the above mentioned
muitiquark cluster inside the nuclei /20/ /[2V/ 22/ /23/. As an object to study
this, the deuteron as the simplest nucleus is well suited.

3.1 Deuteron form factors

Polarization experiments are expected to play a central role in studies of the
electric form factors of the nucleons. For the deuteron three form factors - Fc, Fm
and Fq, for the charge, magnetic moment and quadrupole moment distributions - are
required to specify completeiy its electromagnetic current. These form factors de-
pend directly on the wave function of the deuteron. Measuring the three deuteron
form factors is thus a test of our knowledge of the nucleon-nucleon interaction. The
deuteron form factors are proportional to the electromagnetic form factors of the
constituent nucleons and at high g uncertainties in {particularly) the neutron form
factors produce difficulties to extract information dependent only on the nucleon
interaction. The cross section % un for unpolarized elastic electron deuteron
scattering can be written as: P

= = 2 2 2 <]
Synp * do/da o) =ayoey (Ala®) + Ble?) . tan® ©,/2),
where Mptt = do/dMott is the cross section for structureless particles, ® g is the
laboratory scattering angle of the electron and q? is the four momentum transfer
squared. A{g?) and B(q?) contain the form factors of the deuteron:

Ala*) = F2(a*) + 8/9n 2 F Blat) + 2/3n F %(a")
Bla®) = 4/3n (1 4n) FFa7)
with n = q'/mdz.

In an unpelarized scattering experiment a separation of A(q?) and B(Q?) can be
achieved by accurate measurements over a range of angles ®a. From this, Fm and only
a combination of Fc and Fq can be determined. However, in the q*-range higher than
D.4 (GeV/c?) it seems that Fc is very sensitive to various modifications of the
deuteron wave function, due to mesonic exchange currents (MEC) and multiquark cur-
rents (6 quark cluster). In fig. 4 calculations for Fc based on the impulse ap-
proximation and modifications of the deuteron wave function due to MEC and 6-quark
currents are shown.
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1A+MEC+6Q

Fig.4.

Charge focrm factor F(i: (qﬂkia;tz::;ated by:

- impulse approximation

- azgitional mesonic exchange currents (1A+MEC) /24/ 1)
- contribution of 2% 6~guark admixture ( TA+MEC+6Q)
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To separate Fc and Fq, a polarization experiment is required. Especially at high q°
such measurements are of great interest, since thy provide a sensitive test of the
validity of perturbative QCD calculations to the electromagnetic form factors of
nuclei, Carlson and Gross /25/ have shown that, with respect to the spin dependence
of the elastic electron-deuteron scattering process, the results from QCD and clas-
sical nuclear physics are not the same. Therefore, a measurement of Fc and Fq at
high a enough q? would be a powerful tool in differentiating between these alterna-
tives.

To achieve the separation of Fc and Fq, work has been started at the MIT-Bates
Linear Accelerator Center by measuring the T20 observable by means of the determi-
nation of the recoil tensor polarization. In Novosibirsk the problem is studied by
using a jet of polarized deuterium atoms as an internal target in the VEPP-2 storage
ring /26/. Up to now electron scattering experiment with a polarized deuteron target
did not exist. The discovery of ammonia as a polarized target material and its less
sensitivity to radiation damage makes such experiments possible. In Bonn a first
measurement with a tensor polarized ND3 target at a four momentum transfer q® = 0.5
(Gev/c?) was performed, The data are in evaluation /27/.

4. Planned polarization experiments at ELSA
4.1 Photon induced experiments

For a new generation of experiments a substantial improvement of the beam duty cycle
is necessary. Several electron accelerators with high duty cycle have been proposed
or are under construction. A cw-microtron for 180 Mev (Mami A) has been used in
Mainz and is now being extended to BOO MeV. In the United States a superconducting
continuous wave electron accelerator for 4 GeV js under construction (CEBAF). The
BONN Electron Stretcher Accelerator ELSA is the first operating cw-accelerator in
the GEV range. Tts relatively low intensity is ideally matched to large solid angie
detectors in connection with energy marked photons {tagging systems) and polarized
solid state nucleon targets. Fig. 5 shows a floor map of the Bonn accelerator
facility.

®: Gairapet sntetmmalorans
i Grtrupel  Sotmmatoran
[ ie——
1 Santagal

21 Bt g g |

Fig.5.Floor map of the Bonn facilities: 2.5 GeY electron
synchrotron and 3.5 GeV Electron Stretcher and
Accelerator ELSA. - -
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ELSA is designed to operate in two modes:

1) a pure stretcher mode with 95% duty factor up to 2.0 GeV
2) a post accelerator mode which gives energies up to 3.5 GeV to study higher
mass resonances.

The estimated internal and external beam intensities are compiled in the Table.A de-
tailed description of ELSA is given in ref, BONN IR-87-30.

Table
Mode of operation
Stretcher Post Accelerator Pulses from
Eynchrotron
95% Duty 60% Duty 5% Duty
Factor Factor Factor
Internal Beam 12 mA 12 mA 12 mA 1
24 A 24 mA 2
60 mA 5
External 200 nA S nA 10 nA 1
Electron Beam 10 nA 20 nA 2
{average] S0 nA 5
Bremsstrahlung 1084 2 x 10° 5 x 10° 1
from Internal 5 x 100 1 x 10'° 2
Target at 1.8 2 x 101¢° 5
GeV (photons/
min)

Many of the interesting photoproduction experiments ai intermediate energies need
detection of multiparticle final states, Therefore the rather complex magnetic de-
tector system SAPHIR (Spectrometer Arrangement for PHoton Induced Reactions /8/ with
a large acceptance is being built which will be operated in one of the tagged photon
beams of ELSA. At the beginning there is no pian 10 use a polarized target within
this system, as the technical problems are very serious. It seems, however, obvious
that a frozen spin target is the most feasible solution. To perform (doublej polari-
2ation experiments at ELSA the PHOENICS (PHQton Experiment on Nuclei In Counter
Set-up) set-up for the invesiigation of two-Body reactions is under consifuction. As
Tn the case of SAPHIR these experiments will be performed with tagged photons,

4.2 PHOENICS - experiment

The experimental set-up PHOENICS for the study of two body reactions at ELSA is
shown in fig. 6.

Lerystal ) frezen spin
radiator pelarised target

Fig.6. Set-up PHOENICS
for (double) polariza-
tion experiments, using tagging
a 'tagged’ (polarized) magnet
photon beam and a frozen
spin target.




The apparatus consists of a tagging spectrometer and a scintillation counter ar-
rangement around a polarized target. A description of the bremsstrahlung tagging is
given in ref. /28/. This large acceptance detection is especially useful for mea-
surements of YN * 7™, Yd > pn or of Y'He * pd etc. For a complete description of
these reactions many (double) polarization experiments must be performed. As a con-
sequence, the polarized target, which will operate in the frozen spin mode, and a
polarized photon beam will play an important role in this measuring program.

An important feature of such an experimental set-up is e.g. the very high relative
accuracy vhich can be reached. The simultaneous coverage of a large kinematical
range of interest is advantageous, as changes of the beam- or target polarization,
beam intensity, detector efficiency etc. will affect all data in the same way. This
is a necessity for the search of small structures in energy and angular distribu-
tions caused by narrow resonances or by interference effects. In addition, the
monochromatic ('tagged') photon beam offers some advantages in comparison to the
conventional bremsstrahlung beam:

- the photon energy k is determined by the energy difference between the initial
and the final state electron: k = Eg - E, independent from the hadron detection,

- the photon flux normalization is directly given by the counting rate of the
'tagging' counters,

- a kinematical overdetermination can be achieved by coincident detection of both
outgoing particles. This is important for the suppression of
(i} background at low cross section levels,
(ii) nuclear events in the case of a polarized proton or deuteron target,

- in the case of a polarized 'tagged' photon beam (see below) the beam polariza-
tion can be measured permanently.

By using a diamond as target linearly polarized monochromatic photons will become
available. For future experiments also measurements with circularly polarized pho-
tons (produced by the bremsstrahlung of longitudinally polarized electrons) are
planned. In this case, however, a new beam transport system must be built which ro-
tates the spins (vertical in ELSA) into the desired longitudinal direction at the
target over a wide energy range. With this facility seven {or more) independent ex-
periments on YN > nN, necessary for a complete determination of the helicity ampli-
tudes, can be performed.

At the moment a complete measurement of the deuteron photodisintegration reaction
¥d * pn can not be realized (23 observables). The low cross section at higher ener-
gies (ky > 700 MeV) makes polarization experiments extremely difficult. New tech-
niques like the use of tensor polarized deuteron targets and a polarized photon
beam, however, can increase the number of possible experiments in the future.

4.3 Polarized electron scattering from polarized neutrons.

Elastic electron-neutron scattering is described by the electric and magnetic form
factors Fen (q*) and Fmn {q*). The unpolarized cross section is given by

ounp = dc/dgel = oMoty [A(q?) + B (q*) * tan*(9¢/2)1]

A (a%) = Fen® (%) + nFmn® (q7)

B(g?) =2n (1 4r ) Fmn® (@?)

with n = q*/4Mn?.
In general, it is very difficult to measure the neutron form factors because there
are no free neutron targets and the detection of the recoil neutrons also causes
problems. The magnetic form factor Fmn is the best known because it is relatively

large. The electric form factor Fen is very small and therefore generally very
poorly known. Away from q* = O, Fen is obtained from quasi-elastic electron deuteron



scattering, however dominated by large statistical errors /29/. The most precise
values of Fen, ranging from zero to about 0.10 have been obtained from elastic eD
scattering 730/, There, the largest uncertainty results from the deuteron model
dependence which strongly influences the extracted values of Fen. The knowledge of
the neutron electric form factor is essential for accurate calculations nf the
ejectromagnetic interactions of nuclei, especially the deuteron, which is used to
study the short range nuclear force, meson currents, exotic states or quark effects.
For all these investigations a model independent measurement of Fen is urqently
required, Therefore, it was suggested to measure the polarization of recoil neutrons
produced by scattering of ,polarized electrons from unpolarized neutrons /31/. Due to
the low efficiency {- 107") of the neutrun polarimeter, such an experiment requires
a high current polarized electron beam.

As shown in the elastic electron deuteron experiment with a tensor polarized target
scattering off polarized electrons from polarized neutrons {ND,) can be now consi-
dered as an alternative possibility to study Fen at ELSA. For aﬁ orientation of the
neutron spin in the electron scattering plane perpendicular to the virtual photon
direction the elastic electron-neutron cross section is given by /31/:

ds/da = (da/dR)unp [1 + Pe Pn An (q°)] .

where Pe is the electron polarization and Pn the effective neutron polarization in-
side a deuterated target material. The neutron asymmetry Ap =io (t+) ~ o{t«} /
Ja{t+) #a(+)] is given by:

? n(1#r) Fen Fpy tan(fe/2)

An (q?) =
Alq”) + Blg?) tan’ (9o/2)

As far as the polarized target is concerned the experiment is similar to the form
factor measurement of the deuteron, as we have to use the same target material. By
using the deuteron-rich and radiation-resistant target materjal ND, an effective
neutron polarization of 0.13 can be achieved in a magnetic field of 3.5 Tesla.
However, the measured neutron asymmetry is furhter diluted by the polarization of
the incident electron beam. Acceleration of polarized electrons in the 2.5 Gev
electron synchrotron in Bonn has been successfully performed some years ago /32/. In
the meantime, a new source on the basis of the photoeffect on GaAs with polarized
laser light is installed. In ELSA an extracted average current of 7 nA in the pure
stretcher mode and an electron polarization of 0.3 - 0.4 is expected. The electron
beam line is designed (superconducting solenoid) to supply longitudinally polarized
electrons at the target. The measurement of Apn and hence Fen can be performed with
very small systematic errors. Since the polarization of the incident electron beam
can be switched on pulse-to-pulse basis the influence of changes in the detector
effiziencies is very much reduced. Systematic uncertainties arising from the binding
of the neutron inside the deuteron can be controlled by a simultaneous measurement
of the proton asymmetry Ap (g?) for polarized deuterons and comparing it to Ap (q?}
measured at free polarized protons, using NH3 as target material:

A, N3 Q)
A ND3 @)

anfreeq) = agh03(qey «

This measurement is one of the most important electron scattering experiments which
can be performed at ELSA in the near future. The nucleon form factors belong to the
fundamental functions in the nuclear and particle physics. At the moment, however,
the knowledge of the charge form factor of the neutron Fen is extremely unsatis-
factory compared to its importance.
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ELEGTROMAGNETIC STRUCTURE OF FEW-BODY SYSTEMS
5. Kowalski
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Cambridge, MA 02139 USA

1. Introduction

The study of few-body nuclear systems forms the cornerstone of our basic
understanding of nuclear forces and nuclear structure. These simple systems are an
ideal testing ground. The elastic form factors of the nucleon, deuteron, tritium
and helium provide fundamental information on the radial distribution of charge and
magnetism. Quasielastic data is important to our understanding of the momentum
distribution of nucleons in nuclei.

On the theoretical side the goal has been a precise description of nuclear
interactions in the nuclear medium. Current models incorporate realistic nucleon-
nucleon potentials with mesonic exchange currents, isobar configurations,
relativistic effects and constituent quark degrees-of-freedom.

Ve review in this report some of the most recent results on the electromagnetic
properties of few-nucleon systems. These data are compared with the best available
model descriptions. We also discuss some of the ideas for new experiments which are
now being planned and which will address some of the key open guestions over the
next couple of years,

The present generatcion of high current, medium energy electron accelerators
combined with improvemencs in detectors and experimental techniques has pushed our
knowledge of the electromagnecic properties of the few-nucleon systems to higher
momentum transfers and to much better accuracy. Recently we have started ta exploit

the measurement of spin observables as well. We note that this added capability

will in the future be crucial in providing precise mea s of fund al

nuclear properties which have been precluded up to now.
II. Neytron Electric Form Factor

The cross section for elastic scattering of unpolarized electrons from

vnpolarized nucleons (J‘ - 1/2) is given by

% -0 [c; @+ rG': @) {1 + 2(14r)tan %}]
where

2 2
T- - /un
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The eleactric and magnetic form factors, G“(Q’) and q‘(Q’). are related to the

usual FL(QZ) and FT(Q’) by

Jox F, = (141)Gy,  and Jox £, = -[2r(1+7) G,

The Rosenbluth separation of the two form factors allows for precise determination
of both amplitudes only when they are comparable. In the case of the nucleons, the
magnetic form factor dominates over the electric one at high momentum transfers. As
a result the electric form factor is relatively poorly known.

The electric form factor, which is related to the nucleon charge distribution,
is a funadmental quantity whose knowledge i{s important for the detailed
understanding of both nucleon and nuclear structure. For the proton, reasonable
knowledge of G'p exists only up to 4(GeV/c)2. For the neutron, which is charge
neutral, th is very small and as a rasult is very poorly known for all momentum
transfers.

The Rosenbluth decomposition of electron-deuteron elastic and quasi-elastic
scattering {s used to provide a measure of Gb and Gm. Interpretuation of the
results is plagusd with both model dependence and large systematic errors. Fig. 1
shows some typical data for Gy, Up to q% - 1.5(GeV/c)?.

To improve our prasent knowledge of Gm requires the exploitation of apin
observables in electron scattering. For the nucleon case (J‘ = 1/2) polarized
electrons in combination with polarized targets or the measuremant of a recoil
nucleon polarization can provide accurate nevw information. The polarization cross
section (part of the cross section which is proportional to electron helicity) for

Fig. 1. Neutron electric form factor for different bag radii and
existing experimental data.
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scattering polarized electrons from polarized nucleons may be written as!

slnﬂ*cosé*] I? Fz(qJ.

z *
A= -Eo[ff Fr(q)vr, cosd + 27 FL(q)Fr(q)vru

2 2 2
where F (q) - vLFL(q) + erI(q).

%y 15 the unpolarized cross section, 0* and ¢* measure the orientation of the target
polarization, and the v, are the usual kinematic factors. A measurement of the
asymmetry, 4/E,, or equivalently that of the recoill nucleon polarization by means of
a second scattering directly involves the interference term FL(q)F}(q) which
provides a measure of the small form factor and their relative sign.

Possible experiments which will be exploited to measure the neutron electric

Eorm factor GEn include:

(e, e np exclusive
(e, e')x inclusive
.

?H(e,e'n)p

sHe(e,e’)x inclusive .

The sensitivity to Gz“ of the polarized-ele;tron polarized-deuteron experiment
has been evaluated by Cheung and Woloshyn?. The results for the cross section and
polarization asymmetry at an electron energy of 1 GeV are shown In Fig. 2. The
deuteron is polarized in the scattering plane at 45° to the incident electron

direction. The neutron electric form factor has been parameterized by:

- T
“l’l

2 a2
Q (GeV}
(L+nr) [ 1+ on ]

2
G Q) ~

with 0 < ¢ < @, The asymmerry shows large sensitiviy to G. and Is measurable.

The sensitivity to G, has also been calculated® for ;3;t:ering from polarized
iHe. In a simple picture, since the two protons in YHe have opposite spins, all of
the spin-dependent effects should be primarily due to the neutron. The predicted
results are shown in Fig. 3. The same parameterization was used for the neutron
electric form factor and 8 Is the angle in the scattering plane between the
polarization axis of 3He and the incident electton direction.

An experiment to measure G:“ by scattering polarized electrons from an
unpolarized deuterium target its under development at MIT-Bates*. The recoil neutron
polarization will be measured using np elastic scattering. At Q? = 0.41(GeV/c)? it
is projected that an uncertainty Aczn = %.016 can be achieved. Theoretical
considerations?® Indicate that effects due to final state interactions, mesonic
exchange and isobar conflgurations are negligible for scattering at the qu}sl-free

kinematics.
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Fig. 2. Exclusive cross section for ?ﬁ(g,e'n)p at quasifree

kinematics for different neutron electric form factors using 1 CeV

incident electrons. Asymmetry with respect to charnge in the electron

longitudinal polarization for different neutron electric form factors.

The deuteron Is polarized at 45° to the incident electron direction.

A second complimentary experiment Invelving polarized e is also being
developed at MIT-Bates®. Closed cell targets of polarized 3fie with densities in
excess of 101%cm’? and polarizations of approximately S50% are avallable. These will
allow measurements with external polarized beams :t reasonable luminosities for

Q7 ~ (0.1 - 0.2;(6zV/c)?. A feasibility experiment to measure Cm will be carried

out next year, followed by a Gm measurement in the future.

+ n »
1 T t + 1

(b}

o* 30° &' 9u 120" 180" 180"
B
Fig. 3. Asymmetries as a function of target polarization angle f# for
inclusive polarized electron-*He scattering at the quasifree peak.
Incident 1.5 GeV electrons are scattered at 60° for different choices of
the neutron electric form factor.
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Future experiments involving polarized targets can also make use of the
internal target capablilitles at the new electron stretcher-storage ring facilities
which are under construction. The present technolugy for polarized targets would
make such high luminosity intcermal target experiments possible. Such facilities are
likely to provide our most precise measurements of Gh over an extended range of q.
Plans are underway at HERA7, for example, to use polarized B and e together with
pularized electrons to measure at high energies the spin-dependent structure

functions of the nucleons.

III. Deuteron Electromsgnetic Strycture

1. Elastic Form Factors

As the simplest bound nuclear system the deuteron has besn an imporzant testing
ground for sur fundamental understanding of nuclear structure. Electron-deutercn
scattering provides informacion on che short range behavior of the deuteron wave
function as well as a measure of non-nucleonic degrees of freedom. Quark degrees of
freedom are expected to contribute at large q?.

A ccmplete description of the electromagnetic properties of the deuteron (J=1)
requires a measurement of three form factors: charge monopole (FL). charge
quadrupole (FQ) and magnetic dipole (F") as a function of momentum transfer.

The cross section for elastic electron-deuteron scattering may be written as:

2
gﬁ " [A(q )+ B(qj) canZ %]

where

2 2 2 g 2 2 2 .Z. 2 2
A(q) = F {a) +gn F(a) + 3F (q)

2 5 2
Blq )} = Jn(n+)F (9 )

7 = q7/6M3

The nuclear physics is contained in the two structure functions A(q?) which {s
dependent on the charge, quadrupole, and magnetic form factors, and B(q?) which
depends only on the magnetic form factor. They have been measured to high q?.
A(g?) is known® out to q? - 4(GeV/c)?. A recent measurement at SLAC® has determined
B(q2?) out to q? = 2.77(GeV/c)2. It 1s in qualitative agreement with impulse-
approximation calculations. These data provide a direct measure of F“ but FC and

F cannot be separated in a model independent mamner. The locacion of & possible
zero in the charge monopole contribution is important to our understanding of the
validity of different potential models as well as providing a measure of twe-body

currents.
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Fig. 4. Comparison between different theoretical predictions for
deuteron t,, including QCD scaling, 4-4 admixtures and the effect inplied
by filling in of the winimum in G (q). The Novosibirsk and Bates
experinental data are shown as well as the q-range and anticipated
sensitivity of a recently completed high-q t,, experiment at Bates!l.

The measurement of a spin observable allows, in principle, the complete
separation of the individual multipole contributions. The t,, component of the

tensor polarization of the recoiling deuteron is given by

tae = -{2 an[gnzF: + %chFq + %qr:{% + (1+q):anz %}]//gg .

The most important contribution to t,, in the momentum transfer range q2 < 1.2
{GeV/c)? comes from the interference term Fkrb. The cbservable t,, provides the
additional handle which allows a separation of the multipole contributions.

In an earlier Bates experiment!® the tensor polarization was determined by
measuring the polarization of the recoil deuterons in coincidence with the scatcered
electrons. Such an experiment involves a second analyzing scattering of known
sensitivity to tensor polarized deuterons. The reaction 3(3He,p) was used as an
analyzer. The extracted values of t,, are compared with theoretical predictions for
several realistic potential model calculations in Fig. 4. Also shown is an
experimental point at lower q from Novosibirsk.

Extensions of these measurements to higher momentum transfer have just been

completed at Bates!). These higher momentum transfers involve some
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Fig. 5. Schematic layout of the Bates high-q t,, experiment.

very Interesting physics. The potential model predictions are sensitive to two-body
currents while perturbative QCD predicticns are entirely at variance with the
potential model results.

The deuteron polarimeter!? for these latest measurements was based on (dp)
elastic scattering. The polarimeter, which was calibrated at Saturne, shows high
T,o analyzing power for deuteron energies between B0 and 200 MeV. The energy
dependence is weak and the overall polarimeter efficiency is quite high. -2x10-’. A
schematic layout of the experiment showing the electrom arm, deuteron chaunel and
polarimecer (s presented in Fig. 5.

Measurements at values of Q’(fnﬂ)-lhAZ, 17.6 and 21.2 have been completed.

The statistical uncertainty in the tensor polarization Ls projected to be At,, - ¢
0.1. Detailed analysis of this data as well as an understanding of the systematic
errors {s presently underway. Flnal results are expected within the next year.

An alternative approach for determining t,, Involves measuring the asymmetry in
elastic electron-(wteron scattering from a tensor polarized target. Such
measurements are presently undervay at both Bonn and Novosibirsk. Holt!3? at ANL is
developing a tensor polarized deuterium target for use as a gas jet internal to a
storage ring. A target density of -10!'¢ atoms/cm? in a circulating current of 100mA
results In luminosities of the order of 10%2em’’s™'. Such a high density of
polarized deuterium nuclel is obtained by using optlically-pumped polarized alkali
atoms which transfer polarization to deuterium atoms by atomic spin exchange.

Densities in excoss of 10!% atoms/ca? appear feasible with present-day techniques.

108



(nb/sr GeV)

d2a/d L dE’
o
(V]

o4

10

Fig. 6. Cross sections for d(e,e') as a function of scattered
electron energy E’ for four values of the incident snergy E. The dotted
curves are Laget!® PWIA calculations. The short dashed arrows uss the
PWIA fornula of McGee-Durand!® with the Bonn potential. The solid curves
are the full calculations of Laget!® and the long dashed those due to
Arenhovel!?; both using the Paris potential.

2. TIrensverse Quasielastic Scattering

Inelastic electron scattering from the deuteron provides important tests of our
understanding of the nucleon-nucleon interaction. The importance of contributions
such as final state interactions, mesonic exchange currents and isobar
configurations beyond the simple Plane Wave Impulse Approximation can be
ascertained. At the top of the quasielastic peak the impulse approximation is
expected to be valid since the other effects are calculated to be small. Other
interaction effects are expected to show up mainly on the high and low momentum
sides of the quasielastic peak. Data at high momentum transfers can provide
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information on relativistic effects and the role of conatituent quarks in a proper
description of the short range nucleon-nucleon interaction.

An experiment has just been completed at NPAS-SLAC on transverse (180°)
inelastic slectron scattering from the deuteron in the quasielastic region. Cross
sections were measured'* from breakup threshold to beyond the quasielastic peak for
incident enetgles of 0.843, 1.020, 1.189 and 1.281 GeV, corresponding to
0.75 < Q2 < 2.57 (GeV/c)z. These data are shown ln Fig. 6. Also shown are various
model predictions. The data are in reasonable agreement with nonrelativistic model
calculations which include final state interactions and meson exchange currents.
The largest discrepancies occur near the region of the break-up threshold and in the
region of real pion production.

At the top of the quasielastic peak the models do very well in describing the
process. Data in this region have often been used to extract information on the
neutron elastic form factors. Values of G extracted from this new data have been
found to be in good agreement with both the dipole model GD - al/(1+Q’/0.71)7 and

with the results from previous experiments.
IV. 3H/%He: -Body Bu S:

The three body nuclear systems (3H and 3He) have been fertile testing grounds
for the study of nucleon interactions as we go from the simplest system, the
deuteron, to more complex nuclei. Exact solutions of the non-relativistic wave
equation for the ground state have been obtained using realistic two-body
interactions. Experimental information on the importance of isospin dependent
effects, the influence of 3-body forces, relativistic effects, non-nucleonic degrees
of freedom, etc. is essential to further our basic understanding of the description
of these nuclei. ’

' For several years now we have had complete and precise data on the charge and
magnetic slastic form factors for H and “He. We have seen that the simple impulse
approximation, which accounts only for nucleon currents, cannot desccibe the data.
An explicit introduction of nomn-nucleonlic degrees of freedom is required for a
proper description. Uncertainties involving the importance of and the correct
framework for incorporating relativistic effects and 3-body interactions remain.

Inclusive quasi-elastic electron scattering experiments have measured the
longitudinal (scattering from charges) and transverse (scattering from currents and
spina) contributions to the cross sections for several nuclei from carbon to
uranium, The results are poorly described by the Plane Wave Impulse Approximation.
These Saclay and Bates experipents show that the longitudinal response functions are
generally predicted to be approximately 20-408 larger than the measured response.
The transverss response, although having approximately the predicted magnitude at
the quasielastic peak, has substantial excess strength at the large energy-transfer
side of the peak. Ths incluaion of final state interactions iz not sufficient to
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resolve these differences. Other possible improvements include the use of more
realistic wave functions, two-body currents, quark effects, etc. An approach which
has stimulated much theoretical and experimental interest centers on the idea of
"inflated” nucleons. This decreases the calculated longitudinal strength and
increases the transverse/longitudinal ratio., However, conclusive experimental
verification is to date lacking.

During cthis past yeer the electromagnetic response functions for the three-body
mirror nuclei *H and YHe have been measured in an experiment at Bates!®. Combined
with sarlier Saclay!® results on 3He, these experiments have completely
characterized the basic response of these simplest nuclear systems in the elastic,
quasielastic, A and breakup channels. Taking advantage of our ability to do "exact"
calculations in the three-body systems and to isolate the isospin structure of their
response functions allows for & very direct confrontation between theory and
experiment. The quasielastic response for these two nuclei provide interesting and
imporzant insight into some basic open problems in nuclear structure.

The quasielastic cross section expressed in terms of the longitudinal and

transverse response functions has the form:

+ tanz %] Rr(q,w)] .

2 a 2
do o 1o
anaE, ~ ”n[[qz]";(q'”) + [2 'qz

where % 18 the Mott cross section, Q and g are the four- and three-momentum
transfers, respectively, w is the energy lost by the electron in the scattering, and
§ 1s che electron scattering angle.

Figure 7 shows the measured longitudinal and transverse quasielastic response
functions for *H and 3He at a momentum transfer of 500 MeV/c. Theoretical
calculations by the Hanmover?®, Rome?!, and Illinois?®?2? groups, showing varying
degrees of agreemsnt, are included for comparison with the data. The Hannover
calculation for the transverse response agrees with the observed magnitude at the
peak but the width of the distribution is narrower than required. For the
longitudinal response the Illinois calculation is in somewhat better agreement but
both have serious deficiencies in reproducing the observed shape. The calculations
appear to reflect basic difficulties in solving the continuum three-body problem
which 15 reguired for a consistent tresatment.

Figure 8 shows a comparison of the experimental and theoretical responses for
3H and YHe at 400 MeV/c, with the nucleon factor Z divided out. 97e ratio of the
observed *H and ’He peak heights are consistent with the expectation based upon one-
body currents. In fact, the normalized data are more similar in peak height than
any of the calculations. One also notes that the response for 3H is slightly wider
than that for 3He. In the simplest approximation, the higher probability for high
momentum components in SH than 3He is expected since JHe has a larger rms charge

radivs.
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Fig. 7. °H and He Inclusive longitudinal and transverse response
functions at q=500 MeV/c. The theoretical calculations are from the
I1llinois, Rome, and Hannover groups.
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Fig. 8. 3H and 3He measured and calculated longitudiual response
functions divided by Z at q=400 MeV/c. The calculated response for *H is
always lower cthan *He at the peak.

An observable which can be extracted from the measured longitudinal response
functions is the so-called Coulomb Sum Rule, EL(q). The experimental sum rule ia
obtained by dividing the longitudinal response by the square of ~he proton charge
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form factor, to obtain the ’point nucleon’ response, and then an integration is
performed over all w:

“axx R (q,w)aw
- —_ .
:L(q)alp z

W 2 ki
an [ o J2]1ee s,
6 (@) CR)

14Q /24,

The correction to the proton form facter, suggested by deForest??, accounts for
relativistic effacts due to the motion of the proton in the nucleus.

Theoretically, the sum rule depends only on the correlation structure of the
ground state. It can be calculated for realistic forces on the assumption of one-
body currents.

The Coulomb sum rules for JH and 3He are shown in Fig. 9. Some extrapolation
of the experimental data was required te account for unobserved strength at high w.
The relatively small amount of extrapolated strength is indicated. The curves
labeled 'Illinois’' are exact calculations performed by the Illinois group, using
only ground state wave functions?¢. The curves labelled 'No Correlations' were

calculated using the measured elastic charge form factors??®:
: - R 2 0P
% () = ZA-|F (@]3/6 @)

This is the inelastic sum rule in the absence of correlations.

One notes that for these nuclel the experimental Coulomb Sum Rule is
essentially satisfied. This is to be contrasted with the observations in heavier
nuclei where the measured Coulomb Sum is suppressed by (20-40)% even out to the

highest measured momentun transfers. The Illinois prediction and the data for
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are both quite close to the no-correlation limit. The presence of two-proton

correlations is clearly evident for 3He.

V. Summary

Ve have seen in these examples for few hody syatems some of the most recent
contributions that the electron probe has made to our understanding of hadronic and
nuclear structure. Experimental objectives have been to quantify non-nucleonic
degrees of freedom and to isolate reaction mechanisms. On the theoretical front,
some success has been achieved in correctly describing the very precise data which
is now available. However, it still remains to be seen whether one can successfully
make the transition between a description of nuclear dynamics based on meson
exchange and that described by quarks and gluons.

The new generation of high current, CW accelerators now being constructed will
provide new capabilities and opportunities for advancing in other directions. The
exploitation of spin observables (polarized beams, polarized targets, internal
target capabilities) is essential and would emsure a very strong experimental
program for the next decade.

This work is supported in part by the U.S. Department of Energy under Contract
No. DE-AGO2-76ER03069.
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FEW BODY SYSTEMS AT INTERMEDIATE ENERGIES
J.M. Laget

Service de Physique Nucléaire-Haute Energie, CEN Saclay, 91191 Gif sur Yvette, France

Few-body systems have been widely studied with hadronic as well as electromagne-
tic probes, the energy of which ranges from a few hundreds MeV to a few GeV. While it
is fair to say that we have reached a good understanding of their static properties
and their structure at large distances, we are still left with the two following open
questions :

- What is the nature, and how can we study the effects, of the short range correla-
tions in nuclei?
- What is the size and what are the effects of the three-nucleon forces?

Those are very old problems/}*2/ which are still unsolved.

The reason is that the meson and A degrees of freedom dominate all the attempts
which have been made so far to study the short range behaviour of nuclei : the use of
probes of increasing energy requires to take into account the deformation of the
nucleon and to consider also the coupling with each mechanism which drives the
nucleon-nucleon force.

While the study of these meson and A degrees of freedom in nuclei has been an
important achievement of the last two decades, the major task of Nuclear Physics is
now to go beyond and to study nuclel in kinematical regions where their effects are
strongly suppressed or with probes to which they couple weakly.

A general background can be found in my Banff's lectures’3/. Today, 1 shall
update the review which I made at Fontevraud last summer/“/, and try to summarize
the progresses which have been done in the mean time. I will deal with the following
topics @

- the determination of the high momentum components of the wave functions of the
few-body systems,

- the analysis of the pd capture reactions,

- the search for three-body forces,

= the study of short range correlations.
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1. THE HIGH MOMENTUM COMPONENTS OF THE NUCLEAR WAVE FUNCTIOM

Provided that final state interaction and meson exchange current effects are
fully taken into account, the analysis’/5/ of the (e,e‘p} reactians, recently studied
at Saclay’/6*7/ and Amsterdan/8/ for small values of the four momenta of the virtual
photon, has led to strong constraints on the D and 3He wave functions, up to momenta
as large as 500 MeV/c.

Fig. 1 beautifully illustrates this point. It suemarizes the cross sections of
the D(e,e'p)n and 3Hele,e'p)d reactions which have been measured at Saclay/6*7/ du-
ring the past few years. The three kinematical settings have been chosen in such a
way that the increase of the Mott cross sectvion, when the electron scattering angle
decreases, compensates the rapid fall-off of the nuclear wave function. These kinema-
tics, which maximize the longitudinal component of the cross section, minimize the
effects of meson exchange currents (MEC).

Atthough the corrections to the impulse
approximation are significant and are ne-
cessary to reproduce the experiment, they

do not dominate the cross section. More- w,‘ oo TTor T %
over, they are strongly constrained by B Die.e'pin
gauge invariance, which links in a consis- _ - PARIS WF. 1
tent way the wave functions of the initial "f mér SACLAY i
and final states and the various interac- £ - :
tion effects. The agreement with the latest g - @ ?
solution of the Faddeev equations obtained = ; N, w=200MeV ]
by Hannover group/%/ with the Paris poten- ; w-';::“' a=25° :
tial/19/, is almost perfect. & ¢ f__\s. "I 3‘
T A i
e 3 w=1THeV 5% i
Pig. 1. The oross aections of the Dle, w v Q=bb4*
@¢'pin and 3hefe,e’'p}d reactione recently : b
meaeured at Saclay’$*?/ are plotted againast - “011 0’2 0;3, "‘ﬁ:!"l_ 15 ]
the momentum of the undatacted nuclear *le(e.e'p)b 3
fragment. The electron scattering angla © PARIS/FADODEEV WF. 1
and the energy w of the virtual photon are "; m;— j
given for each kinematics. The dotted line E N 3
curves arg the impulee approrimition. The ﬁ 1_5 -j
dashed line curves corvespond toc the plane 3 7
wave trgatment and inelude the neutron 3 10_.1; p
ezchange or the two-nucleon exchange graph. %- £ ?
The dash-dotted line ourves correspond to F 1‘:
the distorted wave treatment. The full line wé_
ourves inolude aieo the meson exohange oon- r 01 02 03 pylGevio) “‘
'r’[ 1 : L 1

trtbution.
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The corrections play a more important

role

in the analysis/11/ of the

“He(e,e'p)T reaction cross section recently measured at Amsterdam’12/. In fig. 2 the

nucleon momentum distribution has been extracted
Impulse Approximation (PWIA} for two different kinematics :

in the frame of the Plane Wave
the first corresponds to

a backward electron scattering angle (°e= 70.4°) and minimizes the -ontribution of
the longitudinal (Coulomb) component of the cross section, whereds the second corre-

sponds to a forward electron scattering angle (ae

“He (e, e'p) *H
07 aKin 1 B,-725°
e Kin 1. B8,=36°
2wt
|
()
x
a w0
-3
10°%
10-" 3 o '
[ 100 200 300
Pq MeVic)
Fiq. 2. The momentum distribution of the proton

an extracted in the PWIA anulysis of the dHele,
e’pl)T meaction’32 in two different kinematics.
N Oe, 92,= 36°%. If the PWIA
were valid, all the experimental points would
which i¢ the

= 78.4% ; and I ¢

<have the dashed curve,
<"He|pT> overlap integral obtained in the varia-
tional Monte-Carlo calculation reported in /13/.
The full line curves include the various inter-

action effects depicted in the ineet.

lay on

= 36%) and maximizes it. Clearly the

PKIA oOreaks down, and misses the
experiments by one order of magni-
tude at the highest momentum ; but
the microscopical calculations of
the various effects (see inset of
fig. 2) brings the theory close to
the experiment. The calculation
uses the.latest splution of the
four-body problem obtained by the
Urbana group’!3/ with the V14 po-
tential/lv/
the variational Monte-Carlo method.

in the framework of

Since the <“HelpT> overlap is
a pure S-state, it exhibits a zero
around p = 450 MeV/c : the interac-
tion effects shift this minimum
towards a lower momentum. This part
of the momentum distribution is
under study in an experiment re-
cently performed at Saclay, the
analysis of which is under way.

To summarize, the wave func-
tions of the few-body systems have
been determined by the analysis of
the (e,e'p} reaction , up to 500
MeV/c for D and 3He and 300 MeV/c
for “He. The extension of such an
analysis to higher momenta and
shorter distances, calls for elec-
tron beams of higher energies than
those of the present generation of
high intensity accelerators. More-

over, the separatfon of the transverse and longitudinal components of the cross
section is the necessary step to get rid of the exchange current contribution, to
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minimize the corrections, and to

tongitudinal cross section.

1I - THE pd CAPTURE REACTIONS

study more directly the wave functians

in the

Therefore no freedom is left to play with the high momentum components of the
three-body wave functiar. It can be used to analyse other channels as for instance,
the pd » Tx* /157 and the pd » 3Hey /}6/ reactions. Fig. 3 represents the analysis

T T T
R pd —~3He n°
] 0 = 180°
20 l
c e SATURNE
3E
8! 3
F / -l'
nJ 3
10'15-
10"5— ;
I \
1040, 1 " ! ! .
05 1 1 2
T,(Gev}
Fig. 3. The excitation funetion of the

pd + 3HnY rgaction cross section’172187 g
plotted againat the kinetic energy of the
incoming proton. The full line curve repre-
aents the result of the full caleulation,
and includes the contribution of three-body
mechanisme. They arg not tineluded in the
daghed and dot-dashed line ourves. Only the
A-formation term, in the two-body pion
abgorption amplitude, is retained in the
dot-dashed line curve.

/157 of the excitation function at
o = 180°,0f the pd » JHex® reactian
/172187, The relevant graphs are given
in fig. 4. The analysis/i6/ of the 90°
excitation function of the y3te + pd
reaction’49-25/ s shown on fig. 5.

Pi3. 4. The relevant graphs in the
pd » Tnf weaction. I : the one-nucilean
(a) and tha two-nuclaeon (b) exchange
graphe. II @ the two-body meson exchun-
ge graphe. III : the thrge-body meson
exchange graph. Graphe IIb and IIIb
come from the antisymmetrization of the

two-body meson capture amplituda.

Oue to large momentum tranmsfers,
the one-body mechanisms are strongly
suppressed. Two-body mechanisms domina-

te the cross section and lead to a fair agreement with a large bulk of experimental
data’/3*267, While the unpolarized differential cross sections and spin observables
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are well reproduced at forward angles, strong

peMev/c)
o 351 513 642 deviations appear around 9U° and larger an-
= T T
E%U‘\ gles. For instance, at o= 90° the cross sec-
- by ° £ ks + 3“ :
r \A diy.pin \\4 tion of the pd » Tn* and y3He » pd reactions
- 0.290° are respectively underestimated by one order
_ m’g P = of magnitude and more than a factor two. This
% - - discrepancy is really significant, since the
-3 3 - ry n
- i :}_;%4 7 two-body matrix elements have been calibrated
3 N \\\’:m‘ against the D{x,p)p and D(y,p}n reaction /3,
2 g 48
E - \"?:i 1 26/, and since we have seen that the three-
e '\‘"\: body wave function has been checked in the
MHety.oid "
- same range of momenta.
1 L ; L The meson double scattering mechanism,
100 200 300 430 . o P
£,Mev) depicted in fig. 4 for the pd + Hen? channel
and in fig. 6 for :he y3He -+ pd channel,
Fig. 5. The excitation functions, at  accounts for a large part of the disagreement
[e ] = 80°, of the d(y,p)n reuc- between the theory and the experiment. When

CeMMa

tign”’“/ and the He(y,p)d reastion
/Y9-23/ ape plotted againet the in-

coming photon energy. The momentum of
the outgoing deuteron is also plotted
as absctasa. The dotted-lime curve is
the contribution of the ome-body me-
chanismg alone. The dashed-line curve
includec also the two-body mecha-
nigms. The full line curve takes also
into account the meson double scat-
tering mechanisms. Its contribution

is the dash-dotted line curve.

the momentum transfer increases, its contri-
bution becomes more important than the con-
tribution of the two-body mechanisms. First,
it is more likely to be shared betweer three
rather than two nucleons. Second, one of the
exchanged pion is very close to its mass
shell (on its mass shell above the pion
threshold), and the corresponding triangular
singularity enhances this three-body ampli-
tude.

The most spectacular evidence for this
meson double-scattering mechanism is provided

by the analysis/27/ of the 180" excitation
function of the pd + ¥Hen /17/, which is depicted in fig. 7. Due to the larger momen-
tum transfer and to the smallnes of the nNN coupling constant, the one-body and two-
body mechanisms are more suppressed than in the pd » Tn* reaction. The meson double-
scattering mechanism alone is able to reproduce both the shape and the magnitude of
the cross section. The minimum near T = 1 GeY is due to a subtle interference be-
tween the contribution of the S;,(1520) and P,, resonances (P;,(1470) below the
threshold, and P, (1690)) which dominate the elementary n™p » nn reaction.

Contrary to the pd » Tn* and the pd » 3Hen reactions, the y¥He » pd reaction has
the advantages to be opened below the pion production threshold. Here both mesons are
off shell and this meson double scattering is a prototype of a three-body exchange
current, which is related via gauge invariance to the corresponding part of the three
nucleon force. The amplitude has the same expression as above threshold, where only
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an shell elementary amplitudes enter the calcu-
Therefore the excitation function,
shown in Fig. 5, offers us the opportunity te
start from a kinematical domain where the cal-
culation is founded on solid ground, and to
extrapolate below the pion threshold where the
usual probiems, due to the virtual nature of
the exchanged mesons (form factors, heavy me-
sons), come into the game.

It should also be noted that, due to
strong suppression of pion absorption by T =1
nucleon pairs, only pion absorption by T = 0
pairs has to be considered. Since the total
isospin of the pd channel is 1/2, the formation
of the A is forbidden at the first pion scatte-
On thz one hand,

lation.

ring or production vertex.
this double scattering mechanism provides us
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currents in the Y3He + prd reaction.
I; The meson double scattering me-
chaniam ig decomposed into ite two
dominant parts. II: The two rmelcvant
graphe which Jdo not reduce to « ee-

quential meeon scattering.

Pig. 7 The ezcitation function’/17/
of the pd + 3%en reaction at 0=
180° is plotted against the proton
kinetiz enerjy in the top pirt of
The full
takes into riccount both the & and d

the figure. line curve
part of the wave function of the
nucleon which interacts with the m.
The dashed line curve includes omly
the The arrows indicate the

the

8=iave.

Location of regonance which

dominites the elementary n°p + nn
resction, the total crose-section of
which is plotted in the bottom part
of the figure iguinst the incoming
proton momentum. The sccie ig chosen
in such 1 way that the on invariant
mes ig the same as ite mean value
in YMe. The contribution of the Sy,
and P, waves are also plotted sepa-
parately.



with a powerful filter to create and to study the behaviour of other resonances than
the A in nuclei. On the other hand, only the Born terms are relevant at low energy in
the pd + 3Hey reaction, and the dominant graphs are the pion photoelectric and con-
tact terms shown in fig. 6. They are really three-nucleon exchange currents which are
linked to a given part of the three-body forces.

The agreement with the pd radiative capture data is not as good as in the analy-
«1s of the pd + Tx* reaction. Presumably this is a hint that other mechanisms, wiich
do not occur in meson induced reactions, must be considered in photon induced revac-
tions. Two examples are depicted in fig. 6 {diagram II). 1t is well known that p
exchange contributes tignificantly to the aN S-wave scattering amplitudes. While the
coupling of the photon to the pion is accounted for by diagram Ib, the direct cou-
pling to the exchanged p, diagram IIb, must also be considered, especially near the
pion threshold and below. It is also well known/28/ that two-pion photoproduction
proceeds primarily through the emission of a =xA system in a relative S-wave. When
these two pfons are virtual (diagram 1la) the amplitude extrapolates smootihly below
the =xa threshold, and the corresponding three-body exchange current might interfer
with the meson double scattering amplitude.

To summarize, meson double scattering appears to be a capital ingredient of the
cross section of the 3He{y,pl}d reaction at high momentum transfer. However, it cannot
alone reproduce atl the data, and other three-body exchange currents must be consi-
dered before any definite conclusion can be reached. A1l these different mechanisms
must be singled out and extensively studied. The flexibility of the three-body kine-
matics of the JHe(y,2p)n or the 3He(e,e'Zp)n reactions will provide us with the way
to achieve this goal and to avoid the calculation of a nine fold integral.

IIT - THE THREE-BODY FORCES

The spectrum of the protons emitted at a given angle in the semi-exclusive 3He
{v,p)lnp reaction exhibits two peaks (fig. 8). The first is located in the high momen-
tum part. Its top corresponds to the disintegration of a pn pair at rest in Me, and
{ts width 1s due to the Fermi motion of this pair : the corresponding model/2%/ leads
to a fair agreement with the Saclay experiment/3%/. The second is located at lower
proton momentum and {s dominated by the three-body mechanism (fig. 9). The Final
State Interaction (FSI) effects are also taken into account, but do not affect signi-
ficantly thfs picture. Such a spectrum allows to disentangle the two- and the three-
body mechanisms. However the three-nucleon mechanism {s domfnant above the pion pro-
duction threshold, and its contribution is overwhelmed by the contribution of the
JHe(y,p )nNN reaction. Therefore a second nucleon sust be detected in coincidence,
and the 3He(y,pp) reaction presents several advantages over the 3He{y,pn) reaction.

Contrary to the ?He{y,pn) reaction, two-body mechanisms are strongly suppressed
in the 3He(y,2p) reaction, or the transverse part of the 3He(e, e'2p) reaction, be-
cause {i) a pp pair has no dipole moments to couple with, (1i) the charged exchange
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Pig. 8. The spectrum of the proton emitted at 8, = 23* in the meaction YHe(y,p)pn

when the energy of the incoming photon ie Ev = 280 MeV, is plotted against its mo-

mentum, The peak located at high momentum corresponds to the digintegration of a pnr

pair almost at rest in3He (dashed lime curve), and is well detzmmined by the expemi~

ment/3%/, The peak at lower momentum io due to the three-body mechaniems (full line
curve). The arrow indicatee the pion production threshold.

currents are vanishing, and (ii1) the
formation of the A as an intermediate
state is forbidden (since the J®=1* pat
S-wave cannot decay in the pp channel).
When the spectator neutron is at rest,
the cross section of the 3IHe(y,2p)n
Pig. 9. The mwson double scattering graph  reaction does not exceed 1 % of the
in the 1de(y, 2p)n reaction is ezprecsed in  cross section of the 3He(y, pnlp reac-
terms of the two most important parte : the tion (fig. 10). The calculation is
abeorption of a positive (a) or a meutral  fully described in /3°29/, and beauti-
(b) pion by a T = 0 neutron proton pair. fully checked by the recent Saclay
experiment/31/. One of the detected
protons s assumed to be emitted at &p = 90°, with respect to the incoming photon, in
the center of mass frame of the active pair. In the pp channel, the background is due
to all the graphs due to final state interactions or corresponding to pion reabsorp-
tion is a pn active pair. It does not include the pion reabsorption graph in a pp
pair, which dominates the (y, pp) cross section.
Fi1g. il shows the ivlative importance of the two~ and three-body mechanisms
(fig. 9) in the 3He(y,pn) and 3He(y,pp) reactions. The reduced cross section da/de dn
is directly related to the measured cross section {being J the Jacobian) :
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Pig. 10. The photodieintegration crose eeo-

tion of the pn pair (uppér part), and the pp

pair (lover part) at rest in He. The full

line curvea include three-body mechaniems,

which are not ineluded in the dashed line
curves (8ee¢ text).
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If the neutron is assumed to be a spectator,
and if it moves in a relative S-state with
respect to the active proton pair, this redu-
ced cross section is basically the product of
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its momentum distribution and the cross section of the disintegration of a pp pair
{see /28/ for instance). The mass of the detected nucleon pair and the angle of the
proton, measured in the c.m. frame of this pair with respect to the direction of the
incoming photon in the Lab system, are kept constant respectively at the values W =
2160 Me¥ and [Bl]c.m.= 90°. The reduced cross section is plotted against the womentum
of the undetected nucleon which is emitted at @ = 45° in the Lab frame. The plane
wave cross section exhibits the variation of its momentum distribution, and the rise
around 500 MeV/c comes from the antisymmetry of the outgofng three nucleons. At high
momentum transfer, final state interactions become important, but the cross section
is dominated by the three-body mechanisms. In the 3He{y,pn} channel, the flattening
of the cross section above 200 MeV/c, at the level of 1 % of the peak corresponding
to the disintegration of a pn pair at rest, is consistent with a recent study’32/ of
pion capture by 3He. In the 3He(y, 2p) channel, two-body mechanisms are suppressed by
two orders of magnitude and the cross section is entirely driven by the three-body
mechanfsms. As expected n* capture followed by the emission of two protons dominates
the {y,2p) channel, whereas ° capture leading to the emission of a pn pafr dominates
the (y,pn) channel.

This kinematics has been deliberately chosen in such a way to maximize the kine-
matical domain where the first pion propagates on shell and to enhance the effect of
the triangular singularity. Indeed, the three-body mechanism dominates the cross sec
tion in a small part of the phase space. It is maximized when the neutron is emitted
at 45° with a2 momentum around 300 MeV/c. This corresponds to the most likely kinema-
tics of the recoil nucleon in pion photoproduction on a nucleon at rest. This charac-
teristic behaviour of the cross section should be used to sirgle out and study the
three-body mechanisms, in a domain where the calculation is basically free of param-
eters. Since it depends only on the low momentum part of the three-body wave function
and on shell elementary amplitudes which are calibrated independently. Such a measu-
rement has been performed at Saclay, and its analysis is almost Finished.

The next step consists of going far from the singularity in such a way that both
mesons travel off shell. This graph can still be viewed as a virtual meson rescatter-
ing, but also as a genuine three-body meson eachange current, which in turn s linked
to the corresponding three-body forces. An example is given in 7?3/ : here the three-
body effects are sizeable when the available energy is roughly shared by the three-
nucl. 5. Now, the calculation heavily depends on the way the elementary amplitudes
are extrapolated off-shell. While pion baryon form factor must be considered in the
pion photoproduction and scattering amplitudes, the size of the corresponding cut-off
mass is still an open problem in three-body forces’/2/. while the descriptfon of S-
wave pion nucleon scattering in terms of experimental phase shifts, or scattering
lengths, is excellent on shell, it might not be accurate enough to extrapolate below
threshold, and a more microscopic treatment, based on a low energy theorems, should
be used instead. Finally, pion absorption on T = 1 pairs, as well as other three-body
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mechanisms (fig. 6) which do not reduce to a meson sequential scattering, should also
be considered.

A1l those problems are open, and the extension to the 3He(e,e'2p)n reaction is
expected to provide us with a way to disentangie all these mechanisms. Besides the
flexibi11ty of the three-body kinematics, this channel offers us the possibility of
measuring transition form factors and to take advantage of a new degree of freedom :
the variation of the four momenta of the virtual photon. It addition, the longitudi-
nal cross section is directly linked to the short range nucleon correlations, and 1is
the best place to study them.

IV - THE TWO NUCLEON CORRELATIONS

The transverse cross section of the JHe(e,e'2p) reaction s strongly suppressed
for the same reason as the cross section of the 3He{y, 2p) reaction. Charged meson
exchange currents and aA-formation mechanisms do not contribute at all to the longitu-
dinal cross section. This is the best place to study in detail the two-body corre-
lations provided that final state interactions are carefully taken into account/3%/,

As an example fig. 12 represents the varfation of the cross section, in a copla-
nar kinematics, against the four momenta of the virtual photon, just at the pion
production thrashold. The meson exchange effects are negligible, except near the
photon point (g2 = 0) where the longitudinal cross section vanishes. Clearly 4 Gey is
needed to measure this transition form factor up to 192 = 1 (Ge¥/c)? and to start
studying the short range behaviour of the correlation between two nucleons.

[ refer the reader to /3%/ for a more detailed discussion of this topic.
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Pig. 13. .The total reduced oross section of the 3Re(e,e’'3p) reaction i{s plotted

againet the four momenta of the virtual photom. The energy of the insowing electwon

{e also given on absciosa. The solid line enrve inoludes the meson exchange ourrent
oontribution. The dashed line ourve does not.
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V - CONCLUSION

To summarize, we have reached a good understanding of interwediate energy reac-
tions fnduced in the few-body systems, In terms of complex combinations of elementary
processe. which can be independently singled out and checked by a suitable choice of
the kinematics and the probe.

There is no need to fntroduce explicitly the quark degrees of freedom. The most
economical, and consistent, picture relies on the description of each baryon as a
small core, of radius 0.5 fm, surrounded by a meson cloud, which is polarized by the
vicinity of other baryons.

In that framework, few body Systems provide us with a powerfull laboratory to
study the long and intermediate range part of the nucieon dynamics :

- The wave functions of the few-body systems have been determined up to 500 MeV/c, in
the analysis of the {(e,e'p) reactions. They agree with the latest solutions of the
three- and four-body problems, when realistic potentials, as the Paris or the Vi
ones, are used.

- Two-body meson exchange mechanisms dominate the low and intermediate momentum
transfer part of the cross sections, and are reasonably well under controil.

- Three body mechanisms domipate the high momentum transfer part of the pd capture
reaction cross sections. They allow the momentum transfer to be shared betweun all
the nucleors, and they provide us with a powerful filter to create and to st-dy the
propagation of resonances with higher masses than the 4 one.

What should we do now?

Obviously, we must get rid of the meson cloud, and single out those mechanisms
which directly reveal the quark substructure of the baryon core.

In my opinion, three ways are open :

- The study of the {e,e'Zp) reaction appears to be the most direct way to disentangle
the short range two-body correlations (in the Coulomo part of the cross section)
which strongly depend on the quark structure of the core and three-body mechanisms
{in the transverse part) which are closely linked, via gauge {nvariance, t¢ three
body forces in the nuclear wave function.

- The systematic determination and the study of spin observables, in hadron induced
reactions, allow us to perform a complete partial wave analysis and to pin down small
amplitudes or interferences between quark and meson degrees of freedom.

- The study of the behaviour of strange baryor in a nucleus provides us with a useful
tag to fdentify the mechanisms which drive the short range interaction between two
baryons.
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DEHOMAHOJIOMMUZCHI AHAJI3 NPOABNEHUMA MESOHHHX OBMEMHHX
TOKOB B JME(TPOPACUREIUIEHIN JEATPOHA ¥ TIOPOPA

A.B. AfaracseB, M.ll. Pexaxo
XapEKROBCKUE YUBNKO-TOXHAYOCKHE MHCTHTYT AH YCCP

1. [loporoBoe axexTpOpaCmeIUIeRWe AG/TDOHA, 8 +4 >0~ +71 + P
00A8[A6T PANOM BAXHHX OCOOSHHOCTER, KOTOPHe NEJADT BTOT NMpOLECC
NCTOUHMROM MHT@pecHO! MHODMAUMW o NMpHpose SUEKTDORJEPHHX B3aMMO-
AeiicTBUA npw GombmMx SHAUGHHAX KBApaTa | B%| mepeasnnorc agposaM
4-EMnyXLCR, YNpOMAad ORHOBPEMOHHO TEOPETHUECKYD WHTODMpPEeTALMD Opo-
necca o +d -> 8 +ntp, lOPEUHCINM HEKOTODHS M3 DYMX OCOGEHHOCYORS

a. OrHoCHTeaAbHAd TIPOCTOTA CIMHOBOR CTDYKTYDH BMIXMTYZH Npo-
uscca §*d»n+p / §* - pupryaxeuuh goron/.

6. Hpazpar nepepaunoro 4-munyxnca ONHO3IHAYNO CRAJEH C &p-
T'YMSHTOM NOATDOHHOA BOIHOBOR HyHKIM (J.IB&) /» mmyabeHOM NMpspcraB-
xenmm/ .

e, InibepenumancHoe ceueHse mpouecca féﬁ.ﬁ')ﬂp ¥y nopora me-
NOCPEACTBOHHO CBJ3aHO NMPH HAXAOM SHAUGHWH ¢ JiB¥, Toraa max mme
nopora mepdepeHipeAsHO8 Ceuerue nponecca d (e,0")np ompepexseTes
yXe HOROTODHM MHTErDARAOM OT EBAKDARTHUHHX KoMCHMALMA S-uD -Rom-
noxenr JBD,

r. doporopke aMnNuTymH K’io(a/up 38BHCAT TOALEO OT OgHOR Me-~
peMeHHOf X°, TOrZA RAX BNe MOpora aMmmumTysu mpouscea Xidwnip sa-
BNCAT YX8 OT TPOX NeSAaBNCHMLX MNDADNRHTHLX NODOMOMHAX.

. Bolee mpocras mumsusNas — NOCTANOBEA omuva B d(e,e%) .
y mopora croxb xe NHPODMATNEHA, EAX N MOCDABRNGHNO (oxee CROANAS
aRCHANINBNAA focTaKoBEA onwra B d(e,e”np.

o. CBA3L NpaBmx OTGOpA MO MIOTONNUOCKOMY CINHY CO CIMMOBOR
CTPYRTYPOR NOPOTOBOR AMILANTYIM.

X, BOaMOXHOCTH NCMOAB3CBATH fpomnece o +d » 8 +nip y nopora
AR MPOBOPXX CEGACTD CHMMOTDNN SAGKTDOMAIHMTRONO BjamMomeRcress
anpoHOB: Peub MAeT noexne Bcero o nposepxe P~ n T-HBapmanTWOCTN
) I-2] , a raxme coxpaHeMMX SAOETDOMAIHNTHOTC TOKS AIDOHOB.

HoMepeHHHe 3HAUSHMA IwPepemmARLHOrc CedeMus npouecca
al(e.c')np ¥ 7mopora npM paccesHNN 3XeXTPOHOB HA CoXbSme YIuM 13,
4 ] ofuHO pACCMATDNBADT XA NOKA3ATOALCTEC BAXHOCYN BRAAJIA KO3ON~
mix obwenrux Toxop /OT/ [5] . HamGoxee pacmpocTpamemmue npomeRy—
pi yiera MNOT spaswrcn MepexaTRBNCTCENMN. MOXZY TeM y nopora pe-
axpn o + ol » "+ +p Bxaan MOT MOXMO OLGHNTH, He ANORANDYR K ROH-
KpeTHOA Mx Mopean, Momwo BOCAOXL30BATBCA TOALKO N3OTONNYSCKEMN
oroRcrsamu rex MOT, xoTopie NMPEMATO CUNTATy PAABGEMMN B NPOINCCS
o +d+6+rtp, M YCTAHOENTH WX CINHOBY® CYDYETyPy. llocae sroro, ma-
pawerpuays RExan MOT xaone auG0 "ecTocTBOHHIM" n npas-
ROTIONOCHEM CIOCOUOM, MONNO NAlTR T6 BeANWNMM, XOTODHS ONpeNSAADT

{emcmeroxorWuscEyr Monexnr MOT,



MH BHACHMM 37eCh CIMHOBYD CTPYKTYDY NOPOTOBOA AMILIMTYNH LPOUSC—
ca §%dsnip B TepMuHax omexTpOMATHNTMEX fopsmfakxropoB. Bce Boswox-
HHO TOAApPM3aiMOHHEe 3(jexTH P NOPOrOBOM SAeKTpOpACHERNCHHN MOryT
OHTH BHUNCAOHN B TepumHax 9Twx (opspaxropos. Ha arom myTx He Boa-
HAHKaeT MpolXeMi COXpANEHMH 3NEKTPOMATHNTHOrO TOKA 4]pPONOB B 6 + d»

e +n+p, TAX EAK 6r0 NADAMOTDMSAINA ¢ NOMOMbLD fODMPAKTODOB YUNTHBA®T
COXpaHeHH® TOKR TAR Xe,KAK M JAA BNeKTPOMATHHTHOTO TOKA HYXEOHA W
BO3GyXAeHNA HYRNOHHHX pe3osaHcoB., JopufarxTops nmoporosoro amexrpopac—
menXeHMA JeATPOHA, BLUACTGHHHS B PAMKAX DERATHBHCTCKOTO HMITyAbCHOI'O
npuGauxerus /PA/ 6] , moryr Gurp yHutapeaobamH, wToOH yuecth sipex-
TH n p-BoauMoggiicTeNa. Jina yuera sxxana MOT B gopupaxTope mnoporosoro
nepexona MI-> SI BXEDHSHA (EHOMOHONOIWUSCEAA NOGABKA, NApaMeTDH EO-
TOpOR HaftfeHH HAa OCHOBE SECIIOPMMSHTAXLMHX fNaHHHX 0 muddepeHumaxbHOM
ceueHMM mpouecea d(s, e’)np y mopora npy paccesHMy 3AKTPOHOB Ha G0Nb-
mMe yrim.

2. AMIumfTyna npouecca ¥ +JM¢p BOXN3M nopora MoxeT CHTb 3amMCAHA
P caegyomoM oSmem Buge {71 /B c.u.w. mpouscca/:

m=e LP;F’Gz (?;,

‘DJ:’I" - = Vi /I/
L= ‘j.tc UKE+°9,_653 U+g56«eu-lc+
A "\~
+ 9 e " q20'é‘+‘?5é'z J

3necy @,/ €, / - meyxzoumomewmmik cmmrop pin/, &/ / © /- 3-pexrep
NOASPNIALNA NeATDOHA /BNPTYSAMHOTO 6” s £ -oporoust pexrop
Bgoxb 3-mumyabea J* « Popmfaxropu 9 3 XAPARTOPNSYDT NONONONNG
3* -xBanrop onpenexouuoﬁ uy.lsmonnocn a NMOHRO, xbopldnnop c?-t
orseuast nepexony MI- So, g,_ 5 -MIL» Sl' T2t9s -u2+3
3”35,& 3217 SI x \79 -KOL» SI' roe L orpeuast npogoxbHoRt nou;:

Pncqe-r dopwparropos  9: ( nz) » pauzax FMIl He npencramxser TpyA-
nocrel,
YroOu yuecrs sidexrti np-BaameomeficTBES, neodxomo ofecneunts Bu~-

HONNOHN® YCNOBNA YHNTapHooty nan fopusfaxtopos ; .E;n XHHO~
22 o Vo

THYOCKAA 2MEDIME OTHOCNTOABMO .usmmnp-clc!en A=
pe3oBannoro” fopasparropa 3‘( ) MOENO NANNCATS:
j.: (Kz,EuP)=§15(rf En’:) CKP“'SS)/"OS ‘5‘.{, 12/

Y AT '@°Mﬂﬂ3’ mepexoga MI-»1 o A PHl, J_; -fagsa cmrzerHOTO
np-paccamuma, O =

Jpyroft cnocoS 3AGXTPOMATHNTHOrO (opssfaxropa og, ocHo-
BAH MA [NCNOPCHOHHMX COOTHOMONMNAX [8] :
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| 2 -KiraB?

Puc.1./a/ ¥o-aaemcumocts dopsbaxrope lg;(xa)l 3 xpuBas 1 orBevasr FHII,
KpuBag 2 ~ PUWLHMOT. Braag romexo j"é’r’laodpaux Apaprmc-
Tofl Xunueft ¢ NEOfHHM mrTpexoM,

/6/ ¥*-3asmomeocs dopmpaxropa / Jal xz)l BAf DASRHX ORDaMOTPE-
aaumi } mop ¥ PasHHX yHETADNSMIMA: TOUENHO~NYHETHHAH,
WTPUX-HYHRTHDHAA M_CORORHAN KpWBHe OTBAUMDT, COOTBOTCTBOHHO
Gusd Wi 2/, (23 w12/, 8 rexxe (35w /3],

J10= Gun - exp J Pl +< Ssx)3
erp IO a2k TTTE , 511 2o T3] T

- 2 =
rge x =p°= yz\f ~m? E"P:W'?“") f;csrz di(a)= ‘QLS +x ?é?’/
W - mHBapmanTHaZ uACCa np-cHCTeM,
Jus dopepaxropor 072- 5 MOENO RANCATE:
Fo-s (x) = Go-satx)expfidix)]
Tne J'i (X)~fu3a TPNIIEATHOrO -7,~PACCOSMRA ,



d6/dE ‘dQ2e ,mx&-cpiMaB™

10°}- |:;'
h
. &
;
i0°F 4 \
i 'n{
= i :I
|0'" | :I 2 1 a 1 1 i N
0 i 2 k3raB® | 2
a o)

Puc.2./a/ Ko-sasucumocts ceuemys d°G/dE d 2e mpr &, =I55°, Tapa
xpusx I omicHBast ceuexwe pas I, napa KpuBuX 2 onMCHB&-
oT cevenme nxg PHIHMOT, np# sTOM BTDHXOBHe XMHEM B nlﬂl

pe N30CPAXADT BKEAL B CeueHMo Toabko fopwbaxropa 2.(x°).
/6/:2-a|pcmcrb censtma A26/AE'dSle  pua paswux Bapman-
T0B g yop M PASHEX yEurapusaumi, 0003HAueHMR KDWEHX TO
%8, UTO M Ha pmc,.I6.

3, HaopexrorsmR xapaxwep J%'7 - u 7w -psawmogefCTENR mpu~
BOZNT E TOMY, §T0 oTPevuApmMe ¥u MOT y mopora peammpm, 6™+ d »>e +up
AOKENH XADARTS[N3OBATHCA CINHOBoR crpyxTypodt & Uxg , Ilosromy man

J: UomHO mammcah:

Je& = Faa t Fmor, 4/
a4 pad HOHOMGHOXOTNUSCKOA noSaBKM g. moyp* MPNOBANHOR ONMNCATH BRAAL
MOT, mcnmoxpsyem CXOQyDEME B8 "@CTOCTESHHHS" NADAMETDWIALMN:

7 2 )
war = a/(41- ﬁ%)s ; _M';T'= a. exp (£%/m3). /5/
llaTan creneHs yOHBaMMR B j,,;",’ ONKTYSTCA MDABNIOM KEAPEOBOI'O CUSTA.
Napamerps A x Wi, OuEn wafinend ¥ “-mozgrowxoRl Hamest Mozexm
¢ yaorou samemu /4/ K 22 sxcropsmemrenbuuu rouxay ws [3,4] . Hamayu-
BAS NOZTONKA MOXYYASTCA IAS 09,,2‘:.’ u yurapuzaimeRt /2/ ¢ O =664I W
i, =(0,53540,003) I'eB. lipm srox ¥ “-noprohs {wEoNpobaZs Ne TOXL-
2O 8GCONDTNYD BOZWIMLY -, ) WO ¥ 66 3HAK /OTROCNTONLHO SMILINTYAN
Jie ,mmcanenoft p PHI/, :
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Ha pme.I BumHo, wTO GOGAERA Mop CYRSCTBOHHO MOHSOT
$opsparTopa 09_,{ 52) npu -x% 52 Tal®, 9TOM Ij,(lz)l cneu-
raeTCA B CTODOHY GONMNHX 3HausHMA /-K<=0,9-1,0 I'sB°/ no cpamsemo c
npeacrasanned PUIl, B mfdepeHLMANEHOM COUSHMM MTPOLOCCR d(o,o') np
3TOT MWHUMYM 38II0IHAGTCA BRASHOM ,qpygux MyIbTHTIONBHHX AMIIATYR - X
npexfe BCero amrmuTyfH mepoxoma MI- °Sy (92-Ss) /puc.2/. lipm
cranpapTHoM pacuere MOT maoBeETopHOR NPHPONH MGUUAMYM | j_;( J{ oro-
IBMraeTCR B 0GNacTb ropasno Somsumx 3mademuit (-x°) .

JixreparTypa

I. Pexamo M.II. YO, 3I, 491/1986/

2. Perazo M.[l. YOE, 31, 805/1966/

3« Bornhein M., Jsns E., Mougeu J. ot al. Phys.Rev.lett.,u6,402(1981)

4. Auffret B., Cavedon J,M., Clemens J.C, et al. ibid., 55,1362(1985)

5. Bommer B, Nucl.Phys., 2308, 263(1978); Mathiot J,P. ibid., 201
(1984); Buchmenn A., Leidemann W., irenhovel H. ibid.,p843, 726
(1985).

6. Pexano M.0., Tax I'.i., Perano A.Il. ¥@u, 30, IIR5 (I98S).

7. Perano M.0. A9, 42, 393 (I985).

8. Le Bellac M., Renard F.M,, Tran Thanh Van J. NKuovo Cim., 34,
450(1964)
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OUEKTPOPACUEIUTEUE BEKTOPHO-TIOHFMB0BAHEHX
2
nEtrPoHoB, H (e ,e/) 72 ¥l IMEAFHOHHHE PHSOHAHCH

M.M,Pekano, IM.Tax, A.ll.Pekaio

XapexoBCEu# fuanKo-TexHudeckult uHcrnryr AH YCCP

llonck nucapuoHHHX pesoHaHcoB {JIP) /1,2/ B Nipoileccax e‘;‘/—pac-
wenreHnAC + e+ /(- IP ), 8%~ e tnvp, @ % A e rd+ N,
e~ Hrerdr4 e+ 073, T U T.d.,iMeeT paj 0Co-
¢ HHOCTEM:

1. CpaBHUTeJbHAd NPOCTOTA MHKJIO3MBHOM NOCTAHOBKM ONHTa me'ﬁzﬂ-»

e +&/™, KoTza He KOHKpeTHaMpyeTcs Molla pacnana IIP & %

2. CymecTBOBaHME LEJOTD PANA NOJAPHIAUMOHHHX X&pAKTEPUCTHK AJIL
npoueccos #(e,eple wit//e, e ), uyscrBuTentHuX K Biiagy LP.

3. 3ameTHag MHTepYepeHUMA DEIOHAHCHWX M HEPE3OHAHCHHX BKJANOB B
Da3/MYHHX NOJADH3AUAOHHHX XApaKTepnCTHKAX LpOLIECCOB "H(e,e’)ﬂ/o
w4 /e, e/’ojfz , UTO CyWNECTBEHHO iJA BHABJEHUA JIP.

4. BO3MOXRHOCTD H3y49UTH k? —zasucumocts GopMPRKTODOB 3JIEKTPOBO3—
Cyxnenus [P,

5. Brcokoe sHepreTmverxOe paspelleHNe 3JEeKTDOHHHX 3KCIepHMEHTOB
DEJAET BX OCOOGEHHO NPUTONHHMY LJIA noucka yskux IP .

My paccmoTpuM npossiesns IP B npouecce *47 (& ,80)7z , Bos-
HHKaKmMe NP 3TOM ACHMMETDUN MOTYT OKE3aTHCA MyBCTBHTEAbHEMA K J(P,
TOCKOJIEKY B paMKaX MMIYJBLCHOT'O NpUCIMMEHMA IR /5‘//*4-,70 ( e *
BUpTYaJbHER (POTOH) C BEWECTBEHHNMM AMILEATYRSMH NOAOCHHE 3CHMMETDIR
o0paanTcad B HyJ b. [Ipn paccMorpemus npogsieHult IP B % (e ep
OTDAHMYMMCH AN IPOCTOTH TPEMA Ip: 72 = 0%, I =1,M= 2100 MeB,

/o = 195 MoB; T¥ = 1", T=0, M= 2200 MaB, /7 = 100 MaB uT<=2%,
Z=1, M = 2150 MeB, /£ = 106 MeB , rae J , .~ , 7,#/u /7 - coun,
9E€THOCTH, W30CNUH, Macca M uupnHa JP,

Binany P B aMIUIMTYLYy /4 COOTBETCTBYMUETO MATDUUHOTO 2JEMEH—
Ta Nepexofa Jt"é{;ﬂf{’ B c.u.zu_; peasumn % Y= 7vp O

= = * - *
uMenT gxymﬁ;ﬁmn;%’ £ g O L) FLET)

';/(!) e
ot 2D Lo
~(o7 Wi, 20
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- I;&Z)//o//of) TPV S e —- A A -
FlL) =R L (6 T 5 BT 5
7 WZ—/‘//Z-u'/‘/;/?/ (ETF-ERRTS )

2 ~—_, A (2)
*+ A é"i'a-kl/?j

+ IVF//(,:)/%J/.L)‘ T e S Ny e
FKZ = AIEEE T - ek U
) WE M lz "/ rer ),

roe ¥ (¥, ) -~ cnnropu nporosa (Hefirpona) B c.u_..n..*é' (v -
BEKTOPH nojapuaauun (BoaHOBHe fyHiame) 4 *(H) K (fapl) - 3=
HMIY JTBC f( HPOTOHA) B C.U.M. /2P —cucrems, s ( ) ~ sHavenue
pMyasca mpotou npn W o= Ay (W= A, ), W ~ nuBapuaHTHas macca
#0 ~CHCTeMH, CBA3EHHAA C SHepTWell OTHOCKTEJNLHOTO NBUXEHUS HYKJIO-
HOB £, 77 COOTHOWENHEM W = £ 207, /72 ~ MaCCR HYKAOHR. MuomHATE-
wm(p/p) n (p/A ) B (2) oGecnewBawT NOPOTOROE MOBENE-
HRE DE3OHAHCHHX BKJLaNnoB. BcuuIMHA £ XapaKTepuayeT HorTvowenae ML
4" - KpanTa ¢ Boscyxnennen P o, £ (#°) - norvouenue nonepey-
HoTo (nponomeHoTo) EI j’ —~KBanTa ¢ Bo3dyxnennem JIP I u , HaKoReu,
# - morsowerue MI 4= KBauta ¢ BosCymuenuem ZP 2*. Ilapamerpusa-
we (2) yuuTHBAET TOMBKO OCPA3OBAHNE /20~ CUCTEMH B CHHTJETHOM
cocTOAHMY, My Takke npenoJaraem yHrBepcasisuyn k2 -zaBucumocts
BCeX QopMiaxropos nepexofid IP-Hwft A (kY =(1- ko3 )%
(#7725 =1 I2B ) coIviacHO KBApKOBOMY CYETy .

QOHOBAA YACTh BMIUATYIH A~ &7 _ BNUHCIAETCA B pAMKAX pe~
JATUBHCTCKOTO HMIYJBCHOI'O NPACIMKEHNA /5/ « CTpykrypa neftpoHa B

DeJIATUBNCTCKOM (OpMAJI3ME /3/ ONMCHBAETCA B TEPMUHAX UETHDPEX UH—
BApMaHTHHX dyuxmwit ~ , &, A n 7 mr.a“'/'%z/o -BEpUMHH C OZHAM
BUPTYAJIEHHM HYKJIOHOM. Mu MCNOMB3YEM B pacyeTax Napame TPH3alLyD /6/
a™ux QyHKurik uepes (pesATMBUCICKME) BOJNHOBHE HEHTDOHHHE GYHKIMH,
YTO {03BOJAET WClLOABIOBATL TAKXE BOJHOBHE 7epemmmacmxue dyHK~
UMM LA peamMcTHdecKnx AN —no’remmaJmB/ 7, .

BeJWMMHE KOHCTAHT b, 7 1 # Owm waltnens o nowomsp X —
NOATOHKM 2MEKTPOHHHX cne%yoa B (e, e’ )72 B o6nacTH muKa
KBASUYIPyTOIO DACCEAHMST , TIE C ONHOZ CTOPOHH HAMCOJIEE BHCOKA
TOYHOCTS A3MEPEHUd cevenns, C ApyToff — MPHUMAJLHA NOTPEWLHOCTE
TEOPETHYECKUX DACYeTOB. ANaJM3Npyd CIEKTD H3 ‘npu £ =654 MsB
# yTne paccesHMA SJAEKTPOHOB & = 127° ( 9 Touek B oGmECTR mMKa
KBA3UYDRPYIOTO DACCEAHAA) M CHUATAH, WTO TOJMBKO ONHA KOHCTAHTA 7+
OTJIIYHA OT HYJA, NOAYyYMM CUeAYyHUME OUEHKM (B CKOOKAX NPRBELEHO
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CcyNMMApHOE NO BeeM Toukam sHauenue X 2): 4 = 10520 (I0,8), £ =

= 150+ 3T (II,2), A°=1,2+ 0,4 (I8,6),%= I34#5I (I1,3).(3a-

METHM, UTO 7' UMEDT PA3MEPHOCTS Ma7c7,u NX 3HAYEHMA OPABENEHH B

TI'oB). AHa/m3 OCTANBHHX CIEKTPOR B 8 IaET OUEHKX KOHCTEHT 7,

OIM3KHE K NPHBENEHEHM BHUE. B WMCJIEHHHX DAcueTax MH MCHOAB3YEM

crelynmme sHauenms KOHCTEHT A= % = £4 <I00m 4A°=1,
Indipeperumancioe cegenue npouecca 4 (€ ,e/’o } 22 mmeeT BUR

S A
T Red R, SE T2ed N Aty Ay e Az

(3)

2 £ P ~f  _y k.o ) 26
N=Gor =g L K-8 | &= 1-2 /A:z ’[J 7,
e £ (& ’) - BHeprAA Najammero (paccesHHOI'0) 3JEKTDOHA B J.C.,
d'.ﬂe(o’.@o) - TeNecHHlt YTOJ BHWJIETA PACCEAHHOTO BJEKTPOHA B J.Ce
(DETHCTDHPYEMOTO TIOTOHA B C.liuMa ), k 2ot E E's:n82/2), Kacr 3~
mMIyanC 4% B J.c., o it E é_/JZed_’Q/g ~ CeveHMe Npolecea,ROTHA
BCE WACTAUM HE NOZADU3OBAHH, § ~BEKTOD LOJADM3ALMN neftrpona, A~
aHAJMBYPYKIME CNOCOCHOCTH peaKuun 74 (e.e/'o )/2 Ha BeKTOpHO~
NOJIAPA3OBAHHON MAmeHN.

Iansnefunti anams yuOOHO NPOBOIMTE B CHCTEME KOOPIMHAT C
0CHD 2 , HENpaBIcHHOE BIOML NEPeIaHHOTO 3-MMIymbea K , mwioc—
ROCTH X2 KOTOpOR COBN&ZAET ¢ INOCKOCTHE DACCEAHHS BJACKTDOHOB.
BeKTOp MMIyJ6CA DETHCTDUDYEMOTO [IPOTOHA 5 B C,ll.H. /20 -CHCTEMH

XADARTEPH3YETCA NOJADHKM ¥ A3MMYTaNBHEM YTIaMA BP' % . B aToit
CUCTEME NOCHE BHIENEHHS KAHEMATUYECKNX NEPEMEHHHX £ M ¥ BeJi~
WMHE A4 MOXHO NpEICTABRTL B BUILE

Av=sin e/ A+ EX w ot treeos e Ay ¥ zcafazs«’ﬂfj
Ay=co1 [ A e £ 4, s focgree)cos v Ay ()
- é‘co_fzy,{‘fj/vt W ,f;")
Az =sir m:)ré‘w.f 50/4;/7
/%,m: . 4 @ x/’,J P L .

(-
Jiia romwnanapHoft kup=maTHRE (¥ = 0 wm IBDo) "puxuBaeT"
TOJBKO aHAJMUpyumed QyHKUMA 43« ~ CLENCTEME COXPBHEHHA YETHO—
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cri, B camy T—Heqel‘Horo XapdKTepa acummeTpuit B"/?(e e/o )V
BCE ¢yHKLMK 4 onpene:mmcs MHAMEMY YECTAME CHIMHeHKHX KOMOMHA=
UMl CKa/ADHHX awumury,u./‘} MF{T}}gouecca L/ (e,ep )z (&=
AMUATYAH MMIYJIBECHOTO 1PUCJMNEHAR ) TlusTOMy OHM JLOJEHH CHIE
‘Q’BI‘(,:)I‘BMI‘C.{’;)E:HH K BO3MOXHOMY BKAGNY [P. OrmeTmm, YTO GyHRUMH 4, R

% As’ ONpeNeNARTCA TONBKO NONEPevHHMY xomnoueﬂramu ANOPHOTO
roxa A npouecca % 4/ 22 #P 4 8 gyHKum AL 4;) " "” -
uiTeppepeHiel 1pONOAbKOH 1 NONEPEHHX KOMIOHEHI. QYHKUMM A “n
A5 comepmar Briaus npowsbeleHufl Kak nonepeuunx (IpyT Ha .u,pyra).
TaK W NPONOJABHHX (ADYyI' HE Tpyra) KOMIOHEHT,

OCHOBHBasiCh Ha MOLEJM DPEJSTABACTCKOTO MMNYJBECHOI'O MpHGIHKE—
HRA mmdr Yo s12p C yueTom Briana AP (2), My DMUMCINM BEJIAIE
@"" "//6}«.“6 B 9KCK/IOIMBHHE AcHMMETOUM € H ~ pacHemrenns
( C’§- H 64 ~ NONEPEYHOE ¥ 1PONOJBHOE COUYGHHEA qmopacmemeﬂuﬂ nen—
TpoHa). PacyeTH NpOBENEHH IVIA KBA3UYNDYI'O# KUHEMATHKY k2= MEiw?
JVIA ONpefeSeHHOCTH & =O 5 . Ha pnc.l mpeicTaBACHH BKJBJH B acuM—
METPHD Q"” ‘z’ QZ Kag QyHKpMHM yTia BHIETA npo'rona BP B
C.ll.M. Np —CMCI‘EMH IR Tpex nap 3Havesuit k =W-2m.
BunHo, 4TO acHMMETDUM CFaC00 MEHRITCH C M3MEHEHMEM )41 » B TO X€

EDEMA OHH CHJIBHO 3aBUCAT OT 9 . B nuKe xBasmynpyroro paccesHus
(6 0°n 180° ) ! acumerpum OOpamamc.q B HyJab, OTMeTHM, YTO

PasJMUHHE CTDYKTYDHHE (yHKUMY ,4 "Lo~pasHOMy UYBCTEHTEJBHH K Bia-

pam JP: nHauGoJbliell 9yBCTBATENBHOCTDY XAPAKTEPUIYITCA Gy HKIMU /4)( .
(o) '4(1) /2) /4 '{/]

o W o

(I + .
as . (==

of b

0 ® & 9 & w0 0 & @ &
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POXJEHVE AHTWIIPOTOHOB, KAOHOB K [MOHOB
TPY CTOJKHOBEHM FEIATHBUCTCION AJEP
C SHEPTYEA 3,65 T'sB/HYKIOH
A.U.BepeB, B.A.KpacHoB, A.B.KypeusH, B.C.IlaHTyeB,
M.A.[[poxsaTuaoB, A.H.Pemerad, C.H.DRXannos
HHCTETyT AnepAuX HccmenoBammd AH CCCP, MockBa

1. BBoneHERe

B nocnefiHee BpemA OOZbLOS BHEMAHEE NPMBIGKAGTCA K NCCASHOEAHAD
POXIEHHA CTDABHMX ZACTHI H 2HTMVIACTNIl NpH CTONKHOBOHNR DERATEBHCTC-
KBX ARep 1/ . X0™4 HEROTOpHe BMNOXHOHHMEe HOIABHO ONEHKA OTHOMEHAA BH-
XOIA CTPAHEHX M HECTDAHHHX HACTAL, He IANT cymecmnngro a73«9!191!!.3
arofl peuvAHK npd oCpa3cBAHAH KBAPR-IMIOOHHONA nAaSMu % , MOXHO Npen-
DGJCXATS, YTO POXIOHEE ZACTHI, C HOOCHYHHM KBADKOBHM COCTABOM NOBBOMMT
@CCAGNOBATS MOXAHASM OTOMKHOBEHHA ALSpP. LA 3TOr0 HOOUXOMEMO CpaBHA-
EATh COYEHMA DPOXEEHHA CTDAHHHX H HECTPAEHHX SACTNI, NPA CTOMKHOBOHNE
Anep ¢ ANpAME B HYKIOHOB ¢ SIDAMA MDM OIMHAKOBHX HEHOMATHYOCKEX yCZO-
BHAX. HsuepoHHe BUXOER 3aPAXOHHMX K~M6J0HOP MMEeT NDOEMyNeCTBa, T.K.
xBapropult cocraB K* B K~ - MOBOHOB CYMECTBeHHO pasammueH, K~ - Me30H
BRADYAOT TONBLKO MOPCKMO KBADKM. /MeeT CMHCI HODMEDOBATE BCe N3MOpe-
HEA HA BHXOI HOAOXMTEMBHMX H OTDHUATEJNBHHX DHOHOB, NIA KOTODHX He
OXHIAGTCH RAKAX-IHGO AHOMANBHHX SBAGHRH, R yBouM4eHNe BHXONA RIS
CTOANHOBGHHA ANED OCYCROBNSHO XBUb yBesmadYonMeM 3JPexTARHOTO IMCaa
BeaEMONeACTBYINEX HYKIOHOB.

BunonHeHHHE paHee axcnwru 00 PORNEHEN KAOHOB CTMMYARPOBAJH
DAL TEOPOTEYECKAX DACYETOB -7 , BCOOAB3YDWHX Da3fuYHNe BApNSHTH
RACKANHOR B TepuoMHAMATCKON MOZMH. OIEAKO 1M skcnepuuenty’6-10/
CWIN BENONHEHH OpH 3HOPTWAX Ko 2,1 I'sB/HyRAOH, T.e. HEEe Iopora poX-
HeEmss K~ - MG30HOB B MYRNOH-HYKNOHHHX COYLADEHHAX, paBHOro 2,5 I'sB,
T0 He NOSBOMAET HENOCPONCTPEHHO CDABHABATE BHXON K~ B K* - MeSOHOB.
HoBHe SKCUGpAMEHTANLHHO lAHHHe 5O H3MEDSHED B ONHHY yONOBRAX /nl?non
H KAROHOB HA NyYKe A4ep yriepona Dpd sHepram 3,65 a}/uynoa it
OMIN NpoAHANNSEDOBARH B DaMrRax NaproaHolt momeam 12/,

B Hacromuell padore npEBomATcA CoRee NOJHHE NAHHHE IO DORISHAD
DONOXHTONBHMX H orpumre.unﬁa}louon B KBOHOB NpH YRASaHHO® aHepram
HA HYRAOH HaJgeTADMEro AZpa « H3MepeHRS BMHONHeHW HA NyYxax ALSp
RefiTpoHOB ¥ AXeD yriepora. B xadecrhe MmmoHoRt OHXH HCNOXLSOBaHH yr-.
nepONHAS I CBUHIOBAA MEmGHN., Yroxn poxuemua 240 B aagoparopuo#t cmc-
ToMe. VMmysncy Meao0HOB B EHTepBaxe 0,5 - I,I I'aB/c.
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BnepBHe NONYYeHH HAHHHO O BHXOIS MOPOTOHOB NPR CTOIRHOBEHHM
PORATABUCTCREX AeD yTAepola B MOIH /1 . MMNyALC POXIOHHHMX aHTHNpO-
TOHOB 0,8 ['aB/C, yroa poxueHEa 24°.

I1. MeTOINKa SKCIODAMOHTA

{3MopeHBA BHIOOMHOHH HA MATHATHOM KAHAMEG YCTAHOBRE "KACTIHL"
HHCTRTYTa AnepHUX MccaenoBamii AH CCCP, pacnoaoxesHoll HA BHBEHRSHHOM
Oyuxe peRATRBACTCRRX ARep ceHXpojfesorpoEa JadopaTopme BHCOREX 3HED—
reil OWM, Jydna. Marmmreufl Kepan, codpansuil no oxeme QQDQ@D, paco-
Tanr b KAYeCTBe CHOKTPOMOTDA ME3I0OHOB A AHTANDOTOHOB, OGeclouYNBAS HM-—
nyabcHul 38XBAT ORONO +2%. HAmAYMe NpOMEXYTOYHOrO $OKyca LOSBOLANO
CHASNTE JOH M DASMECTATH OYeTIRAKR BpeMAnponeTHOE cucTeoMH. Pa3slesIeHAe
KaoHOB A aHTHOPOTOHOB OT RHTEHCHBHOTO (mapmdeckoro foHA NAOHOB NPOBO~
MRAOCS C KRCOIONBIOBAHNOM MOTOINMRH BPEMEHH Npoae?a A 46PeHKOBCREX
CYOTHYMROB, padoTANNEX B DeXEMe NOAHOTO BHYTPEHHero OTDAXGHAS CBOTA
InA CMCTpHX 4acTAN. [[pE ASMOPOHEN KAOHOB NPEMERANECEH UBE NPONOTHHE
dasd, 7 ¥ 1 I0 M, Y9TO NOSBONANO BHIGAHTH JOH KBalHcaydalHuX coBna-
neHmd, AHTHRPOTOHH, HMeDOHe CYWOCTBOHHO Goviee Ra3Kait BHXOZL IO OTHO-
WGHED K NEOHAM, YoM KAOHH, IMCKDMMEHRPOBANACH TARKS TpeMd 4 E -
CLEHTRLIATIMOREHMA CYOTIRKAMA. HHYOHCHBHOCTh NyIKa Anep Hefirepas B
YrAepolia COCTABRARA OROAC 18 Anep 38 HMOYJBC YCROPATSAA. TOMIMEH
sumenell 3 YTUOPOIA M CBAHLA OHAN 8-20 I/cM°.

KOHCTPYKIEA MArHETOONTHYOCKOH cHCTeMH NOSROMANA NPOBGCTH ONEHKY
YECcXA DIPOTOHOB, NPOXONAMEX 96pesS HACTPOOHHYD HA OTDHHATERSHYD OOAAD-
HoCTh QACTRI] CHOTOMY ES—38 MHOICKDATHOTO OTDAMEHEA 0T [OIDCOB MATHE-
ToB. [[pr Hacrpofike nepBolk wacTE cucCTeMH HA NONOXHTAJLHYD NOXADHOCTE,
a BTOpo#fl Ha OTDEIATENLHYD THCJC NPOTOHOB OOCTABIIO 1,3,10-5 NONHOT'O
W2 NPOTOHOB NP NOXONRTEXbHOE MORAPHOCTR BCETO CHeKTpoMerTpa. 00—
patHas noxdpHocTh nepeof u Bropolf uacTE cneKTPOMETPA IA6T ONEHKY
I, 3,10"’ OpOTOHOB. (TCDIA ONGHKA NpPHEMECE HPOTOHOB R AHTANDOTOHAM B
CHEKTpOMATDe He Gouee 3.10'9. q9T0 HR1d NOPANKA MEHBe H3MEPAeMOTO
afderza.

[ipa pacyere CoYeHHH DONNGHAH B3 TAHHHX SKCOODEAMEHTA yIHTHBAIMCH
nonpaBkN HE pacnall MeSOHOB, HA MHOTOKDATHOE DACCEAHE® B BO3SQYIO H
MaToplale ReTORTOPOB, NOTJONEHde NOPBETHOIO IYYKA JacTHI B MMUOHH
# IOraolieHAs DPORNEHHHX TACTEL, AHHUTHIANEA aRTMOPOTOHOB. TOUHOCTE
adcoxprHOl HOPMEDOBKN ceveoHmME oneHMBAeTCA HAa ypoBHe 20%.

. FesyasraTd MOMEpeHES coveuml

POXTIeHEs] NEOHOB E KEOHOB

JHRADIMBHNO CUOKTPH LURCOHOB M KAOHOB, OGDR30BAHHHX HPE OTOJRHO—
BOHEN ANEp yraepoia H AefiTopRA ¢ AApaMA yraepo#a R CBEHIA,IPEBOJIGHH
Ha puc.l.
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' (CnexTPH NHOHOB XOPOMO &NmPOK-
CAMEPYDTOR SKONOHOHINAABHON
3aBNCEMOCTED By O EXD EH/R0)

B 3IGBACHMOCTA OT MMIYJABCE HH~
OHOB B JadopatopHo#t crcTeme.
[lapaMeTpl HARAOHOB CHEKTPOB
OAOHOB OIMHAROBH AAA PASVEI-
HUX HaJeranuex Auep yIaepola
B nefirepmAa B Anep MRmEHW YIJe-

Ciom 1488% e

7
3 pona ¥ ceRHUR, P.g =0.200 =
§ + 0,005 TeB/c. 3ro cpoilcrBo
3 CNeKTPOB NMEOCHOB A CTONb
LY4 CHIBHO DAIMMYANIHEXCA 00 9Ly
‘i} HYRNOHOB CHCTOM OHAO OH TPyER-
HO OCBACHHTDL LpH BAMMIEA CJONB-
Py LOro WHeiAa CoymapeHmit odpaso-
BaHHHX NEOHOB ¢ HYRMOHAMH.
A [Jo-BYAMOMY,, CHJIBHO8 IOTAOMEHHE
b ee ¢ MHOHOB FADEMA  3HATETENEHO
) I~ SN YMOHBIAOT TMCAO MHOTOKDATHHX
Puc.I. 3aBACHMOCTS MHBADHGHTHOTO CTOARNOBSHA! NEOHOB 10 BiASTA
OOTOHEA DOXIGHEA T -MO30- H3 o0neMa AOpa. Ecim HeT Ka-

HOB AnpaMs erxepom [ lleﬁ!apu Ha Kofl-T0 cyqailioft Rommenceuan

ATpEX CBEHIA K yTVGDOJA OT HM-
nyXsCa MeSOHOB B aafopaTopHoll pasymuENX 3pfeRTOB, PABAHCTBO
GHCTOMe KOOpI@HAT. HBKIOHOB CUORTDOP TAKERS YHA3H-

BAET HA MAIYD pOXb Nepepaccodsmil B BsauMomedcTBHZ Bo BXOOHOM KaH&No,
T.6. BYRIOH~HYRIOHHHX peaiigfi, NpuBOZAURX K DORNGHMHDL NEoHOB. Kak Cy-
IeT NOKA3AHO NARee, XOpouiad NDHMOHHMOCTH IADYOHHOR MONGAM TAKKE CBH-
ReTeNHCTBYOT O HAIRMYMA JOKANBHOTC HAPTOH-NADTOHHOTO BaamMmoneflcreua
BO BXONHOM KaHane.

DdopMA CNeKTPOB KAOHOB, OODASCBAHHHX NDH CTONKHOBOHMAN NeHTDOHOB
C ALDaMi, OTKJIOHAOTCHA OT 3RCHOHeHIBANLHON 3ABACHMOCTH. B TO X8 Bpe-
MA HADIANTCH BKCNOHOEUHabHHO (opM cnexkTpoB K'Y B K~ - mesoHoOR
OpR COYNBPeHME Alep yIepolik C AKPAMM YIVeDols ¥ CBEHIA. TamRM of~
pasoM " MexaHEsM o0paSOBAHEA KAOHOB Ha NyYre Hefrpo-
HOB, KOTOPHO MORHO PaCCMATPMBATL KAk IBA CHACOCBASAHHMX HYRAOHA,
ORASHBAOTCA CYMOOTBOHHO PASKETHHM OT CAYYAH ANPO-ANSDHNX coynapexai.

TIapaMoTpy HarToHOB cnexTpoB KT m K™ -M930HOB ONNEAKOBM PN

CTOXKHOBORNN AM6P yIIepofia C ANpAMN yIAGDONA W OBEHNA K DABRH
Pox =0,27+ 0.0 I'sB/¢. ONEaRC R9BECTHO, 9TO K'Y - MOBOEH B NOGIOAYO-
NOM NHTODBATO HMIYAB0OB OpAKTHIOCKM He NOTVoWaNTCd B HyKUOHHOR cpele,
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B TO BPSMA KEK I/MHA HOIVIOLOHRA K - MO3OHOB INOCTAraeT 3HaveHHMH
OROJIO 8 ¥M. [[03TOMy MHOTOKDATHO® paccedH#e K~ - MoS0HOB AHANOTEYHO
NEOHAM MOXST CHTH HOUABAEHO. O Maxoll poms B3ammoZelicraEd BO BXOIHOM
KAHale OpPHAMeHHMH Te Xe coolpameHud, 4To A AAA IMOHOR.KpoMe TOTO,OmOE-
RE B0 DAPTOHHOM MONeJM NOSBONADT OULACHATL PARUMe HAKJIOHOB CHEKTDOB
NHOHOB B KAOHOB.

IY. AHaIB3 CHOKTPOB NHOHOB H KAOHOB

4 RONEYeCTBOHHOI'C aHANHSA CoYoHME DOXIOHMS NHOHOB H KAOHOB
NpeNCTABAM NAHHHO B BEIe 3aBACEMOCTR OTHOWSHAH BHBADHAHTHHX cevYeHRH
Kt/ar *, K*/qr™ B 28BRCEMOCTH 0T JA0OPATOPHOTO HMIYJBCA MOSOHOB LA
PasvMuHNX HXoMCHANaH cTanxEBammxcd Anep, CM.pAc.2.

KaKk BRIHO M3 DHCYHKA,
orHomeuEe KYATY muA umueHa B3

[
F: [ CBHHNA CYWOCTBOHHO IDEBHEAST
o o SHAIOTHYHOS OTHOMGHNE LA yr-
ot / Aen JnepomHol MBIGHB Kax LAS Halle~
L TaNmHX DeHTpOECB, TAX H LA
T HANOTANGHX ANSP YTAOPOEA. AHa-
l,l A7 JIOTEYHOS NpeBHIeHRe HAGANIAGT-
cd WA oTHoweHNS K4y~ mam ma-
V/ JeTanugEX Sfep yLAeposA. HIBec-
P THO, WT0 K - MO30HM OPAKTR-
o't 4YOCKA HO mOTJAouANTCd B CPOIp

,'/i l oof A'ﬁl" :
Li HYRAOHOB B HameM INANASOHO MM-

l/ NyALCOB. PeaxnuA Lepesapanxm

' ’/l/ He 1AeT BKAALA P IHAYGHNO Bu-

xona K* - me30HOB, IOGKOABKY
l/ A1e? B 00OEX HENPABNGHEAX

o K*N==p K°. ¢ npyrok cropomu,
- %t - MOSOHM DOTAOWMADTCA CEMB-

. HO, YTO NOANHO NPEBOINTL K
f{’ﬁﬁ'f'. _%sggﬁfmm. yBoANYSHED orRoNemas K'AT*
MG30H0D n xadopatopioR ORCTOM® XOOD- 1Iad JON6O TARSAMX ANSD MMIGHR.
O ¥ o THx xoMiNmAuaR CTAX- oapycuoors COWSHRA NOTIOWEMRA

DEOHOB OT 5HEPIAE OTNTAETOH

Beckm caadoll, K~ —~ Me30HK TaxEs NOOTATOYHO CAILHO NOIRORAKTOA HYRIO-

HeMM BONGINYBEG mponeccoB wama K™N==¥Y . Omgaxo ceveHNe HOTIOMEHNA

OYRGOCTPOHHO SABNOET OT 2HOPIMN. [[OCKOXEKY NOOGXe DOXESHEA Me30HM pac-

npocrpanawTea B HyRAoHHOR cpeme, odpasoBamHofi cocrapHoR cmoremoll

OTAXKABADRNXCA REOP, MX SHODIAD OTHOCETAAREO HYRIOHOB JAA OLGHKN Co-
QoHAA NOTAOWMGENS HANO OpaTh B CNCTEMS KOOPNNHAT NEHTPA MAGO 3TEX AUGP.
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Torza omha A Ta X BHEPrMA Me3OHA B JacdoparopHoit cHCYeMe GOOTBETCT~
BYeT MeHLueN SHeprmR B CHCTOMe LI@ETpA Macc SHep BaA cayyad yIIepoR-~
YTVIeDOIHHX CoynapeHmil, YeM IS CTOAKHOBOHEA ANSP yraepoza ¢ ARpama
CBHHUA. JUid K~ - Me30HOB 3TO DASNMYHE NPHBONMT K DA3MEIE B IZNmHe NOP-
JomeHRA 0T 8 Zo I5 &M, B K OTHOCHTAREHOMY YBeJMYOHEN BHXOZA K ~
MB30HOB L4 Ganee TAme ol MpweHE npn EKCEPOBAHHOM 3HAYCHAR AMIYALCA
K~ - me30Ra B xadopatopHolt cacreme. _

I KONAYeCTBOHHHX OLNGHOK H3MEDAOGMOS CeYoHHe DOXISHAA 4 BHpa-
x6HO 49epe3 (Bp - coYeHRe NpH OTCYTCTBHE NOTIOWSHES MS30HOR, RARRY
norioneHEs A ¥ offexTdBHHE NyTH B ARepHOM RemecTss L = 0,7x
x(Ra +Rg ), rue Ran Rg pammycH cramxapavuaxca W;.R =1,15A1/30m.
Tarce BHpaxoHEO WnA b , KAR IOKA38HO B pacoTe 15 ’, afbexTABHO yuH-
THBAET NONPABKE K HCIOAL3yeMOMy OJHOMODHOMY DaCCMOTDOHAD: :

G=Goexp (-L/3), (69
rie A = (PO ) Gk - cevemme norvouemua wezcmon HymAoHEMS,
P 0,17 M3 - ANepHaAa n.noyiocu. CevoHEA NOIIONGHAA KAOHOB Ba HYK-—
JIoOHax OwiM B3ATH M3 odaopa 16/. [IpoR3BOIWAOCE YCDOIOHOHAS N0 NpPOTO~
HaM B HeliTpoHaM B Alipe RAA peaxknui mana KN=TY |

Ana olleHKR JMHEH NOTVIONEOHHEH IHOHOB HYKJOHaMt CWIR HCHONBSOBAHH
9KCHOPHMOHTANBHHE NAHHHE O CEYOHAAX nornom;}nil; /nnoaon ANpaMA aIOMHE-
HRA, MOIE H 3OJOTA NpH SHEPTMAX I80-280 M. . OTH NaHHWe XOpomo
onmuctBanTcAd fopuyaolt

Gals . wRUI-exp(-d/al], @)

ris ol =4/3R - cpemisll nyTs mMOHOB, HANOTADWAX HA ANDO, NpA 3HAYE—
HEMA =5 M. 310 SHAYoHM® NPHHEMANOCE ¥ LIA GONLUMX SHeprafl nuoHOB,
DOCKONBRY, COTJACHO OLOHKAM, LIdHA CBOGOXHOTO ayodera NHOHOB npa
oHePIuAX BHIIG A - Do30HaHCA MeHAeTcA caado /I .

Hoc/e EBONONEA NONPABOX HA NOTAOWGHHS OTHOWMSHR® Co4YeBE# poxXme-
HEA KGOHOB H NEOHOB B NpoNe/aX TOUHOCTH MSMGDGHAR He SaBHORT OT MAC-
COBOTO WHCEA ANep MANOHH LAA NAHEOTO THNA ANPA—CHADANA. 3aPECAMOCTH
cedeHHN! DORIGHAA OT MACCOBOTO TROAA AKOD MANGHM A MONHO LADAMOTDMED—
pars B Jopwe 6~ A% . Torza napausTpM & XA RaNPTADNNX AAEDP JTAGDPO-
Ra ¥ noflTepNA OTMHAKOBY U PABHM 1AA PoxNeERA W % - wesoHos 0,56:0,01;
an K mesoHoB 0,7140,0I. [I0CNS y¥eT4 NOTANOMGHAA MOIOHOP SARNCEMOOYh
CodYeHRA paxzieREA G »A ° 0T MACCOBOTO YNGAA ANSD MELGHN CTAHOBHTCH
ozmraxoBoll nas 9T * m K* - meaoHoB, Mo =0,7040,02.

CBoeoGpasHad 32BECHMOCT: CoqeHME pommenas Kt - MesoHOB oT Mac-
GOBOTO YNCXA HAIOTANUOrC SHPA-CHADANA HAGANKAOTCH, NN CDABHEHMN OT-
Howennd A m KA nmi coymapentt ¢ +Af r of+ A u KAt pun
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coymapesntt C + C B of + C. Kax BEGHO H3 DHC.2,OTHOCHTGJNEBHHI BHXOT
CTPAEHHX MOSOHOB DDR OIRHAKOBOM Jad0paTopHOM BMIYJbCO B IBA& pasa M
6ojlee BHIe NP CTOKHOBOHNE ANED yIVIepoIa C ALpAME, YoM IpM CTOAKHO-
BeHEN TefiTpOROB C AUpaME. [[apaMorpasanad cedeHM! pPoXIeHHNS MO30HOB B
fopue G esB? , e B - waccoBoe RGN0 AIpA-CHAPAZLA, IPMBOIRT K 3HA-
venuaM 3 =0,6940,02 18 N L - Me30HOP, 770 GMMIKO ¥ T'EOMOTPRYOC-
KoMy SHAveumw 2/3. Jna k& ~ MOSCHOB g 1,107 npm donsmmx smave-
HAAX AMOyJLCOB A pacrer X0 I,5 npa Mmamx mMnyascax, Boabuadt orHoch-
rensHEd BHXOX Kt — M@3OHOP 5O CPABHGHAN C IMOHAMM NPA CTONKHOBOHAH
Allep YTAepoXA ¢ ANpaMM MOROT OHTH OOYCJOBJOH COJBIMM BIHAHHEM Kiac—
TOpHHX KOHJurypanu b HajerTamueM SIpe WIA BHXONOM Ha CKeWmHT mia
ANpo-ANepHHX coylapeHuii B oTMEYHe OT HYKROH-EHEDHHX coyZapeHall, xax
NOKA3AHO JANee Npd OCCYXNOHHE naproHiodl momesu. Tem He MeHee, Heo0X0-
IHMO NPOBECTH PACTeTH N0 KacKamHol mollesn, 9TOOH OLGHATH BEJRUAHY
BO3MOXKHOTO KHHeMarT#9ecKoro afferra M3meHeHHS OTHOWNEHAH CedYeHAll pom-
DeHRA K/9T Mo30BOB LA ANp yIVepoZAa B KAYeCTBe HaneTaluEX JACTHL
H3-3a YBeJM4eHHS IMIOTHOCTH B OGNIACTH B3aMMONGHCTBES npH yYyeTe B mpo-
MEXYTOUHOM COCTOAHMM IHOHOB, HYKAOHOB U A -M3o0ap, & WIA POROSHHA
K~ - MB30HOB Tamrwe IONOVHBTeAHHHA kasar 77~ + Y-+ K +N .

HeRapHo B WSMOPeHEAX Ope 2Heprud 14,5 M9B/HYRNOH WIS CTOIKHOBE-
HMA ANGD cepH B 30NMOoTA GMMM NOAYYeHH ornwe?m nouuux ceusnadl powme-
mms K/ =0,19:0,05 B KA~ 0,0630,05 /1%, Jlanmwe cpasmmpamrca co
SHauoHWeM 5AR p + P cromxHobeHmil K4t - 0,0540,I. OmHako Hadmoga-
MO0 MSMOHOHNG OTHOWOHAH,BOMCXHO, OCYGUIORIOHO a{exToM NOTJOMEHKS
DHOHOB 1A CTOAKHOBEHHA ANEPHHX CHCTeM, NOLOGHO TOMY, RAK OHIO pac-
CMOTDEHO paHee B Hacroamell padore. .
Aneums 90 paprosHol MOIeJd BHOGIHEH COTJIACHO NIOOXOLY, DasBaTOMY
B padoTe 20 , TI6 DA pPeaxudE TANa,

8+A—- T KT+X (3)

BBOJIATCA C Y90TOM MAOCOBHX NONPABOK PEJIATHBECTCKH-WHBADNAHTHHE napa-
MoTDH X B B , BNpAXapmEe NOMD HAMOYJLCE NEAPTOHA OT EMIYALCA HYKIOHA
B AIpe MMUGHE § B HANeTamteM Anpe. JIA AX HEXOROSHEA HCHWILIYDTCHA
COOTHOUSHAHA IAA 4-EMIYASCOB Pg , Pa » P4 - COOTBOTOTBOHHO HYKIOHA
HaxeTammero AmNpa, ANpa MilleHE B DPOXNSHHOIO MO3OHA:

(Pa+ %P ~Pa)¥= (Mafp+ x Masa+m:)?  (a)
(2Pg+Pa-Pe)2 = (2 Mafs s Matarmi)? g

ie Mg , Ma - maccu Earerammero axpa & Ampa wmexs, M. =0
IAA DORNGHRA TWOHOE, f1{=/f-M DA3HEUA MACC A - ROTIM K HYRIOHA,
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A pommeHns K* - Me30HOD B Mi=Mk - Macc K - MesoNa I8 DOXHEHAA
K~ - me3oHa.

[JOCKGABRY B KMHOMATHYOCKAX YCJIOBEAX HACTOAMETO SKCNOPHMEHTA
napameTp X NANO MPHAOTCS B Ipefieax RHTOpPBAXa NMIYJALCOB MO3CHOB,
HQ prc. 3 NpHBENGHA 3ABACMMOCTH CTPYKTYPEEX JyHRnuit or 3 114 pox-
meana T , Kt 2 K~ - Me30HO3 npu ANpO-ANEPHHX COYAADEHAAX. BAIHO,
YTO NAHHHE N0 POXAGHED MAOHOB B K' - MOSOHOB YHORAGTBODHTOABHO ONH-
cHBanTCA yHEBepcanpHoldl sxcnoHeHTol

G eoexp (-Z/Zo) (6)

C NORa3aTeJeM 3KCIOHeHTH
20 =0,08 nma ¢ +P8 coymape-
AEl A 2o =0,06 187 C + C
coynapenafl. JlanBHe mud K~ -
MO3JOHOB HPM DTOM OKA3HBAKTCA
HOCROXBKC BHme »Tofl RpEBOM.
OnHARO EOAATOABHC NPOBEHEHHE
A3amepeuEil B donee ERDOROM
KAHGMATHYECKOM BHTEPBane,dro
HO9BORNT NSYYNTH CcReumHrO-
P06 LOBOIIGHNe LAA IHOHOB A
EROHOB IpDR OAEMHAKOBHX SHAYE-
HRAX napamerTpa Z . OTMOTAM,
Y70 P NPONCTABAGHRH NepeMeH-
Hol  HARNOBM CHeRTPOB W =B
K* - we3s0HOB craHoRATCA ONE-
HaxoBM. JAA HageTaomux Ied-
) TPOHOB NONOCHOe CKeANMHTOBOS
L/ S S S N A B v e noBoNgHEe OTCYTCTBYeT. (0HA-
ety poracer PYEGHENO SAKOHOMGDHOCTH MOTYT
CBEZOTGELOTBOBATD O CYWECT-

Pao.3. aallnlmocu otpyxmawl BoHEON DOXN KBADK-NAPTOHECTO

mlcm zgp ymopom ¢ AR~ MOXAENIMA DORNGHNST MOSOHOB B
PeMm yTUeponA B GREHNA. ARPO-AREPERX COYRADSHRAX.
Y. Poagnbra¥i NSMOPSHES BMXONA AHTATDOTOHOB
B ARPO-ANSPHKX COYIAPSHEAX

Buxo sapermorphRpoBaHo @ coOurnll, XOTODNO RAGHTA(EIMPOBANK XAK
AHTPIPOTOHM. MMIYABLC ANTANDOTOHOB B Xadoparopiodl cmcreme 0,8 I'eR/c.
NoNy9eH0 3HAYCHNe OYHOWOHRA COYeRNYE DONNSHES AHTENDPOTONOB N NNOHOB
pAT- _(?I 5% 10"6. 9HATOHNG NHBAPRANTROTO CoYemA Giwv =6,3:2
MK6.I'9B™
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Ha puc.4 npyBeleHO cpaB-
HOHHe C DAHHHMA TIPY CTOJIKHOBE-—
HUA NDOTOHOB C ANpamMit Meld.
BeIHO, 9TO OCHapY®EHHOe YBeJH-
4eHHe BHXOTA aHTHIPOTOHOB 10
OTHOWEHHO K NHOHAM LA CTOVIKHO—
BeHail AIep yiepola ¢ AIpamu
MeI} COCTABIAST OKOJNIO 60 NO
CPABHOHME C NPOTOH-ANEPHHMA
COyHLADeHUsMH B TOH ®e KAHeMa-—
ke /250227 PoRIGHNE® QHTH-
NPOTOHOB 1DH BHEPTEM 3,65 I'sB/
/HYRIOH ABAAGTCH NOINOPOTOBHM
nponeccoM. QNHAKC, KAK NOKA3a—
J¥ PAcYeTH, NOGAYYATE OGHAPYXeH—
HO® yBeJMYeHWe CeYeHMA OpE LpH-
o HATOM 3Ha4YeHR MAKCEMAJIBHOTO
T Bavua Pepyu-usvmyasca 0,27 TsB/c mg
DPacnpensIoHRE C OCTDHM KpasM
He yIaeTcd Naxe npy yuyere DOR-—
IleBrA 9epe3 NpPOMeXYTOYHHN NMOH

3
Hor
S
[

ED) 4o 50

Puc.4. OTHOmeHMe BHXONOB AHTHODOTO~

HOB H DROHOB B saazcnuocmxor Hep- GIN-> NN,E . PacyeTH no
THH Ha HYRIOH Afiep OYy9UKa. KpHBHO —

ZoHime pasos /31,837"@: wbyaeax  Molera Qaﬂepcmpax%g?nr BOCHMA
BTODHYHHX YACTHI|, yRA3AHHHX HA Kpd-  CJM3KOe 3HAadYeHHe . KagecT-
BEX. TOYka - pO3yIETAaT NAHHOM pa- BOHHO Had/monaeMull afPeKT COOT-

GoTH npx 0,8 IaB/c.
BeTCTByeT naproHHoll Momesm, B

KOTOpol OXAZQeTCA yCWIeHRe BHXOLA AHTRADOTOHOB LA HajeTaDmuX SANep
YIVIeponA 3a CYOT HAXMWMA NAPTOHOB C napaMerpamy Z> 2. AHAJOTHYHHER
sfdexr BO3MOXOR OpR Hai@UdK B AZpaX yTAeDOIa KIACTEDHHX RJHE MHOTO-
KBAPKOBHX KoHJHIypaugi.

y1. 3awmdesue

HccreRopaHe DOXTOHHA NAOHOB, KaOHOB M AHTHNDOTOHOB NP CTOMK-
HOPOHMH DOIATHRACTCKHX fllep OGHapyamBaeT pall HoBHX 3§PexToB, wacTh
#3 KOTODHX, BO3MOXHO, ONpeleNIfeTCA KBapK-UAPTOHHOK cTpyHTypoll smep
Opd BHCOKMX DHODTHAX.
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DELTA EXCITATIONS IN NUCLEI:
MICROSCOPIC DESCRIPTION OF PION NUCLEAR REACTIONS *

* * A
E. Oset, C. Carcia-Recio , L.L. Salcedo and M.J. Vicente*

Departamento de Fisica Teérica and IFIC
Centro Mixto Universidad de Valencia - CSIC
Facultad de Fisica, Burjassot (Valencia) Spain

1. INTRODUCTION

The diversity of pion nuclear reactions: elastic, inelastic, single charge exchange,
double charge exchange and absorption has made difficult to obtain a single picture
that describes simultaneously all the different channels. Partial attempts have been

done using cascade calculations/"ZI:

13/

another attempt was done using transport
equations’ °", These studies start from free "N amplitudes or cross sections and
parametrize the absorption probability in one way or another. reproducing the cross
sections at a qualitative level. On the other hand more sophisticated pictures like the
14,5 and different approaches at fow energyia'” have been

limited to the study of elastic scattering and a few other exclusive reactions and

4- h model at resonance

some inclusive ones like inefastic scattering 8/ or pion absorption 9 with severe
limitations (ike aflowing for only one quasielastic collisionla, or ignoring events with
quasielastic collisions prior to pion absorption’gl.

The work pr d here bi a sophisticated calculation of the pion nucleus

optical potential, using a field theoretical many body approach, with a skiilful sepa-
ration. of the imaginary parts of the optical potential which can be reiated to the

:. Center for Theoretical Physics, MIT, Cambridge, Mass 02139, USA
Institute for Theoretical Physics, University of Regensburg, 8400 Regenszburg,
West Germany

+
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probabilities of the offerent reaction channels. The information obtained in this way
is then used to obtain differential elastic cross sections, double differential cross
sections for the inelastic, single charge exchange and double charge exchange reac-
tions and absorption cross sections, with a remarkable success in a wide range of

energies and for different nuclei.

2. THE MODEL

We concentrate in the region of the A resonance and use the tools of the Ah
madells, to construct a microscopical pion nucleus optical potential. with the coup-
tings of mesons to nucleons and isobars as only input. The differences with the
approach of ref.ls, are: 1) higher order terms in the number of ph itations
have been included until convergence has been found. This is accomplished at the
level of 3p3h for pion absorption which has the largest phase spacelm/. 2) The in-
duced interaction instead of the effective ph or Ah interaction is used. 3) The cal-
culations are done in nuclear matter instead of in finite nuclei. Translation to nuclei
is done by means of the local density approximation, but taking into account finite
range effects. This allows us to perform the calculations for any nucleus whife the
approach of ref. 15! required a separate treatment for each nuclieus, which became

extremely difficult to handle for large nuclej.

The model used is depicted diagramatically in fig. 1. The pion excites a Ah com-
ponent in the nucleus, and this 4 excitation can decay via Nu production (quasi~
elastic scattering) (fig. 1a), conveniently corrected by Pauli blocking {1b}. or it can
decay into more complicated channels iike AN + NN {two body -absorption} {ic) etc.
Diagrams 1e, 1f would account for three-body absorption.

f =T
£+0.755
.
0l
%
Z
w20+ 1
£
; %
1o ...
[}
Fig. 1. Model used for the pion optical A
potential around the resonance 3
region. 0 85 125 165 205 245 35
Fig. 2. imaginary part of the deita self- TolMev]
energy. Segments: experimental
determination from ref‘.v ‘r?. Ag: -

two body absorption contrik ation, A3: three body absorption contribution.
Q: higher-arder guasielastic contribution.



Using standard many body techniques“z'ﬂl we can evaluate the optical potentiai
or pion selfenergy (Il = 2w Vopt) corresponding to the diagrams in fig. 1. The wavy
line stands for the ph and Ah induced interaction {efiective interaction including

ph and ah excitations in an RPA sense}l. On the other hand let us note that if in
fig. 1 we remove the external pion lines and the hole line to the left of the diagrams
we are left with a set of diagroms for the A seifenergy. indeed, the diagrams of
fig. 1 are calculated selfconsistently in the sense that the A seffenergy is included

in all the A propagators, in other words, that the optical potential is of the type“ul

1
q) ¢ ————=—— (1)
opt - i L.
Vs MAi-l2 Ty

v

where ZAis the 5 selfenergy in the medium and T the free A width. We thus perform
first a calculation of the & seffenergy in infinite matter as a function of the density,
replace this function of the density in eq. (1} and then evaluate the differential
cross sectionfor pion nucleus scattering, or the tota! cross section via the optical
theorem, in a fully quantum mechanical way, by solving the Kfein-Gordon equatior.

We can see the resuits for Im Iy of ref. in fig. 2, which compare very well
with the empirical determination of ref. 11 (an effective density p = D.75 pois taken
for comparison). In figs. 3 and 4 we also show the results for elastic scattering for
n* and n” differential cross sections in uoCa. The quality of the results for different
nuclei is about the same as in these figureslw,. The results, as can be seen in the
figures depend only a bit on shifts intrcduced in the real part of the & seifenergy.
One should notice that the level of agresment is rather good in spiie of the decrease
in four orders of magnitude of the cross section. The calculations include also an s-
wave part, in addition to the p-wave part of the A-h excitation which is only rele-
vant at energies below T_ = 100 MeV. it is calculated in re!.“” andis in agreement
with empirica! determinations of iow energy optical potentials for the imaginary part
(we use the empirical rea! part).

The total reaction cross section is calculated from Otot obtained via the optical
theorem, substracting the integrated efastic cros- section. It can be seen in fig. 5
as the dashed doited line which agrees also quite w-~ii with the experimental dala””
except at energies below T“ = 100 MeV where smait Jifferences can be appreciated.

Next we look at the different reaction crcsz sestions. The difficulties in giving
a full quantum mechanical treatment of this reacticns have been stressed in
refs.’s‘g’. Hcwever, the many body techniques used here allow for a clear separa-
tion of all the reaction channels and one can cbtain the praobability that any reaction
takes place at any point of the nucleus provided that.the pion reaches this point. We
know that a pion in infinite matter carries a phase e ' Vopt't, Hence the probability

of finding the pion in the elastic channel is proportional io

T = o2 Im Vopr - t Ee-l't_ (2)
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Figs. 3 and 4. Differential cross sections for ¥ and 77 elastic scattering on lm(:a
as a function of the angie.

Thus the rate at which a pion goes into any reaction channel is then given by

Weczmv =-tmn. (3)
However, when evaluating the imaginary part of the diagrams in fig. 1,one can sepa-
rate the different sources according to the different reaction channels that they re-
present. Indeed, the imaginary part of a Feynman diagram appears when we place on
shell, in the integration over the internal variables, the lines cut by a horizontal

fine (dotted line in the figures). Placing on shell these particles corresprad to a
physical reaction channel. The channels associated to the cuts in the figure are thus
clear. The ones in 1a, b correspond to quasielastic scattering (1b, Pauli correction);

=-1
Fr=-x§

the upper cut in 1c.to two body pion absorption, the lower one in 1c. as well as the
one in 1d, to higher order guasielastic scattering, while the cuts in le, If represent
three-body absorption. The corresponding contributions to the A selfenergy are split
in fig. 2, showing the amount of two-and three-body absorption and the fact that a
part of Im I, is not related to pion absorption but accounts for higher order quasi-
efastic corrections.

The evafuation of the different sources of imaginary part by means of Cutkowsky
rules enables us to calculate the probabilities for any reaction to take place as a
function of the nuclear density. The use of the local density approximation
{p » plr)), folding these functions with the range of the interaction, allows us to
convert these resuits into local probabilities inside the nucleus for any reaction.
However, there is a coupling of all these channels in the evolution of a pion through
the nucleus and the evaluation of the different reaction cross sections requires
especial care {a pion absorbed can no fonger undergo any reaction; a pion that
scatters quasielastically changes direction and energy; if there has been a charge
exchange step, there has to be another one to give a contribution in the inelastic
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channel, etc.). An easy way through all these ramifications is a computer simulation
which we have used to evaluate the reaction cross sections”s’ and briefly discuss in

the next section.

3. COMPUTER SIMULATION

A large number of pions are generated with random imp por . At regul
steps. small enough to keep the reaction probabilities much smaller than one, a ran-
dom number decides whether there is a quasielastic coliision, absorption or nothing
according to their respective probabilities. If there is absorption it counts as an
absorption event. If there is a quasiefastic collision then we have to determine the
charge. This is particularly easy since all charge transitions are a combination of
isospin factors. After that one must determine the direction in which the pion goes.

The angular distributions are provided by the same model, hence the direction
(and thus the enerqy) of the pion is generated randomly according to these probabi-
lities. 1f a pion does not undergo any of these reactions it is allowed to continue for
another interval of time. At this point we have taken two prescriptions, one of them
is to let the pion go in a straight line, the other one is to let it follow a classical
trajectory with the real part of the optical potentiat Both semiclassical prescriptions
give rise to about the same results. but some differences appear at low energies.
However, it is quite instructive to see that both of them agree very well with the
quantum calculation for the total reaction cross section mentioned before, except at
small energies where some differences appear (see fig. 5). This gives us much con~
fidence to trust the results of the simulation for the other reactions.

As a result of the calculations we obtain the sbsorption cross suttion or the double
differential cross sections d2g/dRdE for inelastic. single charge exchange or double
charge exchange inclusive reactions. We discuss the results in the next section.

8. RESULTS FOR THE REACTION CHANNELS

The resuits of fig. § for the total reaction cross section have been discussed
before. we simply note here the good agresment with experimeni excepi at low ener-
gies. where the semicisssical approximations to the propagation start failing and smal)
discrepsncies stert to appesr. The experi | results for the rescti that we
study here are from rlfs.’"'w’m’. the last one for double charge exchange.

In fig. 6 we show the resuits for sbsorption with similar festures to the reaction
cross section and good agreement with experiment except at low energles.

in figs. 7 and 8 wa show the rasults for inslastic and single charge exchange
resctions respectivaly, using classical trajectoriss batween collisions {which proved
to agres batter with the quantum cafcufations of fig. 5. We use this prescription in
all the other figures).

in fig. 9 we show the rasults for the double charge hange cross tion. In
apite of tha smaiiness of the cross section the agresment is reistively good. It Is
actusily batter than it appears in the figure becsuse the sxperiment of ref. 20 for
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(n*. n) simply detects a7 in the final state and it inclt ‘es the contribution from
11+ n - pﬂ+‘ﬂ- reactions in nuclei as well. if one adds to the calculated cross sections
{which do not include the m, 27 reaction) the experimentalfz1 or theoretical re-
sults/n/ for the {n*. w*n7) reaction in nuciei one finds » better agreement with the
data of ref. 20.

Finally we show in fig. 10 double differential cross sections for inelastic inclusive
reactions. The overall agreement is good but two features deserve a comment. At
small angles the theoretical quasielastic peak is somewhat narrow. This could easily
be a limitation of the present prescription that takes the nucleon distribution coming
from a local Fermi sea, while for small densities the momentum distribution can be
different/23l. The other interesting feature is that it reproduces very well the region
of low energy which comes from multiple collisions. The approach of ref. 8/ which
includes only one quasielastic scattering misses that region. but takes good account
of the quasielastic peak.

In fig. 11 we show double differential cross sections for the double charge ex-
change reaction, the smallest cross sections that comes from the simulation. The
overall agreement with experimentlzul is also good with the same features mentioned
above. We can observe that the {u, 21) contribution, calculated following ref./Z”
is lfarge at small energies and its inclusion leads to 2 better agreement with experi-

ment.

5. CONCLUSIONS

We have seen the results of this microscopic pion nucleus optical potential app!ied
to all the inclusive reactions and elastic scaitering in a variaty of nuclei and a wide
range of energies. The overall agreement with all the reactions is quite good and the
small discrepancies with experiment can be traced to some of the approximations done.
We studied the inclusive reactions by means of the microscopic input which provided
the reaction probabilities that we used in the simulation procedure. We could show that
the procedure agreed very well with the total reaction cross section calculated quan-
tum mechanically, for pion kinetic energies bigger than 100 MeV.

We would like to stress that the many body techniques used here provide a sys-
tematic way not only to construct a micruscopic optical potential but to separate the
different reaction probabilities from it. The remarkable agreement for the different
reactions, nuclei and energies, indicates that we have succeeded in incorporating the
essential features of the reaction mechanism in the present model. Yet, in spite of
its intrinsic difficulty, the relevant information used for all calculations shown here
has been parametrized as a function of the density and the energy in refs. 14, 18
and is very-easy to handie. The use of this information in a variety of nuclear pro-
cesses involving pion propagation through nuclei at some stage, like heavy ion reac-
tions, antiproton annihilation in nuclei etc., would be also very helpful in order to
learn about peculiar features of these other reactions.
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Fig. 9. Double charge exchange cross
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A - ISOBAR EXCITATIONS OF NUCLEI
IN CHARGE-EXCHANGE REACTIONS

V.G.Ableev, S.M.Eliseev, V.I.Inosemtsev, B.Naumann,
L.Naumann, A.A.Nomofilov, N.M.Piskunov, V.I.Sharov,
I.M.Sitnik, E.A.Strokovsky, L.N.Strunov, S.A.Zaporozhets

Joint Institute for Nuclear Research
Dubna

Spin-isospin excitation of nuclcar matter at high (~ 300 MeV)
encrgy transferred to it are now intensively investigated both in expe-
riment and theory. Interest in this class of reactions stems, first of
all, from the fact that a nucleus can assimilate this energy not only
throuph the excitations of the nucleonic internal degrees of freedom
(i.e., the N -> /A transitions) but also through some other kinds of
excitations including collective ones, for example:; intranuclear meso-
nic field excitations (like "spin-isospin sound"/'/); one could even ex-
pect the isonucleuslz/ formation. In general, the internal structure of
the bound nucleon differs from one of the free nucleon due to medium ef-
fects. Thus, not only the A -isobar in nuclear matter but also the ve-
ry N->A4A transition can be modified (under the influence of the nu-
cleonic environment) as compared with the empty space casc. This has to
lead to differences between the observed AN -excitation characteristics
and the ones expected in the commonly used picture of quasi-free delta
isobar production from a moving intranuclear nucleon. These differences
can be more pronounced if one provides good conditions for the strong
final state interaction between the & and the rest of the nuéleus,
i.e. when their relative momentum is small and comparable to the Fermi-
-momentum of nucleons in the nucleus.

Favourable conditions for interaction of a & -isobar, produced in
a nucleus with intranuclear nucleons were provided in our experiment’>’,
where a comparatively small momentum (-~ 300-400 “eV/c} was transferrted
to A since at large initial moments (from 4.40 to 18.3 GeV/c) we have
detected tritons at small (8 & D.4°) angles. 'his experiment allowed us
to observe for the first time that at high energies the charge-exchange



cross scction on a nucleus is mainly determined by the contribution {rom
high (~300 MeV) spin-isospin cxcitation of the target-nuclcus, and that
the behaviour of the cross sections of (Z(3I!c,t| and pl He,t) A" reacti-
ons differ qualtitatively from each other: i) the maximum of  A-peuk in
C(3llc,t) reaction is shifted towards lewer excitation cnergics; ii) the
width of the nuclear A -peak is about two times larger; iii) the ratio
of the yield ol C(Slle,t) reaction in the D -peak region to that of
p(‘zﬂc,t) A reaction

Roxp” —:'r%—c- (0°) / —j%i (0°)
is substantially grecater (about two times! than the value 0.8 cxpected
from the Glauber type calcu]ations/“, where the known data on NN -> NA
crgss sections have been used.

Experiment/(’/ on {slle,t) charge-exchange at smaller cnergies with
wide variety of nuclear targets also showed the downshift and broadening
of the nuclear A-peak as compared to that in the charge-exchanpe on a
[rce proton. The succceding analysis/sl ol the previously existing
Alp,n) data”/ contirmed these [catures of the nuclear A -excitation.

Our cxpcrimental data and the main features of the ("llc,t) charge~

-exchange reaction arc prescented in ¥Fig.l and the Table, respectively.

Tahle 1. Main features of the charge-exchange rcactions.
In column 4 the positions and widths of the expected non-
-quasi~free spectra arc presented which were obtained from
the L(sllo,t) data by subtracting the calculated contributi-

ons from the quasi-free A -production (scc text on page 4)

Reitm rl’osition of the A -peak Relative con- dgc -—’
momen~ maximum and the A -peak FWHM tribution to Iz (G°
tum, in Q variabte, eV dé /dR for Rogp™ —op—
Gev/c = — Cesile,t) at Xoagh .
pCite ) | o3ie, o non-q.f. @ > 150 Hey %

4.40 22 2 2.5 274 £ 2.5 263 ¢ 2 62 § 1.32 + 0.05
138 ¢ 9 i81 & 16 142 £ o

n.81 1327 £ 1.5 295 + 1.5 175 £ 82 % 1.77 + 0.03
109 ¢ 5§ 204 ¢ 9 142 = 4

10.79 327 ¢ 2 0s = 2 281 ¢ 2 92 % 1.95 ¢ 0.03
! 7 257 ¢+ 14 153 =+ b

18.3 .14 £ 0.17
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Ihe analysis of the g\l”Hc,l) A'" data has shown that the spectra arce

well described by a A- resonance Tine Jdistorted by the e nu-
cleus form factor. The Breit-Wigner pavancrers of the A -ncak, W, and

s, arc in good agrcement with cach other at all our energics. Their
averapge values, G, = 1234 +/- 3 MeV and Fu = 116 «/~ 7 MeV, ore
consistent with the tahulated vulucs/a/. Our c‘:llctn]ntions/4/ for the
differential cross scctions of this reaction in the Glauher-Sitenko and
OPE models are in good agreement with the oxpcrimcnlui data.

The analysis of the (‘.(SHe,t) data has led us to the conclusion
that it is impossible to cxplain the observed downshift of the A -pcak
by quasi-free A -production from a moving intranuclcar nucleon (sce
the dotted line in Fig.1). In the case of the quasi-free production the
shape of the A -pecak is defined hy the convolution of the cross secti-
on of the "elementary" p(3l|c,t)A++ reaction on a free proton with the
momcntum distribution of nuclcons in carbon ‘Plﬁ;l

m"’g/"//’f(/’ﬂrf)pdada (10Q),w’(0, 7). ()
where I(F.)‘.) is the ratio of fluxes of initial particles for the recac-
tion p(sll'c,t) A" on a nuclcon at rest and on a nuclcon moving with
the momentum FK ;5 the enerpy of this nucleon is given by the relation

2

E=M-M ~ 2 oppeg- P .
'~ AT ZM, m 2‘—‘—_(%_,”_5) (2)

where M is the mass of a target-nucleus, m is the nucleon mass, € is

A
the binding energy

E =My M ™ ()
where M.-\-l is the mass of A-1 nucleon syster. In the calculativis we
have used € = 25 MeV (the average binding cpergy of nucleons in carbonl
and the momentum distribution of nucleons in carbon following (rom the
harmopic-oscillater model, It was assumed that the parareters W and
s of the Breit-Wigner function Miting the "elementary' reactior are
the same as for the reaction on a frcc proton (i.e., the tabulated va-
lues). As an argument @' we take the quantity:
z 2 -  —,2
W' =(QrE,) - é;.—’? &) 4
meaning the total energy squared in the ¢ ros. of an intianuclcear nucleon
and a virtual pion cxeiting it. The =pectra ¢ have been normalized 10
the Glauher model (-stimutiun”/ of xléc/ 48 00y = 0.8 Jé® / dSt ue).
We corpared cur caleulations b with onporinental data AL Y the
quasi=froee A-production in proten-nuclous rcactions. tu this (xperi-

ment the gquasi-grec production of the A iaenar by piretons ot 3,88 cel
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on d,C,Al and Cu nuclei has been studied through cxclusive meazsurements
of all final-state particles p + "n" —> p' + A°, A° —> p + %", Clear
A-resonance peaks were observed in momentum spectra of forward
{1° <8 ¢ S 5°) protons p' (see Fig.2) but in this case the A -peaks
for the € and Al tarpgets are shifted towards larger energy transfers
rclative to that for the deuterium target (as opposed to cur case). The
solid lines in Fig.2 show the results of our calculations (see formula
(1)) taking into account the momentum resolution and the kinematical con-
ditions of this experiment. The calculated spectra (with arbitrary norma-
lization) agree quitc well with the experimental data and confirm the
conclusion of Ref./g/ about the quasi-free nature of the observed /A ~pro-
duction. One more result of the experiment/g/ is that the integrated

cross sections
J/;ﬂnaﬂﬁ

for d and C rargets are approximately equal. It is in accordance with
our Glauber model calculated value R.

Thus, [rom the analysis of the inclusive differential cross secti-
ons of the (3He,t) charge-exchange on carbon nuclei and protons it fol-
lows that: i) the reaction on a nucleus at high energies proceeds mainly
through the high (~ 300 MeV) spin-isospin excitation and ii} it is im~
possible to reduce the process of this excitation to the quasi-free pro-
duction of A-isobar on an individual moving intranuclear nucleon and
a subsequent frec motion of the isobar through the nucleus, i.e., col-
lective effeccts caused by other nuclcons of the nucleus are important.

As an cxample of possible collective effects one can exploit the pic-
ture developed by V.Dmitriev"o/. He considers the formation of collec-
tive states in the following way. Delta decays mainly through pion emis-
sion. Due to a large width of the delta the pion is still at resonance
and is reabsorbed by another nucleon forming again a delta-isobar but at
a different space point. Thus, one has an excitation which is a superpo-
sition of the delta-hole and pionic wave ir the nuclear matter; this exci-
tation propagates through the medium oscillating between these two faces.

At a very high density, where deconfinement of quarks occurs, this exci-
tation transforms into a longitudinal spin-wave in a quark marter. This
picture is close to that proposed in the pioneering paper by TF.Qiricson
and J.Hﬁfner/“/ for the scattering of real pions off a nucleus.

To confront the results of Ref./10/ with our experimental data we
have subtracted from the measured C(SHe,t) cross sections that part
which can be repraoduced by the quasi-free A -production. It is reaso~
nable to suppose that the pattern of the measured spectra is determined
by both the mechanisms and they do not interfere. The parameters of the
peaks after subtracting are presented in the Table (see column 4).
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Fig. 2 a b. Spectra of forward protons from the quasi-free
A° production on  and Al targets, as a function of
= E - E_,. Experimental data are taken from the picture

of Re?./g/? Solid lines represent results of ouv calculati-

ons (1) taking into account the cxperimental conditions of

this experiment, with arbitrary normalizations.
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The non-quasi-free component of C(3Hc,t) differential cross sections
and the results of Ref./‘o/ arc shown in Fig.3. Onc sees the qualitative
agreement of this non-quasi-free part of the experimental spectra with
the calculations but a further work on this problem is, however, badly
nceded before one can draw more decisive conclusions about the nature

of the ohserved collectivity.
We are grateful to the stuff members of the High Energy Laboratory,

JINR, for their support to the present cxperiment. We are indebted to
V.Dmitriev for the valuable discussions.
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INTRODUCTION

We deseribe the characteristivs of a spectrometer designed Lo study neutral me—
sons decaying into twe pamma rays. The spectromeler has been built in Torine and
i« installed in a proton beam of the Saturre auuyleralnr at Saclay National Labora-
tory. The spectrometer will be usced in the near future to study‘Q mcson production
in nelei,

The spectrometer s similar to others already cxisting, principally to that ope-~
rating at the Lox Alamos Mesons Physics Facili(y‘,], which has a Lypical energy re-
solutian of 3 MeV for pions of 100 MeV.

Our spectrometer has heen constructed with the aim Lo reach an energy resolution
hetter than 2 MeV al Tg? 100 MeV and an efficivney greater than 50% for gamma of
v#crgy fower than 400 MeV. In order to obtain such characteristics we measure the
cnergy and Lhe direction of the two gamma rays using scintillafion glasses and MWPCs.
THE SPECTROMETER

The spectromcter consists of two identical gamma ray deteclors, which mechanical
suppurt is designed to cover a wide array of experimental setlings.

Each detector, as shown in fig.l, is made of two uctive scintillating glass con-
verters, Four MWPCs, two hodoscapes of scintillators and a total absorplion counter
made of 15 blacks of scintillating plass. The scintillating glass used for the con-
verters and the calorimeter is the $CG1~C type manufactured by OHARA Optical Glass
Inc,

Two sets of mechanical supports allow to position the detectors at various angles

and distances from the target in twy different configurations. In the first one(so-
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scintillators

FIGURE 1.
Exploded view of a Gamma Detector of the Spectrometer.

converiers

called "one-post' configuration) the detectors are laid one upon the other horizon-
tally on a unique support which can rotate around the target at a disfance between
1 and 2 m. In the sccond one (so-called "two-post" configuration) the two detectors
are supporled by two trolleys which can pivot independently around the tarpel. This
second configuration should be used for measuring mesons Lcroduced near 0° or 180°.

The converters consist of seven bars of SCGi-C scintillating glass with front
surface 5x70 emz and 4.5 cm thickness, corresponding to one radiation length XD'
Each bar is viewed on both sides by two Philips XP-2012 photoraltipliers.

Behind each converter there is a couple of MWPCs which detect the charged parti-
cles emerging from the converter in order to determine thc conversion point. They
have an active surface of 329x576 mm2 and one anode plane. ' hc mechanical characte-
ristics of the MWPCs are:
anode wire diameter 20 poi anode wire spacing 2 mm
cathode wire diameter 100 pym; cathode wire spacing 1 mm ;
anode-cathode gap 7 mm; distance between anodes plane 7 cm.

On the anode plane, which has wires parallel to the smaller side of the chamber, we
use a digital read-out system, since the 2 mm spatial resolution is sufficient for
our experiments. The anode read-out uses the RMH system for a total of 2304 wires.

The orthogonal coordinate is more important for the determination of the angle
between the two gamma rays; therefore we measure it by means of the centroid of the
charges induced on the cathode wires. The cathodz wires are connected in groups of

seven and the induced signals are amplified by a linear inverting amplifier and di-
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gitalized with a LeCroy 4300B ALC (FERA system). We use a total of 384 ADC channels.
The spatial resolution of Lthe analog read-out system has been measured by weans of

cosmic rays and the results are shown in Fig.2. The chambers operate with the mapic

pas mixture at 5200 V. [](l2
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Each couple of chambers is followed by an hodoscope made of 4 plastic scintilla-
tors with dimensions 15x60 cm2 which are used to trigger onm the charged particles
emerginp from the converters. Each scintillator is viewed by a XP2020 Philips pho-
tomultiplier.

A third hodoscope, made of eight 10x40 cm2 scintillators, 0.5 cm thick, is put
in front of the firsl converter of each gamma detector. It detects the charged par-
ticles entering in the detector and is used as veto counter in the trigger logic.

The total absorption counter is made of a 3x5 array of 5CG1-C scintillating glass
blocks, each with 15x15 cm2 front surface and a thickness of 14 radiation length.
Each block is seen by a Ri512 Hamamatsu PM.

The energy resolution and linearity of a single block was tested in the energy
range from 50 to 200 MeV with an electron beam at CERN SC2 and with a monochromatic

) .
gamma beam at LADON in Frnscati(4 . The results of these measurements are shown in

fig.3.

The signals of each one of the PMs of the converters are amplified (by a factor
of 10} and sent to an ADC channel (LeCroy 4300B).

The signal from the PM of each block is sent to an ADC channel and to a linear
fan-in in order to measure the light yield praduced in the whole calorimeter.

To control the overall equipment and to read-out the information from chambers

and ADCs we use a microVAXII computer interfaced to a Camac System Crate. Because
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of the YMS heavy operative system, the microVAXIl is very slow in reacting to the
event Lripger interrupt. To avoid a big dead time, we decided to use a front-end
processor which is fully dedicated to the Camac read-oul and buffers the cvents
before sending them to the data acquisition compuler. As a fronil-end we use a
DEC J11 microprocessor directly housed in a Camac module {CES 2180 Starburst}.
The software for the JIl is developed on the microVAXII itself and then down-line
loaded into the processor via Lhe Camac ralaway.

On the microVAXIT side, we use the DAQ program developed at CERN for the DEC fa-

mily computers.
Furthermore the front-end processor is used to select events of interest as a

second level irigger. The decision algorithm is based on the calculation of the ener-
gy released by the gamma rays in each delector and it is performed in less than 100
microseconds.

Witn this system we can write on tape aboul 600 events per second (1 Kbyte long),
leaving more than 70% of the microVAXI1 CPU frec for the monitoring tasks.

Finally, to summar:ze the performance of the spectrometer, we calculated its ener-
gy resolution and its effective solid angle, defined as the ratio of the number of
pions (or etas) which decay produces the gammas in the spectrometer to the number

of pions (or etas) produced at the target. These quantitics depend from the variable
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Xcut, defined as the ratio between the difference and the sum of the energies of

the two gammas. The resulis are shown in fig.4.
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FIGURE 4.

Effective solid angle and energy resolution of the spectrometer for fPand d'l
for different values of xcut'
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FIGURE 5.

a) Invariant masa plot for p of 800 MeV on deuterium target. The plot is made by
detecting SHe particles produced in the interaction,

b} Invariant mass plot for p of 800 MeV on deuterium target.

TEST RUNS AT SATURNE

The spectrometer has been installed and tested at SATURNE for studying at diffe-
rent energies the reactions: (pp,dn*); (pd,3Her) and (pd,3Hend).

Using the Tirst one we measured tie detector response for?f‘of energies from 120
to 200 MeV. The detector worked properly on a proton beam of intensity 2'109 parti-
cles per second.

The X*production on deuteron was memsured with BOO MeV protons interacting on a
1 g/c:n2 CD2 target; we detected ©°  of 270 and 300 NeV at B5° and 95° in the labo-

ratory reference frame with the spectrometer in the "one post" configuration.
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Detecting the JIk- by means of a scintillator hodoscope we produced taggcd Trﬂ
The obtained invariant mass speclrum (see Fig. 5a) is peaked around 140 McV indicat-
ing that some errors ip the calibration are still existing. The width of the spec-
trum is about fwo times preater than MonteCarlo predictions, bul it must be consi-

. dered that the spectrometer worked in an incomplete conFiguration, having only one

MWPC beyond cach converter.

In fig. 5b we present the same invariant mass spectrum without the‘He coinciden~
ceg thu1T' purak clearly emerges over a continuous background.

Finally in fig. 6 we reporl the invariant mass spectrum for the reaction
pd > 3Hu+1l . As target we used a 5 cm thick deuterium liquid target; the inci-
dent proton kinetic enerpgy was 900 MeV and tve spectrometer was set in the “two
post” configuration o the detection of the 50 Mev1l meson produced at zero degrec.
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FIGURE 6. Mev

Invariant mass plot for 900 McV protan beam on deuterium target,

Even if the data are preliminary the 9 peak appears clearly in the invariant
mass spectrum.
EXPERIMENTS AT SATURNE

The two-gamma-rays spcectrometer may be used to study the production of neutral
mesons decaying through elcclromagnetic interaction. Among these. the m° and the
7 -mesons decay in {wo gamma rays respectively in the 98% and 39% of the cases.

n’ production has been extensively studied by means of charge exchange reaction
of fr*(sb: on the contrary the 1lmeson production is less known.

In the last years interesting works have been done near the production threshold

1 51
beth with pion ta and proton ! beams .
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As is well known, thetl is a pseudoscalar meson belonging to the same su(3)
iwnet as pions and kaons. In the SU(3} diagram the‘z meson occupies the same po-
sition as the f¥°. The two mesons have same spin and parity but differ in isospin
{I=1 f'orﬁoand 1=0 f‘or‘r{ i; the difference is due to the strange quark compunent
of 11 .

The study of 1 ~nucleon nnd1l—nuclei interactions is of fundamental interst and
the previously quoted experiments demonsirate their feasibility. Until now the
n ~N coupling constant is not well known and the study of nucleus interaction seems
the main way to obtain useful! information . We know that the ‘q -N coupling constant
is lower than the f-N coupling constant and ihat the % nucleon low energy interac-
tion is attractive. This fact led to the prediction that1l nucleus could exist (6).
The threshold for the reaction pp -+PPY is at protun kinetic energy TP=1.26 GeVv
and therefore the SATURNE proton beam is well suited to studyql production near
the threshold. Furthermore choosing carefully the kinematic regions, for few reac-
tions such as (pn,'rldl; (p 3Hc,4He1’_); (pd,SHevl) and (dp,JHe*vl),it will be possi-
ble at SATURNE to produce-q with very low momenta.

Coherent'pz production measurements could give precious information on 'rl—nucleon
and 7 -nuclei resonances and on the N behaviour in nuclei” . The n nucleon interac-—
tion may help to understand better the specific flavour content ijz,meson.

For all these reasons we will use our spectrometer to study "L production in nu-
clei beginning with the measurements of the p+6Li-b1L+ Be reaction with L] at zero
degree,

In the future we are considering the possibility of using a neutron beam for
measuring the n+p —ed+ 4 reaction detecting both the deuteron and the % .

This reaction seems of particular interest because it can be checked by well de-

fined theoretical models,
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PEJATHBUCTCKYX | THIIEP, ZH OPY
BIAMMOIENMCTBIMHe (18 T'sB/c) C SR AMA

ABpaMeHRO C.A, ,ACuypaxmMoB _A.Y., Axcmhe:sxo B.fM., AHRKEEa M.X.
rBannlnpa" B : aXos n.A.(le. Bﬁregxo Bi‘g.,Angieil‘m TA.. r
Boxng K. E "maroxcpa H.C,, Lo 2 A H. T,
I‘ggqen AL “fonenToop BoA., ADOSHOB BoAss Yaiziona DA, Sawisne
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‘B., B B.II. v B, A,
Kysmenosa E.C., Kynaxob B,A., ng:c'rm- X ol , Maig-

R,:
0.0, ob [1.K., MgTheeBa E.H., Marwams A.T,, Ma .T.,
on g . (2 8 :

.B. o H.M, H,(4
OxcHom 3.0,, rénenn T1.F,, OxpmisERO Lc:'mm 3.(2)
[ImaTxosckuil A,(2), Imaxmmenxo T.l., Hoxs D.C.(5), PaxomaHo» B.b.,
Poxneromoxan C.A., Pyomss O.T., oaTkmy 11.4., B.H.

o K.C., Cpeton A.I., Co, "A., Cromaos H.B f , Tapax I'.T.
(5), Xoposop C.A., Xyoamhos E.K.(4), Nesvenxo H.E.(I).

() Aemmrpaackal TOCYAAPCTBOHHMR YHNBEDCKTOT
{(2) MroTETYT PANMOTOXHEXN BADEABCKOI0 ZOARTOXHNYECKOro NHGTETYTA

(3 W3 BAH, Cojma
(4) HEB3 AH KasCCP, Amsa-Ata
(5) Owsmvecxmd mEcTETYT AH CCCP Mu. [l.H.Jledemesa, Mockea

OdsenmuoHHHR EMCTETYT ANSPHEX Nccxexosauxd,
JySHa

3xCHEPEMOHT HO NCCAOAOBAEED OGPASOBANES K PECIAXA POASTERNGYCXAX

TENOPARCP BOXOPOXA HPOBONRICK E& CHOXTPOMeTDe IiEC B BMBGXOMNON EYUXO
axep %o (18 I'sB/c) oumxpogesorpoma IBD OMAK, OcEommas PrEOTPEpyDEMS
WACTH JOTAEOBKE - CTPMMeDHeR xamepa (2xIx0,6 u3) B MaTENTHOM NoXe

~ 0,9 Ta, BADONRGNEAS HGONOM OPXE ATMOOJODEOM ZARNGENE. Mmwems (cna.
20 oN) yoranasamRasack B I2 ¥ I8 oM DOPOR YYBCTBETOALIMM OCLOMOM E&-
Mopu. TPATTODEAR ONOTOMR, DPOXNAINAYONEAS RIS OT00pa peaxumil oGpaso-
BANER N DACEAZA DOASTEBBOTOXNX TENODERGP, COCTORSA EB TPOX TPyuR OINE-
TEALSINOREMX ONOTYEROB, PACOTANENX B MMIINTYRROM DOEENG, N OuoTpof
SIGXTPORRKE. I'pymma A, PRONOZOZSMNAR NSPOX MENOXER, CDACATHBAZA NpS
TNORAKANEN 3 MESONS OXNOfl ¥ Tomaxo oxmofl amfe-vacrmu. I'pyoxa B gax-
ONPOBASS OTOYTOTREG XBYXSapAXEOl SAOTEDN NGEXY MMIGEMD X YYROTERTORN~
NI 00B0MOM XaMeDs. I'DYEua C CDAGATUBANAR, EKOTRA 38 YFBCTRETOXLNIM
O030M0N KAMODY ONOBA HOSBIAEACH ABYISADAANAN TACTRUA. TDMrTepEas cEO-
TOMA ZABALR ONISAI E& DOTEOTDANES OOGMTER OPE OXROBPOMORNOM CPAGATH-
BANEN BOSX IPYEE OWSTYEXOD. TAKEM OCDASOM, JOTEREA TPErTOpEOR OBHOTOMM
GMIA OPRANTHDOSANA K& OTOOp CACAYNEEX PSARIER OOPRSOBANER X DACLARA
POASTEBROTCKNX TEHODERGD:

Q°*m2 had ﬂl—:-u.%+n— (I)
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4ﬂe+GH2 - ’%H&"'auenr\m, (2)

4ﬂe+m2 - EH-& L P (3)

TpaTOHH, o0pasoBABMNSCA TPM HOYUPYToM BsamMozoficTBMR axife-gac—
TH P MEUGHN, MOI'YT B Iase XaMepM OepesapansTici B “He. Taxad peak—
A TORe YAOBASTBOPEOT KPETODEAM 0TG0opa coOHTHR TpmrTopod. Jas Hac
HANSONOO CYMOCTBOHHA DeaKmEA MoPesaDARKE ¢ OCPA3OBAHEGM OTPEUATEJLHO-
T0 38pARGHEOTC NNOHE -

3 . Ne—»aﬂa+n'+..., (4)

TOCKONEKY EMOHHO OHA MONOT HMUTWPOBATH DACHAfH IMISPAKEP (pearumn
(I-3) ).

B SEomepEMEHTe NOJONOHES CYOTYMEOR rpynnd C BHOEpPANOCH TAK, TTO-
Ou 9dfoRTHBHOCTH perMCTpaumE peaxuue (I) dwia MaxcHMansHol. Mozeam-
POB&HNO, OPORSHSHHO® B pAMEAX mpocToft MoxexE /I/, mokasano, 4TO B
3TOM CAYYAE IEOMOTDEYECKHES 5HPeRTEBHOCTE perHCTPaUME Deakumit (I) @
(2,3) pasuu ~ I00% x ~ 50% cooTmeTcTBeMHO. UTO KacaeTcA pearumm (4}
TO reoMeTpEYeckas {PoKTHBHOCTS €6 POrmCTpaluE OWia NPRHATA Tarol xe,
RaK B auA peaxmmi (2,3), DOCROJNBKY EMIyABCHO-YIVIOBHE DRCIpPOAeNSHESA

@ BO BCEX STHX DOAKUNAX IPECIE3BTOJLHO OQEHAKOBH. Mesmmas ( mo

cpaBHeHED ¢ (I)) reoweTpNuecKas SfpeRTHBHOCTD POTECTPAUEN peaxmuft
(2,3) cpaAsaEa ¢ TeM, 4TO0 3a cYeT JoasmeR KPEBRSHH TPaeXTODEN e 5
MATHETHOM LOX6 YaCTh XX He HONAZAST B CYOTYRMEN Ipymmk C.

Ha Qororpajmax peaxmum (I-3) JOMENH WMOTH ORNHAROPHE BEI: OT BXO-
Ia B EANGDY RO BODUNHW (TOYKE pacmafia) - TpeK ORHO3APANHOR TACTUM,
N3 BOPMNEH BRXOINTTPOK DOACKNTEAEHOR XByXaapaaHof wacTMI ¥ TPOK OT-
PRUATEARHOTO NNOHA. Tarof X6 BUN MOTYT EMOTEH COGHTNA, COOTBOTCTBYN-
WNe peARUEN nepesapanxa (4). ORHEAKO B COAMINHCTBO CAYYAGE DeakuNA
ODOpeS8PARKE CONPOBOXRASTCA NCIYCKAHNGN NONOAHNTOALHMX TACTEN NS ANpa-
sumonE ( Ne ) wam Apxme cTpEMepoM B PopmEHe ( NOMNSAURA Iasa KaMopH
AXpoM oTHAvYE). TaxEM o6pasoM, "TECTAR” BODENHA ABXAOTCA HPESHAKOM
paonaza rmnepaapa. Apyroff 00006HHOOTHD, NOSBOMLADEER BMREAATH PEAK-
mw (I) Ba QoHo poaxumft (2-4), ABIAGTCH BGANMKEA IMOYALCE 00pasoBap-
melica P pesyARTATO DACHAAA KIN NEDe3aDANKE KBYXSAPAANOR TACTEUM.
B peaxipiax (2-4) 66 MEIyARO ENEOT, KRE UDABNAO, BOANTMHY OXOAO
I2 I'sB/e ( ~ 4 I'sB/o Ea NyxsoH), a » peaxumx (I) - oxoxo I6 I'aB/c
( Tome ~ 4 I'sB/c H& RyXioH). TOYHOCTP MSMODEMEA MMUYARCA IAYXSapamuofl
SACTHIK B CHSXTDOMOTDPS ~ HOCKOALXO HPOUGETOD — NOSBOIAST MANAXHO DAS- .
ISAATE STR QAYYAN, H,NAKONGL,CHMAM CEALNUM XDPNTODEON ABANOTCA BOXNTN-
58 shbexTaanof MACON ORNOTOME + I,

SfexTERNCOTE FRGNTR{ERAUNE I'NIGDRXOD 4 10 KOMONRAINE HODRMX
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JIBYX KPHTEPEEE MOXHO WLINCTPEPOBATH TeM, 4To 23 I5 coouTaft, yuopier-
BOPANMAX TPEGOBAHEAM ~ YACTAA BEDUMHA ¥ MMIYALC BTOPHUHOI'O TeJRA
coanme I4 T'sB/c, - Bce IS5 mMenT 3YdeKTHBHYD MACCY C TOYHOCTHN L0 HEC—
Koapkux MaB ( pa3pemeH®e yCTAHOBKE B0 afdexTRRROR uacce), DABHYD MaC-
ce THNepARpa ,?H (3,9225 I'sB /2/). Opu aroM B 1I cooutrax ( m3 sTEX IS)
NOPBEYHHE TPeKH EMEJE ILJHHY, NOCTaTOYHYD 1A HalexHol BESyanrsHO# ONeH-
KE PasHBON KOHMAAUMA Merny neppruiiM ( Z =I) ® pTopEuHEM ( Z =2) Tpe-
KeMB. B IIByX CJy9aSX ¥3-33 BHCOROBQABTHHX IPOGOSB B Kemepe (mATeH)
BepIHH COGHTH! He BUUHH. OTE COOHTES OWIA BREHTBRIMNMDOBAHH RAK

0 KOMOEHAUKM IPEIHAKOB ~ MMIYJLC BTOPHYHOIO rendA B sffeKTUBHAA MaC-
ca. TaxEM 00pa3oM, pe3ynbTaTH, KOTOPHE HDMBOAATCA HEXe, OCHOBAHH HA
permcrpamui 17 cayyaes pacnaza ,H — “He + I ,

MB monyymmn ceveHHe oCpa3ORAHHA B OyuKe Ye (18 TaB/c) Ba
CH2 MMUIlEHR, DaBHoe 0,418:3 MKG. [lpu pac4eTe ceweHUs IpeII0Jaraloch,
4TO0 BPEMA EUIHH f‘ﬂ - ZxIO'mc; YTO AOAS ABYXYACTHMHHX pacmanoB C OT—
DPRHATENBHO SADMECHHHM IMOHOM cocTamndeT 50% ( mo maHHuM pado? /3-7/)
K 4TO CedYeHAe HeyIpyl'oro B3auMomeldCTBEA ,H ¢ ANpaMd DABHO COYEHED
Heynpyroro pzamMoRefcTBiA “He ¢ ampamd. llocsefnHee NpelucjioXeHUe CI&G0

CKRa3HBRETCR HAa BeJUYMHe CeYeHWs o0pa3oBaHAR ,H. Tak, ©CJR IpegmoJa0-
XUTH,YTO CedeHue Heympyroro BiaunoneficTeus ,H Ha 40% donpme, 9eN ¥

2, TO BQJHYAHA CEYSHHA 0C0pPASCBaHis HIMOHMTCA LPRGARIATerEHO Ha IO0Z.
Omecka, NpEBeEHBAA HAMM IAA BeJEYENH cedeHMA OGPA3OBAHRA ,H, BRINYA-
eT B CcO0A He TONBKO CTATUCTHYECKYD OWNEOKY, HO B HEONDENSNCHHOCTH Le-
POYECHOHHUX UAPAMETDOB, & Takke BO3IMOXHHE OMMOKH B ONPOKORCHRE 33—
peKTEBHOCTEH HETEeKTOpOB.

B padore /8/ 1o peaynbTaTaM HePBOTO OCJYy9YeHUA yoTaHOBKE ( 5 cuy-
9a6B pacnals ,H) MH IPUBONWIK OUEHKY CeYeHMA OCPA3OBAHEA 3TOT0 I'H-
nepanpa 0,2 MxG. l[pR Hadope 3Toff CTATHCTHKE MHIIGHE CTOANA HPAKTHYEC-
KA BILIOTHY® K rpylne B c9eTYHKOB. 3TO MOIN0 OH B NpPHEHUMIE NPHBECTH K
TOMy, 4TO 4aCTEH CJAyYaeB OCPA30OBAHER A"H.conpomamaxcx HCHyCKAHHEM
B HeOOJBIIOM TQNECHOM yIJIO HECKQNLKHX ORHO38DARHNX 9ACTEL, He DPeIucT-
prpoBanach { HECKOABKO OBHOSADANHHX YACTHEL MOTYT B Irpymme B cyeTun-
KOP MMUTHDOBATHL CHIHAN OT ABYXSAPAAHON JacTEuH). M X0TA MOgesEpOBRR-
HEE TOKASANO0, YTO0 2TOT SPeKT Hea3HAYETeNEeH, OPH JanbHefuwem Hagope
CTATECTEKE PACCTOAHME MGXLY MMIEHED B rpynnofl B cyeTYmKOB OHI0 yBe-
JEYeHo Ha 6 cM ( pasMep CYeTYMKOB - 4X6 cuz). & BOPXHME OOPOTH IECK-
PEMEHATOPOB IPYHOH B YCTAHABAMBEXNCE TakK, YTOOH CBECTE K MIHUNYMY
HoTepR COOWTHA ¢ IByMA YACTEUAME, COIPOBOXRANMMME 0OpPA3CBABEEeCH
rENepanpo. CoBnaneHse B HPefeNaX ONEGOR OGORX DESYALTATOE T'OBODAT O
TOM, 9T0 paccMoTpeHHHfl afdexT dompmoR posm He HIpaer,

Hasepenroe ceveHme 06pRIoBAHNA ,'.‘H XOpOmO COIVIACySTed ¢ TeopeTE-
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JecKmd pacteToM ( 0,29 MKG Ha yIraepoZHOR MENEHE B IDyYKe 4He c EN-
uyascoM I8 TaB/c), 0 KOTOpOM Ha BTOM CeMEHSDe DPAacCKasHBAA Npodeccop
M.Cao ( cw. Taxme /9/). TpymMee cOIVIACOBATH OOMIY9OHHOO HAME COYCHHE
¢ CceveHMNeM OGPABOPREWA TEIEDANEP KMCJIOPOJA B IYUES =) OpR BHEPIHEM
2,1 TsB Ha HyRIOR, KoTopoe no JAHEEM /I0/ paBHo 2B+I4 MRG. Kar ka-
YeCTBOHANS COOCDAXGHNA, TaK M HEHOCDeICTBEEHNO pacueTH /9/ MOKasuBa-
DT, 9TO COYOHMA OCONX LKDONECCOB JOAKHE GHTE ORHOI'0 MOPANKE BeJIETHMH.
He McrmoyeHo, To gamaue /I0/ comepxaT 3HATETEALHYD NpEMECh (OHOBHX
opoueccop, HOCKONBKY DDA EASHTRJUKamEU cOOHTHR HCIOAL3OBANECE IOBOJL—
HO cyadHe KpPNTEepHd. )

Ha 9acTi cTaTRCTERE B pacoveft soHe mianofl IIS cm Guro moxcyETaHO
9RCHO caydaes mepssapanki “H + Ne - Mo+ 1 ... . COOTBETCTEYIOS
CEYEHES I:é 5 M0 ( 25 ~iyvasB mepesapamxd). dTa BOJHYEHA CEska K
COYeHED napésapmum e+ C —» + ..., paBHOoMy 1,2 MKO ( IO ZaHHEM
padot /I1/,), HO OTHOCAmMEMyCA K 3aMOTHO MeHHUeH sHepram - 3 I'sB ( B
HameM SKCOODEMeHTe SHepI'Msi TPETOHOB okano IO I'sB). IlocROIBEKY, OMHAKO,
B 9ToM (3-I0 I'sB) EHTepBane BHepPIeTHIECKad 3ABACHMOCTL CETOHEA Iepe-
3apANKE ONMTAeTCA HesHawmTeanROR ( MH diaromepHH mpodeccopy M.Camo sa
$T0 3aMevaHNe), TO COBIANGHNS HAUEro ® E3 padoTH /II/ ceveHml MoxHO
PacOMATPEBATL RABX TMOATBOPENEBHe NpPABAIEHOTO yvera S(PeKTMBHOCTH amma-
paTypd B HameM SKCIHSDEMOHTE,

];Igeua naml mnep.nep ,?H. E3MepeHHOe B HameM SKCHOPEMEHTS, DPaBHO
(2, 2 5)1 IO c. YTO HOCROJABKO GOJIBIS, 9eM yCDegHEHHO® Io Goxee paH-
HEM axc.nepmenwau sHavesme — I,6xI0” 106 ¢ cM.0630p /I2/), B 3aMeTHO
OTNEYAETCA OT DesyabTaTA TeopeTHYeckoro pacvera (I,3xI07Yc), mpupe-
meHHoro B /I3/, OTMOTEM, WTO BO BCEX NpPOIeCTBYDUEX SRCIODEMEHTAX
BPOMA XESHE ,{‘H M3MEDANOCH C HNBKOJHODTHYHHMY T'RICpAApaME, O0CpazoBABmNE-
MACH B POSyAbTATE SAXBATA AXPAME ToJBA WM ANDAME SMYIbCHE MOIIOHHHX
K~ mesoHOB. B TAKEX HOCTAHOBKAX SKCUEPHMOHTOB BOSHEKA®T ANl CVIOXHHX
MeTOTUYECKAX OpodneM /2/, CBASAHHHX KAK C OYeHb maxol goxelt pacuamon
H4 JeTy, TAK B ¢ UNeHTRIEKaUMeR pacnaplMXcs HA JIOTy THOODAREP.

B sawmveHEe OcTAHOBEMCA HA NpodaeMe 0GDasOBAHNS B DEcUANA
HameM SKcOepEMeHTe. [IpNHEMAA PO BHEMAHEC OTHOmNSHNS coueHES o0pa’aoBa-
HEA ,ﬁl x ,:?H no pacueTad /9/, IOmn NBYXTACTHYHHX PAGHANOP ¢ OTPENATSAL-
HO SapANSHHEM IMOHOM ( HO IAHHMM DagoT /3-7/ ) B oTHomeHNe 3{fexTMB-
Hocteld, Ba 17 BApPErECTPEPOBAHEMX DPACRANOB /éﬂ VH JOAXKHN OWIH OH HMETH
oxoxo ID pacnanop ,‘?ﬂ OnBaxo B BXCHGDAMEHTE SAPEINOTDEDOBAH TOABKO
onmH cxydal. He NORNNNEHO, ROHEWHO, YTO 3TO De3yAbTAT (MYETYAINE X
(xam) HeTOWHOOTR Moxexam /I/, mO KOTOpoM PACCHTMBANCCEH OTEONGHES B~
fexramdocTel. Ho MOBHO STOT DESYNLTAT DACCMATDHBATH X KAR YEA3aKNEG HA
HeOXNpAKHNe cmoficTBa I'NuePANpa JH ( HANpEMSD, MAXOe BpeMH ENSHE KAN
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CymecTBeHHo MeHpmas U,I1 MaB /2/ sHeprua CBASH JAMONA-YacTHUH B IB-
DepTPHTOHe). 3aMeTHM, 4TO KyJoHoBcKoft quccotmamyeft runepTpETOHOB
B CH, mameny { mpx  V/¢ ~ I U 5HEPTAE CRASHE JIAMOLA-JACTHENH COJEUe
0,01 MaB) yMeHhmeHHe HX BHXONA OCBACHHTEL HEIBRA, XOTA UPH MAIHX CKO-
POCTAX U COJBUEX Z CpeAH RYJOHOBCKAS UMCCOLMAIMA cymecTBeHHR /I14/.
Mu dnaromepuu f.Eopke, M.H.Nogropeuxomy, M,Camo, I'.A.Coxaxy,
B.H.leTucOBy 3a OOCYXREHHME DACCMOTPSHHHX BOIPOCOB K IOAeSHEHe 3aMeia-
nua; H.H.Ipafory ®x B.l.Camanopy sa DOMOWL B NOATOTOBKS® ¥ IDOBSHSHAR
odayueuuit ycranosxn; Ji.A.Touuapopolt, C.H.Komapopof, J.C.JIncmMoBoi,
H,C.llepdaxosoit n 1.M.5Hrent 3a OoMOWb B OOFadOTKO MATODHAAS.
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HYPERNUCLEUS FORMATION IN HIGH-ENERGY NUCLEAR COLLISIONS

M. Sano
Institute for Nuclear Study, University of Tokyo,
Tanashi, Tokyo 188, Japan

1. Introduction

Hypernuclel are usually produced by collisions of proton,
electron, pion and kaon beams on a target nucleus. High-energy
heavy-ion collisions may also offer not only the possibility of
producing various hypernuclet, but the possibility of producing
exotic nuclear species such as multi-A hypernuclei and H-particles.

Kaons and A-particles have been measured in high-energy heavy-
ion collisions"Z) and we have learned from the experiments that
their production cross sections are fairly large even at 2.1
GeV/nucleon. Therefore, experiments of high-energy heavy-ion
collisions may admit to the formation of hypernucleus with fairly
large cross sections and also to the observation of exotic nuclear
species. Kerman and He1533 estimated production cross sections of
hypernuclel and obtained a rather large amount of production cross
section. However, their prediction seems to be unrealistic, because
they did not take into account the momentum distribution of A-
particles produced by collisions. The formation probability of
hypernucleus depends strongly on the momentum of A-~particle, since
the produced A-particles have to stay in a nucleus.

Asal et al.“) have tried to apply the coalescence mode15) to a
description of the hypernucleus formation and to estimate the
formation cross sections at 2.1 GeV/nucleon by incorporating the
various experimental and theoretical information on high-~energy
heavy-ion collisions. The calculation has further been extended up
toc energy range of about 5 GeV/nucleon by Wakai et al. ) and estimat-
-ed the formation cross sections of double A-hypernucleus in addition
to single A-hypernucleus.

The present work is to estimate hypernucleus formation cross
sections in collisions of relativistics beams of 'He, 7L1, 120 and
9F with target of C at energies used Iin the recent Dubna experi-
ment and to ¢valuate the secondary (t'K’) formatlon.7) The formation
probability of H-particle is also estimated.
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2., Hypernucleus Formation Cross Sections

The details of the calculation method of hypernucleus formation
cross sections based on the coalescence model are described in
previous papersu'e) and only a summary is giver here.

According Lo the coalescence model, the formation cross section
of A-hypernucleus is expressed by the product of A-particle and

nuclear fragment production cross sectlons as follows:

3 (AF) m,+m 3 (4) 3 (F)
g AR s L L),
°r dk) MyMg %r k] °r k]

where k_ is the momentum per particle, m, = M,/M_, m_ = M /M _, Y =
C 540 A A" n F F'''n
LI'(ko/Mn) ', M, is the nucleon mass, M, is the A-particle mass,
MF is the fragment mass, and LIS is the reaction cross section, SAF
is the coalescence factor and is given by assuming the harmonic

os~illator wave function for the A-particle in the hypernucleus &s

S,p - (:zn)3%l(ea.1)g’”<nz) i (2)

The sum runs over bound state (nf)} of A-particle. (/_iJ“.(nV.) is give by

T for os-state,
= }
o ppint) o . (3)
(Yra) (EAF/u)" for op-state,
. .2 2 2 5 s .
where « = (bi.:u)”‘, Bap = (BAoef_)Uz. b, is the harmonic oscilla-

tor size parameter given by [(‘ﬁzlnd)/‘hud]” and 8, is tiie parameter
of a gaussian form for source function of particle i. In the
icnz, we employ a parameter value of DA associated

with the frequency fw, - 30A"’3Mev. Here we take the parameter

numerical calculat

values for SAF as specified in Table 1 and for Ne+Ne reaction BAF =
%.53fm is adoptced, which originates from the choice BA = BF (= 3.91
fm}. Those vilues currespond to the extent of the normal nucleus
consisting of the prejectile ang target nucleons and the rms radius
i given by i - -5”:6‘.

For tht prusistien cross sections of the A-particie and nuclear
?roduce the

fragment, F, wu ro:ort to the model caleulations which r
2
)fdk; of A-

exigting data 4u:te well. Inclusive cross secticn d3a(
rarticle praduction 1s evaluated by means ol a statistical phasc
space mode;l." ag& o rum of contributions of subprocesses in which M
ni.eleens in the jrojectile A fnteract with N riucleons in the ta:yot

E;
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EALY

5 - 5N0AB<M,N)5?;N(p) . ()

Here °AB(M'N) specifies the cross section for the sub-process and
JFMN(p) denotes the distribution function of momentum p for the
particle emitted In the subprocess (M,N). The cross section oAB(M.N)
ls factorized into the respective nucleon-nucleus cross section in
the straight line geometry.

UAB(M’N) - uA(M)oB(N)/oNN f (5}
where

0y () = gy [aPsLi, (o)1 Mexpl -,y ()]

ﬁA(s) - °NNIdz pals,z) .

Here pA(a.z) denotes the nuclear density distribution and ONN Is the
total nucleon-nucleon (N-N) cross section which is taken to be 40 mb.
According to the statistical phase space model, the momentum

distribution ?’Mu(p) is given as follows:

Fae) - Eniq?MN(ni)wL(p) ' (6)
-
where @Mu(ni) is the probability for producing n, particles in the
subprocess (M,N) involving vNN collisions and oL(p) is the normalized
momentum distribution of the respective products.
In the beam energy range where the possible types of particle
production process are limited to

N+N + N«N<+an, (a = 0,1,2,.2°¢) (Ta)
N+Y+K , (Y = A or g} (7o)

, for instance, the probability ‘pMN(ni) for producing n, plons, n,
lambdas and Ny sigmas 1s given by

v v v
I e ]
o1 4,=0 JB'O 1

v
KPMN(“I'"A'“Z) - W
oo Ju!nptng

J 1

8 Jo My
xalolay (@)1 q,tq;F 6(v-nA-nz-ag°Ju)6(n‘-ug1uJG)B(MoN-nA-nz)

MN-v
+ —_ 8 [ [ .
MN n'O nAO nxﬂ
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Here qi are the branching ratios for the respective processes given
by Eq.{(7). The normalized momentum distribution becomes

3
L d7p; L L
- 1 43 - -
MALTE IJ’JZ E] 8 [J.f'1pj PMNMJE‘EJ Eyy)
: __.1
/JJL § ( n pJ MN) (kZ‘EJ-EMN) .

The subscript L denutes a set of M+N-nA-nI nucleons, n, lambdas, n

A L

sigmas, n, pions and nytng kaons.
In the energy range up to abut 5 GeV/nucleon, the following
clementary reaction channels sheould be taken into aceount in addition

to those in Eq.(7)

N+ N » N+Y+K+nn, (n=1,2.s) (8a)
Y N+NeKR . (8b)

The set of branching ratios, q“(u), for the process (7a) is taken
from empirical formulas fitted to the experimental data of N-N
scattering up to 4-5GeV, that is, q"(O) = 0.350. q“(1) = 0.228,
q"(z} = 0,215 and q"(3) = 0.207 at UGeV. The lsospin-averaged cross
section for the combined process of N+N » N+A+K and N+N » N+I+K In
EqQ.(7b) is given by G(N+NsN+Y+K) = 0.1kUp_ (K)/mc(mh), where p_ .. (K)
is5 the momentum of the prcduced kacn of maximum energy Iin the c.m.S..
The iscspin-averaged cross section for the process of N*N + N+Y+Ks+m

is also given Dy o{(N+N+NeYsK+m) =« 0.898p .. (K)/m{mb). The cross

section data for the kaon pair production {8b), in the energy range
of interest, are rather sparse. We use a simple linear parametriza-
tion of the cross section o(N+N+N¢N+K+K) = 0.0175 pmax(K)/mK(mb).
The effect of the nuclear Fermi motion on the momentum distribution
of the emitted particle is taken into account by using the Fermi-
avaraged branching ratios for the particle production processes (8a),
tor instance, defined as follows:

ENEIE O—;—NJJd3pAd3pBI’(pA)f(pe)a(N+N~N+I\+K+mr) : (9)

where the functlon f(pA) and f(pB) deszribe the Ferm: momentum
distributions of the nucleon In projectile A and in target B, respec-
tively.
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The main production of nuclear fragments comes from peripheral
ion collisions. The nuclear fragments show typlcal factorization of
cross sections into a target and a projectile, typical momentum
distributions and isotope production ratios. In the rest frame of
the projectile {or the target), the cross section is parametrized in

the non-relativistic approximation as

(F) (1)
3.(F) o Q 2 e
dd(;3 - 22 p exp( BE - Eg‘ﬁ )/[ZuFTZEuiexp(—ﬁL)] . (10)

where Q(F) are the threshold Q values of various break-up channels of
the projectile (or the target) into the observed fragments, T 1s the
temperature parameter, up = MnMF(Ap-AF)/AP and o, = ﬁrg(A;/3+A}/3-6)2
with 8=1.6. The isotope yields In various ion colllsions at e.g. 2.1
GeV/nucleon are well reproduced with the temperature T-8MeV.

The theoretical results are summarized in Table 1, All the
hypernuclei produced with cross sections larger than 0.05ub are
included. The comparison of corresponding values in Table with
available experimental ones'o) reveals a good agreement: For "He
beam, Ref.10 gave 0.2ub of :H whereas our theoretical value is
0.29ub. For 7L1 beam, Ref.10 suggested an upper limit only for ZLi
production, which has been put there at 1lub. Theoretical valueﬂis
0.%1ub.

Table

Tc .1 cross sections (in pb) of hypernuclei
formed by projectile fragmentations

y
12 7 12 12,12 19F¢120

ge+'2¢c Try.'%c 12..12¢
energy(GeV/A) 3.7 3.0 3.7 3.7
Byplrm) 4,07 4,31 4.67 5.08 final nucleus
from % A~decay
product (if "stable")
3u 0.44 0.53 0.46 0.59 34e
H 9.29 0.68 0.39 0.65 e
JHe 0.27 0.10 0.39 0.30 -
R 0.05 0.03 0.08 -
2He 0.25 2.58 1.94 -
She 0.25 0.32 0.54 61
8L 0.09 0.30 0.37 -
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The 0.07 0.09 0.20 71.1
T 0.11 0.24 0.33 Be
The 0.07 0.05 -
Bt 0.18 0.34 s
8 0.15 0.11 B
ABe
Be

/?“ 0.05 0.22

JBe 2.48 1.78 0-
10 0.01 0.09 19pe
%Lt -
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3. Secondary Production Processes

The secondary hypernucleus production processes are mainly due
to mesons produced at the primary stage. If those mesons can still
induce the strangeness exchange reactions in nuclear fragments
emerging from the primary reaction with sufficient efficlency, it
represents an additional source of hypernucleli. ’

Limitations on the efficilency of the secondary process are the
cross sections of meson productions in che relativistic lon colli~
sions, cross sections of strangeness exchange reactions in the
elementary process and especially in the process on a nuclear target
and finally the kinematics (the momenta matching).

The main difference between K and n productions is the inten-

ity. Remarkably enough, n mesons are produced almost 103 more
intensively. The total cross sections for the elementary A-produc-
tions through K~ and n* mesons do not differ by more than one order
of magnitude, whereas for lower momenta the threshold of (wK)
reaction cuts off its yleld. All the data suggest that the (w’K’)
secondary production should be much more efficient than (K" ) one,
estimated to contribute by three orders of magnitude less than the
primary process.

The total cross section OAF for producing the hypernucleus AF

via the secondary (#K) reaction in a relativistic ion collision,
based un v and fragment distributions used in sect.2 is given <

3,(m) 43.¢F)
3 3 d 1 1 o+ )
o p = Jd7p, d7p - 0, (F(n K ) F;p_.Pp)- (10)
F J F._3._° __;g_ Ters UHY AFiPy Py

The formation of the hypernucleus AF by m-meson with momentum Py in
the (%K) reaction itself, enter.)ng Eq.(10) is given by

lab)

K dg

lab lab .lab do 1ab lab lat,
) - fatpleb,tebygte (p Igpp(HY,pl Lab

o)
in the usual laboratory frame (pF-O,p"//z). In Eq.(11), a 1s the
kinematical factor for transforming from 2-body lab system to A-body
lab system. dg (p lab.eil(ab) is the elementary lab differential

oy (Py

cross section at ei}ab. Effective neutron numbers Net‘f are sharply
peaked at eK = 0 and especially for higher momenta of 1nfaobm1ng L
mesons, one can safely ocut off the angular integration at BK - 15°,
EqQ.(11) may be further simplified when one neglects the (very smooth)

angular dependence of the factor a and for g% adopts the value
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corresponding to Oy = 0. Then, oHY(piabJ obtained under the approxi-

mation
lab do
oyy(py=) = ““’u'o”ﬁ'o"J"err‘mlab (12
is peaked around piab—1.1 L :He 9%
e
GeV/c and fall off below 25 f f
! \
1udb only v slowly for
ud only very y 20k :
i

large m-meson momenta 1

(piab>1.5GeV/c). A rough &r 15F
approximation of Eq.{(10} Si)

gives the secondary 10

(n*K') process contri- ,J
bution at 10% of the
primary one obtairned in
sect.2. Figure 1 shows
primary and secondary
production cross sections Fig. 1

0.5 %J“ )
ASP T
L

g, See 2 .

PN A T N

5 10 15 20
MASS NUMBER A

for four beams fndicated. Displayed are only strongest populations
for each group of hyperisobaresa. The hyperisotopes identified in
experiments are visualized by arrows.

4. H-particle Formation Probability

A deeply bound state of dihyperon with S=-2, Spin J=0 and flavor
SuU(3){222], so called H-particle, was predicted using the MIT bag
model in 1977 by Jafre.l‘) The binding energy is about 80 MeV
relative to the threshold for strong decay to AA. This is a six-
quark stcte consisting of twoe up quarks, two down quarks and two
strange quarks with total spi{n and isospin zero. Since that, many
calculations of the dihyperon have been performed, using relativist‘'c
quark bag models, Skyrme models, non-relativistic quatk cluster model
and lattice QCC. The binding energy ls somewhat model dependent.
The lattice QCD calculation confirms the existence of a bound
sgate below the AA threshold, but magnitude of the binding energy has
not been filxed due to accuracy of numerical calculatjons. The non-
relativistic quark cluster model prediccts a binding energy of
(20t5)MeV below the AA threshold.‘3‘1u) In despite of lack of
information on the binding energy, it may be useful for experimen-
tally exploring existeunce of H-particle to know the formation
protability of dihyperon in high energy nuclear collisions.

The dihyperon state in SU(3)f symmetric limit belongs to the
singlet representation and can be expressed (n terms of two-baryon

configuraticns ae
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|H> = /}-MA) + /§|Ns> - /§|zx> . (13)

In high energy nuclear collisions, many hyperons are produced. If
the coalescence model 1s applied to the formatlon of dihyperon, the
formation cross section of H-particle becomes

) %U(AA) . gu(us) . gu(zzJ . (14)

Assuming a strong bound state for dihyperon and a small size (-1fm)
as compared with the spatial extent of source, the coalescence factor
does not depend on detalls of structure and !s given by SH(AA) -
%(2n)3/zﬂ;3 etc.. In numerical calculations, a channel of N+N =+
N+Z+K+K should be taken into account in addition to Egs. (7) ana (8).
We use a simple linear parametrization of cross section
o(N+N+N+Z+K+K) = h.45p _ (2)x10"3mb/(Gev/c), wnich gives o = 0.007mb

at Piap - 10GeV/c. ——
Figure 2 shows the H-
particle formation cross
sections in Ne+Ne collisions
at 5GeV/nucleon. The total
cross section ic -2.6pub. This
gives only an upper limit of
the cross section due to rough
approximations taken for
dihyperon wave function.

EdeIpzdde ( Bbvsri(Gev)ic3)

i1 L 1 L

1 1
02 04 06 08

pL(GeVIc)

Fig. 2
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UCCIEJOBAHVE B3AMMOJEVCTBUA PEAATUBACTCHIX
AP C MUEHAMA M3 MEIM B 20 ~ TEOMETFMM

CorpymumqecTso: Mapoypr-lydna-lleinuur
E.B r, E.Tancayre, I.Jepw, E.¢pagrexnep®, T'.Xaace, M.XeK,
AN —

HECTRTYTH spepsolt xpMuy 2 AnepHof $UAMKE mpA YHMBOD-

cm'e-reynu. Gw’innnca. Mapdypr,paPI‘ 0 :
B.C.Byrues, M.U.KpmBonycTos, B.A.Kyznaxop -

OdrenuHoEHu MHCTHTYT AXePHEX MccJaenopaHmit, llyOHa,

3.0.Jiaurpox, @.wue -
gamm.a eor&gﬂem Hayx BHewel TexHuveckoil WKOJMH,
e

I. BEEN:HHE

B mocaensme rONH OONBUIOS BHEMAHKE YAEJASTCA DKCOODEMOHTANBHOMY
B TEOPETHYECKOMY HECCJAOHOBAHMN AHOMAJIBHHX SAEPHHX (parmMeHTOB, ?%p%g
UEXCA B ARPO-ANSPHHX COYNADeHEAX IIPH DEJIATABHCTCREX 2Hepraax / -~~~/
AHanua OCHOBHHX PE3YNBTATOB IO MCCJIEROBAHMN AHOMANOHOB ~ [ANOTETUYE~
CKEX O0BEKTOR C AHOMANBHO RODOTRO# piusodl mpodera p BeMeCTBS,H,CO0T-
BOTCTBOHHO , I0BHITO COYOHIAMM BIAUMOLGHCTBEA JIOCTATOYHO LOIHO H3NO-
XeH B oti:aopaz?m"’l =20, (CMOTpH TARXE IMTUPOBAHHYW JIATEPATYDY).iOXHO OT~
METHTH, YTO SKCOEPHMEHTANLHAA B TOOPETHYECKAA CHTyauud HeoNHOSHAYHA
H DpoTRpopevEBa, Pesyasrard 40 padoT yKasHeanT Ha Hamdme affexra
AHOMAJIOHOB, 'r]%} %71- DOJMOXETANBHHE Pe3yAbTaTH, Ooee X padoT - OT-
PMUATENIBHEE s,

Hurepec K mpodiieMe AHOMANTOHOB BHABAH, NDORN® BCero, DPASNMYHHMH
nomxoZaMl K RHTGPOpeTAN fBA6HEA., B OCHOBY MHOTEX MOReNefl DOJGESHA
THNOTE38 O PO3MOXHHX OPOABAGHRAX UBETOBHX CBORCTE KBADKOB M I[MOOHOB
B KBANTOBOY XPOMORMHAMEKO, AHOMAJIOHH BHCTYNAKT B 3THX MOLENIAX KaK
HOCHTEJNH OTKPHTOTO (BATA.

NosToMy, Ha Hau B3rAAN, UeAecoodpasHO DPONIRATE HOMCKOBHE IKC-
NepEMEHTH AHOMAIOHOB © NPUMEHEHHEM Das3JMYHHX MeTonmx. Ocodas poxs B
9TEX RCCAOKOBAHNAX OTBOMETOA YCKOPMTEAAM, OoOAATANEfM Ny4KaMl Amep ¢
euepraell pume 2 I'sB/Hyxaon. Tax, l-m.uplmey1 B_SKCUODEMEHTAX, BHIOAHOH-
HHX C DpEMOHOHEOM 8KTMBAUHOHHON MOTOMMKK 3-1 » 110 OONyYOHHN COODKN

X noorommuut supec : JadopaTopud EN. Joyperca, Kemmfopumfioxms
yuxBepcareT, Gepiam, ClA,
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MHweHe} M3 MelHHX JMCKOB B OyYKaX Agep yraepoma ~I2 (44 TeB) u sAmep
aprosa-40 (72 I'aB) HaduomeHO aHOMANbHO® yBeqMdeHMe ceyeHmit o6paacBa—
HUf M30TONA Ne [0 cpaBHEH#W C DACYETHHMM 3HadYeHmAME b.M.dpnmren—
nepa. llorydenHHe B padoTax 13-16/ OTHOWEHHA ceveHME oGpas3oBaHWA M30-
TONA HaTpWi-24 B 3aBHCHMOCTR OT OOJHOR 2HEpPIdMM HAJeTALNHX AKSDP BMe-
DT YOTKYK TCHIACHUMO BO3pacTaHMA. [ OOBACHeHMA SKCOEPMMEHTANLHHX pe-
3yABTATOR OHJIO CASJAHO NDeANONOMEHMe O POXNCHMM B YKA3AHHHX B3ammo-
IefCTEMAX YacTUl C HeOOHWHO GOJBUMMM HOUEDPEYHHMM MMOYJNBCAME, WIK 0C
oGpa3’/BaHKMM 9K30THYEeCKNX OCLEKTOB C BPeMOHAMU XH3HHW OKOJIO IO‘IOc /1 .
ila coHOBO ATIX [IPOIOONOREHMI OwIa NPOPOAEHA CepuA JKCIODUMEHTOB
10 MCCIEeNOBAHMK RKTUBHOCTH M30TONA HATDUA-24 B KONBUEBHX MMUEHAX H3
MeIyu Non yriaMu 0%¢e < 9%0°, oCpasynueilcd OpE coylapeHUAX sgep yr-
Jepona ¢ sHeprue# 44 I'aD (lyoHescKult cEHXpodasoTpOH) ¥ Amep I'SJEY C
sHepI”eldt 4 I'sB ( casxpoTpoH CATYPH, Cakne) ¢ MHMUEHAMU-TEHSDATOpaMA

3 Menu.

2. SKCIPYMEHTANEHAA METOUMKA ¥ PEIYIBLTATH

B HacToAmMX SKCIEPUMEHTAX HCAOJL30BAHA aAKTHBAIMOHHAS DATMOXHMMH~
yeckan off-line METOMMKA € TepMAHMECBO-VIUTHEBHME NeTeKTOPaMH HA
auaun ¢ 3BM, KoTopaA, Ha Hall B3LVIAL, YIayHO NONOJIHAET TPASMUMOHHHE
LA PONATHBUCTCKON ANepHOi PH3MKM MeTONH. [JIABHHM KPATSDUEM LDA BH~
dope 2TO#l MeTONMKA GHia (ojiee BHCOKAR CTATHCTAYECKAA OGECOEMEeHHOCTD
HccueRoBaHMl HE yPOBHE 104. YTO HO3IBQIAET ONPEHENATH OTHOLECHUA &K-
THBHOCTE DAIMOAKTUBHHX HYKMRUOB Ry ¢ TOYHOCTED He xyxe (I-3)%.

lse wneHTWyHue suuenu (puc.l) B pEue guckon ( & =80 MM, 4 =
I0 mm) couyvanuck B OyuKe SOep yIiepona JMYGHeHCKOTO CHHXPOGazoTPOHA
I B LyuKe AZSp Teama cuHxporposa CATYPH (Caxne, Opamuws). llosmuit mo-
TOK fnep yrhiepoma-I2 ¥ resaus-4 3a BpeMa OoGNy4YeHHMA cocTaBaan 7xI0*“ u
5xI0™“ cooTBeTCTBEHHO. [lyuky GHIM XOpowo CHCKYCHPOBAHH HA IIEHTD MAWe-
ekt (+ I mm). JuameTp npopwna nyuka ( &=IC MM) NEpHORUHECKM KOHTPO—
JIEDOBAJICA NOJIAPOKIOM.

Kaxgan MMIIEHP COCTOANA M3 JABYX MemHuX auckoB ( k =I u 8) n wecT
MeOHLX Koney ( k =247 ), NepeKpHBaDUMX NMANA3OHH yIVIOB:
0°-109; 10%-19%; 19°-31%; 31%-43%; 43°-52° n 52%-9%0° (pmc.I).
IpR CTOMKHOBOHAM A7ep yiyispolda B TeAHA C NOPBHM JUCKOM-MHIEHLR BO3HH-
KapT fparMeHTH Aapa~cHapdza B BTODWYHHE RACTHUN , KOTOPHE, B CBOD 94e-
pens, MOryT NOBTOPHO BYAMMOLEHCTBOBATL C KOVILUOBHMM MHLICHAMY -1 TOKTO-
pamn. Taxen cJaOXNAA KHOHIATYPAIWA MUNEHN OWna BHOPAHA ¢ UeJbd OHpe-
JeJIoHdA YTJIOBOTO PACHPCICJACHUA BHIOTA JpAMEHTOB M BTOPMYHHX YACTAL
B DepegHon nosycdepy (2I1-reoMoTpHA).

llo ramya--R3NYYOHE® H3oTOna ““Na B Kaxnof KONBUSBOH MHmEHH ONpS-
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Tle A ~BKTUBHOCTD U3ydYae-

IEeJAN0Ch OTHOMEHHMEe aKTHBHOCTel R: =AK/AB
Na B nocJjaeRHeM AMCKe-

MOF0 M30TONA B k ~KOJble, Ae-axmaoc'rs
IeTerTope( k =B),

B radmane I npEBefieRH OTHONSHAA aKTABHOCTEH R’:( H30TOLA
KOJIBUEBHX MENEHSX~IeTeKTOPaX, RODMEDOBAHHHE HA KTMBHOCTH B I M B Imc-
Kax. Kak BugHo M3 TAGHHENH, C yBeJMYeHWEM 3RepIMH JOMOapmMpyomero fnpa
BHXOJ, K30TONA HATPHA-24 3HAYHTENRHO BO3pACTAST LA BCOX HHTEPBAJIOB
yraop ot I0° m Bume, ¥TO ©CTECTBEHHO OTDAXSET BHCOKYD MHORSCTBEHHOCTD
BTOPHYHHX YACTHI B peaKiMAX, BHSBAHHHX [OTOKOM AAep yruaepoza.

Pac. I CxemaTuuecKoe pac-
nosoxeHue MumeHeR
M3 MEIHHX JUCKOR
(I # 8) ¥ Konen
(2+7) Ha nyuxe
Anep yriaepona-I2.

54

245, 5

s it xe”

vor

b tw
- no o
- - |
Tadmmua I.
3KkchepHMeHTANbHNe OTHOMOHRA AKTHBHOCTEN R; - msoTona 24Ra
B KOAIbUEPHX MEmCHAX-HETEKTOpax
B (8) 900-70°]70°-62°) 52°-43° 143°-31°] 31°-19°| 19°-10°| 10°-0°
------ N R I A N R i ettt et
k-HOMOD ME- I 2 3 4 5 6 7
meHN
%o (4 TaB) [0,2:0,1{0,1:0,1{0,240,1]0,3:0,1[0,50,1[0,840,1 +901 0
Ry
zu___r;n.L---.L--_.L-__.y__-.y--_ _____ S
e (4 c), 0,22 | 0,11 | 0,22 |0,33 |0,56 0,89 |=I00
E—w - o oas wm e = - o S I N W h = - - m - -
C (44 I'sB)
W" 1,1+0,2{0,640,2|1,010,23,2+0,2{5,630,2(7,630,2 II542,0
aiadbadiadts SR L BE B IE IR B B R R e Y g
ﬂ&éﬁéﬂg) 1,0 0,6 0.9 2,8 [4,9 6,8 |=I00
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3, PACUKTH MO MOLEJAM

B HacTosmee Bpems, Ha Ham B3IVIAK, He CYWECTBYeT aneKBaTHO! Mole-
Ju 1A OOMCAHAA BCEX MPOUESCCOR, NPOMCXOLAUEX B AXPO-ANepHEX coypape-
HMAX [pY BHCOKMX SHEPTUAX.

B mamsoit padoTe NpMBeHEHH DPE3YABTATH NPENBAPETEXBHHX BHYMCJEHRH
JTMOBHX ¥ BHEPTETUUYSCKNX XADAKTCPRCTAX BTOPMYHHX dYacTmu (p , n ,IY,
© 5 U7) uaerkux amep ( 4 , t , SHe, MHe u 211 ), pommenmx npu
BaammogeticTpim Anep yruepona-I2 ¢ aHeprmet 44 T'SB ¢ nepeoft MumeHbO~
reHepaTopoM. Ha oToil OCHOBEe MpOBEEHH OUEHKM aKTHBHOCTH M3QTONa HAT-
pna-24, HaBeRcHHOH YaCTHUAMM 7 JIOTKUMA ARNpamMy B KOJNBUEBHX MUMEHAX
(2+7) non yraamm ° < © < 90°, BuYMCAeHWA BHNOJMEHH ¢ WCHOJB3OB&—
HueM JlyGHEHCKOT'O BapuaHTa KacKauHo#t Momesn 30, 7 desoMeHosOrTYeCKO)
MOJeJR BHYTDWANSDHHX BaamvolelficTerit

B 3THX BHYHCJEHUAX He YYATHBAIACH OPOTDREHHOCTH MAWEHM M POJE
TPETLETO NOKOJNENMA YacTil, Ha NaHHOM oTame BHYMCNCHMY CTABWIACEH 324~
Ya ONpeflesicHUA POJM TOJEKO BTOPMYHHX 9JacTHI M JeTKMX suep B o0pasoBa-
HHM M30TOna HATPUA-24 B KOJBICBHX MHIIEHAX.

Mcnoau:ayﬂ 3HAYCHNA NOTOKOB KAXMOT'0 THIA BTODHYHHX YACTHI H Jel-

7uep N k ( T ), OONyYeHHHX B pe3yJbTaTe BHYMCHEHUE [0 MOZe-
, onpe,ueJlnM AX BRIAZ B CevyeHMe 00DAa3SOBAHMA M30TONA HATDAA
B KOJRUSBHX MHNEHAX CJICLyoiAM BRDANMESHMOM:

i _ i e J. k
A Q (rJ; =0 0 (rJ/ i (T PR (1)
roe A ; ( ‘l‘j ) - axmauoc'rx:, odpasonamaﬁ( i ) - wacTmuei ¢
oHEpIUell 2y B (k) - kompuepoll MmucHM,
N ‘éu - YUCJC ATOMOB MEgM B KOAEUeBO# Mumenr (k),
(] "a (TJ.) - CceYeHMe OGPa3OBARMs H30oTONA %4 e opu BHEp-

T.
TaH i -

Mns pacueToB no dopmyne (I) TpeCyeTcsa 3HauMe PyHHUMYE BO3CYRLE~
HMA H3oTODA #8 B _IOTOKe BTODPHMYHHX JaCTHl M JETKuX sgep » , n
-, Il+, H°, da , v, ‘?'He, 4'(-1e 1YL npr 2HepriAx ot 300 MaB mo
5 I'eB, CKYIOCTEL 3KCNEPUMEHTAILHHX JAHHEY O CEYEHMAX O0pa3oB&HMA N30-
TOna HaTpuA-<4 B TONCTHX MHNIGHAX W3 MEIW UPH DARNEMHHX SHEPTHAX yKa-—
3aHHHY 94CTHU K A1ep 3aTPyZHANA BHIONBOHWME OKOHYATEJIEHHX DACYETOB.
lloaTOMy %9 cOpefeNcHUA HOJHHX ceveHMit ofpasopaHMa H30TODA 4 Ne
B DeaKUMAX C NPOTOHEME, FeHRTPOHAME M ANpDAMH yIViepofig~I2 NpM 2HeDTHA
3,65 TaB/HyKnOH HAMU GHIO ngBQJJ;eHO HONMOJHATENRHEOE OGNyYeHHe MEmMeHeHi
B3 Menu Tonumuofi 0,86 r/om®,

Monuropnpo. e DEPBUYHOTO OYUKA OCYWSCTRIANOCH MeTOXE™M, OmU-
caHiuM B pagdore » ¥ KCHTDOJIMDOBAJIOCH C TNOMOMED SJOMEHEEBHX QOJBT

-
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00 peantuaM 27 m1 (p ,a |, 120; 24N . WurerpanpHull ao-
TOR OPOTOHOB, MeUTPOHOB B smep yTVIepoma TakMM odpasoMm HallleH ¢ TOY-
HoeTED R0 I0%. CeveHHe uOpAsOBAHMS ASOTONA Na , onpelejieHHoe
HAMM B 9TOM 2KCIEGPAMEHTe, CCCTABIAGT: B peaKuuu Cu (p, X)
%4 No  mpu seprmy 8,I5 T'aB - 6 4a =(3,4:0,5) M¢ B peawmm
64 ¢, ( a, %)% %a mpu sneprum 7,3 TaB -0, =(5,440,9) M6
¥ B DeaKumE 64 ¢y (120, X) “%va -0 | =(12,341,8) Mo,
MoayweHRHe auﬁw/ceqem COIVIACYHTCA C Pe3y]bTaTaMH, Colepxa-
mEMBCA B padoTax . Ha puc. 2 nmorasann sHavenua ceqeHHlt odpaso-
BaHlg H30TONA 24 g HA OPOTOHAX, %gzgg?ax. [I"-me3oHax B ~“C mpa
PasSHEYHHX BSHEpPIrAsX; BSATHE H3 pacoT Hall: 3KCICpAMEHTANbHHE
IaRHHe M pacuyeTHHE 3HAYCHWA JYHRUMIt BO3CYXNeHMA (CILIONMHHE JMHMK),
ONPENeJIOHHHS NYTeM MX SKCTDANOJAUMM NO 3KCNEPHUMEHTANBHHM 3HAYCHUSM.
NpoM3BENA CyMMHDOBAHME IO SHEPIHMM M IO KaxioMy TNy YACTHI| B AlLEp,
ONPORES/MM SKTHBHOCTH H30TONA HATDHA B KamIoll M3 KOJLUEBHWX MENERHeil, Ha-
BeJieHHYD OCmEM NOTOKOM OpH aHepruax oT 300 MaB mo 5 I'aB:
Ak=zi% Ali:(Tj)- @

Kpome TOTO, HEOOXONMMU YYECTh UMCJIO RSP NEPBUYHOrO Oy9Ka Hempo-
B3aMMOIOfICTBOBARIMX B NEpBO{t MEMEHE, HO IPOB3AMMOZEHCTBOBABUEX B
BOCEMOYl MEmeHE N (x), KoTopoe ompenejum no gopmyne:

N e ~Sin"fou' 3 (3)

K ({x) = ’

N , - mOTOK Amep mydKa (c‘I),
G jn - CeYeHHe HOYNPYTHX B3amMomeRcTBRM 64 ¢, (Izc ,J()24 Na

npE oHeprm 3,65 I'aB/HyKinoH,
Py ~ WIOTHOCTD MEAH (v/em? ),

x - ToMEHA IepBoft MuameHM (Xx=Icm),
U3 ypapmeupa (I) BaxomEM:
i i e 8
Ag = B M=t H g, (4)
A é — DoJiSi AKTHBHOCTR, HABEACHHOH B BOCHMON MMmOHM HepBHY—

HEM OyIEOM amep ( i : ““C),

G o (T |- CedsHHO OCPasOBAHAA HATDMA-24 B PeaKIE
mpm Ty =3,65 T'sB/HywioH.

64 ¢y 4,120



100 T T Prc., 2 QyHKUMM BORCYRIOHMS IJIA

P H3oTona ““la B mMOTOKe
(mo) BTODHIHHX 4YacTHU B Auep
Tena ( i ) B peakumn
64g, (i ,X%X) R4yg |
10[' ’
et & llonyyeHHHe 3HAYOHUA DACYO THHX
i// R &.pin | OTHOMSHMA BHXONOB AKTHRHOCTON H30-
1 Tonma HaTpus-24 B KOJBUSBHX Mye-
I 4 HAX-JeTeKTopax IDHBEJCHH B Tal-
Jule 2.
£ protonstpions)
Ce)
o V2
ab J
um L 7/ L NPT = -
o1 1 0 00
7, (GeV)
Tagnma 2
, .
PacycTHHC OTHOWEHMS akTuBHOcTelt R MzoTona “4 ya B KOJb—

UeBHX MIMMCHAX-ZCTOKTODAX

la; ( 8 [909-70°]0°-52°52°-43°} 43°-31°) 31°-19° | 19°-10° | 10°-0°
- - an - I I el e IR T R
k=HoMep I 2 3 4 5 6 7

e N o U I

12 (44TaB (
opwmposado 0,00l 10,008 (0,04 (0,12 [u,39 {I,75 [=IOU
8 B-IUCK 1

4, OBCYRALHWE PL3YIBTATOB

[ipexge BCero CpaRHMM DKCOCPBMEHT&IBLHHO IHAYCHMA OTHOWSHMH BHXOLOB

Rk' Lia H30TONa lla B LECTH KOJBUEBHX MMUCHAX M3 NeI#, NoJgydIeH-
HuE B peaKpaX ¢ sapams yracpoma-I2 (44 T'sB) ¥ Anpamm remws-4 (4 I'sB)
(Tadmmua I).

Kak manuo ¥3 TAGHMUN I, OTHOWOHMA BHXOZOB R; nof yIJIaMH
P< @ <« 9° p peakym ¢ ANPANM YTIEPOZA Ha NOPAKOK GOJEUE, YeM B
POARUAN ¢ AUpamMy regud. 3TOT PAKT CBMLETSABCTBYET O TOM, 4TO IHEPrug
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BTOPHYHHX YaCTHI], COPA3YNMKXCA B OepBOff MAEHM B OyuKe AOSp LeJHA
(4 T'sB), HemOCTATOUHA WIA NocJelypueTo oGpa30BaHMA M3oToNa Na
B KOJBUEBHX MUNQHAX-RETEKTOpaX. AHanormgHuii peaysbTaT OWI DOJYYCH Ha~
MH B SKCHOPHMEHTAX O OCJIVYCHMN CIIOEHHX MALehell ¥3 mean TtoamuHol
I ¢cM P ByYKaX gmep TeMuA

UT0 KacaeTCH Pe3yJbTATOB, NOQIYYEHHHX B PeaklUMu ¢ AIpamu yTJepo-
na~12, caemyeT OTMETHTD NBA OGCTOATENECTBA: BO-NEPBHX , NOCKONLKY
SHODrEs NePBEYHOTO OyuKa 3,65 I'sB/HymioH BHIe NOpora OGpasOBAHMA
[I-meaoroB (0,8 T'aB), To B 5TO# poaKkuMl poXZaeTcA GOEWIOe YHCIO 1=,
m*-u H°—Meaonon, H, BO-BTODHX, JOKA%aHO, YTO 3HEeDTHd BTOPMYHHX Jac-—
THZ B CGJILNMHCTRE CJAY4aeB yxe ROCTATOYHA A BOICYRIGHMA ““Na B
KONBUGBHX MHmeHsX ( ¢M. pHC.2).

Ha puc. 3 NpEBefeHK pACYETHHE NO KACKAUHOR Momenm (KBampaTmku),
10 (eHOMSHQIOTHYIECKOR MOXeNE (TDEyTONBHEKH) R SKCNEDUMEHTANBHHE
(Kpy®KH) OTHOWEHHS aKTMBHOCTel H3oToma 4N B KONBUCBNX MENOHAX-TOTEX—
TODAX.
Pmc. 3 Pacqemuel!;ﬂz/ﬁa
! ! J mo KackagHoft -o

R« U feHOMeHONOTH~
1+ B qecKolt - A
o:Ry - axen. MOZIESIAM M 3KCRe-
o R =3 PEMSHTANBHHE - O

OTHOMOHMA aKTHER—
HocTell msoTona
-1 HaTpRA-24,

I‘ -:R:—Bﬂl

Kax BMmso s Tadmmy
I u 2 n pme.3, axclepa-—
. MEHTaNbHHE OTHONEGHEA aK-
THBHOCTER M30TONA HAT-
pEA-24 WA BCeX NHAnAso-

N
)

N\ N HOB YDNIOP GOXHUS, TeM

Ny N i pacyeTHHe, H XxoTA ommMO-

0001 |- N , K& DAcyeToB COCTABAACT
N\ AN (20-30)%, pacxoxmesne

{ 3KCIOPAMORTANEHEX ¥ Pac-

1 | JOTHMX DARHIX SHATETEXL-
i > o Hoe, 0COGOHEO %27 JTAOD
Goneme 20°. BoaMOXHO, 8T0
PECXORIOHNS JWOHLURTOA, GCNX YYOCTH DOXb TPOTHrO DOKOAGHMA VAOTNIL.
OfEaxo TaKoe 3HAYNTEAEHOO DACXOXNOHNS SKONEPEMEETAXLHMX SHAYCHER
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oTHomeHm#t aKkTMBHOCTER ( Rk" ) ¢ pacveTHEMH ( R]: ), nadmonaemoe
B KOJNBIEBHX MMIGHAX OON yIVIAMH 20% <6 < 500, momBOMAST HAM GHEJNATL
3arpoYeHie 0 DORIEHWE B HEPBHX AKTAX B3aUMOneHCTBMA JMOO TaCTRU C
GOJBILMMA NONEDEYHHMHE MMIYJNbCAMH, JMOO HEeUM3PECTHHX TEOOTOTEYECKAX AC-
coumaunit, oo dparMedATOB ¢ COJNBWEME YTUIOBHMM MOMOHTEMU, KOTODHE BH-
JeTanT I0A 3TUME yIVIaMK né IpPA NOBPTOPHOM B3alMOLoUCTEBMH, IADT BKIAK
B 00pa30BAHEe AKTHBHOCTH ““Ha , II09TOMy BONDOC O CYWECTBOBGHMW AHO-
MaJIOHOB OCTaeTCA OTKDHTHM,

B naneneiiem mpemmonaraeTos:

- IlponouHTE SKCICDMMEHTANEHHE MCCAONOBAHUA AHOMAIBHOIO yBOJIY-
YeHAd COYCHUA OCDA3OBAHWA HATPMA-24 B ANPO-ANEPHHX COyHape-
HEAX ¢ OPMMEHEHMEM Da3JMYHHX Me'rom%B7 TOM 9HCJe ¥ TBEDHRO-
TeJBHHX TPEKOBHX NeTeKTopos CR-39 .

- IlpoBecT! Gose¢ THATENbRHE DACYETH YIVIOBHX ¥ DHEDPI'e THYECKHEX
XapaKkTePUCTEK BTODMYHHX B TPEeThHEI0 NOKQJIEHHMA YACTHU B COyHa-
PeHEAX Amep yriepoga-I2 (44 I'sB) ® Amep aprona-40 (72 I'sB)

C MUNCHAME H3 MemH.

- KoppexkTHo y9ecTh QyHKUMZ BO3CYEASHHA H30TONA HATPHA-24 IpR
3Heprmm po 50 I'aB.

ABTopu GnaromapHH B.J.ToneeBy m K.XeHCTeHy 3a Noje3HHE OGCYE~

JleHHA ¥ LOMOWDb, OXA3AHHYD BO BPEMA IPOBEISHEA PACIETOB.
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NCCHIIOBAHVE PATwki A M ANPA-ILEHY TTPY B3AAOLECTBIN FIEP

2¢ 4 A

C OHEPTHEZ 3,6 T'aB/Hywa

C AIPAM

B5.0. Azbacenuy, B.T.AuToHerko, .i.A.BacuabeB, A.A.BuHorpanos,

i, W. T'puropsaH,

‘1.C.JimnosutoB, K.B.Kapamxer, A.J.JeGenes,

8,il. daKbro, T..l, .iredpmupwiz, C.A.Hmkonaep, K,ILIomyHmi,
B.A.Conopeen, C.J.<oxun, A,A.llBeTkoB.
HreruTyrT atoMHod sHepruu M. /. B.Kypuarosa, Mockea

1. BpeneHae

B TeueHMe HeCKoAbKMX JeT rpymnoit u3 VAY m.U.B.Kypuaropa Be-
RyTCA UCCJAENOBAHUA ANepHO~ANEDHHY. B3aUMOREfCTBU)t HA mMy'xa™ ALep CUH~-
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Puc.I KuHemaTuwecRMe olna-
or#- Ha miockocT# P, ,Y , NORDH-
BaeMye cnextpomerpoM ( ) u
cHeTemolt MaMepeHHs MHOXEeCTBEH-
HOCTH JIA OpoToHoB (T ) # NUOHOB
(...). ¥ - ducrpora, P, -
nonepevHn#t mMIysAEC ¢ parmexra.

B 0GN8CTH NPOMEXYTOMHHX GHCTPOT Y:(Yf." Y)/2,
- OMCTPOTH HAMETANMErO AXPA # ANDA-MANEHH COOTBETCT-

Yo Y

xpodasorpoka OVAM ¢ ucnosb3oBaHUEM
CHYHTWLIAUMOHHEX CIEKTPOMETPOB.
Kntemarnueckas oGracTh, NMOKpNBaE-
MaA TaKoI'o poja CIeKTPOMETPOM
(puc.1), 3acenqeTcA BTOPIUHHMM
YacTHamMu, OoCyCJAOBIEHHHMH, B OC—
HOBHOM, Npoueccawa ¢parmeHTanuu
Anpa-MumeHu, Pe3yseTaTH KCCjaeno-
panuft YHRIOIUBHEX CHERTpOB Mpen-
CTABNATACE HA NPEIHRYWeM CeMuHa-
pe, & Takme OMyCJAMROBAHN B pacdo-
rax [I-5] . Awamas @4, 5)
NMpencTaBIeHHHX B HEX 3KCNEpH:ieH-
TAJABHHX NAHHNX, B COMOCTARMEHAH

C pes3yJabTaTamu a.Hamtaa[G] DaHHNX
[7] , TOIYYEHHNX B 3IKCepAMEHTaX,
BHTOJIHEHHNX HA JCKOpHMTEJe DoBbanax
B Deprau, mpuBes K caexywiedl Kap-
THHE ANPO-ANEPHOTO B3aMMONeHCTBUA
npu BNCoKoN smepruk  {&).

B pesysnbraTe CTONRHOBeHMA $op-
MEpYDTCA TDPH BHCOKOBO2JYRUEHHHE
AnepHNe, cucTeMy (puc.Z2).
rae:

BOHHO, (pAIMEHTH, B OCHOBHOM, 06p83ywred B oANAcTH HEHTPANBHOTO



dajtepGona. JHeprua BO3CYROeHMA (TemMmeparypa) NOCJENHEro yBeJUYMBaeT—
CA C DOCTOM dHeprum, mpuxonmueltcs Ha OJMH
HYRJIOH HAJeTapmero smpa.

B otnacty fparMeHTalyn gIpa-MyieHu a)
(HaseTapiero Anpa) PparMeHTH MPOMCXOIAT
M3 ropsdero MEIENHOI'O WCTOYHMKA (MCTOU-

HUKA HaneTapmero ANpa), a Takxe U3 Xo- O%O

JIOOHOI'O %= JI . -vumeHu (Haneraxme-
ro anpa). JHepr#A BO3GYMIEHHS TOPAYEro
MUIEHHOTO MCTOYHMKA (MCTOUHMKA HaneTan— 3)

qon (T %55 MaB) ¥ He 3ABACHT HR OT
BHEPIUMM CTONKHOBEHMA, HY OT KOMGMHALM
crajKkypapmuxcd Anep. TemnepaTypa XoJaol-
HHX UCTOUHMKOB cocraminger I0 MeB, uToO

mero smpa) cocTaBifeT okoao 90 MaB/Hyk- o
pa) /Ry % P
&

COOTBEeTCTByeT PepmueBcrOMy LBH- Puc .2 BuCOKOBO3GYRIEH-
REHMI B XOJOIHOM fAIpe. HHe fANepHHE CHCTEMH,

llna yrowieHMA 3TOR KapTuHH M Gosee o6pa3ywnueca NMpH B3au-—
TIYGOKOro MOHUMAHUA MeXaHWsMa sIpo-fmep- MOLEefCTEBHN DEeJATHBUCT -
HOTO B3amMone#cTBWA IIpM BWCOKOIl 3Heprun CKAX fllep B MoNeNH
HEoOXOMUMO MOJYYHTH NAaHHHE O XapaKTepnc- TPEX UCTOYHMKOB: a) IO
TUKAX COONTHIl, OTANYADIIMXCA 3HAYEHUAMM ¥ §) nmocje CTOIKHOBEHMH.

TPWEABHOT'O NApPAMETPA, & TaKKe IaHHEe O
KODpeJSIIMAX HcIHycKaeMwX ¢parmeHToB, C Henbw oCecleyeHHA BO3MOXHOCTH
MONy4eHUsT NAHHWX TAKOro pola SKCNepUMEeHTANbHAs yCTaHOBKA MAJ

mm W .B.KypuaTosa Ha cmnxpofasorpode O Owna cymecTBeHHO pa3BuTa.
DHJIO CWIBHO YBeJMYEHO YUCJO CMeKTpoMeTpoB. B pesyabprare CTaull Bo3-
MOXHEMY UM3MepeHHA Koppeasurit. KpoMe aroro, Owja samymeHa cncTema
N3MEPEHRS ACCOUMATHBHO# MHomecTBeHHocTH, C ee TOMOWBD MOXHO COPTHDO-~
BATh COCHTMA MO CTENEH# HEeHTPANEHOCTH (MpALeAbHOMY mapaMeTpy). 3
HacTosmeM nokiane CYNYT NpPeNCTARIEHH DE3YIBRTATH 3KCIEpHMEHTOB, BHIION-
HEHHHX C HCITONL30BAHNEM 3TUX HOBWX CHCTEM.

2. JdeToguxa IKCHEPUMEHTOBR
Cxema aKcnepuMeHTanbHOWl YCTAHOBRM M3oOpamena Ha puc.3. CnmerTpw

3apAXEHHNX (PpArMEHTOB U3MEDPAWTCHA C ITOMOMBK MECTH CHMHTRLIALKOHHHX
TeJeCKONoB, KOoHCTDYKIMA TAKOr'0 TeJecKora OmHcaHa B padoTe [6] . B ax-
CIepAMEHTAX, DPe3YJIbTATH KOTODHX MPENCTaBIALTCA HURE, OHM OHJIM COCpAHH
B TpW Ilapy C TeM, YTOOH WMCCIENOBAaTh CJMKHHE KOppeiAiMM PparMeHTOB.

C nembm oTG0pa COOHTHE NO TPRUENLHOMY NAapaMeTpy yCTAHORIEGHE CHCTeMA
M3MepeHMA accouMaTHBHO! mHomecTBerHocTH. [locselHAs OpencTamIgeT Co-
Ooft xosbto 73 48 CHVMHTWLIALMOHHHX NETEKTOPOB TOJWNHOM 0,9 cu,
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SHyTpenHul nuamerp koabla - b0 cM, HapymHuif - 150 cm, Cucrema ycra-
HomreHa mon (° (ee och coBnanaeT ¢ OCHLY NMEPBOHAYAILHOro NyuKa) Ha
pPacCTOAHMM 2 M OT M4neHY, lieTOKTOpH DSTHCTDUPYKT BCe IoJeTawhue N0
HUX 3apMEEHH4e YacTMlH. B YACTHOCTH, 9TO 03HRYAET, UTO HPOTOHN peTy-
CTDUDYRTCA, HauuHaA ¢ cHeprus 245 MaB. Kunemarwdeckue odmactu nisa
CJIyYa€eB IPOTOHOB ¥ NHOHOB, NOKDHBAE-
mue cucreMoff MHOReCTReHHON permcrpa-
UMK, NOKA3AHH Ha puc.I. BamHo, 4TO
OHM DOUIRHH 3aCeJsSThCA, B OCHOBHOM,

3a CYeT MINYUEHUs neHTpanbHoro faitep~
dona. B ravecTBe MUmeHM MCIOIL3OBANACH
CBUHLOBAA IMACTHHA TOJMHUHOK 3r/cM2.

@ D aMepenra NpoBOZWIKCh HA BYBENEHHOM
c Do

Ny4Ke CHHXpoasoTpoHA IpU MHTEHCHRHO~
CTW TOKA MepBHYHHX fuep IO’ /mvmynsc

Q0 W OpM ILJAUTEJbHoCTH MMmyJabca 300-500Mc.
m [TpH 3TOM yCKOpDHTEJE DAGOTal B pexuMe
[ an) C HuCcnoab3oRaHUeM ycrpolicTrBa, yerpa-
@ m HANILETO BPEMEHHYD MMKDOCTDYKTYDY Iyd-
FA B Ka. Bpemsa, Ha KOTOpO€ OTKPHBANACH

B SJEKTDOHHAR N3MEDUTENBHAS CHCTeMa
nocje cpadaTHBaHKs Tpurrepa (OKHO

Puc, 3 Cxema sxcne- cornanenufl), yCTAHABRTMBAIOCH DARHHM
PUMEHTAJLHO! YyCTAHOB= 80 He, [lpy oTAX YCNOBUAX IOJA COCH-
Ra, THit ¢ HajsoxeHWeM B3aumonseficTeuit or

pasHHX NepBUYHNX AIED He NpeBHmAET
5%, TpuUrTepoM CJAYRMT 3alyCK JINGOTO
13 TEJECKONOB. B pemiMe MHKJIK3HBHHX
nsMepen:dt naA xamnoro ®a codwtult sa-
MHUCHBANUCE HOMEPA HETEKTOPOB CHUCTEMH
H3MEepeHua MHOXeCTBEHHOCTH, cpadoTaB-
rvX B COBNANEHMM C 3amyCcKOM Tpurrepa.

B pexuMe uaMepeHusa koppesasun#t, Kpome 5TOro, 3anNUCHBANACH MHoOpMALIMA

Co BceX TeneckonoB, CpadoTABUMX B COBNANEHUW C TDHITEPOM, KOTOpHM

B 3TOM Ciydae Cjay®mwl nepeult cpadoraBmuit Teseckolr.

llonpoOHo HamepdATENEHAA CHCTéMA OYNleT ONMCAHA B OTIENBHOH pa-
dore.

3. 3aBMCHMOCTL xapameguc'rmc MHKJIO3ABHEX CNEKTPOB
OT 2CCOUAATHEHOR MHOXeCTBEHHOCTH

VERMO3MBHHE CMEKTPH NPOTOHOB B COBNANEHAAX CO CpAGATHBAHMAMH
LeTeKTOPOB CHCTEMH MHORECTBEHHOCTM OHJM M3MEpeHH IUIA CAyYas CTOJ-~
KHOBEHUS AZep 120 ¢ ANpaMY CBWHIIG NDM 3HAYEHMAX yTiia muaera 45°,
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750, 900 u 143° W c ANpAMA alOMEHMA UDX 3HauensX yraa mwiera 0% n
120°, u mam croamHopenu#t Anep He ¢ Am;ammu
CBUMIA OpK 3HaveHmax yraa munera 480, 60°
759 u 1419, PacmpenmeneHAR COOHTH IO MHOme-
CTBEHHOOTM I OGOWX HAJETAWNUX ANEP OKA-
36JIKCh He SABMCANMMI OT YIua BHteTa accomu- !0
MPOBAHHHX [pPOTOHOB. OTH DACHpDENEJEHHA Io-
KasaHy Ha pHC.4, BHaHo, YTO B CIyYae CTOJK=--
nomexuit co cmmiuom anps ‘*C acconmarumHaz
MHOKECTREHHOCTE T'opasio Bume, 4eM B cayuae 0
Me. B ocomx cJayuyanx pachpelieseRde Mo MHO-
RECTBEHHOCTH ONMUCHBAETCA DACHpPeLeJCHAEM

liyaccona. B cxyuae cronKHobennd Amep ‘*C . .

¢ ANpaMW CBUHIA CpejHee 3HAYGHWE accouna- 51015 284 6m
TUBHOH’ MHOJ:&C"‘B&HHOCTH cocTamIger £ ) = Puc.4. Pachpenenenue
6.2, a maHe ¢M>=I,5. 10 MHORECTBEHHOCTH I

OTHOWeHMe CpeNHMX SHAYeHUil MHOXECTBER®  ,nonknopenmit:
HOCTM ©CTECTBEHHO CPABHWBATE C OTHOWEHHEM a) 1%cipy, 6)HesPs.

CpeIHMX WHCeJ 3apMMeHHHX HYWIOHOB-YYACTHU- e  _ SHCIepHMeHT,
KOB, BXONANMX B CoCTapB LeHTpaibHoro faitep~ — _ nomroHXa pac-
dona, TAK KaK B CHCTeMy MHORECTBEHHOCTH npenesenen TiyaccoHa.

nonanawT AnepHHe $parMeHTH ¥ IMHOHH, B OCHOBa
HOM, OT €r0 Pacnana, # YACJO NHOHOB NPONODPHUOHATBHO YHCJY HYKJIOHOB-
YYaCTHHROB [9]. CpenmHee 4UCI0 34DSREHHHX HYKIOHOB ~Y4aCTHHKOB IaeT-

ca Gopmyaolt [IO] :
2pRe+2 RS

(R, + Ry)2
rIe ZP u Zt - 3apAfioBHe YHCJA HaJsleTanilero ANDA M AIpa-MUIeHH
COOTBETCTBEHHO, & R,. 7 Rt ~ MX DaluyCH.

LA cayuaen cronxuoBeHHE °C +Pn m 4He+Ps gopuysa (I) maer
cooTBeTCTBEHHO 9,5 M 4,] 3apAXeHHHX HYKIOHOB. MX oTHomenue 2,3 cyme-
CTBEHHO MEHBIe 3KCIepMMEHTANLHO HalanIaeMoro 3HAYSHHA
<MCEICHM(MHe)>= 3,5, Bo3MOXHO, YTO 3TO PAsJUyde CBASAHO
¢ TeM oGCTOATA&ILCTEBOM, UTO CACTEME MHOMGCTBEHHOCTH DErMCTPHEDYyeT dac-
TN He B MOJHOM TEJIQCHOM YIvie. B ciyuae HajieTaxuero Jerkoro fgpa

@ dwWcTpora UeHTpanbHoro JaflepGosa IosMHa OHWTh MEHENE, UEM B Cryvae
doyiee TAXEJNOrO ANpA C, # COOTBETCTBEHHO 3ACEJIAEMAR HM RHHEMATHIE-
cxad odaacTs OyIeT CIBMIaTbCA B OGMIACTE 3AIHWX YTVIOB, 4TO NMDUABENET
K YMEGHBNOHAK CPSIHET0 YHUCJA 38pAMEeHHHX YacTHll, NOTANANEHX B CHCTEMy
H3MEDeHMs MHOMECTBEHHOCTH, UCHONb3yeMyw B HacTOsSmeM 3KclepHMeHTe, Ho

< Zoartiye M
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BO3MOKHO, YTO 3TO DAXJIMYNE OfPENeJAETCA M Soee TJIYCOKUMA MpHUMHAMM.
i padore [II] OWJIO NOKAGAHO, YTO Hadnmaaemas accolualiBHAA MHOXECT-
DBEHHOCTH 3ADAXSHHNX YACTHI] OMpeNedeTcH NOJHOA KiHeMmaTHieckol sHep-
rred Hajeraiomero Anpa. B HAMEM JKCIIEpUMEHTE OTHOUNEHHEe MOVIHEX KHHeTH-
YECKuX dHHeprulft Hamerawnax sanep 20 4y “He ecrs npocTa OTHOMEHHE
X MaccoBwx uMces (3,0), a HadapnaeMoe OTHOWEHME CpPENHUX MHORECTBEH-
Hoctedl (3,5) MpaxkTuYeCKH COBMNARAET C HiM.

fapaKkTep CNEKTPOB MDOTOHOR B CJyYae HajleTawmero Anpa 12¢ oxazan-
CA 3aBHCALMM OT accouuaTiBHol muomecTBeHHocT#. Ha puc.5 moxasaHn
IAS npuMepa MMITYNHCHHE CIIEKTPH NPOTOHOB, MUCMYCKAGMHX IO YIVIOM 459,
LA CTOJKHOBEHUi ¢ wanoil # GONBLOA MHOKECTBEHHOCTHN (ANpPO-MUWEHD
Pn). BumHo, uTO B CJayyae SoJbliofl MHOKECTBEHHOCTY HHBADUAHTHOE Cede-
HUE CTAJaeT C UMITYJALCOM Iopalfio MelneHHEe, deM B Cnydae Mmanoil MHOXe-
CTBEHHOCTH. Takaa ®e KapTvHa HaGmoflaeTCA M LI IpYrux YTJOB BHJETA,
XOTA NO MEpe YBeJWueHUA yTJa pasauine MexILy COOHTHAMU C pasHOi MHO-
KECTBEHHOCTHI0 YMEHBWAETCA, ECJM amnmpOKCHMWDOBATEH 3ABMCUMOCTb WHBA-
DHAHTHOI'O CeYEHMA 0T MMIYJIbLCA SKCHOHeHUManpHo# (PyHRUUeH :

6y (PY= 6o @Xp (—P/Pe),

TO HAKAOH CIIGKTDa MOFHO XapaKTepil30BaTh 3HAUEHUEM NapaMeTpa go .
B tadmiuax I u 2 nmpuBeleHH 3HAYEHWA 3TOI0 MApaMeTpa B DA3HWX MHTEp-
BAJAX MHOXECTBEHHOCTI! IL1A CJAYYaeB CTOJKHOBEHHUt 2¢C + P 1
2 ¢4 Al IIA BCeX YTJIOB BHJETA HAalero SKCHepuMeHTa.

Tadmuna I, JHavenuss napamerpa p, 1A CTOJKHOBEHHi 20,p

rpan,) <3 <5 >S5 M >7 MHKIOZHB
45 24746 2ATH7 32419 34211 29647
75 I97s4 1633 I93:4 19545 17642
90 I30:3  I36+3 [50s2 15143 145:2
183 6541 8741 Il 9Is1 901

Tadauua 2, JHAueHUA napamerpa D, IAS CTOJIKHOBEHMH 2041

J(rpag,) M<3  w<4 >4  M>6  menosun
9 1363 13643 I156s¢4  I156+5 14643
120 107:3 107:3 1102  II2:2  109s2.

Ws Tadauiy BUIHO, ¥TO C YBeJMYEHUEeM MHOXeCTBEHHOCTM NapameTp
HaKJoHA PacTeT, B 5TA 3IABUCUMOCTL OCJAGEBAeT 0 MeDR YBEJMUeHUA
yrJae Bhjgera. Bo3aMomHo Chemywilee 0OLACHEHue aToro HadmoneHuA. C yse-
JIEYEHVOM MHORECTBEHHOCTN (CTeneNW LeHTPANBLHOCTY) YBAIMYUBAETCA HKJIAL
B CeleHMe OT KaJyuYeHns leHTpaxbHoro daftepdona. llockonbky sHeprusg
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BO3CYRISHUA TOCIEIHET0 IOpasio BHie JHePIH¥ BOBCYKIEHHA JDPYI4X uc-
TOYHAKOR, MDA 3TOM B ClleKTpe OyNeT YBENMUIBATHCI FOJA NPOTOHOR C
Goabmolt sHeprueft, Jror ofext Oymer ocaademarh npt mepexone B o0-
JacTh OWCTPOT ANPa-MANEHN (00JaCTh 3anHHUX YIVIOR). BO3MOKHO Tarxe,
YTO W Cama YHeprHA BO30YRIEHNA IeHTpaiLHoro [aieplona B ciyvae Jodo-
BWX CTOJNKHOBEHMI BHlle, YeM B cJjayvae nepubepuueckix cTojMKHoBeHHE, On-
Hako, 4YToOH YCTAHOBUTEL 370, HEOOGXONNMO GuJjo Uis :13MepMTh CNeKTpW Npo-
TOHOB NP CYMECTBeHHo SoabMX AHepruax. !lHas kapTiHa HAGINAeTCA B

cJyyae JerKoro Hajerawlero Anpa 4Ye. 3 ragame 3 npeIcTaBiety
3HaYeHUA TapameTpa HawkJIoHa Po B 5aBUCHMOCT: OT MHOXECTBEHHO:™1
JUIA 3TOT'O CJYYas.

Tadmma 3. 3HavyeHas napameTpa P,  JUIA CTONKHOBeHii H +Pn
%_(ggggl il=Q 1<2 1>2 423 MHKJUSHB
45 23217 230+7 23116
60  I79+5 16343 T0+4 [7G+5 [e2+42
5 147+3 14842 15042 18243 149+1
141 €742 6641 £E6+1 £6+ 1 £6+1

V3 Tadauuy BUOHO, YTO IUIA BCEX TIlMOB CTOJKHOBEHNH XapaxTep
CNeKTPOB OAVH H TOT ®e. Takoe pazjpiuie Mexny cJaydyaem JETKOr'o N TA=-
¥eJIOro Hareramuero Arpa HadmwpaeTcA Bnepeue. OHO MozeT OHThL CByiaHo
C KOMMAKTHOCThLI AIpa lle. Kar nasectHo, ero pamiyc cymecrseHHo
MeHblC TOr'0, KoTOpWlt maeTcsa oOWuHoi Popmynoft: R=v e )

M OJIM30K K pan4ycy HywiaoHa, Torna BO3MOXHO, UTOQ B 3TOM CJIyiae Hpak-
TUYECKH HeT MepWhepHYecH:X CTOJIKHOBEHE} - BCe OHX NPONMCXOMAT Ip:i
MOJTHOM T'@OMEeTPNYEeCKOM MePeKPHTHHM HANeTaklero gipa ¢ AIporN-MHMeH bk,
Bropoe BoamoxHoe 00TACHEHMEe COCTOMT R TOM, YTO B CTOAKHOBEHEAX sAnep
4 Hle ¢ anpamu ueHTpanwHHR GallepGos BooGue He odpasyeTCs. s mposc—
HEHUA HTOrO BONPOCA HeoOXONMUMH nNaninbHelinne WCCIenoBaHUA.

4, LanpHue Koppessuum

llamy Ouna u3mepeHa Taxk®e 3aBHCUMOCTHE BENOATHOCTH 3allycKa JeTRK-—
TOpa CUCTEMH H3MepeHHA MHO¥ECTBEHHOCTH OT as3uMyTaspHOro yraa 4
MO KGTODEM OH DAcClOJOo¥eH 0 OTHOUIEHWF. K HANpaBIeHWNn BHJETA YacTyl,
JaperuactpupopadHux napolf TeseckonoB. C TeM, YTOOH HMCRJIOYUTE METONH-—
YecK:e MorperHoC™i, CBA3AHHHE C BO3MORHLMA DA3NMHYHUAMY TEJNeCHHX yT-
JI0B HETEeKTOpOB, IYHAMWYECKUX INANa30HOB PEervCTPUPYEMHX MMM YacTul,
affeKTIBHROCTEl X perucrpauuy, B NefCTBUTENHHOCTH HAXOMAIAlh CIEnywilas

pennyinia (cM.pHc.6): F('rn) ( (m) Pcncm>)/[p C‘“}‘*‘PJ")l
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raie M. - HOMeD JleTeKTOpa CHUCTeMH K3MepeHIs MHoxecTBeHHocT” {oTcun-
r;maemuh or BGpTth."bv{OJ’ 0c3 Mo HanpamneRw: wacosoft cTpenarn), a Bedk-
HiHY A.B (m) n C"\') - COOTBETCTBEHHO OTHOCUTEJLHKE Bepo-
ATHOCTA 3amycKa i mex’*opa C HOMEpOM W B Cjyuae CoRNaneHus ¢ mapoRt
regeckonor A3 mair CD . Onx onpez:e.umggcg cJIeIymuMM 00pa3aoMm:

Prg (m)= “m(w-)/Z' Nme)

e NCM) - YMCT0 JANYCKOR HeTeKTopa ¢ HoMepoM WL B coBlane-
Hufgx ¢ mapoli AL. AH&NOPNYHO onpezesAeTCd M BeJMdxHa Pc;p Berpyxto
n0KasaTh, uTo BeavuMAa F (M) ceAsaHa ¢ oONuHO ompenendemoll dyHkiMe::

KODpeFIINM:
R(my= R(8, B 19)= 25Ce 00t fldoGrogo 45
= w )= ( )20\9_ (0\9_ 32 o(Sl ,
e As(d %mq)/ [(JQQ’*AS)_ TpoiiHoe MHRINIMBHOE CeueHye
Bufera Mapu HaCTH MO ORHYM JUIX BCEX TEIECKONOB yrumoM ®g mo
OTHOWENI® K HANDARTCHIE IIYUKA % OIHOA YaCTWiH NOL yTAOM VU, K
NYVKY W 3MMYTATBHEMN YRIOM @ = Qp~Wg N0 OTHONSHUR X HANpaBIeHUr

LR
di.‘“,w T L T

‘ m ALE
MY E ‘\
8 Po= 342 ti4 H HUUERD co
1 - ] ,
P ‘
Puc.5 VuBapuaHTHOe CedeHue Puc.6 Cxema nsMepeH#s asu-—
BHXON@ TIPOTOHOB Mop yTuom 450 MyTaaLHON aCEMMOTDRA:
B CTOJKHOBEHHAX C Majoit ¥ ¢ a) BUN MO OYYRy, G) BEX
Goapinell MHOEECTBEHHOCTE. CBEpXy.

pusieTa maps (cm.puc.6), ddC'ss,Atgg)/(dSls)z - nBoftHoe cedenme

BuNeTa NADH YACTWL NOR yriom Vs K NYTKY U JIJIOM A  MexIy
i, 2 Ao (Vn)/dSla — UHKIDBMBHOR CEYEHMe HMMETA YACTHIN

noj YyrioM K IIYYKy. oT@ CBA3h BHPARAETCHA COOTHOMEHWeM:
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Fom Ram> 18- R (0-Ry(md- 124 R, () R, (m)
m) = —— x s
Rs ('")'Zlf:' R()~ Ro(m)Lif Ra (i) Rslm)

roe: 'f... - [POU3BENGHIE TEJECHOTO yTja IeTeKTopa ¢ HOMEPOM M. Ha

ero afbeKTUBHOCTE, & Rl[n\ u Rs('“)‘ COOTBETCTBEHHO AHTUC TMET—

DWMHAA M CHMMETDHUHAS YacT¥ QyHKuEn koppenmmr R .

iloydeMHHe HaMM 38BUCHMOCTH BesWuwHy I oT asieyrarsmoro yria
ana croaxHopeHmt 2 C+Ph u AHe+PL npercramneny Ha puc.? (a,b,c,d)
Puc.7a n 7C COOTBETCTBYKT CJydYanw, Korna Mapoii TeJeCKONoB perucTpUpy-
DTCA IBe CHCTDHE 4acTHuH (UMOHH C HEKOTOPOA IDUMECHD JMeKTDOHOB), a
puc.Th u'7d - crydaw, XOrja peTHCTPUDYWTCH IBA NPOTOHA. Yroa BHAeTa
IapH 110 OTHOMEHWI R NYYKY COCTARIAI 14109,

YeTKO HAGIONAETCH MOJOXUTEJNLHAA KODPEeXAA B BHJIETC OHCTPHX dYac—
THIl, NONATANIUX B TEJECKONH, W YacTim, perrcrpipyedux cicremolt name-
PEeHVA MHOXeCTBeHHOCT#. MHLMW cioBam, MeeT 110Cr0 NPEMMyMeCTBCHHH
BHJIET OHCTDHX YACTHI[ 110 OOHY CTODOHY OT Nyuka. i3 cayuae NpPOTOHOB
3HAK HOppeNANUM MeHSeTCa Ha o0paTEHE, X0TA 3({eKT BHpPaXeH He TAK Y6T-
Ko, OocoOeHHO maA cToukHoeeHut 4He + Pb

F £

5 ﬂ a) “ 3%

o M}b ¢ *#{H 0 W
Pt ‘% ﬁﬂm
3‘/"*)r 9} ! d) 3‘1.‘# <) # d)
[Py *a*fiﬁ*#ﬁfﬂ g 1’;‘* +

Puc.7 3aBHCUMOCTE BEJIMHUHH Puc,& 3aBrCHMOCTDL BEJHMZHE
F(w>) OT HOMepe neTeKxropa Flm) OT HOMEpa HeTeKTopa

MHORECTBEHHOCTH JUIA CTOMKHO~
penntt 2C+Pb (ad 4 b))
n4He + Pb (cyud))  mpu
perucTpauvy napoil TENeCKONoB
coenanenuft nporonor F__ ( b)
u d\) ® uacruy C x|

(3w ) Fyg,

MHORECTBEHHOCTH LA CTOJKHOBE-
mult 2C+Pb (ay w b))
a2C4+Al (o w d))

npH perucrpanuu colutuit ¢
wanott (3)u &) u
donsoft (8> ¥ d))  muome-
CTBEHHOCTEN .



Ry 12

ot ﬁf ’ At 1
L 4.0--”;“- +-

0‘5' T 0,9” e
1 L - [ " L
Q < o
4s° sot 1357 g 455 907 1357 4y
P1c.9 yHKUMA KOppeNdin Puc.I0 KoHTpOJIBHAR Bean-
R( A3 CD) B 3aBCHMO— yaga "1" B 3aBHCUMOCT OT
cth o yraa Vg . yraa '95,

fbeRT 3aBUCUT OT CTEneH:! GHTPATBHOCTY CTOMKHOBOHRs. Ha prc.d
NOKA3aHH 3AaBUCUMOCTY Fﬁ(w\) g caydaeB ¢ manod {(a) i ¢ CoJboid
( b)) mHOmecTReHHOCT:: lenocraTouHaa CTATHCTYKA HE NO3BOIWIA CHEJAThH
aNanrordyHoe pasjieJseH:; e I8 BeJAUMHE FPP- BUTHO, yTO oOpeKT moso-
RUTENLHOA ROppeqaAliid YeTKo BYpaweH B ciyyae nepufepuuecKRAX CTONK~
HobeHUl 1 oyeHb caado samererk (ecau Boodle HAdIKNAeTCHA) B CAY4YAS
HeHTPAIbHNX CTOJNKHOBEHuA. ilHas KapTMHA HAGAMRAETCA B CAyYae CTOJKHO~
BeHul ¢ serkuv sfgpom (Al). Emy cooTBercTsyeT puc.8c u 8d, Ha KoTo-
DHX TOpeaCTABVISHH BeJAURHH F'-H., 3 o0oMX CryyasX YeTKO BUXHA MaJo-
RUTENEHAS KoppeAudA, HO CKOML-HROYNL 3aMETHOTO Dasjwaus colutuif ¢
manolf (c) u Sombwod ( d ) MHOXECTBEHHOCTBI He BUIHO.

QOHapyXeHHNE KOpDeSAUMOHHNE 3(PPexTH, NO~-BUIMMOMY, CBUIETElILCT—
BY®T O SBIEHMM oTCKoHa ( hounce off ) ueHTpasrHoro daitepdona,
BH3BAHHOIO CXaTHEM ANEDHOrO BellecTBa B NMpoHecce CToNKHOBeHuAa. OgHako,
yTodH CHeJaTh KOCTATOYHO OnNpelelleHHYWe BWBONH, HEoOXOmMMH doJjiee JeTanb-
HHe WUCCJEeNOBAH#A, KOTODHE Mx TUIAHWUDYeM IIpoBecTd B Jaumathuee BpeMA.

5. Bauagi#e KOPDENALMN BTOPRYHHX HPOTOHOB

Wamepenus GIOEHUX KOppensuHil mpoTOHOB OWJM BHNOUHEHH IIA CTONK-
Hoseruit 2C+Pb Wamepanncs QyHKUMRM KOppEJNAIMM, OmpenejeHHHe
CHeAYOmEM 06pa3oM:

R (AB,CD)= /2-M+CD/(AC-BD + AD-BCO

’
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roe AR,CD,AC A T.II, — BHXOI NAp MPOTOHOBR B AUHAMUYECKOM
IRANA30He CLUHTWLIALHOHHOTO CIEKTPOMOTPE, TONABIUX COOTBETCTBEHHO

B rereckomy A wB CuD AuC wv.h.  Ouenumnno, uro oTu fyukimm
RanT QTHOWEHMA BepOATHOCTed BEIETA MPOTOHOB C MAIwM OTHOCHTENBHHM
yraoM ("pAnoM") ¥ ¢ GoJBUMM OTHOCUTENBLHHM YTUIOM. JUISi_KOHTDOJIA ONHO-
BpeMeHHO M3MepATMChH eue W peawwmuy "I" = Y AC - BD/AD/BC 3' KoTOpHE
IojmHy OHTH paENs 1, ecn# mpeHedpeun eGoapmumy yraamu (5°) mexmy
TeMeCKonaMit B onHoi#t mape. .

BuJIO NpoBeeHo IBa CeaHCa uaMepeHuit. B nepnoM UCHONB30BATOCH
TonbKo nBe napy rteneckonod ( A® « €D ), npuuem yrom Ay
MexTy TeNecKoNaMy B NApaX COCTARAALM cooTBeTcThenHo 7° (mapa A® )
u 7.7° (napa €D ). Usmepenus Koppensumit GHAM BHIIOJHEHH MDU HECKOJIBKUX
JTNAX BHJAETA TPOTOHOB B muamasone ot 40° mo 140°,

Bo BTOpOM ceaHce Omia joGamteHa eme onHa mapa reneckonoB ( EF )
¥ CHCTOMa M3MEDeHUs MHORECTBEHHOCTH. YTVIH MexIy TeJeCKoNaMy B mapax
6uaM ymersmens 10 6,3° (mapa MB ), 7,I° (mapa CP ) u 3,2° (napa
CD ). UaMepenus OnaM BHNOJHEHH IAA yria Buaera 140,

Peayaprarh usMepennit mepBoro ceadca npuseneHs Ha puc.9 ¥ I0.
Peayabprard BTOporo CeaHCa NpUBENeHH B Taduuiax 4 u 5.

Kaxk BHOHO M3 DPHCYHRA M Taduul, HadnwnaeTcs MpewMymecTBEeHHH BuieT
MPOTOHOB C MAJLMK OTHOCUTENBHHME yrJamu. JUIs BCeX YIVIOB BwJeTa,

Mp¥ KOTOPHX BHMOJHATMCH M3MEDEHUS B MepBOM ceaHce, (YHKUMA  Koppe-
ASIVA OKESENAch GONBuNE SNMHWMIH,. JRBUCHMOCTY €€ OT yIia BHJeTa He
HaGMOIANoCk. YcpenHeHHoe Mo yraaM 3Hauewue R(AB,CD)= 4,08%0,02.
3HadeHne KOHTposbHod senmumyn "I” = 1,009 % 0,02 W3 tad-
JVIH TarXe BANHO, YTO DYHKUUA KOPPENSIIMM HE 3aBUCHT OT MHOXECTBEH—
HOCTH COOHTHA.

Tadnyua 4. DyHRUMM KOPPedAUMH IIA CTOJKHOBeHMM QC4Pb
R(AB,CD)  R(MB,EF) R(CD,kF)

i >I3 I,19+0,I7 1,8510,42 1,21+0,23
I0<N<I2 1,2240,15 2,16£0,41 1,55+0,24
7L< 9 1,22+0,32 1,80+0,32 1,23+0,18
0<id <6 1,2040,I6 I,6410,37 1,52+0,25
0 < <46 1,21:0,07 1,92+0,19 1,36+0,11
Tadnmua 5.  YYHKUMA KODDeXAlHH LA CTONKHOBeHNH “He +Pb
1 R(AB CD)  R(ABGF) RCCD,EF)
o< < 48  1,43:0,52 2,26+0,40 I1,4410,72
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haudonee BepOATHLEM 00t CHEHHEM NPeUMyueCTBEHHOTO BHJET& IPOTO-
HOB "panod" npencranifercs sfdekr mHrepfepeHuuy TORLECTBEHHHX YACTHI
(i2-I4), Scaz sro odifiCHeHMe NPAaBWIBHO, TO TOTLE HAGNNIASMNE De3yJb-
TATH TEODPETHYECKNX pacyeTow [14] CBUIETeJbCTBYRNT O TOM, 4YTO pas-
Mep uanyvaknero IcTudHMKa, KOTODEM B NaHHOR kuHemaTHyeckolt oOnacTm
ABIAETCA rOpAYMi SCTOYHUK SApA~MENSHY,HO NPOBHWAST 3 (M.He3aBECUMOCTH
FYHKIAM KOPPeATLIM OT MHOXECTBEHHOCTH POBODHT O TOM, 4TO pasMep 3To-
T0 UCTOMHKKA ¥ B cayuyae mepufepdyeckoro, # B Clyvyae HEHTDAIRHOTO
CTONKHOBEHUA NOJYYAeTCHA ONH!IM ¥ TeM xe,

Lia Gonee onpeneneHHOro CyRmeHAd O pasmepe ¥ dopMe HCTOYHMKA
HeOoGXOnMMO MOAYyuUTh JoJiee NeTANbHYW 3aBUCHMMICTD PYHKLMM KOPpPEALHU
OT Pa3HOCTU UMIYJNECOB NPOTOHOB B mape. K Comasemmo, UMIYJIbCHOe X
NIPOCTPAHCTBEHHOE paspenieHue CHUHTWLIAIIMOHHEX CIEKTPOMETPOB, MCROMb-
30BALUUXCA B HACTOMIEY SKCNEPHMEHTE, He HO3BOJANT IQIYYUTE TAKYD
3aBUCHMOCTD.

6. UarmpueHue

llepevncauM KpaTKO OCHOBHHE DPe3yJAbTATH, MOJNydeHHne B HacTommel
padorte.

I. OrHoWeHuG CpeMHIX 3HAveHult accolmarnBHOL MHOXECTBEHHOCTH LA
cayvaes croaxnosenn? smep 2C  u  AHe ¢ ommmm u Tem me mmpom-
mmenso Pb ,  TO-BUAMMOMY, ONPENENACTCA OTHOWELMEeM IOJHHX KMHeTH-
4eCcKux aHepruil HaneTawmux #sIep, & He YUCEN 3IAPAREHHHX HYKJNOHOB-
Y4Y4CTHUKOB, BXORFNNX B lLeHTPANBHHA galtepCour.

2, llapaMeTps HakJOHOB MMIYJELCHHX CHEKTPOB NPOTOHOB B Cayuae
HaJeTawlleTo saupa 2¢ BOJPACTANT C YBeamyeHdeM CTeNeHH LEeHTDPaIb—
HOCT¥ CTOJKHOReHUA (C yBeJUYEHUNEM MHOXECTBEHHOCTH), JToT afferr ycu-
JRB2EeTCA C YMeHblieHUeM yrJa BHJETA.

B NMpOTHBONONOKHOCTE 2TOMY, B CAydYae HaleTawmerc fxpa Alle ax-
JIOH MMITYJILCHOTO CMEKTDA NMPOTOHOB He 3ABHCHT OT MHOKECTBEHHOCTH,

3. HaGmonaercs MpaBo-seBAs ACHMMOTDEA B DaCHpeneNeHXN vacTull,
PETUCTDPUDPYEMHX CHCTEMO! ¥3MepeH#s MHOXECTBEHHOCTH, 10 a3HMYTANBHOMY
YTy OO OTHOWeHY: K HaNpaRIeHUx BHieTa YacTul, DPeTHCTPUPYeMHX napoil
TBJECKOOOB, B Clyyae, Kornia MochemHue NL=ICTARIAOT CoO0# Napy GHCT~

pHX vacTul (NMMOHK C MPUMECHW BJIEKTDOHOB), “Ta QCAMMOTDES COOTBET-
CTBYeT MpeuMylleCTBEHHOMY BHJIETY NPONYKTOR peaKUnn 00 ONHY CTOPOHY
OT NyuKa.

B cayyae mapu NMpoToHOB, HaodopoT, HadmoRaeTCHA NPeHMYWeCTBeHHHR
BRJIET TACTHN, PErUCTPHpYe WX CHCTeMOU MiomecTBeHHOCTH, N0 IDYTYEK
CTOPOHY OT OCY IIydKa. .

4. B cayyae CTOJKHOBEHHA %Pl U3MepeHt "damwine" Hopperd-
MK NMpoToHOB, HaGawIeHO NMpenMymecTBEHHOE MUCIyckaHde mapH NMPOTOHOB
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C MMM OTHOCHTEJBHHMA YTuiaMe, Ecjn 078 KOppesAlMA oOyCJIOBIEHA
apperToM Mx MHTepdiepeHMM, TO DA3MED UIIY4YAKlers NCTOYHAKA He Npe-
BOCXORHT 3 (M.
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CIL:KTPH IFE M:50H0B M J[POTOHOB B LEHTPAIHIHX
W IL{PHG-PAGCION CTONKHOBEHILK p, 2C, 2%Ne
C AZPAMY QOTONYAECHH [PU~4,5 A TaB/c

C.Boxan, B.A.leckmy, K.\.ToacTos,
T',C.llagpaToBa

O0BOJUMHOHHHA MHCTATYT AL6DHHX ACCJeloBaHud, lyoHa

B UeHTpanbiHX CTOJKHOBLKMAX TAKEJHX MOHOB C AnpaMy (OTO3MyJIbCHH
OpR 3HepTUM ~ 4 I‘ab‘/nymo7 BO3IMOKHO 00J€e 9CM [ABYRPATHO® yBEJMYCHMG
ILIOTHOCTH ALSDHON MaTepuy L2/ 10 CPABHEHWK C paBHOBeCHOR Po=
u,17 ?M—S, CONPOBOXRIANUELCA 3HAYMTEJBHHM DAa30OrPeBOM ANEPHOTO BelEeCT-
Ba /3 . B rakux B3auMOmeMCTBUAX OMANANTCH KOLICKTUBHHE HPONECCH CTa-
TUCTUYECKOTO XapaKTepa ¢ yCTAHORICHUCM TcPMOLMHAMHYECKOTO pABHOBECUA
(TupMaIR3AUMCH) HYKJIOHOB . Msy4eHue cBOCTB AnmepHoli MaTepur B mo-
JIOGHHX 3KCTPOMANbHHX YCJOBHUAX BOBMOKHO NYTeH MCCJENOBAHMA XapaKTepuc—
TUK CHOEKTPOB 4acTHl, WX BHXOHR B UEHTDAJIBHHX M Mepuepydeckux coyra—
DEHMAX.

B HacTosiyelf padoTe pacCMaTPUBANTCA CUCKTDH pesTUBMCTCEMX [ - me-
30HOB # npou‘onoa,&qacggmon B3auMonelicTBUA, BHIGJEHHHX B HEYNpYyTUX
CTOJNKHOBEHMAX D, ~“C, ““Ne ¢ finpamu QOTOBMYJLCUY OPH ~
4,5 A TaB/c 757/

SHCMEPYM. HTANLIH]] MATYPHAL

HexonHuil aKCNEDUMOHTANBLHNY MaTepHad NpejcTaRIA] Co60l aHcamOan
CNSN0B OIHO3APANHHX YACTHU C OTHOCHTeJbHOM Mommsammeld @ /fo € I,4;
CKOPOCTHD B> 0,75 (s - yacTmu).

Bu,neﬁel-me [E - MesoHOB U OPOTOHOB-YYACTHMKOB B Hadopax S - dJac-
THI /6,8, OCYWeCTBAAIOCh fiyTeM HENOCPUNCTBUHHOL MICHTHfMKAIMM 0O pe-
3yJbLTATaM H3MGDEHMil BeJMuMH PR W OTHOCHTSJIBHOL MOHM3AIME Ha
cAeZaXx ¢ HCHOJBIOF .IMen UBBECTHHX pacyoTHHX 3aBucuMocTel @ /Po =

£ ( PP ) mo oGhacTn COMMReHMA pp = I,2 I'sB/C KDMBHX MOHM—
3AUMOHHNX OOTEpPb, B oGnacTm 3navenuit pp > 1,2 T'sB/c BHeseHM2
YACTHI UPOBOAEHO CTATUCTUYECKH C MCOOIb3OBAHMEN CIEKTPOB [F-Me3oHOB
u3 np (pn)-CTOJNKHOBUHMH IpN CUIM3KMX 2HepTMAX. lpu 3TOM OLHO3ADAKHHS
JparveHTH supa~cHapada (p, d , .t ) 6%7 oTzejeHs oT IR MeaoHOB ¥ Opo-
TOHOB-YYaCTHEKOB C HOMOUED aaropuIMa » YUUTHBAUGIETO ocoéeyuocr;
PacOpeloJIeHIA § —yacTul] 10 yIVIY BuJSTAa B OGIACTH MAIHX yIJOB 9,10 ,
BeJIMYEHY D P; Ramqofl paccnaTpaBacMofi JacTHON M OUMOKY B €© M3Me-

poHKR.



SHAPTRINY-CKIL. PACIPL cdiidBln BTUFYHER
JACTHL

[lonyyeHHHE JJIA CTOJKHOBEHHH P, 12C, 22Ne c Anpanu HOoTOBMYJIbCHH
SKCHEDUMEHTANbHRE PACKDENeNCHIS DRIATHBACTCKYX i+ - Me30HOB, HDOTOHOB-
Y9acTHUKOB HO MMOYJILCY MMEJNH NPAKTAYECKM ONyHaKOBYW (Hopmy 7/, Ha mo-
nmoore $opM SHeDTe TMYCCKHX CNeKTpoB (oIMHAKOBHE NapaMeTpH HAKJIOHR NpH
ANNPOKCUMALIMM DKCIIOHEHIMaNBHO! 3aBucivoctho) M, M~ Mes0HOB ¢ sy~
coM P> 0,5 I'sB/c B nadopaTOpHON cucTeMe KOODIAMHAT LA CTONKHOBEHMH
Pa3INYHEX ANep YKa3NBaJoCh TaKXe B padore

B radmuue 1 opeicTaBiceHH DPe3yJbTATH AMIPOKCHMAUMM DACHpeleseHuUi
IE - mesoroB ¢ T > BO ieB HO KuHeTUYeCKOit SHOPTMM B J.C, BHpaxeHU—
eM:
t(D) =cCexp  (-I/T,), (D
TIe TO- DONT'OHOYHHY mapameTp, §’ - oumdKa €ro OOpeneJeHUA.
Tadnnua 1

ANGPOKCHMAIWA COEKTPOB KHHETHIECKMX SHeDTHE iFF — ME30OHOB SKCHOMCH-
UMATEHOR  3aBHCHMOCTBE

R N e - o

CHapAl P, T'a/c T, bisB nal X<
4,5 500 20 0,7
12¢ 4,5 500 20 C.5
“2Ne 4,I 450 ¢ 1,15

QnuuaxkoBHe 41A B3auvonelicTBuit pé IzC. napameTphH To (HAKIOHH COeKT-
pOB) # GaM3Koe K Hip: sHaueime T, B “Ne + BNyJBbCHA B3aMMOME KC TBHAX
DOLTBEepKAAKT BuBOL / /' 0 caaG0ii 3aBUCHMOCTH (OpMH CI&KTPOB ¥ CLeAHEX
UNOYJAbCOB & - 1ic30HOB OT MACCH HAPA-CHAPALA. liOIOGHE (OPM MWOYJIBCHHX
COSKTPOB K GJHM30CTh CPEAHEX MMOYJLCOB HAGIRNANTCH Tak#e K JLJIA NpoTO~
HOB-Y4aC THHKOB .

HapecTHO, 4TO § -dacTHIH ( ommaagxme 9acTHUH ¢ MOHH3alMei

g /00 > 1,4, npoveros R» 3 ) /12/ B NONABIAKMEN GOJIBUMHCTS:
cocToAT M8 p, d , t - \LPArWicHTOB FRIMB-MHNEHH , ATKEX (PP <

I2C kisb/c) W - :oB30HOB N 3AMGLAMBIIXCA B KackallRAX IpOUEceax
LpOTOHOB AJpa-CHApARA. CHp9AcJeHis BHAOKA DABMMYENX @ -4&aCTHL CONPH~
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KUHO C DAKOM METOAMYCCKMX TpyRHocTeil. MMemupecs B 3MyJBCHOHHHX pa-
doTax OLEHKU OI'paHMyeHH ¥ He NAWT NeTAJNBHOTO HPSNCTARNEHUA O COOTHO-
WCHHM YacTll B aHcamGne @ ~ ¢parmMenToB. C 2TOff TOUKM SPOHUA MHTe-
DeCHO CpaBHUTH SHepTUTHYecKMl CIeXTD YacTZU OT JparMeHTAMM AIpa
“2Ne B cucTeMe ero MOKOA GO cnexTpon @ - PparMeHTOB AREP QOTOIMYAB—
c4u. Ha prcyHke la OpeicTaBiaol HOJYUYGHHH nIpeoGpasopaumem S ~
YaCTUI K aHTHIA0opaTOpHO} CHCTeMe KOODAMHAT CHEKTD KMHeTMMeCKMX BHep-
THil, I‘Jle BCCM YaCTHUIIAM IIpUMMCaHa Macca IOPOTOHA IJIA CpaBHEHMA CO CIIEKT-
pom - '{aCTW} 07 ¢parMeHTAUMM sAep $OTOAMYJNLCHM B NeEm _paan-
Moneﬁcmmx , KOTOPHil HoKasaH MYyHKTAPOM.

ConocTapilAemMHe CNEKTPH, OTHOPMEDOBAHHHE Ha DABHOE YHCJIO HacTull,
[paKTMYeCK! ONUHEKOBH no Jopme. Ha pme. I (6,B,D,I) NOKARAHH BIVIALH
B coextp @ - (fparvenToB supa ““Ne MPOTOHOB-Y4aCTHUKOB (P Js
HpPOTOHOB, He HUCOHTaBUMX B3aumogeiicTeue (p — ), T - MeSOHOB, a
TEKHE CJIORHHX (parMeHTOB~ZEiiTPOHOB M TPRTOHOB.

E) Puc. I, PacnpefescHna no KEHeTHYEC-
Ko#i sHepruM $ — wacTmi #3

Ne + aMyabcua BRamEMO—
o Zeficrauit M Q ~ PparMeHTOB

501 d.t
0 e —
50
0
P-ppazM.
1:31 ﬂ_‘_L e snep JoToaMyILCHR .
sz Poys ] B mpoueHTax 3TH BKIGIH COOTBETCTBY-
0

] - T wmcaam: 56, 19, 20, 5. Ta.xuM 06—

- — a-uactous © pa3oM, TpA dparMeHTallMM ALpa Ne
~-- §-uaCTuus B CUCTeM@ eT'0 MOKOA OCHOBHOH BHAAJ
B @ -YacTEUN B YKasaHHOM Ma puc.l
- IUANa30He SHePIUii OGyCJOBIEH MPOTO-
gavn (oxoumo 75%), <0% cooTBeTCTBY-
120 200 280 360 400 0T BRIaRy & -Me30HOB m 5% -BRIa-
TMaB ny d,t —gparmenros. IlloayusHHNE CO-
OTHOWEHUA JAWT IPOICTARIEHUe 06 OTHOCHUTEJBHOM BHXQNE YACTHY B COBO—
KynHocTz @ - (parMeHTOB LOKOAWIOCH ALPA.

D hutatien e |
H

8

CBOLCTBA CIILKTPOD IE -M;.SOHOB # IIPOTOHOB
B [:HTPATHHUX 1 [MTePACEPUYRCKAX
CTOMHOBSHIBIX AJpiP
B Tadn. 2 NpuBefeHH cPeiHMe XapanTeDHCTUKM pacOopereseHuii B -ye-
30HOB M NPOTOHOB~YYACTHMKOB IO MMUYJARCY, YIAY EWieTa 8, mponoinHoil
ouctpore Y =I/2n((:+Py)/(-Py), nomepeusomy wmyabey (Piq, Pip), oT-
HOCHTeJbHHEY Buxon Ng/Np UacTHu B IBasUIEHTPEIEHHX X NepUePUICCKIX
Ne + SMyJIbCUs CTONKHOBSHUAX, BHEGJICHHHX IO CYMMapHOMy sapany @ He-
OpOB3aMMOJIeliCTEORARIMX (JPATNERTOB AIpa-cHApAfA. JMOYJBECH JaHH B

MeB/c, yrmu - B rpauycax.
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Tabauua 2
CpelHie XupaKTepHCTHKA COUKTPOE PeJATHBMCTCKUX [F-MSBOHOB X IpO-
TOHOB B 3&BMCHNMOCTM 0T G

(23 0+2 7+ I 9+ 10

TIey TeOxa0 890 1 50 720 1 60

<Pp> 2020 + 70 2340 + 7C 23% 1 80

< Qp> 4 1+ 3 R+ 3 23+ 2

< Qp? Bzl 12,3 + 0,7 II 41,2

<Yg> 0,98 + 0,07 1,30 £ 4,08 1,52 + 0,07

<yYp> 1,274 0,03 1,48 1 U,08 1,53 £+ 0,04

(Pip? 280 x 20 245 1+ 20 240 1 30

CPip? 530 1 20 4I0 £ 20 40 £ X

Ne/Np 1,9 +0,2 I,310,1 1,3x0,3

B ancamone coowTuif ¢ @ =0+2 = B IOLAMIARULENM CQIBLMHCTBE 3TO
CTOIKHOBEHMs <CNe + Ap,Br / 14/. CpelHee MO CRIbHOMOHM3HDYIIMHEX
YacTHU ¥3 Anpa-yuueHB <Ny «26. OTa BeJwyuHa, OTpaxamyad B CpPeHeM
CTeneHb paclielJeHWs ANep-MulieHeR B JaHHOW COBOKYNHOCTH KBa3UUEHTPATb-
HHX COyIApDeHH{l, IPAKTHYeCK: COOTBETCTBYeT KPUTepWMD 0TOOpa COCHTHH
NOJHOTO paspymeHus aAxsp Ag,Br 15,1 . Hamompmm, 49T0 cOGHTHA
¢ Np> 7 OTHOCATCA K B3aMMOAEHCTBUAM C AUpaMu Ag L,Br ,ac Npg?
COOTBETCTBYWT Ba3aumogzeficTeuaw ¢ C , N, 0 ¥ mepafer”yeCKEM CTOJIKHO~
BeHHAM C Anpamu Ag, Br. B nocaefnHell KOJOHKE Tacn.l JaHH XapakTe-
PUCTEKE CIEKTDOB ZacTHL B KpaliHe uepﬁspnqecxnx CTOQUKHOBEHHAX
(Q =9+¢10). Moab3yACk COOTHOMECHUEN 7

Nea = Ap - “%%"0-; (2)

CHPeReJIEM YHQIO HYRIOHOB SApa %2 Ne , HCHHTABUMX B3auMOReiicTBue LA
COOHTHY M3 HAGOpOB, UPCACTARICHHHX B TpeX HOCJCHHMX KOJIOHKAX TaGJIMUH,
noJiyYUM coOTBETCTBEHHO: -~ 20, 7+I, 2+ .

AHANM3UPYA CBOJCTBA CHEKTPOB,OTMCTEM, 4TO IpM NEPEXOAE OT LEHT-
PanbHEX (KBASKUSHTDAJIBHHX) K KpailHe-IepuepuyccKimM ““Ne + aMyancia
B3aUNOZeiicTBUAM ( mPH ~ J@CATHKpATHOM YMcHBUEHAM YMc]a HYKJIOHOB
Alpa-CHAPAJE YUACTHUROB B3aUMORCHCTBUA), HACIHAASTCA HOIHAYUTONBHOE
( ~ Ha 20%) yBeJMueHMe CPOIHMX MMOYILCOB K — MesopoB ¥ TNPOTOHOB, H
CyWeCTBOHHOE ( NOYTH 2-KPATHOE) YMEHHUEHME CPENHeI0 yTJa MCOYCKAaHMA
9acTHd, Belymee K SAMETHOMY YMOHBUEHMH CPENHMX IONSPEYHHX MMIYALCOB
(ocoGeHHo mpoToHOB). CpefHHe OHCTPOTH [F -Mc30HOB B LpPOTOHOB-YYACTHHE-
KOB OPE 3TOM BO3pacTaT ¥, COIMKAACH, CTAHOBATCA DEBHHME B KpaiHe-
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e PHLCPHYUCARUX CTLARHUB<HIAX . YKA3aHNe HA HE3HAYUTOABHYK 3aBECUMOCTE
HMIYABCOB POJATHBUCTCKMX U — MUBOHOB ¥ OPOTOHOB 0T Yucjia HYKIOHOB
Ha UX IYTH B AIpo~LlllcHM pacchaTpuBajoch B pacdoTo KaK BO3MOXHOE
NposgBIcHUE IJIMHH (ngmnpona.um.

D ueHTpaubHEX ““Ne + Ag,Br  _cTojKHOBeIMAX AZEp N0 CPABHEHMD G
nepudepAiecKiMy BaduonasTCcAd 3savaTenbHoe {vB 1,5 pasa) ypesmdcHme
Buxoza IR — mu30HOB HA DpOTOH-yIACTHMK (cM.Ny/Np B Tadn.2).

llonoGHHe CBOUCTBA B NOBGICHWM YACTHL, HAOMONAMCh B ““C + 3MyJab-
CHA B3aUMOICICTBHAX, BHI=MeHHNX MOQ., a Takke B Hadopax coOWTuii, BH—
ACJCHHHX [0 CTENCHM DACUCIUISHUT AADA-MMICHM B CTONKHOBEHHAX D, ~C,
22Ne ¢ fapavu $oTOIMYILCUU / . JTH Pe3yaRTATH CBHASTEJNBCTBYOT O 3a-
BUCHMOCTH JTJIOB BHIET&, OHCTPOT, OTHOCHTENBHOTO BHXOZa wacTm [H: -
Me30HOB ¥ ODOTOHOB-YYaCTHMKOB OT WHCJa IPoB3auMoLeiicTEOBaBIMX B CO-
OHTMW HYKJICHOB CHAaDAIZ ¥ MWMEHH. ’

10D ©AlPHONA U TuPMAIMSALMA ITPOTOHOB

B ueHTPaABHNX COYAAPCHMAX AfEp NPM 3HATUTEJILHOM YHCIE HYKIOHOB

B O0beMe B3auMo.,SHCTBHA ORMUAGTCA BOSHMKHOBEHMe NHUAYINETOCS , CHWIBHO
Pa’3orpeTorc CTYCTKA MarTapus ~ Paliepdoua L3/ , OPeICTABRAIMEr0 CMeCh

HYRJIOHOB, ME3CHOB M BO3CYRNCHHHX GapyoHOB. llpennonaraeTcd, 4TO B aH-
camdje vacTuy (aliepdona BOSMOXHO yCTaHG@BIECHUE TCPMOLMHAMAYECKOTO DaB-
HOBECHA, KOTOPOc JTOCTUTARTCA IOCJHE TOrO, Kak KakIHil HyRIOH HCIHNTHBA-
€T HECKOJBKO CTOJNKHOBeHMIl, O CTeNeHM CGJIM30CTH pacuagaimmeiicA CHCTeMH
K COCTOAHMD TCDMOLMHEMUYCCHOI'O PABHOBECHA MOXHO 3akIDUUTE HO Be/Irm-
He OTHOWEHHA CPeLHeTO0 HONCPEeYHOTO MMIYJIbCa UACTHL K CPSIHEMY HPONOIE-

HOMYy B COOHTIM: .
R 2 B (3)
T ey .

I1A CHCTeMH C HOJHON TepMasmsaipei R =I 4/.

B HacToaue#f padoTe NPOTOHN-YUaCTHMKH M3 ARpa-CHapaAna (%2 Ne )
OWIX pasfejeHd HA TPH aHCaMOMs 10 CTeNoHM paclellieHMs suep-MuEleHeit
B COOHTHAX, TWe OHM HalMIATMCh. JJIA KaxQoTo AHCAMONA COCUTHIt O
HalfieHH cpemHMii MONepeuHKil < plP) U CpemHMit IpOROABHHYE < P“P>“
PMOYABCH IPOTOHOB B cucTeMe ueHTpa mace NN - crouxnopenui, a Tex-
Xe BeJUYHEHA

R*_ 2 f_p_J-L
- M < P“P)‘_ (4)
B cpemHeM, LJIH OrDAHEYEHHOTO Kjacca COOHTHMIl, IO KOTODHM OGpasoBad aH—
caMGJp NPOTOHOB, Beumauma R™  ,mogodHo R, Mozer X2paKTepHa0BaTh
GIM30CTh DACHARBIMACHA Ha YaCTHUH CHCTEM K COCTOAHMD TEPMOLHHAMEYSCKOI'O
PABHOBECHA.
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B Tadu. 3 NpEBOOEHH 3HAYCHHA <Pip> u <« P“pf' B Kab/c,
cpenmyx Bomumd R¥* n Ni/Np B 3aBHCHMOCTH OT CTCMGHM DPACUCLIC-
nua vawerw ( Ny ) B BHIENCHHHX aHCaMOAAX COGHTHH.

Hatimanaemoe B TaGiuue yBeJNIeHMe akTopa R ¢ poctom Np
B aHcaMOJIAX COCHTH{ CcBA3AHO ¢ YMEHBUCHMeM NPONOJILHOTO M CYUECTBCI-
HHM YBOJMYCHHMEM MOuDCYHOI'O NBUREHMA IPOTONOB, CONPOBOKIAWUMMCT LO—
BHWeHMeM Ha ~ 507 Buxoma [ - MezoHoB Ha NPOTOH-YYACTHHK B KBasn-
UCHTPAJBHEX CTOVKHOBeHMAX ““Ne + Ag, Br C TPAKTHIECKY ITOJIHEM
pPa3pyWeHNeM AJpa-MUIlCHH .

Tadmma 3

MapaveTp R* B aHcamMOLaX COGHTHI %Ne + SMYJBCHHA C PA3HHMUI N,.,

Np G +5 G + 45 Np > 25
< Pup> 386 + I7 520 + 20 564 + 25
<Py 500 £ 25 430 £ 20 390 4 25
CR¥* > 0,49 1 C,04 C,77 x U,U5 U,92 + 0,08
Ne/Np 1,2 + 0,1 1,6 + 0,1 ,8110,I2
CaGLyeT OTMCTUTH OOJee De3Kuji pocT BesmuuH < PLp> 1 Ng/Ne

opyu mepexofe OT cookTul ¢ 0 £ N & 5 & codutwsmi ¢ 6 £ Nn £ 25,
YeM OpM DOCAGAYBUCM OeDCXOAS K coluTiwia ¢ Np2 26, UTO yKasuBaeT
HA 3aMCTHYH BABUCHMMOCTEL XapakTepueTuk < Pip> Np/Np  oT uuc—
Ja HYKJIOHOB, YYaCTHHMKOB B3AMMOZCHCTBHA. iladmiolaemHii cKalok CpPoIX
BeJHYNH CBA3aH C OupPoXOROM OT B3ammogdeiicTmmii ¢ Agpamu C, N, O m oo-
pufupMYCCKUX B3auMogolicTBHII ¢ AfRpamma Ag. Br K HuOEPM{ECDPUYCCKM CTOJIK—
HOBSHMAN C AIpavM# Ag , Br GOTOOMYJIECHM, [[0ZOCHOC M3MEHEHHC BEJMYMH
< PLp> n Np/Np HacmaiaeTcA ¥ B aHCANGIAX COONTHMii, BHEeaeHinx mo @,
OpH HEePuX0fc K KBABMUCHTDAIBHHM CTOJIKHOBEHUAM (Tali.2).
. bansxoe K epmamue sxavenue farTora R* B UCHTPaIBHEX COYNaDUHHAX
“2Ne + Ag,Br C NOJIHHM paspylleHWeM AACP-MUMUCHCH, 3HATHTEJNBHOE YyBe-
JUfYeHHC OTHOCHTCJBHOTO BHXONA IFE - Me30HOB CBHEGTEJBCTBYNT O TOM, UTO
SHEPTMA HANLABJICHHOTO JIBIMCHMA HYKIOHOB B OGJACTM IEDEKDHTHA ALCP
npeoGpasycTesd B MX XAoTUMcGCKOe IBMKEHMe X SHOPIM DORGeHIEX [ - Me-
30HOB, JTO yKasWBAST H& BOSMOKHOS HIpPOJBICHU® B HOLOCHHX COCHTHAX CO-
CTOMHM:, CJAMIKMX K panﬂonecu% OTMETHM, YTO IOJA COCKTHI C Nh)_ 26
cocTapiier oorce I2% oT BCoX / .
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AlPONCIBiAL:_ CLiLRTPOR uPOTOHOB—Y‘lAC'I'Iﬂ(IhOB
W It - #.30HOG PACHPLLALHAM P
B paGOTe/ o/ CHKTPH MNOMNUPEYHHX MMIOYJABCOB (parvMeHTOB Azpe-cHapa-
Za ¢ sapagoM Z 22 B J.C. M3 ~°C + aMyAbCUSA B3aUNMOZCHRCTBUI
(4,5 A TaB/c) GWIH AQNPOKCHMUPOBAHH pACIDPENEICHHCM

F(R)=(PL/o®). exp(-PL/26, (5

KOTOPOu COOTBETCIBYOT UapUMANBHHM IaYCCOBHM paclpeleJEeHWIM Oo Honeped-—
HEM xo..monuman d-muiysibca QParMcHTa B CHCTeMs HOKOA (ParMeHTIpyDero
snpa. B OTMUYaJIOCH HaJiMuMe "XpocTa" OOGJBUMX Oepenay B CHeKTpax
o 1 MHOTO3apfALHHX (DATMGHTOB CHApAld, lie OMMCHBASMOTO pPAcClHpuACJs—
Hilleh Pajoed. :ofoCHOw HCojeloBalue OWIO HpPOBEASHO M HA MaTepRAJ:
“‘*Ne + BMYJBbCWI Ba3aWMOLeliCTBU,INe SKCOEPUMcHTANBHHe Pi - choekt-
PH parlicliToB sApa-cHApsla Tukie HeyLOEJSTBODPHTENBHO OIMCHBAIMCE BH-
paxchuen ). Hafuwilan ANNPOKCHMAUMA CHCKTDOB ( BKINYAA KX BHCOKOMM—
OyJbCHHe H(JIacTH) Gria OmpoBefieHa cymmofi IByX pacmpejeseHuii Paned ¢
3aMETHO OTIMYaUMilICA napaMeTpaMu, 4TO PaccMaTPUBAIOCE Kak yKalahLie
Ha CYUSCTBOBAHMC 4BYX HU3ABUCHMHEX WCTOYHMKOB MCHOYCHRAHUA (PaIMCHTOB
0 pasHm "Tewdcparypain” 0"4 u 0% . Hamaqiie B aHcanGiaIc COeK-
TATOPHHX {PaTlvHTOB SHSA-CHADANA SHATHTENBHON IO YacTHL ¢ GOJBLIMM
PL , OUUBHILO, UK CONPOBOANATHCA AUCKBATHHMM CEOWCTBAME CHEKT-
POB OPOTOHOB-YYACTHMKOB I PONNSHHLX IR — MOSOHOB.
b Ta6n. 4 mpuBopeidd pel3yJabTaTH AINPOKCEMALMK CNEeKTPOB UBYXpa-

JNECBCKW: pacmpefelicHuer BALA:

2
£(P)=ok (P/0P)expl-PE/20%) +1 - &)(PL/6; JexplRYety), (6)
The d. - BKIgL I[CPBOr0 WISHA DAcupelesteHMs. 3HAYEHUS VMIYJIBCOB
JalH B l3B/C.
Tagmuua 4

ANIDOKCHMALINA COSKTPOB PL  DpoToHOB ¥ I - NME30HOB ZBYMA pacl-
penesycHuANY Pagcs

A <Py A-d <R, KR CPon <P,
22
Ne 170417  0,540,1 384:14 0,6 277 280410
=3 12 190+70 0,7:0,4 320435 0,8 281 280:14
P 150510 0,8740,20 340335 0,7 3I5 320+I6
P %Ne 236344 0,8:0,] 60440 0,8 495 500420
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Bemmnu(ﬁ)n , YRQ3aHHHC B Taduuue, Haiilclu Kak:

<PLOn= dePuy, + (1)< Pyys <RD=~T/2 8 <PLy= 1726,
Ve

Ime <P>, U <Py 7, ~— MaTeMaTVYecKue ORUAANL LA CYMMMPYCMHX Dacl-
peaeaeHui,

TlorydeHHue OpM ANNPOKCHMMAUMM BeJMYMiH < Py>p X SKCHEDUMEHTaIL—
HHe < Ppoyg X0poWo CoIVIacynTCA. AHANH3MPYA IOLT'OHOYHHE [api-
MeTpH CHeKTpoB [I* - mesoHoB ( Tad:.4 ),0TMETHM, UTO AQIA YACTH C Ma—
JuME < P_L> | BO3pacTACT C yBGJIMYEHMCM A CHapana. 3TO MORHO
OCBACHUTE BO3PacTaHUeM BRIANA HepufepHUeCKHX CTONKHOBeHUH C yBeJMdu-
HueM maccH A,

Boapmne ~ < P ), —napaMeTpk, COOTBETCTBYRuMe CoJec "ropadyemy” HMC-
TOMHMKY YacTulu, CBA3aHH C peanusauueil CTONKHOBeHME siep OpM GOJIBLIOM
9NCJG HYRJIOHOB-yYaCTHUKOB, HalpuMep, BO B3amMojcicTBuAx ““Ne +Ag.5v;

CONPOBOKIANMMXCA OOJHEM paspyweHuem AIpa-MMUeH¥ o B Henepugepr-
JeCKUX 22Ne +Ag,B‘f CTOJIKHOBEHMAX, lloNTBepKISHUEM 3TOMY ABIAETCA
dmuzocTs mapamerpa <P1>;  =560+40 lisB/c ¥ cpemHero uMmyanca
< Pl_p‘> =564425 MsB/c  DpPOTOHOB B aHcamGae COGHTHi N;, 2 %

( racn.3), a Tamke < Pj_p) =540425 MaB/c Wi cOGuTHI € Nh>7 /7/.

1. HadmogaeTrca cuaadan 3aBUCHMOCTE QOPME HMIYJBCHHX CHOCKTDOB #
COOTBETCTBYRUMX CPEIHMX MMIYJBCOR DEJATMBUCTCKMX IIE — r1¢30HOB M mpo-
TOHOB-YYaCTHMKOB OT MacCH Alpa-CHApaua.

2. HalijieHH COOTHOWEHWS BHXOid YacTHl B aHcamGae @ - fparMeHToB
Anep 22Ne B aHTWIA00PaTOPHOt cucTeMe KoopIuiaT. OHCPIeTHYeCHMH
CIIEKTp %O ~ $parMeHTDB Afep QOTOSMYJNECHH M CHEKTD £ - fparme-
ToB Afcp ““Ne OPaKTHYECKHM ONMHAKOBH IO dopme. IloJydeHHHEe €OOTHO-
WeHNA JamT OpelcTaBlIeHMe 0G OTHOCUTEJBLHOM BuXOLe HacTMll B COBOKYILHOC~
TH @ —fpaTMeHTOR HOKOAWEToCA ANpA.

3. B CTOJKHOBEHMAX 22Ne+ Ag, Br ¢ nommum paspymennem apmep-mmie-
H:{fi DONTBEePRIAeTCA BHIOJAHEHUE OpH3HAKA TCDMATU3AUMH OPOTOHOUB, Ipel-—
cKeausaeMoit mogesbb gaiiepdoa.

lloka3aHo, 4YTo B LUEHTDAJABHHX COYyHADCHINIX ¥ BO Ba3amMolelicTBHAX

2Ne +Ag ,Br ¢ DONHHM DaspylleHNCM Ansp-tidieHeidl HAGMOEASTCA OPeBH-
wenme Ha 45-50% BHxoga IFE - Me30HOB Ha OPOTOH~-YYACTHUK HAL 3TOH Be-
JIEHOY B mepujepuyecKMX coymapeluax. (lomoCHuil agdekT Hadmonaicd B
HeIepUJepUYecKX B3AUMONEHCTEMAX D, 1°C ¢ Aupamn Ag BT npu Gaus-
KX BHEPIUAX.

4, IloKasaHo, YTO CHOKTPH HONCPCUHHX MMOYJAECOB DPEJATMBMCTCKMX JIE -
ME30HOB M IPOTOHOB-YUYACTHMKOB BO B3aMhONeHCTBUAX ¢ AfpaMd GOTOaMYJb—
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CMii COCTOAT U3 MBYX KOMIOHGHT C CYUGCTBEHHO DAIJIMYHHMM CPEIHEMU Xa-
DPaKTePUCTHKAMKE, 9TO MOKCT OMTH HHTEDIDUTHPOBAHO HaK Ha(monesue JIBYX
MCTOYHUMKOB MCOYCKAHNH 4YaCTHN. AQIA [F - Me30HOB C MATEMA HOMCPCTHHME
MMOYJILCAMI BOSPACTAST C YBuJMUYHHCM A .

iloKazaHo COBNENGHUC HOOCPUUHOIG l'amu,v.znsca:é COOTBETCBYRIETO0 BHCO-
KOMNIYJbCHOL KOMHOICHTE CICKTpa HPOTOHOB B 22Ne + SMYMBLCHSA BIAMMOIEH~
CTBHAX, CPERHeI'G DONCDPCYHOTO HWMOYALCA OIPOTOHOB B COCHTHAX LOJHOTC
Daspyucus Ag »BY  Amep ¥ CPOAHEro MONePeUYHOTO MMIYJBCE B HOHOEDHje-
PHYECKMX <Ne + Ag,Br coymapemmax.

ABTOpH OJaroiapsr C...bormanopy u 3.0.ByGeseBy 2a HOiesHHE OGCYE~
JICHUA .
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TONONOTHYCKUE XAPAKTEPUCTHKN OPATMEHTALMMN
AREP %8Si ¢ WMIVIECOM 4,5 A TaB/c HA
UPAX GOTOMYJIECHH

B.Y.Ameera, H.0.Anmpeesa, 3.B.AnzoH, B.M.BEyGHoB,
A.ll.Taftrunon, T'.X.kmercaepa, J.bK.Epémenko,
T'.C.Kanaukena, 3.K.Kamermna, U.f.Yachmxos,

.M. llaxosa

MACTRATYT (E9ERE BHCOKMX 3Heprmit AH KasaCCP, Anma-ATa
M.T'miox, B.Tomop, M.Xafmyx

UenTpanpault HHCTRTYT dmsmkw, DByxapect

C.A.KpacroB, K.l.Toncros, I'.C.lladpaToBa
OOBeMASHHEY FHCTHTYT Afl@PHHX HCCJIONOBaHEE , lycua
¥.Bodopxanos, T.H.Makcmmkmna, I'.d.Cyn-llomx fn
Opsuro-~rexHEYecknf MHCTHTYT AH TanxCCP, lymaHnce

®.A.ABeTAH, B.M.Kpmman, H.A.Mapyrar, B.P.Caprucopa,
J.T.Caprucad

EpeBaHCKA# (H3HIecKEY EHCTRTYT

B.T.Formanos, K.I'.llemmcerko, A.A.[Lnomép,
3.H.Conopréna

PanueBHil BHCTWTYT uM. 3.T.AmomiHa A CCCP, JenuHTpal

PucmemioHne SXDA OPE ©ro BIGEMONEHCTEEM C ANDOM-MEECHBD XADAKTO-
pM3yeTCH HMCUYCKAHWEM BTODNYHHX YACTHAN Da3jIMYHOTO 3ApANA H MACCH.
Hcxons E3 TeoMeTPEISCKEX NPSHCTABACHEY O BIaEMOJCHCTBEE DeJATHBECTG-
KHX RJ6P, MOXHO BHIGNWTH 30HY AXTRRHOTO BIamMOZEfCTBEA HEpeXPHTHX
vacTeft Afep ¥ MX cOeKTATOpHNe dacTA. $CTOIMYALCHOHHAA METONMEA XOpOMO
AUICTPEPYST TAKyD CXeMy. B 30He BsamMoneficTBNA ODOECXOIET IPOUBCC
POXTEHNA YACTHAU K IDAKTNYECKE NOHOe DASDYmeHNe NOXCTPYKTYP Auep-~yiacT-
HEKOB JIO RYRJIOROB. 3TO DEAATNBECTCKENG M CEDHe JYYM, OGDABOBAHHHE B
OCHOBHOM ODOTOHAME H NEOHAMM. BosCy=RnéHHAA COEKTATOPRAA YaCTH MEROHN
pacnamaercd Ha (paTMeHTH, OSpASYNUMO YEDHH®  f~iyu, oMeprEA Koro-
pix B xadoparopAol CmorTeMe He npepimaer 26 MsB Ea HymaoH. Crexrarop-
RAA YACTH CHADANS {PATMEHTEDYET HA YACTEIM, KOTODHe BAGHNADTCA RHYT-
PH ¥3XOTO XOHyCA, CPEOHTEDOBAHHOTO BROAL NODBEYHOINC RANDABACHNS fpar-—
NeHTNpYOmETO _ CHApAna.

B PBOD’&!/ L2 EBYURNHCH TONONOIEYSCKNE XADARTODACTNKE (parmMeH-
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TalFH PeaATHBHCTCKMX AICp Loy 22Ne ¢ mvnyascoM 4,5 m 4,1 A TaB/c
COOTBeTCTEEHHO, LDHNO [0KA3AHO, YTO HACINIAKRTCH IBe TPYIOH COOHTHit:

¢ nosHuM pacmennesmem ( [P ) chneRTaropHo# YacTE Ha OfHO-H ZBYX3apai-
HHe $IpATMEHTH M ¢ coXpaHeHuem {parMeHTa C 3apanoM ZfZ 3. Ilo mepe
yBeJaWyeHAs CTelleHV NepeKpHTES fHep Bo3pacTaeT BKaan IIP ¥ yMeHBmAOTCH
oriomen#e o /p ( T.e.M g :2/ hz =1 )+ DOCKONBKY NOKCTDYKTYDH BCE
RHTHCUBHee pa3pyuapnTcA. B HacToameit Baﬂo're NDHBOAATCH 9KCHEDAMeH—~
TaNbHHE HaHHHE N0 fparMeHTAUmM Axpa ¢ mamynscoM 4,5 A T'aB/c
¥ IDPOBOTETCA HX CPaBHEeHMEe ¢ DE3yALTATAMN YKASAHHHX pacdor. (nermanb-
HO® BHEMaHWe yfeJaeTcs aHaIlsy BiavMoZelicTBEi ¢ OTHEBHHME HYKIOHA-
MH, WTO EDEACTABAAET MHTEpEC M LA KOCMOfHAMIeCKMX 387aY.

METO/MKA 3KCIEPMMEHTA

Tpr mpocmoTpe HOTOCKOEB 0O CJCHY PETHCTPADOBANECH BCE HOYUDYTHe
BaauMOeACTEHA HOHOB = St ¢ ampavm dorTosmynncHE. B 3THX COOHTEAX
H3yYa MCh XapaKTeDHCTEKY BCeX 3aDMKeHHHX YacTAl, KCHYLEHHHX NOZ

0< s°
Jyraom K HampaRIeHHO IyYKA. SapAmH 9THX 9acTHl OUCHEBANUCE
NOTPemHOCTEY He Xyxe AZ< I, lina omHozapanHux (parMeHTOR Ha YacTH
CTATHCTHRE GHIO OPOBEZOHO ONPENENOHRE BOJMYHMHE D 3 C OTHOCHTeNBbHOR
DOTPEMHOCTED oKoNo I15-20%. D70 MO3BOIANO NPOBECTH DESASNCHEe OHO-
3apANHHX 9acTmU Ha HPOTOHH, MefiTPoHW ¥ AXpa TPETHA ¥ YOSOHTECH B TOM,
YTO OHR MMEDT VMOYJIRCH, OIM3RMe X HawanppoMy - 4,5 A TaB/c, T.e.
ARNARNTCA dparMenTaMy anpa~-cHapAna. (Oxkasanoch, YTC BCE MHOTO3apsnHHe
7 NoZaBpifAbmee GOJLIMHCTBO ORHO3ADANHHX (DAIMEOHTOB COCPEIOTOYEHH BHYT—
pe yraa © =3°, Beero mpoamammsuposaEe 1980 codurTafi.

TONOJOTHUECKYI COCTAB SPATMEHTOB <€ Si

lipoBelioREHe M3MEDEHES IATM BOSMOXHOCTHL HOAYYHTH LIS KAXIOTO CO-
OHTHA 3aPANOBHY cocTap (parMeHTOB, a TaRXe OLSHHTh BOJIHINHY HENOPOK-
purofi ( cmekTaTopHol ) YacTH BareTamnmeTo SApa Q - }'_E.f . [pemmo-~
Jaras, 9TO H3 30HH BI3aMMONSHCTBRH MCIOYCKANTCH B OCHOBHOM ONHO3apAN-—
HHe (jpaIMeHTH, MOMHO ONDENSJMTE KaHAN pacnaxa Bcero fupa. B ngn I
OPSRCTARNGHH TOIOJOTHYECKHe XADAKTOPHCTHKE (parMeHTAdER AIpa .
B JxoBo#t KONOHKe yxasaH 3apaAmopHit cocTaB fparmeRToB. Mcmymexmue ma
Anpa-cHADANR OZHO3apARHHE (PaTMeHTH, IODCIHANMHE CyMMAapHHE 3apaN Io
14,8 gopMyne Kadaja peaku#M ONYWEHH. lAHRHe NDMBENeHH JNJIA COCHTHA C
pasmmgHO#l CTemeHbW DOCWCMTCHRR ANPA-MENCHW. KOJMMeCTBO CWILHOKOHM3Y-
prx W -"acTMI B pACHEINEHNE XADARTSDWSyeT MENGHE ( IDYmIH Axep
H, CNO, Aﬁ r) M CTemeHy € paspymeHMa. BmgHO, wTo codntma [P, B KOTO-
PHX ANpO .Si QPArMuHIBUBGIU TOILKD HA ONHO~ B JBYX98DHNHHE HYRIM-
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T. I

Tonosoradeckad mrarpamda fparMeHTaUMM gipa { EA pasymMIHHX

rpyanax amep $oTosMyIbCER

Kanan N,
peaxumK 0+ I 247 28 20
I4 28 I3 6 47
I3 27 37 6 70
22 16 4 - 20
I2 29 34 5 68
II 2 I5 I0 - 25
I1 I4 24 17 55
I0 22 8 2 I II
I0 2 16 I8 6 40
I0 I7 27 I4 58
9 22 7 10 I 18
92 I3 I6 I0 39
9 I2 29 I4 55
8 222 2 3 I 6
8 22 2 7 2 21
82 I8 24 I0 52
8 5 22 12 39
7 222 I 3 2 6
7 22 II I5 4 30
72 I9 17 9 45
7 4 I1 I6 31
6 222 3 3 I ?
6 22 18 16 6 40
62 8 14 I3 35
6 2 I2 8 22
5 222 3 5 - 8
5 22 4 II 5 20
52 4 I8 I0 32
5 2 7 9 18
4 2222 I - - I
4 222 2 I 2 5
4 22 6 5 3 14
42 6 8 9 23
4 3 7 10 20
3 22222 - I - I
3 2222 - - 2 2
3 222 2 I 2 5
322 5 5 6 16
32 3 6 II 20
3 I 6 I2 I9
2 22222 5 I - 6
2 2222 4 6 3 I3
2 222 IT 27 8 46
222 2 45 6l i22
22 L 59 78 53
2 I0 66 I32 208
I 3 60 227 290
0 - I 58 59
Bee 422 7 802 941
2fp. 021?3 11 Iz 7 935
Hroro 433 734 809 1976
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IH, OTVIMYARTCA IOBHISHHNM BHXOZOM. BKIAX TaxkmX COGHTH CHIBHEe NpOSB-
JIAISTCA BO B3aBMOZeilcTBMAX c TAXENO# KOMIIOHSHTOR (OTOIMYJNLCHH.

Ha pec.I npyeelieHo pacilpefeJeHHe IO (@ Bcex cobutEH M coOHTHE
{[P. MakcEMyM B UepBOM pachpezieleHMn COOTBETCTRYEeT nepmpepHIocKuM

Puc.l. Pacnpenenenue coOGHTH
no G . [lyHKTEDOM BHUEJEHH

coduTms IIP.

Rap

f
0s [“}Hl

Puc.2. 3aBECEMOCTH OTHOmE~-

T & /por Q .

B3aMMONEACTBAAM ¢ HCIYCKAHHWOM MHOTO~
3apanHoro gparmexnra, IpE cPaBHeM:d ¢
QHATOTHYHO! 3aBMCEMOCTED fparven-
ramm azep 1°C » ““Ne. /1+2/ opasumaer-
cA, 9TO BKIAN NepnepRIeCKEX CTOJKHOBE—
ruft BospacraeT ¢ maceofl fparMeHTHADYD—
mero sapa. Braaxr IIP, ecTeCTBEHHO, yBE-
JETHBASTCH NPY YMeHLNORWH napaMeTpa
cTONKHOBOHMA, Ha pue. 2 moxasaHs 32BR-
cumocTs of Q) orHomemma oL /p. Ma
9TEX DHCYHKOB CJISKYET, 4TO C YMoHbIeHH-
eM napaMeTpa coyraperEa ( T.e. ¢ YMEHb-
mermem (§ ) yemnmmaercs mpomecc paspy-
meHnd He TOJMBKO MHOTO3ApANHHX, HO H
IBYX3apAAHHX accommaimit cmexraTopHOft
YacTHE Anpa.

VMHOXECTBEHHOCTE SPAIMEHTOB

B Tadi. 2 DpEP~IEHH CpegHES MHOXSECT-
BOHHOCTH $PAarMeHTOB CHEKTATOPHOft wacTH
ARpa “SSi ¢ pasaMuHHVE 3apANEME BO BRQE-
MOTORCTBRAX € POTOIMYJSECHER B 66 KOMIO—
uenrams H, CNO, AgBr( Ny =01,

2 7, = 8 cOOTBeTCTBeHHO ). JnA cpae-
HEHES TaM me NLVWBENSHH D © MHOXECT-
BEMHOCTE (PAIrMeHTOB ANpa gg:ll; 7 3,4/
V3 Tadamm caefyeT, 9TO CPeNHAA MHOXSCT-
BORHOCTH $DAIMeRTOB ¢ 21. =2 n cymsmap-
Hes MHOXOCTBOHEOCTH ETOB C 2_1.2 3
OpE nepexofe oT sAxpa ““Ne x Bg;
MOHAOTCR HO3HAYMTENBHO ( ~ 20%), & mnA
OJ[HO3APANHEX CYMOCTROHHO BO3PACTAeT.

{IpE aTOM BRIET CJOXHHX HYRINROB BOZOPOIS HECKONBKO yROANUEBACTCH.
HANOME¥M, 4TO mpM mepexoXe Of ampa 1<C k ampy %% Ne moms cnomsmx
HyIMHOB BOXOPONA CPEN® ONHOZAPATHHX (PAIMEHTOB CHEKTaTOPHOR YacTH
BOSpocAa Gontee, ueM B OBa pasa, YTo CBASHBANOCH C HelTpoHHOH# M3CH-
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TOYHOCTHD ALpa 2Ne /%, OpHaRo yBeJMUeHWe 3TOTO BKJIANA, NO-BANA-
MOMY, O0BACHASTCA B IEDRYD ONOpeNs POCTOM Macch (PAaIMEHTEDPYNNETO SHpa.
Tagmma 2.
CpenHBe MHONSCTBOHHOCTH (PaTMEHTOB-CIEKTATODOB C PASJINYHHME

sapazamu

SitH Si+CNO 5i.+A95r Si+Em  Ne+H Ne+Em

I 197412 24I+I1 19247  2II+5 8743 13642
B T. 4.

P 11248 I140£10  103:55 11944 5843 8612
d 6045 6646 6I+4 63£3 23:3 3642
t 2443 3614 2842 02 611 14:1
2 11718 1066 7644 9643 9534 8252
3 41 4l 51 4,140,541 5,240,4
4 5+1 41 3+I  3,8:0,4 2l 4,110,3
5 41 7:L 31  4,7140,5 6z 5,320,4
6 92 71 @I 6,I30,6 I3zl 7,640,4
7 841 74l 41 6,0:0,6 I5:I 7,310,4
a 942 8al 3:I 6,130,624zl 3,90,5
9 7+1 7+l %I  5,510,6 Idal 5,540,4
I0 942 611 3l  5,40,6 II:l 3,610,3
I 71 41 2,0$0,5 4,030,5

I2 I1s2 5¢1 0,7+0,0 4,5:0,5

13 611 41 0,740,3 3,2:0,4

14 641 1,840,5 0,7:0,3 2,3:0,3

23 8516 6514 3233  95,7i2,1 B9:3 4841

CnexrarTopHEMe {pPaIMeRTH SXpa-CHADAEA B CNCTOMe (parweHTEPYDESIC
AApe AADTCH MORTCHHMMN TACTEIAME, COOTBOTCTBYDEEME 6 ~Jparwes-
TN DOKOANET0cS ANPA-MENORE ¢ KrHeTEweckoft sHoprmef memee 26 MB Ha
HyxaoH. COOTBOTCTBOHHO, NPOBSAEMORSHCTBOBABMEC HPOTOHH HANETANMSTO
AZpa, MBORGCTPOHHOCTh KOTODHX MOKHO OIGHNTH Kak I4 - Q ,peaaTm-
BECTCKN® B XadopaTopHOR CEcTeMe, B CHCTEMS NOXOA HATOTANNETO AADA
ABAADTCA QEANOTEMN G -3ACTEN. Taxme oopesoM, NORAAETCH BOSMOXHOCTH
DOAYINTE DACHPONEACHNE IO MEOXSCTBOHHOOTN Ry, Mg B My = Myi+ n.s'
IAA pacwentoRxl DeRATMBNCTCROr® AZPA 25S{ B erc cECTeMe maxad
( pEc. 3 ). PacupeseXeHNA I BCeX COOHTNE ¥ codurRt [IP npmBozATCA
PASHeARHO, YTO NAYT BOBMOENOOTH KOHKDeTESEDOBATE EX BRIAN B DASANY-
HHe OGAACTE MHOXSOTBEHHOOTOR. Jan NPAMOTO CPABHONRA C DACHDANCNONE-
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AMHE, IOy TeHHEMA B Ja60paTopHOl CHCTeMs , MHOTO3apANHHE (paTMeHTH U3
yHeya -nyuelt HeKkMOYeHH, NDOCKOIBKY OHN ARIAOTCA aHanoramm Anep
oTnad. Takoe MCKINYeHHE COBHraeT YacTp I'ECTOTPaMMH, OTHOCAMYOCH X

COGHTAAM C HCIyCKaHuWeM (parMeHTOB C 232 3,Ha eRUHALY BJIEBO.
OTMeTMM, 49TO HOJIYYeHHHE TaKUM

06pasoM paclpefefieHusi 0 MHO-
XeCTBOHHOCTHE AWIINTCA Hamdoiee
aNeKBATHHMHA He{iCTRATEJIEHOCTH,
MOCKOIEKY B SKCIEDUMEHTaX, B
KOTOpHX ¢fpaTMeHTHDyDLmES ANpO
TMOKOMTCA, YacCTh er0 ORHO3apAL-
HHX fparMeHTOB MOEeT CHTEH HC-
nymeHAa C KAHeTHYeCcKO! sHeprmeft
Gonsmeft 400 MsB Ea HyREOH H,
QIeTOBATENEHO, CyIeT OTHeceHa
K § -wacTHuaM. M3 anpoKcH-

Prc. 3. Pacnpenenenus DO MHOXeCTBSHHOCTHE n;’
(a), nb' (6) n nK —actm (B), memymemmx
Bt po BaaRMOLCHCTBAAX ¢ Aupame QOTOSMYJIb~
cpl, [IyHRTHpDOM BHZeJeHH cOOHTHA IIP.

5 10 15 Mann SHOPTeTHI6CKAX CIOeKTPOB g,—-qac'rmx

i sapmcmmoctsn AN /d T~ T9/6/crenyer, ato
P obnacTe T= 400+IC00 MsB MoxeT oKazaTb- )
cA 54107 0T o0mero ymCHA OHCTDHX OJHO- 2
3apATHHX (PaTMEHTOR, B 9Ta JOAA YBEHE-
YABaeTca ¢ Maccolt fiparMeHTEDyOIEro Si-
pa, Tax Kak NpY 3TOM BeJMYMAA ) yMOHb- - o0
maeTed.

Ha pMc. 3p B pacnpenejieHEH IO
MHORCCTBEHHOCTE h -YaCTHI XODOWO OpPOC- 120
MATPABAETCA CTPYKTYpa, CBASAHHAS C TEM, %
PEc. 4. PacmpemeneHuss mo MHOXECTREHHOC— LS
@ h -uacmEn, menymemHux <0Si mo
BaamMofieficTRUAX ¢ supams Ag Br (a), S
CNO (6) m H (B), IlyHKTHDOM BHUSACHH
coduras P,
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4TO COOHTMA [P # ¢ 2423 JIaDT NDOMMYWOCTBOHHHe BRIAIH B pas-
JuYHHe oduacTH N}' . AHaMOrMuHHE BUX uMepT U paclipejieJieHus
00 MHOESCTBEHHOCTE IpE (parMeHTAlMi ALep S¢ pa  pasanu-
HHX KoMmoHeHTax (QoToeMynbcus (puc. «). CoOTBETCTBYWE® CDEIHME
3HAYOHEA NpEBOJSHH B Tadmumme 3. OTMeTEM, YTO 3ABHCEMOCTE < h-';> oT
maccH supa-naptaspa ( H,CNO,Aq Br ) kax mng coduraft ¢ Zg¢2> 3, TaK
% gua [P, oxasHBAeTCsa BeckMa ciadoft. JTo XapakTepHo u 1A fparMeHTAUMA
DOJITHBECTCKAX HEED Lo Ne .

, TaGma 3.
Cpepsme MHOXeCTBEHHOCTH h. —wacrmr, HCNYUEHHHX AHPOM 285¢

T Tan codurna
Z:f z 3 P Bece
H 4,0+4,040,2 II,I+1,4 5,240,3
CNO 4,940,3 12,2+0,8 7,540,3
Aﬂ Br 6,2+0,4 13,110,6 1I1,040,4
Em 4,9+0,2 12,740,4 8,440,2

BonbuEHCTBO pacyéToB MHOXSCTREHHOTO O0DA30BaHEA JpPATMEHTOB
BHIOJHEHH 1T CPONHEX M TARSIHX Jmeg% . lipegcrasnsaeT MHTEpeC ampoda-
O8g 9TEX Mopmeseft B OGNACTH JOTHEX snep HA OCHOBE 3KCIEeDEMOHTAIBHHX
pesyabTaToR mo {parMeRTANER Anep 12, Y s 22Ne /2 z 285,
Hardonee KpNTHYHHM,HA Hem B3TAN MOXST OKA3ATHCA ONECAHEE TONOJNOTHY
codurafl [IP B ¢ EcuyckaH¥eM JiparMeHTa ¢ 2 j>’ 3, a TaKk®e BEDOATHOCTH
o6pa3oBaHEd ARYX (parweHTOR C 2123 B ONHOM B3aEMofel#tcTBMM. BepoaT-
HOCTH TAROTQ mpomecca cocramiaseT (0,5+0,1)% npe q:pmearamzz Ne
a nna ampa 28Si  ome ypemrumeaercs no (I,840,3)%.

DPATMEHTAIMA HA HYKJIQHAX

B radamnax I-3 m Ha DEC. 4a BLEeNEeHH XADAKTEDACTEKE dparMeHTa~
mm axpa 28Si na ‘moxopomononocuott Mmemm ( coowrms ¢ Ny = 0;I ),
3HAHEE KOTOPHX HEOOXOINMO OPRA DOmOHEE DARA ROCMOfHIEYECKEX 3a1a9d.
AHANOTWIHHe ZAHHNE IO (PATMOHTAINN DEJATHBHCTOKEX SHeP >2Si  Ra
TaRok Xe MENCHN CPARHNBANNCE C pACYETAMH IO DRINETHHM MOXSAAM {par-
MeHTAINE. KackagHO=] eXEHAA MOLEJE CNABHO SAHNREST BHXONM ABYX-
sapEEX JPATMERTOR / . Jumauwaecran lo.ue.u/ 8/ HO ONECHBAGT BRI&KA
ROXHENX pacmouxoHmi.

OMOTEM, ¥TO B NOGNONHE® BPOMA ONpEROABNHLO YCROXE P OINCAHEM
pacupenieNeHER 10 MEOESCTREMHOCTE P peaKuNAX (parMeHTANNN JOCTETHYTH
B MONOXN nepxommll/ o » paccMaTpuBammeft SKpo B BERe npocToR Kydmiec-
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KOit pemdTKM, B KOTOPO# KaxOuit HYKJICH CBSA3aH C COCeIHMMM. Bapr¥pya
BeJTUYBHHE BePOATHOCTE Daspupa CBASM p (napsMeTp MepKOIAUEHA) M OpPOUSBO-
LA MONCYAT ;5 ONpeIeJeHUE XapaKTeDHOTHK CBA3IAHHHX MexNy cocoft rpymu
HYWIOHOB (KIACTEPOR), MOMHO NIORKTATECH LOCTETHYTH HAMIYUYMET'® COIVIE—
CHA C 3HCHODHMOITANLHHME JAHHHME. PesynnTaTH Hamerc pacdéTra IMA Kyod-
qecKol pemSTKY pasMepon 3x3x3, KoTopas GIEREe BCETO K AmpY <6 Si
NpeNCTARICHE Ha puc. 5,6 COBMeCTHO C 9KCHELMMOHTANBHHME RAHHHEMHE LA
peakrimu ZBSL + HYKIOH, NOJYJeHHHMH NO MACCHEBY ¢ NI\, =0;I. Moc-
KONbKY B MOHENA HYRIOHH He OGNAZANT 3apANOM, & B 2KCIIeDHMMEeHTe DerucT-
PHUDYDTCA TONBRO 3apaEeNtHe $ParMeHTH, MH IPEOUpPasoBATA DPACTIETHOE MAC-
COBOE pacnpefeseHMe B 3apAfoBOe, comocTaminad $paIMeRTH ¢ A=3;4 c

Z_f =2, A=5;6 ch. =3 n rv.5. Kpome Toro, oTHesbHH® HeHYTpPOHH, He
DerRCTPEDycMHe snepHoft doTosMynbcHef#f, B pacvéTe BRINYEHH B KaHAN

4N
dzpp ‘Pnc. 5. Pacnpenesenme mo T::gggu
{$parMeRTOE BO B3amMopeiic 'St

¢ HykioHaMR, T'ECTOIDaMMa - BKCIEpPE-
MEHT, TOYKM — DAcYs&T IO MORSJ® Iep~
KOJfIAN ¢ mapameTpam¥ p=0,55(mTpe-
XoBasT JMHEI) B p=0,6 (nyHKTHD).
HopMmpoBRa mo mioman®. KpmEmue, coe-
IMROMe TOYKH,NPOBEJIGHH OT DyWE.

220

dN
dngp
200
l 5
|
100
Zop 7
Prc. 6. PacopefeneHde IO MHOXECTBOHHOC- ’ 50 £
TH GPAIMEHTOR ¢ 7422 BO BIAWMOZGHCT- s
suax “8SL ¢ myxnomamm. Ocoamavemys !
s
Q

7o Xe, YT0 Ha ppc.5. HopMEpomka no
Tuomany.

A=I,970 3a8CTAPWIO HAC OPN CPARHOHME NCK/NGHETL BCO (PAIMEHTH C 21. =1,
ROTODHM B pacusTe 000TBOTCTBYeT A=I; 2, BHRHO, WTO MOREAb DOPROIAINN
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HeIoXO ONACHBAET KAK 38DANOBOe pAaclpefeNyeHre, TaKk ¥ MHOXSCTBEHHOCTD
fparmenTop, Hawrywmee ommcamWe nocTRTaeTcs npE p=0,6. MakcuMesrnoe
pacXomieHme DacyéTa ¥ IKCIADUMEHTA ,HA0ANIAEMOe B OGNACTR Z =349,
BOSMOXHO, CBASGHO C DACIANOM HOCTAGKABHHX QPATMEHTOB, He YIHTHBACMHM
Mopexrsd. KpoMe Toro, B MAHAOM BADEAHTE PACUETA He YYATHRASTCA 3HEDTRA
CBASH ¥ HO MEHMMESMDYETCH IOBSPXHOCTH OOpa3ymuyXcs {parMeHToB, HO
MOIOJNE, TEM He MeHee, NepematT oCmMit xapakTep pacnpeleJcHHH, WUIDCTDH-
PYH TAKEM 00pa3oM, KaKyD DOJb EIPANT CTATHCTHYECKEe NpOUecCH B Msy<a-
6MHX peaxumax.

TIOJHHE PACHRIUEHUA IEP

Ilponecc ipaTMeHTarMi, B PesyabTaTe KOTOPOTO AAPO pacnafaeTcH
TONBKO HA OOHO.¥ LByX3apsxie ¢parments (IIP), maydaercA y®e HaBKO.
OKCREPMMEHTH B OCHOBHOM OTHOCATCS K CpeJHAM (Ag Br ) u Tax3mm (P6)
Anpay, BXOFAIMM (AME BEONWMHM) B COCTaR q:o'roamy.nscm/ 6,10-12/ o
TONOOTHYECKEM XAPARTODACTUKAM GPATMOHTAUNE DOJATHBECTCKAX AKep 1°C,
22Ne , %8Si, mpE ux PaaEMONEHCTBEM C DASINTHIMA KOMIOHOHTAME (OTO-
amyascEm ( H, CNO, Ag, Br ), MOXHO ONpONEJHUTL ¥ A HEX BEPOATHOCTH
TAKoTo Opouecca. D Tadn.4 OpHBeNSHH o0oCuWeHHHe NAHHHE, NOJNYISHHHE M3
aHaIMaa yKA3aHAHX DACOT, CONBNAd 3aCTh KOTODHX OTHOCHTCH K 00jacTH
9HepTEH Anep-napTEEpoB 3,243,5 A T'eB.Puc.7 WUmCTPEpPYeT 3BBUCEMOCTD
BepoaTHocTH I[P oT MaccH sppa-napTHEpa. OxkaswpaeTcs, 49TO B JaMHo# suep-
TEeTEYEeCKO} 00JaCTHE NPOTOHaMA C 3aMeTHOI! BeDOATHOCTHD MOXHO HQMHOCTED
pacmernBTh AZP& TOABKO A0 TDYINH Ag Br , HO yme fmpamc BH3OBYT NOJ-
HHO pACHSIUICHHs BCEX WIEMEHTOB BIAOTHL A0 ypaHa. BeposrHocTs [IP

Tadmea 4.
BepoaTHOCTE IOJBHX DACUEIneHEY B AKPO-ANEDHHX BIAEMOZECTBEAX OpM
mvnyasce 4,I-4,5 A TeB/c B ipoleHTax

Grapa P d e Re 22N, 285, Ag Br
MmmeR:
12g 6548 7546 9446
22N 2242 4342 7743
<BS| 1732 3743 66+4
Ag Br 0,540,2 _ 2,6:0,5 6,840,9 I8+2 2042 2644
3,130,3%

X)5pauenNe HA LIATO.

AT AAHHOTO ANPa SABECET OT SHOPYNM HApa-napTESpa. Tak, BEPOATHOCTH
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TP anep Br mon xpeificTBrREM OPOTOHOB yBEJWYUBAETCH C SHEprueff moovepm—
HMX ¥ BHXOMHT Ha mraTo opevepHo npH 10 I'sB, Jua peawumit [IP Gouee

10 —— v JerKoro Ampa Iz¢ ooZ IelicTeueM
w %:\o- - HYWIOHOB BLXOZ 9TO#f 38BMCHMOCTH
05 AN * Ha IIATO naw_zm:gewca yxe IpH
o sueprzm I TaB /8, Taxmu oopasow,
N A Ipollece DOJHOTO PACMEIACHRA
02 6\\ h .. | sUep - 3T0 odmee ARNEEHe BAA BCeX
’ +‘ t\ PIANMOZeHCTBYXEX ANOP, MONyIXB-
Y A EEX JNOCTATOYHYD SHODIED BOSCYR-
0" \ {\ 1 NOHNA .
\
005 \\‘ Prc. 7. SaRNOEMOCTE BEDOATHOCTHE
vy OONHOTO PACHOIUIOHNS AfeD C JAaH-
Y HM A po BoamMonefcTENAX ¢ HpO-
o \ 1  TomaMm (O ), supaMm yraepora
Y Ee CNO ( ® ) % sypawe Ag Br
00! Y { (o).
\
p
o R N
7] 22 28 92 208 A
SAKJIOYEHVE

llope'mc/amM OCHOBHHO DOSYALTATH HCCJCNOBAHAS TONOJNOTEIGCKEX XA~
PAKTeDHCTHK (parMeHTatyM DeJATHBECTCKEX ANep 2851'. BO B3aEMonsficr-
BHEAX C AZpamH (OTOSMYILCHH.

I. Hapany ¢ HaGimnaBUUMUGSA paﬂee/ L,2/ IBYMA THAOAME DacmelUieHus
HelepeKpHTofl wacTH HaneTammero supa ( I[P ® ¢ HchHyckanwem
gparmenra ¢ 24 23) ¢ yPoIEYOHMEM MACCH CHADAZA BaMETHYD
PONb HAYMHAeT WrpaTh pAacman ¢ o0pa3OBAHHEM IBYX (HpPATrMOHTOR
c 242 3.

2. CpapHeHHEe TONONOIHYeCKEX CBofflcTs fparMeHTAIBM DeATUBUCTCKHX
ANEP ¢ HEKOTODHME MORCJILHHME NPENCTARTCHRAME IORASHBAOT KpRA~
TEYHOCTE TAKEX HRCOODEMOHTANBMHX NAHHHX MO OTHOMOHED K COBDe-
MeEHHM MOJINIAM (PparMeHTalHdA.

3. OmpegeyouEe BOPOATHOCTH IOJHHX DACMOILIOHE# JOIKMX Smep IOSBO-
JAGT CHCTOMATHIMDORATE BRIAK BTOTO UpoHecca B MHPOKOM NHANA—

80HE Macc fnep-uapTHEPOB.
ABTODH BHpAMAKT CBOY RPESHATONHHOCTE TOXHHYGCKOMYy DeDCOHANY Ja—

GopaTopER sa IoMomb B O0pAGOTHe JaHHHX 3KCHOPEMEHTA.
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ALUEE CUEITROB 11040104 I0IEPRYHOL DHEPTIG B (P ,d, oL ,C)+C~
BEAJTAONEHCTHIAX 111 4,2 T'oB/c

W@XT.9B 2.P., Heiutakos A.1l. -

00BOLIHOHHE HHCTHTYT ALEPHHX UCCIeAOBaHild, LyOHa

Bospwoil miTepec BU3HBANT B NOCcJelHee BDeMA NAlliHe DRCIEPIMEH-
TOB i@ ycKopuresie CERN SPS 0 cHEKTpax NOMHOH mnonepevHoll aHepruy
BTOPUUHHX YACTHU B SLIDO~LiePHHX COYZapeHMAX. B paie padoT HadimmeHns
coGutnit ¢ Gombutd sHavennmm EToT  paccmatpusaerca /I/ xax omr-
Han o ¢a30BOM NeEpexoxe ANPOHHON MATEeDEM B COCTOAHEE KBAPK-TJIOOHHOMH
nrasmMi. C Zpyroél CTOPOHH, aHam3 E‘.',';"- CMEeKTPOB JaeT AHPOPMAINK
0 NDHMLEHUMOCTH MoTeneli Tay0epDOBCKOI'O THIA, OCHOBAHHHX HA CYNepHO3U-
LMW Ne3aBRCHMHX BIamMoeiicTMil amponos /2/.

CrexTpu IOJHOIl MoMepeuHol 3HePIMM BTOPHWHHX B3apAXEHHHX YaCTHU
WN3yuayHch Hamil BO R3aumoielic TBHMAX MPOTOHOB, ALep nefiTepnsd, IeJmA A
yruepola ¢ sAOpary yriepoxa M B yIJepoi-TAHTANOBHX COYIJAPEHUAX Hpd
4,2 A TaB/c. Incuepimentassuuil Marepuas OHI NOMYUSH G ITOMOWBI R-M
[DONAHOBOH KamepH 12 ILYOHEHCKOM cHIXDPOfa3soTpoHe. B HaifIeHHHX Ha
CHUMKAX HEYMPYTHX ANPO-LEeDHHY COYHapeillsfx H3HEDAMICE BCE TPEKM 3a-
PITREHIIHX qachg.lemlagﬁnone euiasT JHCDTHA BHYMCITIACE IO opaye

EYT= LBy = 2 (Jpomi -m), e fir
m;  ~ noneDeYHEl MMIYIBC Il MACCA YACTIHH. :I3 anamiza nCKmoYa-
mrch @rareieu sEpa-tuziens (IciapRTCbiHe IPOTONH) ¥ CNCKTATODIHe
CTPHITLIITODUE {PATMCHTH HANCTAEKCTo S1npa. lieTomrieciye BONDOCH 00—
PacoOTIM COOUTHi, BHIEJEHUA B3amofeifcTBUi HaleTamuux sAueD ¢ SUpaMx
yraepona MOZPOGHO H3JIOREHM B IPyTux padoTax /3/.

B radsMne NpMBeLEHHE WCHOJB3CBAIlHAs CTATHCTMKA N cPelHHe BeJMDi-

HH: MHOXECTBEINOCTH BTODHWINX 3aPARelnHX yacTuy (0e3 cMeKTaTopOB)

<ngy> |, WICHO B3AUMORCICTBYWUEX IPOTOHOR « Np)  ,TIONEPEWHOIL
SHEepPTUM BapAKeHHON YacTHIU <EL? U nosikoil NonepeuHoil suCpTHH
B coburin <ET>,

BugHo, YTO G POCTOM ATOMHOTO BCCQ HALeTawiero flpa pacTeT KaK
CPEJIHAS MHOXECTBEHHOCTh BUI:IKEHHHX YACTHI, TAK M X IOJHAA nonepey~
Hag sueprus.Haxrony IMRMO3IBHIX CMNEKTPOB MO €+ ,INCOLEX DICIOHEN-
MAJBHEH BN, CJAGO MEMANTCH UL DOBHEX HaJICTARMX ANEp.
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C dc &C X i

‘c*ggggm?c 3297 5106 1967 4216 140C
<Newd 2,45+0,02 B8,I740,02 4,5240,05 6,5240,C5 14,040,1
<Np> Z,83+0,02 I1,9540,08 3,06+0,I0 4,52+0,07 6,9240,00
< E9,lisB 150 160 170 170 10

<ETOT; 1B B80+I0  490+I0 850420  IUUUsbU 2380450

x) C yuéToM Beca JJIA HepasIeJeHHHX (Boyorox/yTierom) coGuTHi.

‘ Ha pue.l upupogATCs 3KCfe—
DHMEHTaNbHEE DacmpeneNensa Mo
TI0JIHOST MOIepevHoii 9HepTIH LA
neynpyrx pC-,CC- u GG ~ 1mio=
TOHYRJIOHHHX B3auMoJeiicTBHii.
MioTOEyKIOHIHE B3aMMOZeiic TBET
sAxep yTiaeposa oTONDa/MCh Hpi
cllelMaNbHoM npocMoTpe /4/,0Hn
cogTarnToT ~20% Heynpyrore
ceverma €' £90450) uo.
Trcrorparma Ha puc.Il ~ pacuer
no KackamHoii momemm K.Tymnm
1 B.Toneesa /5/. Laa warnin-
HOCTI, pacnpereTeHua HOPMYDO=
BaGHH HA elNHMIY B HMepBOM MH-
Teppase.B ucnomsoBanHoll BeD—
cin¢ KacKanHoll rMofe/m He YITCHH
0JHM3KIE HYKRIOH-HYIIOHHHE KOp=—
DeslMA. TeEM He Henee, COTIIACHE
C MOLEJLI B UEJOM YIOBIETBO=
DUTEJHHOE.

T
Pacnpenenense 1o ET,°
MOXHO TaK®e TONHTATHCA HOJNy-
WTh, HCNOJE3YA DPACYETH 1o

I
Pue MOLEJIM MHOT'OKDATHOTO Dacced—

A
AN /g™ = 26, fa (BT ()

was /6/1
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ees 6y = LCROAVLSTTL BLOITDACHCTIMA N HYRJIONOB HAJNETAMMIETO sapa,
prmeracporo B more:,a £,0 EYY) - meposthocTs Hadmmars EXT n
n lezapnenius pC - BBAMMOLCLHCTBARX. AtagoruwHo /7/,pC ~cnexrp an-—
IDORCHLLIROBALCI € JINLIOMDIO m.....a - (yuanm  QoINy IO
4,06 = [k /PP ] (L BV axp (- E) »TIE

ot =(&,3+ 0,2) lsﬂ"I = 2,2440,07, ')(.ch B =I,5.Pesymsrar »axoli an-
TPOKCILIALAN SIPETST:D:CH UQ PHC. 1 myrHpon. Kpec TRl m Noxasaku pacus-
tu (I) ¢ ucnosw30BaIbic] NOJYUENliX MNApatieTPOE o , P M BIATHX
L3 LOACH BOPOATHOCTCE §n LYUOBNCTBOPUTCIBHOC COIVIAacHE DACUETOB M
ORCUCPINICHTY KuUGLAIUCTeH J/ul BCEX NAp CTRJKMDALWXCT AHey , B TOM
wene 1 pyim OC - tiolOHYKIONHEX cOyHapcHuil,dTO yKASLBAET Ha OTCYTCT—
BIC 3aMETHOTO DIUIAI RATID~TI00 HCTPHBUAILHEY MEXAHW3MOZ B COyLape—
T JCTICE DCATSLBLCTCINX ALCD.

4 "lem He MeHece,onpeleienHNe HaNERIH

40 - " 1"
P kasGede | P10 Geve | na MaGangenuse 3}(30‘1‘21@1 IawT JaHHHE,
e-pb -0 NOKA3aHHHE KA DUC.2.34ech NpercTaBieHa
.- :Cc ~ o + 3aBUCHMOCTD OT wcja B3ayuMofeiicTByoLmX
- - el ~ &
S I 1 npoTonoB, Np,CTATKMBAMIXCA JIep DOCTa,
L J Rop, CPENHCH MHORECTBEHHOCTH Npo-—
o } TOHOB C OCOJILUMM NONEPETHKEN HMILYJbCOM.
20 1 Beomuma R, ABagercA OTHOWEHUEM Cheli—
t ] HMY MHOKECTBEHHOCTEH IDM ONPELESIeHHOM
* Np K coorBercTpyRulell BeJMuMHE NMPH Mu-
o ¢ 1 mvMaabhon Np = O, GHagenme N, mnpmmo
* oT
- # s : ] IpONOPINIOHANBHO Be/MuMHE €' B CO-
H s OuTHH.
ol 14 ] Ilpn z3mencrom e cC
o 2z 4 6 § 10 12 Hpn wavenernmy B HeynpyTix CC-paan~
Np 107 elicTRuax BemwHH Np oT 0 mo
<E'\'Ur> y .
Pic.2. I2 ( T DM 3TOM MeHAEeTGA

or 1,2 IsB zo 11,9 I»B) cpemuas MHOReCT—
BeHHOCTH NpoToHod ¢ Py < 0,5 TeB/c pacrer 3 8 pas (or 0,7 1o 5,4),
a gna P> I TsB/¢ - pacrer 3 30 paz {or 0,03 mo 0,9). Tarmm oGpaszom,
C pocToM IOJHO NOnepeuHoil 3HePTMM Bce CoMee 3HAYNTENbHHE BIIAL B
Bemtmy  E;°7 AaNT OTACABNHE SNEPTHUHNE YACTMUE C OONBINM Py .
ApasioriuHad ®ApTIPA NOBTODMEeTeA Tarze M Eag CTa-coymapemli mpu
4,2 A ToB/c, mna xOTONUX CICKEDR IO E‘;“T(npe,nnapmemme JaHHLe )
npuBeneH Ha puc.3 (rucrorpamda - pacuer AlGl (gyGHeHcKas RacKajgHas Mo-
Iaab}, KPBCTHKL - .JOABAbL MHOI'OKDATHOrO DACCESHLL). )

B sRerspmenTe BIYCH Talkke GoJee GHCTPHA DOCT cpemicii roiomecT—
BEHHOCTX NpoToHol ¢ P,>I,5 TaB/r.dmit mammue /4/ cornmacynrcs ¢ M3BeCT-
HHEME pe3yabTaTars! rpymiu Kponuna /8/ mo HaGMMeHWD AHOMaJbHON A-3a-—
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BICHMOCTH B 0UDAZ0BaHMH ali-
DOHOB ¢ GOJLLIMLII NOMNereuH .ol
- HITYIhCaki .
T, 424 Geve OzHoil K3 BaXlHX XapaKTc-
e-2m Gfsisffv::f;“g"'“"“ PHCTHEK Npollecca BaamuofelicT—
T F —cascade model BUA DEATTHBHCTCKID( SHEP HB—
3 . ¢ 5052 events JAeTcs HanboJbiuas NOCTUTHYTAn
< IWIOTHOGTL dHeprinl.ilpuBelelHuUe
auazornuno /I0/ ouermxm 3Toil
BEJMUMHE Jia/H L1 CO~MHOTOHYK~
MoRmE: coymapguii  Eme ~

~ 0,8 TaB/@", a pan CTa-Bsan—
mozetictauii ~ I,6 T'aB/dm.
B oGomx CIyyasx 3TO HMXE OXH—
IaeroTo NMopora (Gonmee 2 I'sB)
{ rua $asoBoro nepexolia B COC—
TOMUL KBADH-IVINOHHOE IJasMu.

£ Gy} el charged'”

Puc.3.
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el i PAJb s3AMOGERCTEAA SUEP HUCAOPOJA
A TARLTHK FUPAX GOTOIMYIILCHH
U disfl 4 200 T9B HA HYKIOH

wdU-0 corpyasmyecTBo

peacrasnaer M.d.Tperbaxopa
mauueckul uHeTutyr uM.ll.H.JeGenera AH CCCP, Mocksa

lipencraBaeHy A&HHWE O MHOMECTBEHHOCTH IGPAREHHHX UACTHL W YrAOBHX
X8paKTePUCTHKAX BTOPHUHLX DEMATUBHCTCKUX UACTHIl LOHTDANBHHX BIaMMOAEH-
cTBAlt AREp KMCAOpONS Ha ARDPAX ﬂg. u B7 , roropue BupensmMch no KpuTe~
pram: N 210w Q= 0, re Q=5 %) - cysapinn sapsn scex gpar-
MEHTOB CHADAN&.

Una HeKoTOpHX COOHTWR ILTOTHOCTh PENAATHBACTCKMX YACTHL [0 NCeBEo-~
CHCTPOTE NOCTHIEET 3HAUGHMHA .F"'M =140, uTo cOOTBETGTBYET IIOTHOCTH
aHeprum £ = 3 I'aB/j,,,P {¢ yuSTOM HEHTPANbHHX 4ACTHI).

Beegehue. B patore 4 NPUBENEHH AAHHHE COTPyAHuuyecTsa EMJOI no
MHOXOCTBEHHOCTH M DACHPENEeNEeHHAM 110 JICEeRIOCHCTPOTE JWBHOBHX UYACTHL M3
B3avMoleficTBUR ANEP KWUCNODPOAA, MOAYYSHHHE B YCHOBMAX NEPNOHAMKYAAPHOTO
oGnyueHus GOTOSMYTBCUM ALpAMM KUCTOpPOAE ¢ SHeprued) 200 I'eB HA HYKIOH.
HecTosmas pacoTa NOCBANEHA WUIYUEHHO UEHTPaAbHL BISUMONOACTEMR Ruep
KHCTOpOAA HE TAKENNX Apax (OTOIMYABCKH ﬂ? u B2, vosyuemsx ® yeno-
BUAX POPHSOHTAJBHOPO OG/IYUeHWR CNOER (OTOIMYTLCHH.

Sucnepumert. Cronku no_30 cnoép anepHux GOTOIMyAbCHR tupa bP-2
pasmepod crnoa 20xI0x0,06 oM, o6ayuanuch rOPUIOHTANLHO IYUKOM RACP KUC—
aopoma ¢ sHeprued_200 I'oB ua yexopurene CERN SPS. iurencusmocts
obnyuyerna ~ 5I10° uacrun/cM®. LeHTpaxbiue B3auMONERACTEAN AREP KHCAO-
POLA HA TARENNX AAPAX GOTOIMYALCHHM .ﬂg n B orGupammer no kpuTepuaM:

MorIouw Q=0 rne O=Z %L cymmprunt sapay scex gparmerTos
cHapapa. [lovck smepHix BIAUMONSHCTBMA NPOBPOAMICA KAK NPOCMOTPOM BROAB
crefa, TAK M no nnomand, [lpi MpoCMOTPEe MO [MOLAAH PerHCTPHPOBANMCH BCe
cofurs Gea dparmentop ¢ R 2z 2, Mas 00ECNEUEOHHA BRCOKOH TOUHOCTH
M3MEPEHMA YU/MOB BTODHWHHX UACTHL BCE WIMEPEHHA MPOBOAMZUCH OTHOCUTEABHO
BCMOMOTATEONABHEX MEPEHMUHEN YACTHL, PACIIOJOXSHMHLX BOAMIM MIMEPAGMOre colu-
THA.

Ho coOMTHil, HARANGHHEX N0 MACHAAH, HMSMEPAAHCL TOALKO T8, AIA KOTO-
phox = (0, T.e. OTCYTCTBOBANH OMHOSAPARHHE PPArNEHTH AAPA CHADALS, ANS
3THX COOMTHA MYHMMATLHOE JHAUOHHWE MPOCTPAHCTBEHHOT'G YIJIA JIMBHOBLX UAC-
iy Bmin> 1073 pan.
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MOXSCTBOHHOCTL JADAKSHHX uacTHi., He puc.l npueegequ pacnpepene-
HHA NEHTPANbHMX B3auMofeficTBuil N0 SABUCHMOCTH n., ~ M._ s BaliteHHue

no cxeny (a) u no mromean (6). Ha pwc. I{a) ans cpaBHeHus NpUBEREHN
TAKKE XAPAKTEPMCTHKM COGHTHH ¢ Q=1
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Puc. I 3aBHCHMOCTE n_govh/ly ana_coOuTufl, HAPNeHHEXx no crefy (a)
¥ no naogaan (6) X - aso,n'rouuucne ® ¢
Bmin > 2,5:10™ pag; o Q= L.

B Tataupe 1 npusenesn cpeatue amavenus <> ; <Ny ; <rz,3> H
<MNp>. Tau me pua CpaBHEHUR NPMBEMGHH CPELHHE XADAKTEPUCTHKA NAf BCEX
COGHTHH#, HARNEHHNX 10 CA6RY ( Ne > 0).

Iadauua 1
CpenHue MHORECTBEHHOCTH 38PAKCHHEX YACTKL

Tun M . . :
BIBMMOLBACTEMR | <Rs> : <rg» : <kg> <M>

llpocsoTp no caexny
Na30 (N =206) 62,9%,7 4,120,3 4,0%0,4 8,1%0,7

Q20 (N=18)

(sce M > I2) 197t11 9,6%1,1  I2,9%1,2 22,514
Q=1 (Nu1)

(se Ni > 13) 17412 10,9%1,1  12,9%1,2  23,8%,5

QMcuogQ 00 _nNRoWany
Q.0 (Na=53

( WMoz 10) 194,5%,5  10,7%0,7  I2,8%0,7  23,5%0,9
"Ocotne"
(N = I5) 22219 12,601,3 12,710 25,3,5




Mo anesmse gavHux puc.l u vadx.I caemyer: .

I) [iar BaaumomeftcTRuit Ha ARDEX .ﬂg D% B nentpamsHax B3awmopefer-
BUAX  Wh 2 12, [ian nerrpaxstux ssaumoneficTeMft npn f), o > 150
DAHHOMY KHTEPBANY N0 Ms COOTBETCTBYeT MMpOKoe pacnpsaeaekue no A .

2) Cpemine xapaxrepucruxu cotumuit ¢ @ = 0, ma#inerux no creny u mo
NIOWIATA, DPAXTHUECKH COBNGABNT.

3) Mnn cobumupt ¢ Q= 0u O = I, Haligewsux mo cxemy, cpejMMe XepaxTe—
PHCTHKY CNMSKH, ONHAKO B 00f&cTH M g2 220 NpeoGRansnT COGHTHA C

@ =0, a » o6nacty Mg < IS0 npecGxagmer coSumua ¢ @ = I.

4} B ueHTpANbHHX BIAUMOROACTBHAX CPELHAA MHOKOCTBEHHOCTD PEAMTHBHCTKHX
K MOLIOHHUX SAPANEHHHX YACTHI| NPUMEPHO B TDH pala GOABEE M0 CPABHE-
HAD CO BCOMH B3AUMONEHCTEUAMM AREpD KHCAODORA HA ARPEX (OTOSMYAbBCHH
(coburun My 2 0).

Ha puc.2 npubenelo pacmpegexonke mo Mg LA NOHTPAABHLX B3AKMO-
aefcTenfl.

[
rj

0.204

i

A5

L

1 Pue., 2
Pacnpegesenue no Ng
] codurih 150 + .ﬁg, Be

c @ =0

23404 9,943 4 4 |e[T]
100 450 200 450 300
Hs

U2 puc.? caenyer, uro cpemM HEHTPANBHLX BSAMMONCHCTBME noxA cOGHTMR
¢ N> 200 cocramnser oxono 45%, u ¢ Ng> 250 - oxomo IGF. Humxe
Gonee NORPOGHO GYAYT PACCMOTPEHH COONTMA CAMOR BHCOROM MHOXGCTREHEOCTH
( Rg>250).

TOPUCTURA 100 4 eflcrbuil. Yraosofi xapax-
TEDHCTHKOR NUBHOBLX UACTHI| MCNOAbIyercs nceBpoducrpora »= - &z‘%%
PacnpencxoHMe Nno NAOTHOCTH PeAATHBHCTCKMX YACTH RO NCeBloGHCTPOTE '

(4MeRy WACTHII HE @IMHALY NCEBIOCHCTPOTH) JO(Z) =4/N)-dRs / ?

234



AR PASAUUHEX MHTEPBANOD MO Mg ANA LEHTPAnbHEX BIauMOAEHCTEHE MpH-

BOIOHO Ha puc.3. M3 anamusa naHHux no P( ) cueayer, uro mmormocTs
PONATHBHCTCKUX YACTHI, B LOHTPAAbHON 00NACTH pacTéT ¢ pocrou Mg n

B o6nacTH ¥ = 2 - 3 cocraBmger: <f(Z)> ~ 48 ana pecex Rg

B TOM YUCJI® [AS Ipynn B3aUMOfeficTBHi ¢ Rs< 0 ( V= 9), s =
=150 -200 (N e3Du Rg> 200 (Na3aD <Jo(2)> = 30; 4l;
59 coorBeTcTBeHHO.

bof p= 4
PARSEA ng>a00  C) Pye. 3
§§ Pacnpenenesne mibHeBrx yacTHy
wr no mCeBnod -
. anolgcrpo're ":é;sw

5 zegicreuit ~°0 + Hfg, c
Wlf L & = 0 pra pasmiunx MHTEP~
o _)JJ- J’ILI_L tsven,eaon §) Banos mo Ws :
:cfz,_r“r B a) PWgs IO,

T L B) I50 < #g < 200,
ﬁf - e} M, > 200,
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H 1§ 3 'Il 5 T L
Z.——h?”/&

Us yrnoBuX xapaKTepucTHK HHIMBKLYATD COOWTH ONPeRENANCA LEHTp
TARECTH - YroJ BRIGTA [OJOBHHN YACTHI 1/2, no xoropomy onpenensn-
ean Y=L/ Gl/a(ps.uuau) - Y . fakrop cummerpuunoh cucress. lo Ne

Yo (pp) ompemenmnoch oTHOmeHMe MACC MMUEHW M CHApALE My/Me =
= q@] 3_:,)" . Pacnpenenenue MT/ Mo  nna pasmuwa HMHTEDBAJIOB B3&y~-
smonefcTemit no  Ks  npueeneHo Ha puc. 4. U3 mamHEx puc.4 crepyer, uTo
ana  Ps < I50 nnp ocHOBHOM Maccw coSuruft oTHomemte Mt / Me 21,
ana V> 200 GonemMHCTBO COGHTHH MMEOT MT /M.-, 2 1. Ana wnrepna-
za IS0 <r;<200 My / M. £ I ara Gompunncrsa coGuruft, xors <M >
AAs DTUX KAGCCOB COOMTH NMpATHUECKH COBNAJANT. BepoaTho, yraobue xapak-
TEPUCTHKM MHIMBKAYANbHLE coSuTuit mpu Mg 2 150 noasonmwr onpenennts
orHomeuwe Mo [/Me . Jam codumutt ¢ & = 0 wacca cHapauea Mo  Gaus-
K4 K 8TOMHOMy BOCY CHADAR&, B aHHOM ciyuae Mc ~ 16, M u3 oTHomeHun

My /Me onpegenserca macca wmenst.

Cpenst ueHTpanbHux BIaHMOpeidcTBUN OOHapyReHo okomo 20% "ocobux" Co-

Curhil, B KOTODHX MUHHMANBHHH YIOJ BHTETE NMBHEBHX WGCTHY Glm'». >

> 2,5.10™3 pag, » 70 Bpeun kak  Omin < I0-3 PAR AXA ORHOSADMARHLX
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¢parsenTor cHapraa. CpenHue MHORECTBOHHOCTH JAPAMAHHLX UYACTHL, MIA
"ocoOux" coSWTME mpuBedcHs B TaSmuue I. Bnepewe "ocoGue™ coluTHA GRAM
06HapyXeHH COTDYRHMUGCTBOM N0 M3yye! B3auMoAe#cTBUit anep e, B
poroamyascun mpu P = 4,1 A I'sB/c

W _MNOTHOCTH NMBHORNX UACTHL 00 fcesgod Te. B pators
v NpYBeNeHH Pe3yNbTATH AHANHSA 3KCMOPHMEHTAAbHHX LAHHEX NOo GAyKTya-
IMAM NMXOTHOCTH AHBHEBHX YACTHL NO NCOBNOCHCTPOTE, MX IABHCHMOCTH OT Mg
H HHTepBANa ncennoduc!po'r. CpaBHeHHMe C MONGALO ANPO-AAGPHWX BIAHMORGH-
creupt [ eiti MOKA3AN0 WX YAOBRETBOpUTEABHOE coraacue, OpHaxo
B 3TON X0 padore I OTMEYEHO HARHYNE IIOTHOCTOHN = 140, uro coor~

BETCTBYET MMOTHOCTH aHeprun & =3 [aby/,
Hime Mu Gonee MoppoGHO PaceMOT codbrrnﬂ CaMOll BuicOHO} MHORECT-
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Ta6auya 2
XepaxTepucTUKd COONTHR ¢ N> 250

» Tun X My o

n 5 -— A .

cofurug  IPE3H (,.0 8 ’A.) Me 7/ P Omin

I 521032 I5+I3«27% 9,8 I,I2 1,646 7 0,276

2 520003 84104268 8,2 I,52 14,2 66 0,115

3 52I0I3 5eIl426I 10,8 0,87 1,6-4,6 66 0,127

4 716093 54254303 7,4 1,73 14,4 70 0,0I1
(@= 1 (8, = 0,117

5 522018 7+I44255 7,4 1,84 0,5-5,2 50 0,058
(8, = 0,150)

6 724052 74104307 8,1 I,64 0,84,8 &9 0,259

0,8-3,8

7 725038 5eIpe27? 8,7 1,32 1,6-4,4 67 0,092

(8, = 0,172)

Banax NcesgolHCTPOT LEHTPANbHOM 06nacTH,

Jns xamgoro ua 7 cobutuff ¢ Mg > 250 Gwrio MPOBEREHO CPABHEHUE
pacnpefiencHuit o NceBloGHCTPOTe CO CpemHuM ™ HA CTencHb CBOGONH
nn cobututt "[w I, 4, 6 oxasanoch Goamue 2-4, UTO FABT A BEPOAT~
HOCTH CRYUY&HOIO COBNALGHUA BENWWHHY -~ 10‘3. Ha puc. 5-6 mpuseneHH
PACOPeeNeHHst N0 NCOBROGHCTPOTe ANA STHX COOwTUH, 0COCEHHOCTHD NOCHAER~
HUX ABJARGTCA BHCOKAs IIOTHOCTH yacTun (60-75) B UeHTpambHOl ofmactH,
HalUuHe MOACTPYKTYP ¥ GONbIMX QIYKTYALHI IIOTHOCTH v&CTHl N0 NCepmo-
GueTporTe, CymMapHas oHEpruA BHOBb DORNEHHHX YACTHL ANA ITHX COGHTHHA
cocraBager 0,7-0,75 or nepmuuHoi,

BepoaTHO , BHIIGYRA3AHHHO OCOGEHHOCTH CBASAHH ¢ HOBHMHA ABACHHAMH B
ARPO-ANGPHIK BIAMMORENCTEHAX M BOIMOXHO, C OOpPA3OBAHHOM KBADK-TJDOHHON
TLIA3ME .

lureparTypa
I. EMU~01 Collaboration, Fhysice letiers B, 1988, v.201, N3, 397.
2. A-ARCJJIEKHIMTTY-B corpyasuuecTso. Hpartxie cooduenna OWAM, ¥ 1686,

I1; AyGua, I9d6.
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MOMENTUM DISTRIBUTIONS OF NEUTRAL PIONS
IN HEAVY ION REACTIONS AT THE CERN - SPS

‘WAB80 COLLABORATION

H. Lohner®, R. Albrecht®, T. C. Awes®, C. Baktash*, P. Beckmann®, F. Berger®,
R. Bock®, G. Claesson®, L. Dragon®, R. L. Ferguson®, A. Franz*, 5. Garpman°,
R. Glnsow‘ H. A. Gustafsson®, H. H. Gutbrod®, K. H. Ka.mpert"’ B. W. Kolb“.
P. Kristiansson®, I. Y. Lee®, 1. Lund**, F. E. Obenshain®*, A. Oskarsson®,

1. Otterlund®, T. Peitzmann®, S. Persson®, F. Plasil®, A. M. Poskaazer?,

M. Purschke?, H. G. Ritter®, R. Santo?, H. R. Schmidt®, T. Siemiarczuk®’,

S. P. Sorensea*”, E. Stenlund, and G. R. Young*

1. INTRODUCTION

A sy ic study of nucleus+mnucleus reactions at ultrarelativistic energies has been started
in 1986 with oxygep beams of 60 and 200 A-GeV in the CERN-SPS in order to investigate
nuclear matter under extreme conditions of density and excitation energy. According to QCD
lattice calculations/*/ a first or second order ition to the deconfined phase of quarks and
gluons, the quark-gluon-plasma {QGP), may occur in a finite volume of hadronic matter at
energy uensities larger than the energy density inside the nucleon’?/, Firat --perimental results
from !0 + nucleus reactions/>" show that, in the most central events, ene.  densities above
2 GeV/fm? are reached. Up to now, cosmic ray data have been the only source of information//
end the observed rise of their transverse momenta with energy density has beex interpreted as
due to QGP effects’®/. Since the signature of the QGP is not well established, p + nucleus data
have been taken for comparison to the nucleus+nucleus data at the same incident energy per
nucleon in order to observe in the heavy ion induced reactions any deviation in the distribution
of transverse momenta.
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2. EXPERIMENT

The WAB0 experiment at the CERN-SPS is designed to measure the distribution of charged
particles in a large fraction of phase space, to analyse the forward and transverse energy dis-
tributions and to investigate the target fragmentation region. In addition, photons and neutral
pioas are identified near midrapidity in a high resolution lead glass calorimeter. This allows
a detailed analysis of their transverse momenta (pr) based on centrality selections which are
determined either by measurements of the remaining projectile energy in the forward direction
or the charged particle multiplicity. The experimental setup is described in detail in ref./”/.
The results presented in this paper were derived from the following detector components: the
electromagnetic lead glass calorimeter (SAPHIR), the urenium scintillator sampling calorimeter
at zero degree (ZDC), and the streamer tube multiplicity arrays which cover the pseudorapidity
region 1.2 < < 4.2,

SAPHIR measures the inclusive photon and z° distributions at midrapidity with a pseu-
dorapidity coverage of 1.5 < 5 < 2.1 and a sdlid angle of 0.13 steradian. Details of the
construction and performance are given in ref.’%, The streamer tube material contributes 4%
to the photon conversion probability. The target vacuum chamber contributes an additional
0.4 %. Background levels during target-out operation were found negligible.

The ZDC characterizes the centrality of each collision by measuring the remaining energy
of projectile spectators for lab. angles < 0.3°. A strong correlation between charged particle
multiplicity and energy in ZDC is observed/¥, so that either quantity may be used to distinguish
between peripheral and central reactions.

3. PHOTON DISTRIBUTIONS

Inclusive spectra of pbotons, which dominantly originate from 7° decay, have been extracted
from the raw data applying selection criteria based upon the electromagnetic shower develop-
ment in the lead glass and the multiplicity detectors in front/%/. Sy ic errars originating
in misidentification are included in the error bars shown in the photon spectra.

Fig. 1 shows inclusive photon pr spectra containing about 10 % of the minimum bias cross
section after a selection of events with high charged particle multiplicity. The data are described
by an exponential parametrization

dN/dpr ~ exp(—pr/Teq) for pr > 0.4GeV/c. 1)
The slope parameters T increase slightly with increasing target- and projectile-mass and
incident cuergy. The experimental data are compared with the Lund model FRITIOF/'Y for
nucleus+nucleus interactions. The predicted inverse slopes are in general about 20 % lower than
the slope parameters fitted to the data.

In order to investigate the pr distributions in more detail with respect to their centrality
dependence, ratios of oxygen cross sections for a heavy ('*0O + Au) and a light {0 + C)
target have been calculated and are presented in fig. 2 as a function of pr for the 10% most
central and the 10 % most peripheral reactions as defined from the charged particle multiplicity.
For central collisions an increase of this ratio by a factor of 2 is observed between pr = 0.2
GeV/c and 2 GeV/c whereas in peripheral collisions almost no dependence on pr is visible.
We conclude, that large transverse momenta are produced more efficiently in violent {central)
reactions and large interacting systems, i.e. target-projectile overlap volumes. The FRITIOF
model, containing the basic kinematical constraints, does not exhibit any different slope of pr
distributions for ceutral and peripheral reactions or for different target masses and is in this
respect consistent only with the most peripheral data sample.
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Figure 1. Inclusive photon pr distributions
from proton and oxygen induced reactions
at 200 and 60 A-GeV measured in 1.5 < n <
2.1. Ceantral reactions are selected with 10
% of the minimum bias cross section. For
comparison with exponential parametriza-
tions (solid lines) the histogram shows the
FRITIOF model results for '°0 + Au at 200
A-GeV.
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Figure 2. Ratios of inclusive photon cross
sections for "0 + Au and '°0 + C reactions
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Since the deviation from FRITIOF is significant for pr > 0.4 GeV/c in the photon distri-
butious, we have analyzed the pr region above 0.4 GeV/c as a function of target mass and
event centrality in a model independent way by computing algebraically the average pr from
distributions cut off at a lower pr value C:

< pr>yc= (me%dm/f: %dpr) -C, (2)

using C = 400 MeV/c. The resulting < pr >.c is equal to the slope parameter T for a purely
exponential distribution in the region py > C.

In order to compare the oxygen and proton induced reactions properly for different degrees
of centrality and to relate the obtained < pr >, ¢ values to thermodynamical models/', we
have introduced the variable S proportional to the entropy density/™?%: § = (dN/dn) - A;2%.
Here (dN/dn) is the central multiplicity density which is approximated by the charged particle
multiplicity in 1.2 < 5 < 4.2 multiplied by 1.5 in order to correct for undetected neutral
particles. Aj,. is the mass ber of the ller colliding ! in central collisions. For
puripheral heavy ion collisions, however, this assumption is no longer justified. Therefore A,
is defined to be the number of incident projectile participants, which is derived from the ZDC
energy via the FRITIOF model in close resemblance to ref./*/. In this way the oxygen data
are expected to correspond to the proton data for very low values of the entropy density. The
resulting < pr >.400 of photons is plotted as a function of the entropy density in fig. 3. The data
points at highest 5 contain 10% of the minimum bias cross section. Their < pr >, 400 increases
gradually for growing size of the target-projectile overlap for °0+C via p+Au to '%0+Au
at the same incident energy and also increases with increasing beam energy. A remarkable
feature of fig. 3 is the reduced increase of < pr >, 40 at intermediate and large values of the
entropy density § for '®0 + Au reactions at 200 A-GeV. At low entropy density the rise of
< pr >y400 may even become steeper by up to 6% due to possible systematic errors in the
photon identification. Thus, the deviation from FRITIOF is obvious, since this model predicts
almost no variation with centrality or target mass. Although, it has to be noted, that in the
present FRITIOF version hard scattering/’ is not yet included for nucleus+nucleus reactions.
However, preliminary investigations’**!5/ seem to indicate that only a small fraction of the
observed effect can be explained in this way. On the other hand, a structure like this is expected
from thermodynamical and hydrodynamical studies/!»?%17/ of ihe QGP phase transition and is
reminiscent of earlier observations of cosmic ray data’®. The relative variation of < pr >,.0
for p + Au at 200 GeV (fig. 3) is consistent with data obtained fom p + pand a + a
reactions at the ISR/!®/. The increase to larger values of < pr > in p + § collider data/'¥/,
where equivalently large entropy values are reached, is more closely resembling the 150 + Au
data than the p + Au data,

4. «° DISTRIBUTIONS

The momentum distributions of inclusive photons analysed in the previous section allow
studies of the centrality dependence for different reaction systems with good statistical accuracy.

From the various sources (x° and n° baryon ) contributing photons to the
observed distributions, the 7 are clearly dominating and expected to influence the results most
strongly. However, the reaction ki tics and possible changes in the effective center of mass

(CM) system make it difficult to extract absolute numbers of average transverse momenta for
#° from inclusive photons. Therefore, cross sections for x° production and their py distributions
have been obtained by analysing the invariant mass spectra of vy pairs in small intervals of pr.

242



—~
<
> 220t
%’ | o © [
g 2001 ¢
~ L $v¢ &
A v
o 4
v o'eer O 200 AGeV "*0vAu
L O 60AGevV '*0-Au
Vv 200 AGeV "0-C
160 A 200 GeV  peAu
. L L ) : " L
o 4 a 12 16 20 24 28

dN/dn Au

Figure 3. Experimental < pr >, 400 for inclusive photons from the truncated
pr distribution (see text) as function of the entropy density estimated from
the central charged particle multiplicity and the number of participating
projectile nucleons which is calculated from the energy in the ZDC.

T T T T
10 (1] © 200 A Ge¥Y M0 + Au {«J0)
0 80 A GeV 190 4 Au
08 6 200 A GeV 0+ C
4 200 GeV P+ Au (0.1}
0! v 80 Gev p + Au (-0.01)
! = FRITIOF (10}
10 3
n°
10 2 -
10 -
; 3
- T,=207WeV, E
10 1 » eV /e -
2 T,=197HevV/c 3
18 T,=204MeV/e
-3 3
10 T,=107Me¥/c o
4 1 1 3
g i 3 3 3
p, (GeV/c)

Figure 4. Invariant cross sections for 7° as
a function of pr from proton and oxygen in-
duced reactions at 200 and 60 A-GeV mea-
sured in 1.5 < 7 < 2.1 for different tar-

get masses. For comparison
tial parametrizations (solid

with exponen-
lines) the his-

togram shows the FRITIOF model results

for 'O + Au at 200 A-GeV.

—_— T T L T T T L
ki 3
o 10 ‘4 - Q Ep /By @ 0% - 30X
&) F E
F O Epc/Ep © 40% - 80X

LT 3
3] E 13
o F ]
E 10?1 3
=~ E 0 3
Tl o 3
o 10 -
~ 3 3
[} o ]
L I T=21944Mev/e ]
= F 3
w0 'L 2
E 0.1 E
3 N ]
ik u —
F T=180:6KeV/c ]

10730

E 1 1 AL 1 1 L 1 1.
0. 1 2. 3. 4.

pr (GeV/c)

Figure 5. Invariant cross sections for 7¢ as
a function of pr from oxygen induced reac-
tions at 200 A-GeV measured in 1.5 < 7 <
2.1 for the 40 % most central and the 50 %
most peripheral reactions as selected by the
energy measured in ZDC.

243



The obtained 7° cross sections from p + Au reactions are consistent with Fermilab data/?/
within the error limits for 7+ and =~ from p + W at 200 GeV incident energy and in approxi-
wmately the same region of rapidity. Furthermore, #° distributions have been studied in different
regions of pseudorapidity within the acceptance of SAPHIR ranging from 1.5 to 2.1 units in .
From this we conclude that at most a variation of (6 + 4)% in the slope of pr distributions
might originate from & change in the effective CM system when central and peripheral 'O
induced reactions are compared.

In fig. 4 the pr dependence of in,ariant #° cross sections for minimum bias trigger conditions
from proton and oxygen induced reactions is compared for different targets and energies. The
slopes of these distributions can be described by an exponential parametrization

1/pr dN[dpr ~ exp(—pr [To). (3

Slope parameters Ty have been deduced from the same restricted transverse momentum range
0.8GeV/c < pr € 2GeV/c for all reaction systems. These parameters turn out to be similar
for praton and oxygen induced reactions in these minimum bias data and are only weakly
dependent on target mass, but are larger by at least 20% for %0 + Au at 200 A-GeV than
for p + p reactions’?" and for FRITIOF model predictions. This behaviour is consistent with
the observations cited above which show that the linear extrapolation from p + p reactions to
heavy ion reactions, as contained in this model, is doubtful. The deviation from FRITIOF by
a factor of 3 at pr = 1.5 GeV/c may hardly be explained by multiple hard scattering since this
effect produces only a 30 % increase in calculations’*¥ of p + p reactions at ISR energies.

The spectra in fig. 4 indicate a change in slope below pr ~ 0.8 GeV/c, which is most
pronounced for the heavy system. A slope parameter Tp £ 150 MeV/c would be appropriate to
describe the data for p; < 0.8 GeV/c. This effect is not seen in 250 GeV/c p + p reactions/?"/,
but is consistent with a + a reactions at the ISR/!82223/ and weakly indicated in the p + Au
data at 200 GeV. This feature is also predicted in thermodynamical models/'™®/ and in studies
of the hydrodynamical expansion/'6?/ of hot hadronic systems.

Further details of the pion tomentum distributions are revealed by inspecting their depen-
dence on the impact parameter. Fig. 3 shows two distributions for the 40% most central and
the 50 % most peripheral reactians as selected by the energy measured in ZDC relatively to the
beam energy. The exponential curves (equ. 3) fit the data in the region 0.8 < pr < 2GeV/c
with slope parameters increasing by ~ 15 % with increasing centrality as expected from the pre-
vious inclusive photon analysis. D:wiations from a single exponential curve at low pr for central
data and at high pr for peripheral dai>, which suggest a hard component, demand a systematic
investigation as presented for examnf. ¢ in fig. 6, inspired by a similar analysis performed for
a+aand p + preactions at ISR enev;ica’®. Rzpc(pr) is the ratio of the ZDC-selected dN/dpr
distribution relative to the mini:uuin oias distribution, while each distribution is normalized to
unity. Here again the degree of centrzlity increases with decreasing energy in ZDC. We observe
in complete analogy to ref./”?? that the bump at low py {0.8 GeV/c) for peripheral data {low
multiplicity) changes to a dip for central (high multiplicity) selection. This behaviour again
shows the difficuity in interpreting a single number like the average pr taken over the full pr
range, because it washes out any structure in the pr dependence, which might contain essential
dyne=ical infortnation.

‘1he 7° analysis underlines the previous findings that the tails of the pr distributions mea-
suted in midrapidity are cnhanced beyond pr = 0.8 GeV/c for high particle density or central
collisions in close resemblance to hadron+hadron/?" or a +a reactions’>* at total CM energies
between 22 and 62 GeV. There, however, the enhancement appears already for pr > 0.4 GeV/c
and is of the order of ~ 5% in magnitude. In the '®0 + Au case at 19.4 GeV total energy in the
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nucleon-nucleon CMI system we observe an effect of 15 %, which only in part can be explained
by a variation of the effective CM system, though.
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5. 3 MESONS AND SINGLE PHOTONS

Besides the investigation of pion mc m distributions and correlation studies, the ul-
timate objective of photon detection in heavy ion collisions has been the detection of direct
photons which promise to give a clean signal’®2/ for the expected quark gluon plasma. This
analysis, however, is severely hampered by the p e of decay photons from verious meson
decays. Among those the x° and 7° mesons are clearly the dominating source of single photon
background. It is therefore necessary to determine the 7°/x° production ratio in the same
experiment. Due to the larger opening angle for the n® decay photons, the acceptance of our
detector’® is much lower than for x°. Nevertheless we obtain the mass spectrum shown in fig.
7 where a clear 7° signal in a limited pr region is observed with an 7° peak width compsible
with the detector resolution. We derive the ratio #°/x° = 0.74 % 0.23 which is in accordance
with the result of 7°/x° = 0.45 + 0.10 from p + p reactions/® gt 83 GeV total CM energy.
Thus with the quite reasonable assumption of my scaling for 7° and x° we are able to compute
their contribution to the inclusive photon distribution. Heavier mesons are expected to produce
only an additional small fraction of the 7° contribution/?.

Thus, we are now able to compute the photon/=? ratio as a function of py and to subtract the
photon/x? distribution obtained from the d meson distributi From the observed
difference spectrum we conclude that in the region 1 < pr < 2.5 GeV/c the goal of a 5%
detection level as determined by the error bars can be reached. In this region a remarkable
enhancement of about 10 % appears above a distribution rising slowly from 0 to about 25% at

= 3 GeV/c. A smooth distribution of the latter type would be expected from earlier direct
photon studies’®/. A thorough analysis of all possibl of sy ic errors is currently
under way in order to confirm the app photon enh
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6. CONCLUSIONS

In summary, it has been shown that even in the bigh multiplicity environment of %0 + Au
reactions the identification of #° in the invariant mass spectrum of v pairs is achieved with good
accuracy in a lead glass detector. Inclusive photon spectra and pr distributions for identified
#° bave been presented for 60 and 200 A-GeV 0 + nucleus aud p + nucleus reactions.

The photon spectra show in the region pr >0.4 GeV/c a target mass and centrality depen-
dence which is not predicted by the current FRITIOF model. Reactions with different initial
geometry can be compared with each other when < pr > is plotted as a function of entropy
density calculated from the multiplicity and the number of projectile participants. The leveling
off of a purely linear increase of < pr >0 With entropy density for %0 + Au at 200 A-GeV
reveals a behaviour expected in the presence of a phase transition.

The x° pr distributions show at least two componenis, a low pr one with an inverse slope
of about 150 MeV/c and a high pr component with a flatter slope dependent slightly on target
mass. These features are not compatible with a FRITIOF type linear extrapolation from
p + p data to heavy ion reactions. A descriptior in terms of a thermodynamical evolution and
hydrodynamical expansion of a hot hadronic system seems to be justified and has to be pursued
in the future for quantitative comparisons. Nevertheless, hard scattering of partons needs to
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be included in nucleus +nucleus interaction models, in order to study if the above observations
can be explained within refined non-thermal models. Finally, investigatioas of 7% correlations
and 7°/x° ratios as well as direct photon production have been started and show reasonable
results. Their analysis still needs more elaborate work but will soon provide an efficient number
of observables to compare hadron+hadron, hadron+nucleus and nucleus+nucleus reactions and
trace their similarities as well as their differences.

This work is partially supported by the West German BMFT and DFG, the VW-Stiftung, the
United States DOE, the Swedish NFR and the Humboldt Foundation.
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The identification of the hypothetical Quark-Gluon Plasma ( QGP ) formation in
nuclear collisions has been extensively studied in the past [1). Several observables have
been suggested for this purpose and are currently being investigated by different experi-
ments. Most of the proposed signatures can be affected by dynamical processes so that
they do not only reflect the plasma phase ( if produced ) but also the previous com-
pression phase and the final expansion phase which brings matter back to our usual

world of hadrons. In that sense, the lepton pair signature should be among those that
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keep the best track of what happened in the early stages of the collisions as the lepton
interaction with the final cooling down phase is extremely weak {2]. More recently, the

suppression of the J/¥ has been predicted as one of the most characteristic

signatures of the QGP phase transition [3].
Experiment NA 38 [4] is a dedicated experiment for the study of muon pairs with

intense incident ion beams. Its detector is based on a high resolution muon spectrome-

ter 5] pl d with an electromagnetic calorimeter located between an uranium

“active” target and a carbon hadron absorber as shown in Fig 1. The apparatus, trig-

gemred on muon pairs, allows to measure the muon pair characteristics together with the

transverse ( mainly ) electromagnetic energy produced by all the ir cting participants

in the reaction, on an event by event basis. Fig. 2 shows the distribution of the tran-

sverse ” electromagnetic energy * for the whole ple of dimu retained for the

analysis, after subtraction of the background defined as muon pairs originating from «

and K decays. The back d subtracti d follows from an elaborated

L4 P

method based on the like-sign muon pair sample. The raw invariant muon pair mass
distribution, shown in Fig. 3, is corrected for background and then fitted, for masses
above 1.7 GeV/c?, with two gaussians for the J/¥ and ¥’ resonances superimposed over
a continuum described by I/M“""e_ MmA/MI:. The result of the fit is expressed as the
quantity S, the ratio of the fitted number of J/¥'s to the fitted number N, of cvents in
the continuum, in the dimuon mass range [ 2.7 - 3.5 GeV/c? ]. This fitting procedure is
performed for subsamples of events sclected in six different transverse energy bins
equally populated. Fig. 4 and 5 show, for the Oxygen data, the mass distribution and

the corresponding fits for the two extreme transverse energy bins, namely [ 1 - 34 GeV ]

and [ > 85 GeV ] respectively. The corresponding values for S are 13.8+1.7 and

7.2+0.9, leading to a suppression of the J/¥ relative to the continoum of almost 50%

between these two extreme energy bins. Fig. 6 shows the value of § as a function of ET.
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1t should be noted that the value of the fitted “inverse slope” parameter of the contin-
uum, namely M, is stable, independent of E within errors, suggesting that the ano-
malous behaviour of the ratio S is, in fact, induced by the J/¥. If this would be the
case, it would then be very tempting to attribute this behaviour to the formation of a
quark-gluon plasma, as the plasma would screen the binding potential between the
charm quark pair, hindering the formation of a J/¥ bound state [6).
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Within the frame of this explanation, the suppression should be a function of the
transverse momentumn P of the J/¥ (7). This point has been investigated by studying
the P distributions for dimuons in the mass range [ 27 < My, < 3.5 GeV/e'] ie.
for J/¥’s ( neglecting the continvum in this mass range, which is of the order of 10% ).
Fig. 7 displays the distributions of 1/PT*dN/dP for the two extreme transverse energy
bins quoted above and shows a much steeper decrease for the low transverse energy bin.
This is clearly illustrated in Fig. 8 which shows the ratio of the number of events with
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ET > 85 GeV, rlative to the number of events with 1 < ET < 34 GeV, for events in
the J/¥ mass range, as a function of Pp. This ratio is normalized to the same number
of continuum cvents in cach of the two cnergy bins. It is equivalent to the ratio S of
J/¥ /N as a function of ( Pr Jup provided that the same ratio of the number of
events in the two E7 bins, for events in the dimuon continuum is flat. This is the casc,
within the experimental errors, according to Fig. 9. Fig. 8 shows a striking P depen-
dence, which is in excellent agreement with the theoretical predictions [7]. based on the

screening of the binding potential between the ¢ quarks.
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Fig. 5. Same as Fig. 4 for events with Ey > 85 GeV.
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A complete ximilar analysis has been performed on data obtained with a Copper
target and also on data obtained with a 200 GeV per nucleon incident Sulphur beam on
» Uranium target. Fig.10 shows the corresponding values of S as a function of E. The
three scts of data are compared in Fig. 11 where the ratio § is displayed as a function of
Eq/Aig*/* which, according to Bjdrken's formula, is proportional, for central colli-
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sions, to the energy density reached in the reaction. All the data exhibit a similar
behaviour and show that the production of J/¥ relative to the muon pair continuum

decreases significantly with increasing energy density.
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Fig. 8. The ratio of the number of cvents with ET > 85 GeV to the number of events
with | <Ep<34GeV for muwn pain in  the mas range
[27 < Mm‘ < 3.5GoVic? ] as a function of *He: momentum P, for the
Oxygen-Uranium sample.
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[27 < M,, < 3.5 GeV/c? ] excluded.

As already pointed out, the results of experiment NA 38 find a natural cxplanation
ano an excellent quantitative agreement with the theoretical predictions based on the
screening of the binding potential between the ¢ quarks, let the origin of this screening
be the high energy density, the partial deconfinement of quarks and gluons or sorme
other unknown reason. Nevertheless, alternative mechanisms have been explored in

order 10 explain these experi | results. Nuclear absorption leads to a suppression

P

considerably weaker than observed [8]. Predictions based on inelastic scattering of J, I¥'s
in a densc hadronic resonance gas [9] disagree (at least for the moment ) with the
observed P effect.
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In conclusion, the J/¥ is suppressed relatively to the muon’pai: continuum when

the energy density increases and the

ppression effect is enhanced with decreasing tran-
sverse momentum. No conventional explanation is able, for the moment, to adjust
Quantitatively to the J/¥ data. These data could be understood nevertheless if the
observed lon-Nucl jons would ind at high energy density, a screening effect
of the bindingpot:nﬁaloflh:charmedqlmkpair.whichcuuldbcammeqmceof
the QGP phase transition.
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STOCHASTIC ASPECT OF MULTIPARTICLE PRODUCTION IN RELATIVISTIC NUCLEAR REACTIONS*

Meng Ta-chung

Fachbereich Physik der FU Berlin,
Berlin (West)

Nuclear studies at high energies - the importance and the usefulness of which
have been recognized here in Dubna already more than fifteen years ago - have
attracted more and more attention recently. One of the reasons is certainly the
fascinating vision that quark-gluon matter can be created and its properties can be
studied in laboratories where high-energy hadrons or heavy lons are used to bombard

nuclear targets.

Unfortunately,in spite of the enormous experimental and theoretical efforta,
not very much is known at present about the much discussed quark-gluon plasma, In
fact, at this moment, we are still in the stage of searching for an unambiguous
signal for the existence of such objecta. I think everybody :z.grees that extracting
pure dynamical signals from high-energy ﬁuclear' reaction data is not trivial. In
fact, due to the large number of particles which are produced in hlgh-ener\gy'ha-
dron-nucleus and nucleus-nucleus collisions, it 1s rather obvious that statistical

effects have to be taken into account in all analyses.

In this talk, I shall first discuss scme results on hadron-hadron cullisions
in order to show you that already in such simple/elementary hadronic reactions the
stochastic aspect of multiparticle production processes plays a dominating role in
understanding the observed phencmena. After having shown these, I shall summarize
the pasic ideas and the main results of the Multisource Model for hadron-nucleus
and nucleus-nucleus collisions, and discuss the concept and the consequencea of the
NES(number of effective sources)-scaling. The papers I discuss here are written in
collaboration with Cal Xu, Chao Wei-qin, 'Chou Kuang-chao, Huang Chao-shang, Liu
Lian-sou, Peng Hong-an and Pan Ji-cal,

One class of examples which explicitly show the importance of the stochastic
aspect of multiparticle production in hadron-hadron collisions is associated with
the following observations. (a) There exists a simple relationsmp”/ between the
charge multiplicity distributions in different rapidity intervals. (b) There is a
close relationship 72/ between minijet events and minimum bias events. (c) The
transverse energy spectra in different windows of rapidity and/or azimuthal angle

* Supported in part by Deutsche Forschungsgemeinschaft DFG Me 470/5-1 and 5-2
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in different transverse energy regions are related/3/ to one another. (d) All these
relationa’ 13/ can be described by standard statistical methous.

In fact, it has been shown 7/ that the distributions Pw(n") of charge multi-
plicity n, {n finite rapidi.y windows w within the range of the emitting system (at

a fixed total c¢.m,s energy vs) can be calculated from:
Pulng = 3§ P(n)(“)r3"<1-r,,)“'"" , (1
n n./

where P(n) {s the charge multiplicity distribution of the emitting system, and

fy = <n>/<n>, <n> {s the average charge multiplicity of the emitting system and
<n,> is that observed in the window w. Furthermore, relations similar to that glven
in Eq.{1) exist/2:3/ between transverse energy distributions P(Et_) and Pw(Etw)’

Pu(Egy) = Jf dEy/€ P(Ey)B(Ey,EqyiFyie). {2)

Here, P and P are respectively the probabllity densities of the transverse ener-
gles (Et. and Ey,) of the system and that observed in a given rapldity and/or azimu-
thal angle window w; £, = <Ey,>/<E¢> is the average chance for a unit of transverse
energy to be inside w; <E¢,> and (Et) are respectively the average value of Eg, and
E¢. B(Ey, E¢ys T3 €) Ls the generalized binomial distribution for the continuous
variables Ey/e and Ey /et

T(Ey/er) 3 Ey/eE
BCEy;Epyifyie) = e ot (g ) Y w'e
IEq/ e+1) T(Ey/ e-Ep/ £+1) (3

where, the energy unit ¢ is an arbltrarlly chosen s-dependent parameter.

(The relevant figures shown in the talk are omitted in the written version.

The interested reader is referred to the figures in Refs. 1-3).

Another class of such examples in hadron-hadron c¢ollisions is assoclated with
the observed regularities in midrapidity multiparticle production processes. iote
that it i3 in the midrapidity reglion of hadronic reactions, where most of the
exotlce phenomena ~ especially those associated with the exlstence of guark-gluon

plasma - are expected.

First, we recall: In 1982 when the first CERN proton-antiproton ccllider
results were known, it was pointed out’#/ (See also Refs. 5 and 6) that in nondif-
fraotive hadron-hadron collisions the multiplicity distribution P(n) = F(n|2) of
charged hadrons produced in the midrapidity region is given by

n n
P(H'Z) = 4 — oxp(-2—), ()
<n>2 <n»

where <n> is the average value of n (at a given vs). As we can see in Figs. 1 and 2
that P(n|2) glven in Eq.(4) indeed gives a very good description of the data 7/,
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Furthermore, 1t should be mentioned that since the transverse energy Et and the
multipliclty of charged hadrons is seen’8/ to be proportional to each
other, the corresponding Ey-distribution Is

E E
P(Eyf2) = 4 —E— oxp(-2 —E-) 5)
<Ey>2 <Ep>

. —
Uetrded s enp (200 I
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o 482 mopye1s
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Fig.1. The scaled multiplicity distribution in the central raplidity region. The
experimental data are taken from Ref.7. The curve is obtained from Eq.(4).
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Fig.2. The acaled multiplicity distribution in the central rapidity region, shown
as a log-plot. The curve is obtained from Eq.{4), This rigure is taken fras the
second paper of Ref.7.

The underlying physical picture which leads to this result 1s that the two
colliding hadrons act as two energy sources (n the formation proocess of a system of
clusters; and these clusters decay into the observed hadrons. To be more preciss,
it is envisaged that a oentral emitting system C* is formed in every svent of
nondiffractive hadron-hadron collision at sufficiently high energies. In such an
event, the two colliding hadrons act as two energy souross in the l’cl;utlon process
of the C* ayaten [He shall from now on oall 1t C#(2) in order to indicate the
nuaber of nouroea]. Each of them may donate a random amount of its kinetic energy
(in the hadron-hadron o.m.s. frame) to areste the system C*(2). The part of materi-
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alization energy donated by each of the two energy sources is not assoclated with
any specific intrinsic quantum number which could maintain the identity of that
part, after the system C*(2) is formed., That ls, the state of the system C*(2)
arter its formation is characterized by the total amount of materialization energy
55. but not by the individual contributions from the two sources. In thls sense,
the system C*(2) "forgets its history"” after it is created. Hence, in the proposed
model, the relevant guant{ties which character{ze the particle production process
in the midrapidity region of nondiffractive hadron-hadron collisions are: first,
the integer 2, the number of sources which contribute materialization energy Eg to
the system C%(2); second, the quantity <Eg|2>, the mean value of the materfaiiza-
tion energy E} in the system C*(2). As we have shown in Refs. 5 and 6, the probabl-
1ity P,(E%]2) for the system C*(2) to be ln a state characterized by the materiali-
zation energy E; 1s given by

<ER|2>P(EE]2) = 4 <—E5 expf~2 Bt L (6)

EX|2> GER|2>

Now, slnce In this plcture, the transverse energy Et produced in the midrapidity

region is due to the decay of clusters formed in the system C*(2) and the corres-
ponding materialization energy Eg is nothing else but the sum of the masses of such
clusters which are approximately of the same size (this is in accordance with the

emplrical fact, see, e.g. Ref.7), we have:

E E
5 - t . n . {1)

<EE[2>  Eyl2> <[>

By inserting this relatlonship Lnto Eq.(6) we obtain P(n|2) and P(E;|2), as glven
in EQs.(4) and (5), where we denote hereafter the average multiplicity <nd> and the
average transverse energy <Er_) by <n|2> and (Et.|2> reapectively because we are
deallng with 2 sources in the hadron-hadron case.

/867 {aken together

This picture for nondiffractive hadron-hadron collisions
710,11/

with the concept’gl of effective target (ET) can be, and has already been
extended to include hadron-nucleus collisiona. Here, the elementary process 1s the
nondiffractive interaction between a hadron aﬁd an ET. That is, a high-energy
hadron-nucleus collision is a collision between the incident hadron and an effec-
tive tar'get which Is the group of nucleons along the path of the incident hadron
inaide the target nucleus. The ET-concept which has beer proposed a long time
ago’?/, is based on the following well-known facts. {a} At sufficlently high lneci-
dent energies, the overwhelming majority of hadron-hadron coillsions are lnelastiec,
where In general many particles are produced, Tnis, taken together with the fact
that the average multliplicity of high-energy hadron-nucleon colllislons depends only
very weakly on the mass numbar of the nucleus, strongly suggests: The reaction time
for muitiparticle production in hadron-hadron reactions ls very long, much longer

than the time interval a high-energy hadi'on needs to "go through"™ a nucleon inside
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the targets nucleus, (b) The nuclear force is of short range; and the average
binding energy between the nucleons inside the target-nucleus 13 negligibly small
compared to the kinetic energy of the {nctdent hadron. This is why !n nigh energy
hadron-nucleus reaction, only the nucleons along the path of the incident hadron
inside the nucleus actively take part in the collision process. This group of
nucleons is called an "eflective target (ET)". It should be emphasized that an ET
is not a "coherent tube of hadronic matter” which has been suggested by other au-
thors”12/ at about the same time. This i{s because the ET usually acts gently/softly
with the incident hadron and in such cases 1t acts as a group of individual nucle-
ons. It can be considered as a coherent tube only when it collides violently with
the incident hadron. This implies in particular that each of the collisions between
the incident hadron and the vpp nucleons in the ET can be either diffractive or
nondiffractive. We are interested only in the nondiffractive collisions between
the incident hadron and the nucleons in the ET, because central emitting systems ¥
(which contribute to *he midrapidity region) are formed only in nondiffractlve
collisions. If the average chance for a hadron-nuclecn collision to be nondiffrac-
tive at the given incident energy Ls p, the chance of having v nondiffractive
collisions among the vpr hadron-nucleon collisions in this hadron-£T reaction is

given by a binomlal distribution
\U
ET -
Blvggsvip) -( v )P“U-p)“ET Y. (8)

In a hadron-ET cnllision event in which a central system C¥(1+y) is formed due
to nondiffractive interaction between the incident hadron andv (of the vpq) nucle-
ons in the ET the formation process, takes place as follows, The Incident hadron
and the v nucleons act as 1+v energy sources. During the interaction, each of the
1+v sources contributes part of its kinetic energy to form the system C*(1+v); and
the amount of materialization energy each of the 1+v sources donates is random.
After its formation, the system "forgets its history" in the sense that the materi-
alization energy donates by each of the 1+v sources is not associated with any
intrinsic quantwn number, so that It {s impossible to identify the amount ¢f the
individual contrlibutions. That is, the state of the system C*{1+y) Is characterized
by the total amount of the materlalization energy E; contributed from the 1+v
sources. Note that EY is the sum of 1+v random variables and hence Lt 1s itself a
random varlable. Therefore, the relevant quantities which characterize the particle
production in the midrapidity region in hadron-ET collisions, in which the inci-
dent hadron and v of the nucleons in the ET interact nondiffractively, are: first,
the lnteger 1+v, the number of sources which contribute materiallzation energy E%
to the system C*(1+v); second, the quantity <Ba|l'v) which is the mean value of E}
in the system C*(1+v), As we have already pointed out In Ref,.10, the probability
Pc(Ea[Hv) that the system C%"(1+v) Is {n a state characterized by the materializa-

tion energy E:: is
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(1+)?*y g v E 9
<ER |1+ wP(EE|1+v) = AR - ) texp[-(1+v) —5—]
F(1ew)  <ER)1+w <EE]1+w
Furthermore,
EE|1+w  <Ep|2> (10)
Tty 2

is valld/w'“-u/, provided that the kinetic energy of the 1+v sources is the
same where the materfalfzation process takes place. This condition is exactly
satisfied in the hadron-nucleon c.m.s. frame where the kinetic energy of all
1+v nucleons is the same. Furthermore, it i{s expected to be valid also in other
Lorentz frames in which the kinetic energies of the 1+v sources are apbroximately
the same, This is because, compared to lts kinetic energy, the amount of energy of
each of the 1+y hadons donated to form the system C*(1+v)} is in general an extreme-
ly small quantity. By inserting Eq.{10) into Eq.(9) we obtain:

1+v

| (ER)® - exp[-
r(tey)  <B&{2> <Etla>

P(EK[1+v) = EE]. (1)

From this and other properties of the Multisource Model we can readily under-
stand the observed characterlstic features in hadron-nucleus collisions’/1%:15/, pe-
cause of the limited time (for this talk) and the limited space (in the written
version), let me just show you the following results as examples: (a) the ratio
D/<n> between the dispersion D =~ ((n-<n>2>"/2 and the average multiplicity <n> as a
function of the number Np of identified protons which correspond to the grey tracks
measured in emulsion experiments (See Fig.3); {(b), the multiplicity distributions
and thelr dependence on rapldity intervals (See Figs. 4 and 5);

N

o 5 N,

Fig.3. The ratio of the dispersion D to the meau multiplicity <n> as a functian of
Np. the number of ldentified protons. The data are from Ref.iYy {first paper). The

curve 13 the calculated result,
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(¢) the empirical formula for midrapidity transverse energy dlstrldution in p-Au

and n*-Au collisions
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do
- 2.8 -
T 0.173 B exp(-0.727 Eg) a2

obtained by NA3S collaboration’/ 15/ can be derived (See Ref.11).

The generallzation of the multisource model to include nucleus-nucleus colli-
sions is made”11.13/ by taking the "effectlive projectiles (EP's)" into account. The
concept of EP has been lntroduced")/ in the same way as that for ET's. (In order to
gee the similarity, consider the case in which a high-energy heavy ion hits a
proton target!) A nucleus-nucleus collision at sufficiently high energies is,
according to this picture, the slmultaneous collisions of a large set of EP-ET
pairs. Since we are interesated only in the production processes in the midrapidity
region, We consider only the nondiffractive proceases between the nucleons in the
EP-ET palra, Every EP-ET collision event is associated with a number u, the number
of nucleons.that take part in nondiffractive collisions between the vgp hucleons in
the EP and the vgT nucleons in the corresponding ET. The number u is obviously
either zero (which means that there is no nondiffractive collisions) or an integer
between 2 and vgp*twr. For a given EP-ET pair, the probabllity of obtaining u
nondiffractive nucleon-nucleon collisions is W(u| vpps VeI PP (1=p)VEP+ET™Y, where

v=1
“EP}f ‘ET
W[ vgp,vgp) = 21 ( u)( v-a) = 13)
a=

(727 (7)

This shows In particular that the system depends only on the number u, but not on
the specific way of composition. (That 1s, it does not matter how many of the yu
nucleons are from the EP and how many of them are from the ET.)

The formation process of the central system C¥(u) due to the nondiffractive
processea among p nucleons in a EP-ET pair takes place as follows: The u nucleons
act as u energy sources. Durlng the interaction, every one of the u sources donates
part of lta kinetic energy for the formatlon of the system C%{u)}; and the amount of
materialization energy each of the u sources donates i3 random., After it is formed,
the system C*{yu) "forgets its history™ in the sense that the st',at.e {3 characterized
by the total materialization energy E5 in C*¥{y) but not by the u indlvidual contri~
butlons of the u energy sources. In fact, the probabillty P(F.Mu) that the system
C*(u) 18 in a state characterized by E} is given by Eq.{9) where the following
replacements should be made: "ER in C*{1+v)" by "E} !nAC'(u), and 1+v by u. The
relationship corresponding to that in Eq.(10) now reads: ’

<&
glw Gkl Gy
u 2

269


http://Ref.11

which {s exactly satisfied in the nucleon-nucleon ¢.m.s. frame in which all the p
participating nucleons have the same kinetic energy; and it should be valid in all
reference frames in which the kinetic energles of the above-mentioned nucleons are
approxinately the same. licuce, the probability P(EHu) that the system C*(v) is in
a state characterized by the materialization energy Ef(yn) is:

2 (15)

1 ] 2
PIER[W - —— | ] e lexpl- —— &
tw)  <ER|2> <ER|2>

Now, the quantity given in Eq.(14) <Ef|uw/u ™ <ep> [which is tdentical to that
given in Eq.(lu)] is nothing else but the average materialization energy per ener-

dy-source. Hence, the quantity m definded by

= *
m - EX/<E%> (16)

for a given EX in system C*(y) is of particular interest: This {s because m is
uniquely associated with the materialization energy Ee in C*(u), and it shows how
many sources therc would be if each source contributes the same amount, <ee>. From

now on, we call the quantity m "the number of effective sources (NES)"™. In terms of

m, £q.(15) reads

1
am|y) = — m Texp(-m), 7)
rw
where we have introduced the "NES distribution®, n(m|u), by
atmu) = <ef>P(EX|W). (18)
In terms of the NES-distribution, the multiplicity distribution P(n]u) can be

written as

P = ——a [ Jul (19)
ny> <nu>
Furthermore, P(Etlu). the distribution of the transverse energy (E,), and
P(Eg'"|u). that of the electromagnetic part of the transverse energy (Etem)'llsl can
also be expressed in terms of ﬂ(m|u) in a similar way. In fact, the distributions
P(E,|u) and P(EE™|u) can be obtained by replacing <n,> by <e.> and <ef™ in Eq.
{19 ) respectlvely. Here, <et> i3 the average value of the tranaverse energy each
participating nucleon contributes; and <e€m> is the corresponding average value for

the electromagnetic part of the transverse energy.

In order to compare the above-mentioned distributions with nucleus-nucleus
collision data, a geometrical averaging process must be carried out. Note that EP's
and ET's which interact gently/softly with each other are groups of tnaividual
nucleons; and the nucleons in each group stand more or less on a row, so that all
EP's and ET's can be conaidersd as nucleons Lnside cylinder-formenvelopes. The axes
of the cylinders are parallel to the incldent axes. The cross sections of the cylin-
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ders are approximately nr¢ and the lengih is typlcally a few times r,, depending of
course on the size of the nucleus and the position of the cylinders in the nucleus.
Tne positions of the interacting EP-ET pairs, and the number of nucleons in each EP
or ET is determined by the geometry of the nuclei in collision. In practice we
characterize the EP-ET palrs by corresponding impact parameters and perform the
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Flg.?7. Test for NES-scaling is demonstrated by plotting the Et-dlstrlbutlon and

E%’“-dis:rlbutlon data for 200 GeV/nucleon and 60 GeV/nucleon 160 1on on Au target

in the following way:

1 do E 1 de EE™
<gg> — — vs —t Cef™ — va —- )
o dEy  <ep o dEE™  <ef™

here do/dE do/dEE™ and the values for <e.> and <ef™ are taken from Ref.15; o
(A t t € :

stand for the integrated cross sectlon which ls also taken from the data.
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1varaging proceas by a simple Monte-Carlo program to get the NES-distribution
sx(n[AP,AT),wnere Ap and Ap denote the mass-number of the projectile and that of the
target respectively. As an exaaple, let me show you the NES-distribution n(mlAP_AT
for the following projectile-target combinations: !0 ion on Au, Ag, Cu and Al
targets. The result is shown in Fig.6. Comparison between experimental data’15/ and

the above~mentioned NES-scaling 1s shown in Fig.7.

Hence we are led to the conclusion that the midrapidity multiparticle produc~
Lion processes in ordinary (gentle/soft) hadron- and heavy-ion-induced reactions at

sufficiently high incident energies can be summarized as rollous/16/.

(1) Midrapidity production of all scalar quantities observed in directions
transverse to the collision axis are atochastic processes. There are many quanti-
ties of this kind: charge multiplicity, transverse energy, strangeness multiplicity,

number of produced baryon-antibaryon pairs ete,

(LI} For a glven projectile-target combination at a glven incident energy,
there is a scale for each of these quantities. In terms of the correspondlng scaled
variables, all the scaled distributions of such quantities, for a given projec—

tile-target comblnation, are the same.

(III) The existence of such scales can be understcod in terms of the following
aimple physical picture: Every hadron that participates in such a multiparticle
production process acts as an lndependent source - a reservoir - for the scalar
quantities observed in the transverse directions. For every one of these quanti-
ties, the amount each source contributes in a collision event ls random. Averaged
over all events, the contribution from any one of the sources ls the same as that
from another. This average value obtalned from any one of the sources is the acale

far that quantity.

{IV) This physical plcture implies in particular: For any one of these quanti-~
ties from any one of the sources, the probabllity density is a simple exponential
function of the corresponding scaled variable. This means, once the above-mentianed
average value of the observed quantity {s known, the corresponding distributlon for
any glven projectlile-target comblnatlon can be obtained from stochastics and geome~

try in a stralght forward way.
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1CFLICLTACES WHCT' Tl | OL.ERTUIY DEFENDERCE OF HEAVY QUARLCE1UI
SUITRE35ICH FCR &+ TCSS1BLY FCRLED QUARF ~GI1UCH TLASIA

v, Bleschke, G. Ropke snd H. Schulz®
tvilhelm-I ieck-Universitit, 2500 Rostock, G.D.K.

1. lntroduction

Cne of the most erpeerling ouestions in the physics of high-energy
nucleus-nucleus collisions is how to detect a querk-gluon plasme if
it is possibly formed. Among the proposed signatures of the plasma
phase the supnression of hesvy querkonium production suggested by

I atsui end Sstzl) seems now to be confirmed experimentelly by recent
experiments of the i‘A38 Collmsboration at CERHZ’B). In these experi-~
ments with ultrﬁrelﬁtiviatic"Bxygen and sulfur beams on uranium and
copper tergets at 20C GeV/n, at increasing energy densiiy of the re-
action o decrensing number of J/¥ counts relative to the Drell-Yen-
background was observed. £ suppression ratio R hes been introduced2
which is the rotio of J/W sbundence (normelised to the muon pair
continuum) et high transverse energy (ET/A2/3 Z 13 GeV) to the abun-
dance at low energy ()::,1,/!\2/3 =< 5 GeV) where no suppressicn is found.
Furthermore, the supvoression ratio ‘1KpT) has been given as e func-
tion of the muon pair trensverse momentum Pp”’s see also Fig. 5. The
analysis of the dependence of Hl(pT) on the longitudinal momentum Xp
and the transverse energy ET of the muon pair as well as on the pro-
jectile mess number A is in progress so that in future a lot of expe-
rimental information is eveilable from these dimuon measurements

to set bounds to differcunt suppression scenarios which have eppeered.
They try to exvtlein the suppression pattern either in terms of more
conventional rhysics es J/'Y¥ absorrtion in a dense hadron 5054'6) or
in terms of plasma physics es a Mott-effect for heevy quark bound
states embedded in e qucrk plesma environment7'11).

In the present contribution, we went to reexamine the scenerio of
lhott-dissolution by i'atsui and Satzl'8 end show the shortcomings of
the ingredient conceots of Debye screening and of formation time for

e bound state. Finally, we give an elternete approach from the point

of view of meny-particle physics end chemical reaction kinetics. fLs

e result, we estimate plesme parameters fradius, lifetime, temperature).

;7Centra1 Ingtitute for Nuclear Research, Rossendorf, 8051 Dresden,

German Democra‘tic Republic
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2. Two-perticle stastes ond Lottt tremsition

hccording to L.atsui end Satzl), the suppression of chermenium nroduc-
tion may serve es & signel which might directly test the deconfining
nature of the plasme. They proposed e scenesric odopted from the con-
cept of Lebye screening in plasme physics where due to the lkott
effect, the bound states dissolve at high densities. However, this
often adopted stetic picture of the behaviour of two-perticle stetes
in a dense plasma is not correct if one is looking et the energy
spectrum of the two-perticle system. Consequently, the kott- cissclu-
tion scenario hes to be revisited both for the Coulomb- as well aos

for the ocuark-gluon plesma ceses,

(i) Plasma with Coulomb interection:

The concept of & staticelly screened potentiel (Debye screening)
e? :
V(r) = - Eoad exp(-r/rn) (1)

is well known from plasme physics. The weakening of the Coulomb po-
tentiol with decressing 1 = (4Itn92/kBT)-1/2 (n being the total
charge density) implies also a shift of the bound state energies and
leads finally to the destruction of the bound system at the so-called
Yottt density. This is illustrated in Fig., le for e hydrogen atom em-
bedded in e plasma.

However, this picture is wrong if one is interested in the two-parti-
cle energy spectrum of the plasma. In fact, the consequent quentum
stotisticel treatment of the two-psrticle properties leads to the dy-
nemic screening of the potential and to a dynamic self-energy of the
particles, which are of equel order of megnitude. Evaluating the
shift of the bound state energy'?

ling(w)

= - e ﬂ = * ?
AE, = ga I“Vn(r’) "Pn(p+q)‘ V(Q)S ™ me (D E -w-p“/2m ’

where Wg(p) is the bound state wave funciion, p the relative momen-
tum, € (q,w) the dielectric function, and nB(uJ) the Bose distribu-
tion function, both effects nearly compensete each other, see Fig. 1b.
Since the continuum of the scettering states is shifted downwerds
proportional to -eZ/rD (self-energy shift), te bound state energy
merges at the Mott density the continuum edge. This predicted behavi-
our of the binding energy hes been confirmed experimentally for the
electron-hole plasme in strongly excited semiconductorsl3).
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continuum edge
. » TYI4

Z,

energy  E/E,l

two-particte

static Debye screening | dynamical screening
i

1 i i1
-4 2 0 -4 -2 0
scfeening  parameter  In[A/r,)

Fig. 1. Two-perticle energles in e Coulombic plesma
(e) staticslly screened Coulomb potential (Debye screening)
(b) dynomic screcning nnd dynemic self-energy for the
Coulomb interaction, Ref, 12), Ey - ground ste.e energy of
the hydrogen etom; temmerature kgT = 0.1 1E .

(ii) Plesme with confinement intermction

Lccording to the concept of e astatically screened potentiel (1), en
effective in-redium qq potential

v(r,’u) = (G /)u)(l-exp(-,ur)) ~ (o\/r)exp(-}ar) (2)

has been proposeda).where G =0.192 gov? is the string tengion snd
ob = 0,47 denotes the couvling constant. The screening parameter is
gupposed to be & function of the temperaturea)ﬂ The numerical solu-
tion of the Schrodinger equation for the potentiel (2) leads to -
dependent values for the binding energies und to critical values /‘c'
vhere the bound states disappear-’, see Fig., 2a.

To develop a quentum statisticel opproach to & many-auark system,

the methods worked out for ordinary Coulomb plasmes cannot immediate-
1y be applied because of the confinement nature of the quark inter-
action, Howsver, it wes possible to tremt the many-querk system by
intreducing the concept of saturation 0f the quark-quark interaction
within color-neutral clustersl4).
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For given quark positions, an erbitrary decomposition into clusters
(qqq or qgq) which are color neutral, corresponds to & speciel string
configuration. The potential energy of the many-quark system ia
given by the string configuration with the minimum interaction ener-
gy (most probable string configuration). This so-celled matching
problem15 is similar to the resoneting valence bond model of high
Tc superconductivityle).

Evidently, for a single (color neutrel) hadron the results of the
querk potentisl model are immediately recovered. For the two-nucleon
problem, sSpurious color- ven der Waels int actions ere avoided
similar to the string-flip model of Lenz et ﬂl.l7 . A treatment of
the many-quark system using the concept of the next neighbour distri-
bution function was given in Ref. 14, and properties of the hadronic
nhase as well as the transition to the quark matter phase have been
described.

The energy spectrae of two-particle cC 2nd bb states within the model
of saturated quark confinement interaction ere given in Fig. 2b as e
function of the temperature. Similar to the Coulomb plasme, see Fig.
1b, the bound states ere not shifted es long as there is no string-
flip, end the Pauli blocking is not operative because of the low
density of the heevy quarks. This is in contrast to the strong
medium dependence of the binding energy displayed in Fig. 2e for the

-
(=]

"~ o
A

«w
T

iwo-.rticle enegy E[GeV]

&
S T L L

4 8 12 18 1 2 3 4 |
screening poameter ulGeV) temperature T(Gev)

i i e

Pig. 2, Two~particle energies of heavy quarkonia in a quark plasma
(a) static screening model (Ref. 8
(b} color-saturated interaction model (Refs. 11, 14).
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stotic sereening wodel. 1n contrest to the bound states, the scatte-
ring stotes (quesifree nuarks) show e shift depending on the density
of cuarks. Supposing: the usucl Cornell form of the ag potential

(p=C in Eaq, (2)), one obteins for the Hertree approximation of the

sclf—energyll’14’18)

N = )Y Trnen? - an/a™? Temaa? . o)

it zero toryon number density, the density of quarks #4ith flevor f
is determined by the temnersture according to

3 ~1
(1) = {_-j—-—j( d ;) {e}:p[((pzc?-i- mf.c")l/2 + [_\H)/kBT} +1} s (%)
2T

where the quark messes (in GeV) are m == 0.3, mg= 0.5, m.= 1.32,
rnd = 4.75. Comroared with the stetic screencd potentiaml (2), see
Pig. 28, the shift (3) of the two-particle continuum edge is direct-
ly related to the tempcrature of the plasma.

iLs cen be seen from Fipg. Pb, at low densities n_~> 0 the formation
of quasifree quarks is prohibited because of [§t—5 o0 . According
to Kef. 18, the lLatt trensition to the quark gluon lasma where the
light querks move quesi freely occurs at e temperature of sbout 'l'c
200 LieV. At this temperature, heavy quark bound states (J/V and Y)
are stable, so thet their dissolution due to the Mott effect will
teke place at still higher values of the temperature.

However, in thewinel ecuilibrium the density of heavy quarkonia is low
because of the thermel czctivation end the formation of open charm
mesona ,see Ref.l11.As .is well known, the degree of dissociation of ce
(bb) into queasi-free heavy querks (where the ‘string irterection is
saturated by the surrounding light quarks) is given by the law of
mass action

3 _AH
Sy ﬁ e (Bgjy ~2mg= B3 /iyl , A= 2xh%/nm kT .
nc.nE BVE C c
Since the density ne=ng of charmed quarks is very low, the degree of
dissociation nc/(nc+nJ/w,) is close to unity. But this chemical equi-
1ibrium stete will not be atteined If the plasma phese has only &

short lifetime. Therefore we have to epply remction kinetics to de-
scribe the time evolution of the chemical state of the plasme.
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3. Heaction kinetics

ATter the formation of cC peirs &t short distances due to herd colli-
sions an the initiml stage of the plasma cc bound ststes bresk off
due to string flip nrocesses to light querks of the surrounding.
Considering the dissociated ¢C peir as an nctivation comnlex, the
Eyring theory describes the stroug tendency to the dissolution of cc
peirs beceuse of the large entropy fector, if thermodynamic equili-
brium between thc bound charmoniun and the ectivnted complex nersists.

VWie apply the collision theory to estimate the resction coefficient
for the string flip process from & %% bound state (Q=c,b) to another
quark q (g=u,d,s) of the surrounding plasma of cuasifree light qunrks,
This string flip to an open charm meson (cuesifree heavy ouerk)
occurs if the light quark is found at o distonce which is smoller
then the Q-§ distence of the bound querkonium stete.

In this wey, the string flip cross section is given by 6Q=:Krgd s
where we teke for the guerkonia redii rJ/V‘=O'453 fw, ry=0.875 fm
and Ty =0.226 fm. The frequency factor for reective collisions
between bound heavy quarks and guasi-free light ones is given by

3
2. (s *
2 5K ) v 1)
ajmﬁn 67 ) v 156

where v is the relative velocity, f=(p) is the quark distribution
function for q, (cf. Eq. (4)) and the reactive cross section 6™ (p)
accounts only for such collisions which lead to = reaction process.
As usual, we assume that only such collisions give u reaction where
the transferred kinetic energy exceeds a threshold value AEQ(T) =
ﬁ - 2mQ A (T) given by the dissociation energy of the bound meson

into quasi-free stetes. As is well known from reaction kinetics, the
frequency factor of reactive collisions (in quasiclassical approxi-
mation) is given by

-1

& = thg exp(- BB/ L (8wt pom) ¥ na(m)/3, (5)

T

where }iqa mag m-/( + m=) 1is the reduced mess of the quaerkonium
- quark collision and the light quark density n- (T) 1s given by Eq.
(4). Since the color is fixed (color neutrality of the clusters), we
have t0 consider only two spin directions and the differemt flavors.
The mean time between two reective collisions 'CQ is displayed in
Fig. 3 as a function of the plasma temperature T for the Y, V' and
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' ! j Fig, 3. Mean time intervel between

1 reective collisions T as function

_ of the plasme temperature T for

100 different quarkonia states (5).
f ol v
= 10F -
¢ ]
P hTL .
1 ‘ly’ ]
[ . - N
01 0.2 03
T{Gev]

Y states resp., where the velues for the quarkonia radii given above
&nd the dissocietion enersy AEQ(T) from Fig. 2b have been used. The
lrrger value of Ty when compored with tJ/q’ or TW' results from
both the swaller volue of Ty and the larger value of the dissocia-
tion energy.

4. Applicetion to hiph-enerpy nucleus-nucleus collisions

Arnlying this model to high-energy nucleus-nucleus collisions, we
have to take into nccount the spacetime evolution of the nlasme. For
small Xps 1.e. smell values of the longitudinal momentum, the exten-
gion of the plasma R(Tc,t) is cheracterised by the critical isotherm
T, occording to)) R(Tc,t)= R, (1-(t/t )2)1/2. Here R is teken as the
redius of the projectile (Rj= 1.2 273 0y ana t, is the plasma life-
time. Teking the r dependence of the initiel heavy querk density in
the z=0 planeQ) as QQ(r) = 9 8(1-(r/R°)2)1/2, one obtains for the
suppression retiol

R 2x
j. ° 1 4r j a9 gq(r) exp(-tQ/T:Q)
Rotpg) = =2 . . &)
; R,
50 2xr gq(r) dr

where tq(r,ﬁ;p,r) is the time of flight across the plasma for a heavy
quarkonium (Q) with momentum Pp» which is emitted at distance r in
the direction J relativaly to the axis O-r,
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T T T T v Fig, 4. Suppression ratio at venishing

transverse momentum as a function of

1.0 R {p,=0] { the mean number of reactive collisiona
T W=t/ Tq » of. Eao (D),

06 | .

02 r 1

A I

s
0.4 1.2 2.0
tm"‘n
For =0, the suppression is solely determined by the mean number of
Pq pp

reactive collisions Nq=tm/ 'CQ during the plasma lifetime according
to (cf. Fig. 4)

-3 T
RQ(pT=o) = 6Ng7 (1 - e S(1+Ny+By/2)) (N

For finite values of Pps the "gpeed" of the criticel isotherm RO/tm
occurs as the second paremeter of the given approach characterising
the shape of the R(p,r) dependence as indicated in Pig. 5.

For example, a good fit between recent experimental data of 160+U
collisions ] and theoretical results (6) is found for Ng= 1.2 (R(0)=
0.42) and RO/tmao.l‘)' c , see Fig, 5.

10
Ripp
p'.a

R,Itmzutﬁ

)

Fig. 5. Suppression retio RQ<pr) + NA3S

ag a function of the transverse : .
momentum, Dots with error bars : — this model
NA38 deta (Ref. 3) for O+U colli-

A

sions. Pull lines: model predic- —- L

tions for J/¥ suppreasion (6) 4 12 20
with Nja =1.2 and different

values ' of R/t (in units of c). pT [ Gevic]
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For « plesme radius Rg= 3 fm (corresponding to the radius of 16O),
tm= 2¢ fm/c results for the plesmo lifetime, and for the inverse col-
lizion freguency tJ/V = 16.6 fm/c follows. According to Fig. 3, one
obtzins Tc= 175 L' eV for the rlesma temnerature.

1f the radius R of the plesme is increased so thst R /t is elso in-
creased, as it 1a exnccted for experiments with 325 beams, the retio
E{(pT) es o function of Pp is flottened, see also Fig. 5.
Furthermore, our simple model mllows to predict the suppression of
other heavy querkonia. 45 on example, for the plasma parameters T =
175 LieV, tm= 20 fr/c ac derived from the J/V suppression psttern,
ihe suppresaion of Y is expected to be smell (R'T(pT=O)= 0.93)
wherens the Y' state is elmost suppressed (EivaT=0) = 0,003).

Of course, our model can be improved by the account of excited quar-
konie states, the xp-dependence end a refinement of the hydrodynami-
cal model. Furthermore, reactions with the hedronic stete of matter
are completely neglected in the present approach but are indispens-
2tle in the vicinity of the quark-~hadron phase transition.

It is expected from the reactive cross sections -f both phases that
the possible transition from dense hadronic matter to a quark-gluon
plasmo phase cen be seen in en abrupt chenge of the ET-dependence of

the suppression rotio.

5. Conclusions

In conclusion, we presented a model calculation of the suppression

of heavy quarkonia states based on a quantum statistical treetment

of the many-quark system14), which 1s an improved version of the
more phenomenological static screening model introduced by Matsui and
Satzl‘a). Instend of the quantum-mechenically not well founded con-
cept of the formation time of a bound state, we describe the suppres-
sion of heavy quark bound stetes within the fremework of chemical
reaction kinetics which is elso more coherent to other conventionel
approaches4 . Our simple model allows to extract the parameters of
the possible plasma phase immediately from the experimental suppres-
sion patterns which are observed in different reactions 23, 2C) The
estimetions given here for the plasma lifetime and the plasma tempe-
rature differ from those of the static screening mode17'1° , but
correspond to expectetions of the duration of the mixed phase during
the plesma rehadronisetion (Bee Refs., 21-23).

One of us (D.,B.) is indebted to the Joint Institute for Nuclear Re-
seerch for kind hospitelity extended to him during the seminar.
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POSSIBLE MANIFESTATION OF QUARK-GLUON PLASMA

IN DEEP [NELASTIC NUCLEAR REACTIONS
V.B.Gavrilov, S.A.Gerzon, Yu.T. Kiselev,

G.A.Leksin, A.V.Smirnitsky
INSTITUTE OF THEORETICAL AND EXPERIMENTAL PHYSICS, MOSCOW

It is known that quantum chromodynamics predicts that hadronic matter
should be in a quark-gluon plasma (QGP) state when its energy density
andsor ils baryon number density are sufficiently high. Theory
suggests that these conditions may be achieved for high energy nuclear
reactions if specific energy deposition is higher than 2GeV/fm* and
subsequent thermalization of the excited system takes place.

There are various evidences of high local energy deposition in deep
inelastic hadron-nucleus reactions (DINR) at initial energy higher
than several GeV. Experimental data analysis allows to say that high
energy hadron passing through nuclear matter deposits energy aboul

in pTa interactions at 10GeV.

1-2GeV/fm for its excitation, and this

1/Amb QW "'l

10 excitation takes place near t.he hadron

W trajectory in the nucleus “17. Both
©° % ",:: direct summation of the enorgies of
% secondary particles generated at the
ol ‘. e nucleus fragmentation region and the
* a analysis of the energy dependence of
B % . o cumulative particle production for
b LI % different nucleus lead to the mentiond
| * % a above value of the energy loss for
10 LR 8 o nuclear matter excitation. Under the
. o assumption about that the main part of
w?f )%. this energy is deposited within the
mitiquark bags with radii rp < r, .
W% T w1 cigae s the energy density may reach and
. oxcosd the value of 2GeV-ra®. In this
Fig.1. case baryon number density will be g2
l‘/Azsda/(M'gJ as a function op, where a=(E-P, My s the 1light
of a=(E . for PO, cone variable. I-‘ig 1 shows an example
R ‘”,", Anire 203 K18 of f(a) dependence for pTa interactic

at 10 Gev.
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The data on inclusive
particle production in DINR
are in accord with the
scenario of isotropic
emission of massless
particles (quarks?) by some
moving source and
subsequent hadronization of
these particles in nuclear
matter The velocity
and the temperature of this
source are about 4=0.5 and

T °=1§0\'a‘l. Voreover  lhe
spectra of different
particles (p,n,nt,xt,/l)
generated in DINR are

similar each others (Fig.1)

of the

ri.2.
ndeitce of tha
@ spectra slopes ( f « exp(-T
protons with energles 80-2‘05§V

relative var!auan

amm.ed at the angles of "119° and
The curves show A-depandencas of t.he
relative variations of ‘Lhe
energy (E J and Fermi nolant.u- (P

737/ (superscaling). It is well known that the slopes of the spectra
of particles produced in DINR with the momenta smaller than 1GeV/c do

not depend on the atomic weight
established with an accuracy of 1-2% (Fig. a ¥

o5, (Wi
26
Q.DL
) o
of
PROTOND
e e g e
Fig.3. L
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pions (|:D and protons
produced in DINR . The lines
show the systo-auc errors.

of targel nucleus This fact is
and indicates to the
locality of the process of nuclear
matter excitation by high energy
hadron.

characteristic
are the

Among the most
signatures of QGP there
following:

1. The increase of <P;,> with energy
density exceeding threshold value.

2. Enhancemsnt of the strange
particle production with respect taq
the “ordinary” hadron-hadron
interactions.

The experimental data show that these
signatures are observed in DINR. The
increase of <P') up to the values of
1-2(GeV/c)* wlth the increase of the
light cone variable a was observed for
cumulative protons and plons’s(l'-’ig.S).
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The ratio of the inclusive
cross-sections for cumulative K' and
n* production on the heavy nuclei is
about 1 whereas for pp interactions
the same ratio is about 0.1-0.2
(Fig.4) “4:5:%_ The enhancement of A
productiun in DINR was also observed

The isosymmetrization of the
yields of neutrons and protons off
heavy nuclei which was observed for
DINR (Fig.5) 1%/ may become a new
signature of QGP.

Finally, in DINR incident particle
interacts with multiquark bags in
nuclei and the observed properties of
these reactions are similar to those
which are usually attributed to QGP.
If QGP is indeed generated in DINR, it
is generated as small droplets of
baryon-saturated QGP differing from
barion-neutral QGP which is expected
to be generated at the central
rapidity region for ultra-relativistic
nucleus-nucleus interactions.

Fig.5.

n/p ratioc as a function of nucleon
energy for nucleon production at tl:e
angle of 119° in pA and mA
interactions
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RECENT RESULTS FROM THE CDF DETECTOR AT FERMILAB

The CDF Collaboration™
presented by
Lee G. Pondrom

The University of Wisconsin
Madison, Wisconsin, USA

I. Introduction

The Tevatron Collider program at Fermilab had its first extended run from January
through May of 1987. The energy of the Tevatron superconducting storage ring was 900 GeV,
The Tevatron shared its tunnel with the conventional magnet main ring, which accelerated
protons to 150 GeV on a 2 sec cycle to produce antiprotons. The antiprotons were captured,
cooled, and accumulated at 8 GeV in a two ring facility called the antiproton source. The
antiproton current stored in the source corresponded to ~ 3 x 10'! antiprotons. The peak
luminosity achieved during the run for proton-antiproton collisions was 10%%cm -2 sec-1 at an
center of mass energy /3 = 1.8 TeV.

The CDF detector was used to collect the §~ p collision data described in this report. An
overpass was installed for the main ring in the collision hall so that the 150 GeV beam passed 7
m above the Tevatron, over the top of the CDF apparatus. The overpass reduced the problem
of backgrounds from main ring radiation - an important consideration since the antiproton
source was fed continuously during a Tevatron colliding beam store. The luminosity lifetime
in the Tevatron was about 10 hours. Beams were dumped and a new store inserted roughly
once every 24 hours. The total integrated {umirosity delivered to the collision point was 75
nb !, while the CDF detector logged about 33 nb~? tu tape.

* ANL - Brandeis - Uni y of Chlcqo- - INFN, Frascaii - Harvard - University of Dlinois - KEK
- LBL - University of Py - INFN, t ity and Scuola Notmale Superiore of Pisa - Purdue -
Roch.l'c“ar R\n‘m 'l‘exu AdM . Tsukuba - quenlly of Wisconain




II. The CDF Detector

CDF is a general purpose 4 7 hadron collider detector, with a solenoidal 1.5 T magneti
field for charged particle tracking and instrumented lead (iron) plates for the measurement
of total electromagnetic (hadronic) energy. The origin of the (x.y,z) master right-handed
coordinate system was the mid point of the beam-beam collision region, with z directed along
the proton beam, x horizontal and y vertical. The collision volume was gaussian in (x,y,z) with
0; = 0y = 60 microns and oy = 40 cm. The azimuthal angle ¢ was measured in the (x,y) plane

relative to the x axis. The polar angle # was converted into pseudorapidity n = log(cot(8/2)).
less particles in

An average “minimum bias” event had approxi ly equal bers of

equal areas of §n x §¢.

The detector divided into separate regions in 5. The central region covered || < 1. The
solenoid, the central tracking chamber, and the central calorimetry were all in this region. The
calorimeters were constructed in towers of §¢ = 15° and 55 = 0.1, and were composed of plastic
scintillator in between sheets of lead or iron. Drift tubes for muon identification were mounted
behind the calorimeters, which presented 4.9 absorption lengths to an incident pion. Hadronic
calorimetry for 1 < [n| <1.3 was performed by the instrumented end wall of the magnet yoke,
which had the same tower geometry and was made of scintillator and iron. Electromagnetic
calorimetry between 1 < |n| < 3.5 and hadronic calorimetry between 1.3 < |n| < 3.5 was
achieved with lead/gas proportional chamber or iron/gas proportional chamber systems. Gas
sampling was adopted in the forward regions to avoid radiation damage to the scintillator,
and to make practical the smaller physical tower sizes required by a constant §n. A pair of
magnetized iron toroids on each side of the collision point analyzed muons from 1.9 < || < 3.5.
The design and performance of the detector has been described in a series of instrumentation
papers (1).

II1. The Inclusive Cross Section(2)

Figure 3 shows a detail of the parta of the detector used in the measurement of the
transverse momentum spectrum of charged particles for “minimurm bias” events. At least one
charged particle was required to strike the proton side and the antip side b b

ter hod pes in coincid with the ing gate to furnish the minimum bias trigger.
This trigger rate also defined the luminosity: at 1.8 TeV a rate of 4300 + 600 counts/sec = 10**
cm-2 sec -1. Data were also obtained at 630 GeV for which a rate of 3400 + 300 counts/sec =
10%° cm-2 sec -1. The uncertainties in these rates come from the error in the extrapolation to

1.8 TeV (3), the monte carlo calculations of the beam-beam counter sensitivity, and errora in
the itudes of P ta of the total cross section. 55,700 triggers at 1.8 TeV and 9,400

triggers at 630 GeV comprise the p t data ple. The instant. luminosity at 1.8
TeV ranged from 2 x 10°7 to 4 x 10°® ¢cm-2 sec-1, and was about 7 x 10% cm-2 sec-1 for the

single 630 GeV run.
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Fig.2, Inclusive cross sections for 630 and Fig.3. The present data at 1800 GeV com-
1800 GeV, The solid curves are the fits in pared with UAl at 540 GeV, the British-
Table I. Scandinavian data at 53 GeV (B.Alper et al.

Nuel. Phys. B87, 19 {1975)), and Chicago-
Princeton data at 27 GeV (D.Antreasyan
et al. Phys. Rev, D19, 764 (1979)).

The Vertex Time Projection Chamber (VIPC) was a set of eight small time projection
cbamber modules used to measure vertex position and the overall event topology. The accep-
tance of the VTPC depended on the event interaction point but typically extended to |n} =
3.5. The Central Tracking Chamber (CTC) was a drift chamber with 60 axial wire layers and
24 small angle (+£3°) stereo layers in the 1.5 T axial magnetic field. The extreme inner and
outer radii of the CTC sense wires were 309 mm snd 1320 mm. The momentum resolution
was op/p} < 0.003(GeV/e)"1 for py > 1GeV Je.

Beam-gas background was eliminated from the data sample by requiring the VTPC vertex
to.be consistent with the beam-beam counter time of Right, and requiring at least one charged
pn.rlicle_in both 0 < n < 3 and -3 < 1 < 0 with a total of at least 4 cha-ged particles in

2%0
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the VTPC. Only tracks which traversed the entire radial width of the CTC were retained,
corresponding to || < 1 depending on the vertex position. The reconstruction efficiency for
these tracks was 99 + 1%. The spectra. of positive and negative particles were identical within
errors independent of p;. The p; spectrum averaged for both signs of the charge was corrected
for depletion from decays in flight, and for an increase due to interactions and decays of neutral
strange particles.

Figure 2 shows the CDF data for 630 and 1800 GeV, and Fig 3 compares the CDF 1800
GeV data with results from lower energies. The shape of the CDF 630 GeV data agrees with
the measurementa of UA1 (4) and UA2 (5) at 546 GeV. The yield of charged particles for p; >
2 GeV/c increasea dramatically as /s is increased from 27 GeV to 1800 GeV. The invariant
cross sections were fit to the functional form

Edofdp® = Ap}/(pi+po)"

The results of this fit are given in Table . The parameters po and n are highly correlated.
To compare the 630 GeV fit to UA1 (4), po was fixed at 1.3, which gave n = 8.89 + 0.06, in
reasonable agreement with the SPS result.

TABLE
Ve A (107Mem3/GeV3) Pa n x* DOF
1800 0.4510.01 1.2940.02 8.26+.08 102 64
830 0.27-+0.01 1.63+0.13 10.2+.56 32 33
630 0.33:+0.01 1.30 fix 8.89+.06 39 34
546(UAL) 0.46:+0.01 1.30 fix 9.14+.02 29 32
0.6
055 @ CDF -
o UAI
05 bp sR ) 1
0.45} ] Fig4. < pt > as a function
) @0 of center of mass energy
/& 0.4 1 o o 1 up to 1800 GeV.
vV ooa3st &4 &0 ]
0.3 E
025} ]
NI BRI R R EITTY NI
0.2 L
1 10 102 10° 104

VS (Gev)

In order to determine < p; > the shape of the spectrum do/dp; must be known as pr — 0.
Data were eliminated for py < 0.4 GeV/c. The unmeasured region was constrained, however,
by the known multiplicity dN/dy. A preliminary analysis of the VTPC data yields a ratio of
dN/dn at 1800 to dN/dyn st 630 of 1.27 £0.04. Interpolstion of dN/dn measurements at the
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SPS between 200 and 900 GeV (6) gives dN/dn = 3.30 + 0.15 at 630 GeV. These numbers
give < py > = 0.432 £ 0.004 GeV/c at 630 GeV and 0.495 + 0.014 GeV/c at 1800 GeV.
These results are plotted in Fig. 4, which shows the energy dependence of < p; > from /3 =
25 GeV at the ISR to 1.8 TeV at the Tevatron. The increase in < p; > with increasing /s
observed at the SPS continues to 1.8 TeV.

IV Jet Production

A narrow cone of hadrons emerging from a § — p collision at high Er = Eainf is called a
jet and is attributed to the fragmentation of a color confined single parton, either a quark or
a gluon. The study of these jets furnishes information on the basic parton-parton interaction

which occurs within the colliding baryons (7).

The minimum bias trigger discussed above gave very few events above p; = 8 GeV/c,
The jet trigger was based on total transverse energy E; = (EM + hadronic) deposited in the
calorimeters. The E; threshold setting varied from 20, 30, 40, to 45 GeV depending on the
luminosity. The total integrated luminosity for the jet data was 28 nb™!. No data was taken

which could fill in the gap between the minimum bias results and an E; threshold of 20 GeV.

Each of the total E; trigger events was studied to search for clusters of towers in the
calorimeter. All of the transverse energy deposited in a cone of radius R = 0.6 in n - ¢
space around a seed tower with E; >2 GeV defined a cluster. The cluster energy was then
corrected for the non-linear response to low energy pions and for energy losses caused by tower
boundaries and shower leakage. These corrections raised the E; values at the lower end by
1545 GeV, and by 3648 GeV at E;=200 GeV. The errors represent systematic uncertainty.
An event was used in the analysis if the total E; in a cluster in that event exceeded the trigger

threshold.

Cusmic ray bursts and background from the main ring overpass were eliminated from the
high E; end of the apectrum by rejecting events where a significant amount of energy was not
in time with the beam crossing. An additional set of cuts was applied to events with E; > 70
GeV to further suppreas contrib-itions to the measured energy from spurious sources; 0.1 <
(EM/TOTAL) < 0.95; 0.1<(visible charged/TOTAL); and (E; missing//E¢)<4.8 (GeV)1/3.
The first two cuts refer to the charged, neutral, and electromagnetic energy ba!znce in the jet,
and the third to the E; balance in the event as a whole. These cuts eliminated 99% of the
backgrounds while leaving the true jet cross section unaffected. The data sample was further
restricted by requiring |zvertez| < 60 cm and [n(jet centroid)} < 0.7. 24000 eventa remained.

In addition to the uncertainty in luminosity described in Sec Ill, the inclusive jet cross
section was affected by the finite energy resolution, which tended to flatten the shape, and
by the uncertairty in energy scale, which could shift the curve to the right or left and thus
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appear as a normalization error on & steeply falling cross section. The jet energy resolution
was measured by balancing the E¢ of jet pairs, and the cross section curve was corrected for

this effect. The combined normalization uncertainty was 50%.

Figure 5 showa the resulting inclusive jet cross section as a function of E; pared to the
data of UA1 (8) and UA2 (9) and to a curve predicted by QCD. Although the total integrated
lurninosity in this experiment is less than 10% of that obtained by UA1 and UA2, the increase
in energy p ted, so that parable data were obtained at high E;. The QCD caleu-

lation used 2 — 2 parton acattering and Duke-Owens I structure functions evaluated at Q=
(E¢)? (10). The QCD curve was normalized to the data below E¢ = 80 GeV by multiplying the
calculated cross section by 1.2, a factor consistent with the overall normalization uncertainty
of the experimental data. The predicted cross section for composite quarks is also plotted in
Fig 5, normalized the same way as the point-like QCD curve. The composite cross section is
based on a four fermion interaction of the form described in Ref (11) with a mass scale of 400

GeV. This scale characterizes the strengtb of the binding and the size of composite states.
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Final analysis of these data should give a iower limit for lambda at the 90% confidence level

in the range of several hundred GeV.

The jet-jet angular distribution in the center of mass of the parton-parton collision,
dN/dcos(#*), is characterized by the angular distribution of the fundamental 2 — 2 par-
ton cross section. Although there are nine elementary reactions involving quarks, antiquarks,
and gluons (12), the angular distributions are remarkably similar both to one another and
to the cross section for Rutherford scattering, particularly in the region of the Coulomb pole
as # — 0 (13). Further restrictions were placed on the inclusive jet data sample for the an-
gular distribution analysis. One jet of E; > 45 GeV was required with |n| < 0.7, i.e. well
contained within the central calorimetry. The azimuthal angle of the centroid of the recoil jet

was required to be at 180 + 20°. A total of 4890 events remained.

If y1 and y; are the rapidities of the two jets in the laboratory, then y*=(y;-yz)/2 is the
rapidity of jet #1 in the jet-jet center of mass, and cos(#*) = tanh(y*). It was desirable to
choose a range in cos(#*) over which the detector acceptance was uniform. This was done
by calculating the minimum di-jet invariant mass mj; for a given maximum value of cos(#*):
mjj = 2 X Eymin / sin(0*), where E¢min = 45 GeV. Thus for the range 0 <cos(6*)<0.6, m,; >
114 GeV; for 0< cos(8*)< 0.76, m;; > 140 GeV; and for 0< cos(0*) < 0.83, my;; > 164 GeV.
Lower mass data would be accepted only near cos(6*)= 0 and hence would distort the curve.
The highest mass bin mj; > 164 GeV covered the entire range in cos(#*), but had limited
statistics. Figure 6a shows the cos(8*) distributions for the three different choices of my; .
The QCD curve, normalized to the 114 GeV data, was calculated using the set I structure
functions of Ref (10). Figure 6b shows the same data plotted in terms of the variable x =
e%*, which expands the region near cos(f*) = 1.

V. W* PRODUCTION

The production of W weak intermediate bosons in — p collisions proceeds according to
the standard model via quark-antiquark annihilation (14). This process is simpler than the
jet-jet reaction discussed in Sec IV because the basic partons are limited to gj— gluons are
restricted to the role of radiative corrections - and because there are no final state interactions
in the W — e v mode.

The characteristic topology for §+p = W — ev is a high transverse momentum electron
and a balancing amount of missing transverse energy which one ascribes to the neutrino. Most
of the events are very clear., with little other hadronic activity and an isolated high E; electron.
No other visible energy balances the electron E;.

The same data sample as was used in the jet analysis described above was searched for
W1 candidates. The strategy for this search was based on missing E; in the calorimetry. For

each event a total missing E; was defined: §, = E.-ﬂ'.!.
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Since a dominant of B; was mi ed jet events, the variable S = §, / VE;
was useful. Starting with 400,000 jet triggers, corresponding to an integrated luminosity of
25 nb~!, the following cuts were applied: B, > 25 GeV — 4178 events; at least one jet
{presumably the electron) with E¢ > 15 GeV — 1604 events; B,/+/E; > 2.8, no jet opposite
the first one at 180 ° + 30° , and a timing cut to eliminate cosmic rays — 115 events. Finally

two electron requirements were placed on the jet: (EM erergy) > 0.85 x E;, and a single
track of measured momentum p pointing to the center of the EM shower with E/p < 2, after
which 22 events remained. Figure 7 shows a plot of E/p for these 22 events. The tail at high
E/p is consistent with bremmstrahlung of the eleciron before ihe momentum measurement
where the radiated photon is included in the shower E. Figure B shows the transverse mass

distribution for these events, compared with an expected curve for M = 83 GeV (14).
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The cross section for W* production x the branching ratio for decay into e v can be
calculated from these 22 events and the 25 nb~! integrated luminosity. The events were
required to have |p| < 1, which should contain (50 + 5)% of all W—e v events according
to calculation (15). Monte carlo studies indicated that the other cuts imposed on the data
sample should reduce this efficiency to (33 + 3)%. Hence 22 + 4.7 events — 66 + 14 events
total, and ox B(W — e ) = 2.60 + 0.56 + 0.4 nb, where the + 0.4 comes from a 15%
uncertainty in the 1.8 TeV normalization quoted in Sec III above. This result is plotted in
Fig. 9 together w.th the UAL (16) and UA2 (17) 630 GeV numbers and the standard model
expectation calculated by Ref (14). The agreement between experiment and calculation is

satisfactory.
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1. INTRORPUCTION

One of the most intriguing problems of hadron interactions with
the nucleus ie the sastudy of the renormalisation of the elementary
hadron-nucleon amplitudes in nuclear matter. In contrast to ordinary
hadron probee, such as pione or nucleons, antiprotons provide an
extra important advantage to tag the nucleon on which the interaction
takes place. Indeed, the even number of charged mesons 1is the
signature of the annihilation on a proton in the nuclerue whereae the
odd number of charged mesons is the 1label of the antiproton
annihilation on a neutron.The final state interactions (FSI) of the
mesons complicate the nucleon tagging, but not too much (in the case
of the lightest nuclei).

The poseibility of distinguishing between annihilation on a
proton and a neutron in the nucleus provides useful information on

the 1s08pin structure of the elementary NN amplitudes. This 1ie
important for teeting of different quark models of annihilation. The
absence of _high intensity antineutron beams prevents systematic
studies of np (pn)-interactions. In this situation the investigation
of pn annihilation on the lightest nuclei has its merits in spite of
vhe complications due to FSI.

The TOFRADUPP collaboration in the PS 179 experiment at CERN at
LEAR faeility has performed measurements of antiproton interactione
with “"He and “He nuclei in the pp = 0 - 600 MeV/c region. The data on

the elastic, quasielastic and annihilation reactions are presented.
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2.APPARATUS

A detalled description of the experimental apparatue may be found

in /1/. 8o here we sh:ll recall only its main features. Our apparatus

consists of ua self-shunted streamer chamber 2/ placed in a magnetic
a

field. The chamber was filled with 4He and "He at atmospheri¢ pressure

and served simultanecusly as a target and a detector. The chamber

volume was T70x90x18 cma. The target thickness was 15 mg/cmz.The
trigger for the high voltage pulse generator of the chamber was
provided by a hodoscope of thin scintillation counters placed along the
beam in front of the chamber.

The important advantages of the LEAR antiproton beam are high
intensity (104—105 p/s) and momentum resolution (ApL/pL = 10_3).

absence of any pion contamination and the possibility of having & beam
of antiprotons with the energies down to 5 MeV (pL=105 MeV/c).

It muset be stressed that a streamer chamber filled with & gas at
normal preseure is an ideal tool for studying charged particlee with
low energies. For instance, the range of a 250 keV a-particle or & 160
keV proton is 1 om long in the chamber and certainly visible. In
contraet, in bubble chambers the tracks of spectator protons from pd

annihilation were not detected in 73% of all events/al.

The procedure of the scanning, measurements of events and the
identification of the different reaction channels is described in/4/.

3. DISCUSSION OF THE RESULTS
3.1 General features of antiproton interaction with 1lightest

nuclei

‘ine first LEAR experimental data dealt with the elastic

antiproton scattering on IZC /s/at 300 MeV/c. They reveal the
differential cross section with a typical diffraction pattern. The
same situation was found for elastic scattering at 600 MeV/c as well
as for other, heavier, nuclei/G/,(see, for example, Fig.1l) .Owing to
the huge annihilation cross section, the nucleus 1is practically
“black” for the antiprotons providing typical “shadow” elastic
scattering.

We have measured the differential cross section of elastic
scattering of antiprotons on 4He at 607 MeV/c (Tkin= 179 MeV). Fig.2
showe the angular distribution for a sample of 2346 elastic events.

The data/a/ for pion elastic scattering on 4He at 174 MeV ie also
shoun for comparison. At this energy the Asa—resonance i& dominated in
the nN scattering providing the strong inelasticities in the rA
scattering. The total and elastic cross sections are practically the

same for antiproton and pion scattering on 4He at this energy.
However, at first sight, the differential croes sections of pions and
antiprotons are quite different.Nevertheless, if one estimates the
black sphere effective radius Beff

dao/an), | = ( K Roge sa )% 030 a v e (1)
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Fig.1. The differential cross 10 e
sections of elastic antiproton

scattering on different nuc- - Fit at 600 MeV/c
1ei/5/8/. Full ines correspond “"‘= 135.2 ¢ 20 (mbl
to the result of the Glauber fn= 208 2 0.6 iGev/d)
model fit where parameters of an =0.035 ¢ 0.017

the Pn-interaction were treated XVoF . 153
as free ones/7/. &= T
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Fig.2. The dlfferential cross
sections of elastic antiproton
scattering on 4He at 607 MeV/c
(crosses). The full line cor-—
responds to the Glauber model
calculations/10/. The dashed
line is the black sphere model
predictions. The data’8/ for 2
n~ elastic scattering on 4xe
at 174 MeV is also shown by
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from the position of the minimum in the de/did of "4He scattering
one can find Reff:2.34 fm.If the effective radius of ﬁqﬂe scattering
is the same, then it corresponds to the minimum in the do/da of
ﬁdHe at @, = 40° . As s seen from Fig.2, it ies really the casea. Une

can conclude that plons at the resonance energy and antiprotons
“see” the same diffraction object. However, it is knoun/g/ that
the position of the minimum in the n‘He elastic escattering does not
change with the energy of the initial pion. So a simple

diffraction pattern is not valid for ﬂ4He elastic scattering at all
energlies. It is interesting to check what happena in the case of

§4He elastic scattering.
The full line in Fig.2 corresponds to the results of Glauber

model calculations/lo/. The dashed line represents the black ephere
model predictions. (ne can see that even in the caese of light nuclei
the black sphere model resulte are in good agreement with the Glauber
model calclutaions (at _least, for scattering at 6mall angles)

Therefore, the elastic pA-scattering must be sensitive only to the
groes features of the pA interaction such as a dimension of the nuclei

and an average strength of the NN amplitude. More elaborate details
of the antiproton-nucleus potential can hardly be definitely
determined from the elastic data alone. Indeed, concrete calculatione
show thet different theoretical models based on the Glauber

approach/ll/. optical potential models (e.g. EKMT type)/12/ or the

relativistic Dirac potential 718/ give equally good descriptions of
the elastic pA data. The uncertainties in the knowledge of the NN

elementary amplitude lead to greater changes in the description of
the pA scattering than transition from one theoretical model to

another/la/.
An interesting feature of the antiproton-nuclear dynamics
discovered in the LEAR experiments was the strong suppression of the

inelastic A{p, p )X reactions/lq’s/.For instance, in the PS 179
experiment it was measured ‘that the cross section of the
annihilationless break-up of helium , ( reaction 4He (p, P )X ) is
Tpu= 16.5 *+ 2.9 mb at Tl;: 180 MeV which is only 6 % of the total

reactlion cross section oR- It is much smaller than in the case of n‘He
scattering where the cross section of the (7,7 ) reactions ia around
70-80% of op” 1%/

The reason for the suppression of the antiproton break-up
reaction in the case of 1light nuclei 1lies in the specifics of the
NN-agplitude/lG'17l. It is well known that in the low energy reglon
the pp-scattering occurs mainly in a very narrow forward cone. The
slope parameter in the pp differential cross section is b= 20

(ngzv/c).2 at Tk1n= 180 MeV /18/. much greater than in pp-scattering

in the A-resonance region.

where b= 6 (GeV/c)_2 at Tkin: 1 Gev. So the elementary NN scattering

is characterised by a small averaged momentum transfer <q2>. which in
the case of antiproton-nuclene scattering is not sufficient to
effectively destroy the nuclei. For instance., even at Tkin=180 MeV

the average energy <E> transferred in NR scattering is

1 x 27 Mev. (2)
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That is comparable with the 4He binding energy. Therefore, even a
hundred MeV antiproton has not, in average, a possibility of breaking
up the light nucleus.

In the case of antiproton interacticn with heavy nuclei the
annihilationless break-up reactionas is also smallls/.
/14,177 the reason is in the large annihilation probability which

As shown 1in

prevents the annihilationless break-up reactionsa in all regions
except & small nuclear surface ring. Therefore, one may expect that
the break-up reaction is very sensitive to details of the nuclear

surface. Indeed, it was calculated/“/ that for f:“JCa interaction a
10% change of the nuclear diffuseness parameter leade to a 10X change
of the “bu whereas the other crose sectiong did not practically

change .
A great number of mesons created in the annihilation with

average energies around the A33 -resonance one, where the ni

interaction reaches its maximum, and the fact that these mesons in the
pA annihilation are produced just at the surface of nuclei - all these
circumstances provide strong effects of the final state interaction
{FSI). These FSI effects distort the momentum distribution of the

apectator nucleons/m/, change drastically the A to A ratio in the pd
annihilationlzo/ and result in the additional destruction of the

nucleus after annihilation. The FSI effects in §4He aanihilation lead
to the decreasing probability for a three-nucleon system to survive

after the annihilation in a bound state. It occurs/z‘u that at 180 MeV
the probability for 3l-!e to survive after annihilation is

3 a(p+HHew BHe + X)
Wo(PHe) = -ommomomomeooooooas = (15.56 £ 0.7) % - (3)

Thie is three times lesser than the correspondent ratic for the
plon—4He scattering at the same ener;y/l

3 a(n+4He-o e + X)
W ("He) = -----ronommoooeono x 46 % - (4)

It is a clear indication of the strength of FSI effects in the pA
scattering.

3.2 Antiproton annihilation on bound nucleons

In spite of aubatantial FSI sffecte the task of determining the
croes egections for antiproton interaction with bound protona and
neutrons is not insoluble. In the streamer chamber filled with helium
gas the annihilation on bound proton is recognizable as an event with
even number of meson tracka and a track from a heavy particle which
may be a proton, a deutron or a triton. The annihilation on bound
neutronas provides an odd number of meson tracks and two tracks from
heavy particles. Due to FSI the number of meson and heavy particle
tracke may: change mainly owing to reactiones of the charge-exchange

type:

" (5)
°

¢p-.ﬂg+n
+nen +p (6)
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Fig.3. Distribution of the antiproton stopping points along the beam
direction in the chamber for annihilation of stopped p in 3He.

The detailed analysis of the FSI corrections was done in /ID/A
Fortunately the distorted reactions (5}-(8) counteract each other
which simplifies the analysis.

Annihilation of antiprotons stopped in 4He and 3He has been
studied in PS 179 experiment. In contrast to the previous experiments

~

with stopped antiprotone we used the beam with a well defined (ap/p X
10—3) initial momentum 105 MeV/c . So the distribution of the
antiproton stopping points along the beam direction ingside the chamber

volume exhibite a clear peak in a right position (aee Fig.3).
Table 1 collects the data for the branching ratios for the

annihilation at rest on bound in 4He and free protons. The third
column containe the predictions of a simple statistical annihilation

model/zz/.

TABLE 1. _Branching ratios of different charge prongs states in
pp annihilation at rest.

Nen ¥ pp (free) pp (bound in Ye) theory
3] (221

0 41302 4.97 + ¢.5 2.37

1 43.1 * 0.9 46.71 = 1.64 45.5

2 47.3 + 1.2 43.90 * 2.53 44.9

3 4.25% 0.31 4.2 % 1.42 4.89

*) kaons are also included in ‘He distributiona

Branching ratios for the annihilation on bound neutrons 1is
collected in the Table 2.
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TABLE 2. _Branching ratios of different charge prongs states in

pn annihilation at rest.

N{ﬂ_)Iﬂ pn (bound in d) pn (bound in 4He) theory

[24] 221
1 16.8 £+ 0.8 21.49 + 2.583 17.3
2 69.6 + 1.4 56.54 * £ .10 £0.1
3 23.0 + 0.9 21.37 * 3.18 19.6
4 0.7 £ 0.2 0.59 * 0.24 0.67

*) kaons are also included in ‘He distributions

From inspection of Tables 1,2 one may conclude that there is no
large difference in the branching ratios for annihilation of the
stopped antiprotons on the free or bound nucleons.

The situation with <the annihilation
Figs.4,5 where annihilation cross sections
neutron are compared with those for the free nucleons.The resulte of
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the PS 179 experiment,, where szntiproton annihilation in 4He at 192.8,

JDE.2 and 607 MeV/c wss measured/ZI/, are shown by crosses. In fact,
the measurable quantity was the cross section of the antiproton

annihilation on two protons ( or two neutrons) of 4He. In Fige.4,5 we
have shown these cross sections divided by two. A very large shadowing
effects are clearly seen.

3.3 1sospin dependence of the Ni amplitude

The isospin dependence of the Nﬁ amplitude is an important issue
of low-energy antiproton physics. Let us remind, that the
antiproton-neutron (pn) system is a pure isoaspin state with I=1 and
the wave function of the pp system is a mixture of states with I=0 and
I=1
¥ (pp) = L ( ¥ I=0) + ¥ (I=1) ). (7

. ¥ 2
From the experiments with pp and ﬁp annihilation in flight
we know that the ratio R

R = —--mmmwmmem- (8)
is around R=0.6-1.0 and 1is _practically energy independent (asee
Fig.6).The increasing of o (PP) in comparison with o (pn) may be

ann ann
explained on the language of NN potentials as a manifestation of

strongly attractive central potential in I=0 state due to coherence
of o and @ exchange terms.

0.9 ; +

i)

'

0.6

Fig.6. Energy dependence of the

ratio R from (B). Results of the

PS 179 experiment/10.25/ for phe
+ annihilation are shown by crosses,

TN

1

squares correspond to the data
o0£/19/ for D annihilation in
deuterium.

T 17T T T 17 1 T

T T T 7
160 300 500

lab. momenturn (MeV/c)

0.3 ™
—-100

For antiproton annihilation at rest in the liquid deuterium
bubble chamber experiments was found that

R(d) = 0.75 % 0.02 [24] ®
R(d) = 0.82 * 0.03 {191 .

These values are nearly twice as large as the corresponding values
found from the stopped antiproton annlihilation on 4He and 3He
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R(%He) = 0.42 + 0.05 [10]
R(%He) = 0.48 * 0.08 (103
R(‘He) = D.48 £ 0.1 [25)
8(%He) = 0.35 + 0.07 [25]

It is instructive to compare the experimental values of R
(9)-(10) with predictiona of different theoretical models. In the limit

of Kk » 0 the ratio R from (8) is connected with KN scattering lengths
in S-wave:

R = ——mmmee —Zommme : (11)
Im a; + Im a,

In Table 3 the valuee of R from the theoretical models and
the last experiments are collected.

TABLE 3. The ratio R from different NN potential models

Model R Ref.
Ueda 1 1. 26
Ueda 2 0.742 26
Ueda BST 0.834 26
Bry?llﬁh%%lips 0.85 27
Bryﬂl;nf'_h&i&&:el_?s 0.99 27
Dover-Richard ¢.84 28
Parie 1.14 29
Exp.value 0.87 t 0.14 30

(from pp atomm and AGS 795 data)

One can see that both theoretical and experimental results
demonstrate the large value of R in obvious disagreement with
helium resulits (10)}.

In our opinion, the reason is that annihilation of stopping
antiprotons in helium gas proceeds mainly from the P- and D- atomic
states. It is known from the electromagnetic cascade model

calculations /31/ that the probability to populate the S-levels in
helium gas at 1 atm is only 8%, whereas the probability to annihilate
from P-states is 49X and from the D-states is 43X%. In principle, the
annihilation from a certain antiproton-nucleus state may proceed via

different NN-states and one should solve the standard hadronic atoms
Coulomb-plue-strong interaction task to obtain the connection between
the probabilities of snnihilation in pA and PN systems. Fortunately,
in the case of helium, one may expect a simplification due to the
fact that the nucleons in the helium nucleus occupy wpainly the
S-state, ( the admixture of S-wave astates in the helium wave function
is greater than 90X). Therefore, as a zerc approximation one may
consider that the annihilation from a certain state of the helium

atom implies the dominance of the same state in RR aystem, i.e. one
may expect that the P- and D-contributions will be aleo dominant in

the antiproton annihilation on nucleons bound in the 4He.
Therefore, it is impossible to compare directly the halium

results (10) with that from pd (8) or Pp -annihilation {Table 3.). The
reason is that 1in 1liqQiud hydrogen it is well known that the



annihilation prcceeds mainly from highly excited S-states owing to a

strong Stark effect/az/. The difference between the helium (10) and
deuterium data (5) must be regarded as an indication on a stroug
isospin dependence of NN -amplitude in P- and/or D-states.

There are some arguments in favor of this statement. First of
all, the fite of low-energy pp and pn data in the effective range
approximation for the NN-amplitude have really demonstrated a

substantial isospin dependence in the P- ~states”33:34/
The analog of eqs.(11) for the P-wave annihilation ts

R ze-ecee- Sl . (12)

Im b1 + Im bD

where Im b1 and Im bD stand for the imaginary parts of the scattering
volumes in the isospin states 1=1 and I=0./33/
The fit of Mahalanabis-Pirner-Shibata
fit of GraOh—Kerbikov—Simonov/a4/ provides Rp = D.35.It is interesting
to note that the same tendency is conserved for the D-state ratio R =
/34/
0.42
1f one assumes that there is an hierarchy between R ratios in
different states RB >> Rp and RD then the energy dependence of R in
4He ( see Fig.6) may be understood as follows. Juat at the threshold
the R(4He) muet be emall because annihilation proceeds from P- and
D-states. as the energy increases the ratio R(‘He) must grow up dus to

the S-wave contribution which must appear in the NN-amplitude for the
interaction in flight. However,when the antiproton energy is high
enough the S-wave contribution must decrease resulting in overall
decreasing of the R ratio. An indication of the existence of such
energy behaviour may be obtained from the inspection of Z1x.6.

The isospin dependence of the Nﬁ amplitude may arise either from

the long range part of NN potential or from the short range one. The
former is usually derived from NN potentials by G-parity conjugation,
the latter, annihilation potential, is not construcied from the first
priciples but chosen, in Bome mense, arbitrary. In most popular

annihilation potentials ( for example,/27'28‘a5/) there is no isospin
dependence. It 1is interesting to compare the predictions of such
models with our data to understand if 1t is possible to explain the

gives for Rp = 0.2, the

observed isospin dependence only due to long range part of NN

potential.
(n Fig.7 a comparison with results of "the calculations with

Dover--Richard potential/2 / ia shown. The full line corresponds to the
calculatione of the energy dependence of the ratio R from (8). The
dashed line shows the energy dependence of the ratio Rs which is

constructed only from the S-wave contributiona in oann(in) and
oann(ip). The dot-dashed line stands for RP , which is the ratio for
the P-wave contributions. (ne can see that the behaviour of R and Rs
from these calculations is in agreement with results of
pd-annihilation experiment 719/ in liquid deuterium. But neither R, RS

nor RP from the Dover-Richard model 1is comparable with the 54He
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Fig.7. A comparison with results of the calculations of R by

Dover-Richard potential modellza/ . The full line corresponds to the
calculations of the energy dependence of the ratio R from (8). The
dashed line shows the energy dependence of the ratio RS which is

construc.ed only from the S-wave contributions in aann(ﬁn) and
aann(ip)' The dot-dashed line astands for RP ,» which i1s the ratio for

the P-wave contributions. Results of the PS 179 experimentllo’zs/ for
pHe annihilation are ehown by croeses, squaree correepond to the data

of 19/ gop p annihilation in deuterium.

results in gas. It seems to be an indication that the NN annihilation
potential must depend on the isospin to provide an additional isospin

dependence which demonatrated in ﬁ‘He data.

4 .CONCLUSIONS
The elastic and inelastic scattering of antiprotomns on 4He was

measured at 600 MeV/c. It was found a strong suppression of the 4He
break-up reactions (ab u is8 only 6% of the total reaction «ross

section aR).

The cross sections of antiproton annihilation on bound protons and
neutrons were reconstructed at 0-600 MeV/c interval. There is no
large difference in the branching ratioe for annihilation of the
stopped antiprotons on the free or bound nucleons.

It was found that for the stopped antiprotons ratio between
annihilation probabilities on neutron and proton bounded in 4He is
nearly twice as small as for annihilation in deuterium. It indicates
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on the strong isospin dependence of ﬁN-amplitude in the P- and/or
D-states., which seems to be not explainable in the ordinary potential

models of the NN interactions which neglected isospin dependence of
the annihilation potential.
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1. INTROI'UCTION

In these last years,the experi 1 studies of the i ion of low energy antiprotons on nucleon and
nuclei have received a vigorous impulse, due to the LEAR antiproton  beams at CERN, Tlie nuclear
physics results are among the most in ing scientific outputs of the first generation of LEAR
experiments.For a comprehensive review the reader is referred to the report by Guaraldo at the Villars
Conference! The aim of the PS179 experiment was to explore:

- the dynamics of the dominant process of the low enesgy antip Jeus i ion ,i.c. the
annihilation;




- the problem of the penetration of antiproton inside a nucleus, identifying peripheral and deep
uannihilation events;

- the new physics beyond the “conventional” annihilations, with its typical predicted signatures,in
particular strangeness production.

In this paper we describe the results obtained by the Streamer Group studying p -Ne annihilations at
200,300,600 McV/c and at rest 2 and also p_ annihilations on nuclear emulsion (Ag/Br) at 300,400,500
MeV/c and at rest 3).

2. SPECIFIC FEATURES OF THE EXPERIMENTAL APPARATUS
The experimental apparatus consisted of a self shurted streamer chamber in a magnetic field exposed to
the P beams of the LEAR facility at CERN.The details of the apparatus and its performances are reported
in ref. 4. The chamber ,with a sensitive volume of (70X90X18)cm3, was filled at 1 atm with gas target.
Due 1o the 4r acceptance and the low densily gas target the apparatus is able to de.ect very carefully

the charged prongs multiplicity of the events,including very siow particles and A° and K: observed
through their charged decay mode.The ability to measure short nuclear fragment ranges (corresponding to
energies lower than 1MeV) together with the curvature of the fast particles and the very good vertex
resolution allow to obtain a very good charged prong multiplicity , to study the behaviour of momenta and
angles vs. charged prong multiplicity and permit to obtain an accurate identification of the reaction
chanrels and exclusive reactions.

3. CENTRAL ANNIHILATIONS

There are two good reasons to focus a particular attention on ceatral or deep annihilations.By
definition, one may expect that any significant differe.ice between antinucleon-nucleon and antinucleon-
nucleus processes,which constitutes one of the objectives of nuclear physics research with antiprotons, is
most likely to show up in such events. Moreover,the signals of the new physics which might be
discavered in annihilations on more than one nucleon,the probability of which increases going deeply in
the nucleus,could in principle be enhanced if these events could be distinguished from the background of
surface annihilations on a single nuc’eon. In the PS179 experiment central from surface annihilation have

been «learly identified from:

Low and high-multiplicity events present typical opposite behaviours.Examining the reactions cross
section OR in Neon as a function of the muitiplicity M, one can consider two regions ( Fig.1). In the first
one, the events with M<9, M follows the energy behaviour of the p~ -N cross section,which increases as

the energy decreases,typical of surface annihilations.In the second region,with M>9, M is independent
on the energy,the average multiplicity is<M>=10.7,< 0 _> =1.75, so that the number of heavy prongs

must be about 7.5,0n average. This fact means that a nucleus with atomic number 10 is almost
disintegrated in free nucleons due to a transfer of energy greater than its total binding energy.
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This is possible when a deep penctration has occured.Finally, it is romarkable that the percentage of the
central events is increasing with energy: from some percent at rest up to about 15% at 600 MeV/c.

Similar conclusion can be drawn from the data obtained by analyzing the p - Ag/Br annihilation
2vents in nuclear emu]sions)

In fig. 2. the dxsmbunon of nuclear matter density p( r)/p( 0 ) is compared with the p absorjion
probability P, ann(%) 1! by using dard INC model calculations. The annihilation probabilities in

the high density ruclear iratter region are in agreement with those we deduced for the annihilations in the

depth of the nuclei.In fact in the central part of the nucleus were p( r)/p( 0)>0.75 , Pann(%) amounts to

(15-28% for Ne and Ag/Br ;respectively) over the total number of events at 600 MeV/c. In the case of p
atrest the probability of p~ annihilation in the region p(r )/p( 0)>0.75 is about 5% of the total number
of events ,in agreement with the value found for high multiplicity events.
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Fig.1. Chi.rged prong multiplicity cross Fig.2 - The probability of p annihilation in Ne
section for p - Ne interaction. vs. the nuclear radius. The hmograms were
calculaed®for 590 MeVi P - 12¢ | Full line
was calculated S for g p atrest.
b) Momentum.angle rapidity distributions

In a deep annihilation inside the nucleus it is expected that all pions interact,consequently they must be
Iess energetic than those emitted in the surface (quasi-free) annihilation cuse; the angular distributions are
more isotropic and the rapidity values compatible with the emission from many nucleons.

A comparison between momentum,angle and rapidity distribution of © a=d nuclear fragment for low
and high-multiplicity events (in the case of Neon for M=4 and M=11 respectively)has been performed.

The results can be summarized as follows:the high-multiplicity events present, in comparison with the
low-multiplicity ones,a lower number of negative pions,which have lower mean energy (Fig.3 a,b) and
are isotropically emitted (Fig.3 c.d) from a kinematical source involving many nucleons (Fig. 3 &f ).

As far as the nuclear fragments are concerned, their number and their mean energy arc higher for
Mz=11 than for M=4,while the kinematical sources involve,in both cases,a number of nucleons.The overall
degree of isotropy of the charged prongs is higher for v.he high-multiplicity events.

It is possible to lud, thulllthe peri are ined in the scenario pictured by the
intra 1 ck Cals, g to which low multiplicity events correspond ,on average,to
surface annihilations,while high-multiplicity events correspond,on average,to central annihilations.
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Fig. 3. p -Ne (607 MeV/c) . Comparison between annihilation events with M=4 and M=11.

Negative pion distributions vs.: Kinetic energy (2,b); cos® (c.d) ; rapidity (e,f).

4 DYNAMICS OF LOW ENERGY p ANNIHILATION IN NUCLEI

a

It has been shown that high charged prongs-multiplicity events correspond, on average,to deep
annihilations,which favour strong pion-nucleon i ions and quently high-energy deposition
inside the nucleus.lt is reasonable to assume a correlation between high-multiplicity and high-cnergy
deposition.From high-energy deposition it is expzcted a higher number and/or energy of fragments and
reduced total energy of final pions.

As far as the frag are cc of the emitied frag and their vs.

multiplicity are in agreement with INC previsions (confirming the assumption that the multiplicity is
proportional to the deposited energy).

A4 the beh
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As far as - are concemed,it is possible to observe a striking behaviour:the mean number of & - is
increasing with the multiplicity. The standard INC calculations did not make any prevision taking into
account the overall contribution of all the pions. However a recent sophisticated version of an existing
INC model by Golubeva et al.7) explains this striking behaviour.This version of the model gives a much
better description of the el y NN-i tion,includes the effects of the local reduction of the nuclear
density during the develop of the de (trawling effect) and takes into account the de-excitation of
the residual nuclei in terms of evaporation and multifragmentation. As it is shown (Fig.4b) the model
predicts the correct behaviour of <n, > vs. M.

The same agreement is obtained by another recent different model developed by Cugnon et al.s) in
which the ejection mechanism is assumed to correspond to a clan picture where the ancestors are pions.
This simple model retains all the basic premises of INC and handles charge conservation exactly at each

step.Geod agreement is obtained for multiplicity distributions and in particular for the very strong
correlations observed in Ne between <n . _ > and charged prongs multiplicity (Fig.4a) .The agreement is

a direct consequence of charge conservation and has no dynamic content.
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Fig. 4. p -Ne (607 McV/c). Cormrelation between the mean number of negative pions and charged
prongs multiplicity. a) The bars represent the experimental data;the full circle are the prediction of the

model of Cugnon et al, ) The open circle corrrespond to the relaxation of the charge conservation.
b) The dots are the experimental data. The solid and dashed lines represent the results of intranuclear

cascade calculations by Golubeva et al.-n ,with and without trawling effect.

b Kineti { rapidity distibutions of piog

Summing over all the multiplicities it is possible to obtain more general information on the dynamics of
P annmihilations,stressing the role of pions in ransferring energy to the nucleus and identifying how
many nucleons participate in the annihilation and subsequent cascade in the nucleus.

The inclusive pion momentum spectrum (Fig.5 ) shows a typical two bump structure with a sharp
peak below 100 MeV and a broad bump sround 300 MeV Pions which have interacted with the nucleus
contribute to the lower energy peak both forward and backward,pions from peripheral annihilations
(primordial pions) not i ing with the nucl ibute to the high-energy peak when emitted
forward ang to the low energy peak when emitied backward .due to the Lorentz factor.
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Different kinematical sources for emitted pions may be recognized by inspecting rapidity distribution
(Fig. 6).The pion rapidity spectra for Pt<100 MeV/c and Pt>400 MeV/c clearly show,for the latter, the
quasi free N-N origin (y=0.3), while low energy pions come from a system involving many nucleons
(y=0).A phase space p - p calculation is clearly in agreement with the primordial pion rapidity spectrum.

These last features confirm what infemed from the inclusive spectra. Assuming that nothing unusual is
occurring, the method for et.rgy deposition is pion absorption (via delta) and scattering. The large energy
depositions (high-multiplicity) correspond 10 a production of low-energy “thermalized" pions and
necessarily it will happen deeper within the nucleus involving many nucleons in the process.On the
contiry Jhigh-energy "primordial” pions are associated to peripheral annihilations,which happen on a
single rucleon.
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Fig.5. p -Ne (607 MeV/c) Negative pion distribution vs. kinetic energy.
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Fig. 6. P -Ne (607 MeV/c) . Negative pion distribution vs. rapidity for :PT<100 MeV/c (a) and
P> 400 MeVi/c (b).Dashed line:phase space calculation for 'p -p annihilations.
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5. STRANGE PARTICLE PRODUCTION IN NUCLEAR COLLISIONS

Hunting for new phenomena,certainly a special role must be reserved to multinucleon annihilation.
which are expected to have a probability proportional to the nuclear density and thus to be preferably
looked for in deep annihilations.As above str d,central annihilations can be identified by triggering on
high-multiplicity charged prongs events.

Strange particle production in nuclear collisions has become a topic of interest with the speculation that
significant changes in relative and absolute abundance of strange particles(togheter with tails of high
momentum protons) could serve as a probe for a quark-gluon plasma formation ) .Also in a more
conventional agproach enhanced strangeness production would be signature of annihilations with baryon
number B>0 ! ).

With the streamer chamber , the inclusive production of V° from 600 MeV/c antiproton annihilations

in Neon was investigated ”).The A%nd K: were observed through their charged decay modes.

The A and K: production cross section can be compared with recent results obtained at KEK on Ta
at 4 GeV/e (Miyano et al. '3)),0n complex nuclei below 450 MeV/c (Condo et al. 12 ) and on 2H at 450-

921 MeV/c (Parkin etal, 14,

1. R=0 (Aol K ) behaviour vs. A and energy
The emission probability of A (1.9520.43 %) confirms the results obtained on complex nuclei by
Condo et al.lz).Both PS179 and Miyano et al.m)experimems, on medium and medium heavy

nuclei,obtain about the same value ( about 2.4) for the ratio R=0( A°)I a( K: ) independently on

14) the R valve is less than

energy.On light nuclei,according to the recent data on deuterium
unity.Preliminary data of PS179 experiment on annihilation on 4He show a value for R near unity.It is
possible to hypothesize a "peripherical-like” component in the production of K® Then,in a Lighter
nucleus, such a deuteron or “He,the enhanced surface production would invert the value of the ratio .If
this is true, the surface character of annihilation at rest ought to give a lower value for R .The preliminary

annihilation data at rest on Neon seem to confinn this mechanism.

Reaction a(A% o( K ) R=a(A%V 6 (K )
Ne (607 MeV/c) ref. 11 123428 mb 543 1.1 mb 23107
Ta (4 GeV/c) ref. 13 193+ 12mb 826 mb 24103
2H (450-921 MeVc) ref. 14 0.65 % 255+0.12 % 0.2510.05
“He (at rest) * 0.8010.17
Ne (at rest) *) 1.1430.17

Table 1. K2 and A® production cross section . R=0{ A°) & { K ) behaviour vs. A and energy.
*) preliminary data from PS179 experiment.
2 i K 13) experiments
._Strangencess ephancement in P$179 and KEK " experimen!

For the 'p-Ta experiment at 4 GeV/c the A° production is surprisingly high compared with that
obtained by scaling data from “p -p strangeness production and taking into account some simplified

geometrical factor.
For the Neon data the same effect is supported,scaling the data from p -d at 600 MeV/c.(see Table)
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KEK PS179
G,
v a2 |E= . o223 Ea—BE
“;Tra('“") “ﬁp A o aZB “pNe (mb) | 6. * A "pd‘ Am
(4 GeVic) (mb) (6 GeVie) (mb)
A%+x 19312 17 1 123+28 3.1 41
KD +X | 8216 60 13 5.4%1.1 117 0.46

Table 2 - Swrangeness enhancement in PS179 and KEK experiments

3. Rapidity distributions of A®., K: 2ud associated x-

From the analysis of rapidity distributions some cor~'.sions on the effective target of nucleons
involved in the strangeness production can be drawn.

The weighed average rapidity of A° is <y> =(.07+.03) which implies an interacting system of many
nucleons. This result is i with that deduced for p of 4 GeV/c 3). The weighed average ranidity
of K° is y= (.331.07) indicating a pronounced preference of forward production relative 1o the p beam
direction and implying an interacting system (p,1N) to be compared 1o a sysiem (p,3N) deduced at
higher energy ~* ) We can conclude that in ‘p Ne annihilations at 607 MeV/c the data favour the hynothesis

that K: and A° production mechanisms are similar to those described by Miyano et al. .sr p -Ta
annihilations at 4 GeV/c .

The rapidity distribution of negative racks ,mostly pions, gives a puzzling result. Both (A° associated
and K° associated) n- rapidity distributions - a parameter not measured at KEK - present different average
values compared to those of the associated strange particles: as if pions were produced from totally
different effective targets.

The rapidity distribution of negative tracks associated to A° events has an average value <y>=0.31%
0.08 indicating the forward character of these events not correlated with the behaviour of the associated A°
distribution,wh the rapidity distribution of negative tracv < associated to KO cvents is y=-0.01%0.06,
which is consistent with a flat production, differently from the forward associated KO%.

ific Featyres in stran S8 ion from P§17!
The specific features from PS179 and KEK experiments on the strangeness production in “p -nuclei
annihilations can be summarized as follows:
- Strangeness enhancement on Ta at 4GeV/c (and in Neon at .6 GeV/c);
- "Two-source " hypothesis for A, K} production in both experiments;

- R=6({ A% 6 ( K ) behaviour : K¢ , “peripherical-like “production; A °,"cluster-like “production ;

- Uncorrelation between ge particles and ®~ associated rapidity distributions (“four- source™).

4.1 Convenriona] (wo step processes

The recent theoretical estimation by Ko and Yuan 3 explain the large enhancement in strangeness
production in the KEK experiment find a cross section valuc about 40% less than the experimental value.
The various conventional two- step processes taken into account for A° production seem to be not enough
1o justify the high experimental value.However, a recent caleulation 16) which takes also into account the

contribution of | and p to the two-steps processes for A° production, fits the experimental results.
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1.2 Suer cooled quark-matter in 4 GeV/e P -heavy nuclei annihilation
A unodel developed recently by Rafelsky ! din the frame of the hypothesis of quark matter production
i a2 €0 ¢ oled condition seems to explain both the enhancement and the different sources

1 4 1)

1or A®and K; production together with the behaviour of R=c( A%)/ 6 ( K_ } vs. A.

According to Rafelsky ,for some magic momentum (3-4 GeV/c) the p deposits all the annihilation
energy in a narrow forward cone of nuclear matter within the target nucleus. Under these favourable
conditions of energy transferring it can be postulated the formation of super cooled quark-matter at rather
modest temperature (T=60 MeV).

Both the strangeness enhancement and the absolute strangeness abundance of §s pairs are explained by
the model. The agreement of experimental data with rapidity distributions computed assuming a unique
thermal source for the emitted strange particles at the same low temperature confirms the internai
consistency of the hypothesis of a centrai fircball disintegrating into various particles.

4.3_An observation of a leading meson in p_-Ne reaction at 607 MeV/c incident momentum
In order 1o explain the “four sources ” hypothesis for the negative pions-associated to strangeness
production and to obtain further information on the dynamics of the strangeness production it is necessary

to examine in more details the rapidity distributions of the negative pions associated to A o K:
production.

The emission of the A°'s is nearly isotropic in the laboratory system, with an average rapidity
<y>=0.07+-0.03. The average longitudinal rapidity of the kaons is significanly larger, namely
<y>=0.33+-0.07 and can be considered, within the limits of the statistics, as the sum of two distributions:
a first one, about symmetrical around zero and a second one given by the difference between the full
distribution and the symmetrical one (Fig. 7). This difference is characterized by an excess of large
rapidity kaons. The distribution of the excess extends from y =0.1 to y=1.3 with an average value
<y>=0.7, which cotresponds to a longitudinal kaon momentum of about 400 MeV/c. Thus, two groups of
kaons seem to exist, one emitted from a system with an average rapidity about zero, the other emitted in
the forward direction with an average rapidity about 0.7.

In the same way as for the kaons, also the rapidity of the x~ emitted with a A° can be considered,
within the limits of the statistics, as the sumn of two distributions: one with a mean value about zero, and
the other one with an excess of large rapidity pions. The distribution of the excess extends from y=0.2 to
y=1.8. The average value is <y> =1., corresponding to a pion longitudinal momentum of about 200
MeV/e.

Pions or kaons as leading panticles carry some fraction of the momentum of the incident antiproton in
the forward direction in the final state. This fraction of the incident momentum is not absorbed by any
target system. The observation of leading mesons is well known from P p reactions ) where, in the
annihilation C.M. system, in the final state the negative pions tend to follow the direction of the
antiproton, and the positive ones the direction of the proton.

If a leading particle is seen in the final state, the emission of a pion or a kaon in the forward direction
may be depicted as beam fragmentation through quark flow diagrams which conserve the quantum
numbers (Fig.B ).The leading pion or kaon are produced when an antiquark of the impinging antiproton
picks-up a light or an s quark, respectively, from the sea-quark of an interacting nucleon of the target
system,while the other two antiquarks are absorbed by the target.
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THE RATIONALE FOR RHIC IN THE CONTEXT OF
RECENT A+A DATA

C. Chasman, O. Hansen, and H. E. Wegner
Brookhaven National Laboratory, Upton, NY 11973 USA

1. Introduction

RHIC stands for Relativistic Heavy Ion Collider. RHIC is designed as a collider with two
beams and four intersections. The beams may be different, each can have a mass number from
1 to ~200 (in practice probably ®7Au). The 1/a for Au+Au is designed as 200 GeV/(nucleon
pair). The collider tunnel and target halls exist as does the liquid He refrigeration plant for the
use of superconducting magnets in the collider configuration. Several prototype dipoles and one
quadrupole have been built and tested and the project is ready for construction as soon as funding

b ilable. The injecti h for the collider consists of two tandem accelerators to

provide the ion beams, and a synchrotron booster that can accelerate partially stripped ions to
energies just below 1 GeV/nucleon where full stripping can be done at a reasonable efficiency.
The beams will then be accelerated further in the BNL-AGS to -f— x29 GeV/c per nucleon and
injected into RHIC. The tandems and the AGS are existing machines, that have delivered '*0
and 285 beams for physica experiments over the past two years at 14.5 GeV/c per nucleon. The
synchrotron hooster is under construction.

The scientific foundation for RHIC is of course intimately connected with the ideas of a

ible phase transition from the fined hadronic state of quark matter, to a stat. where

quarks (and giuons) can move freely over distances meny (several) times the nucleonic diameter
(quark-gluon plasma). A;‘l important part of the rationale for the choice of energy of RHIC,
relies on the ides of transparency developing from full “stopping” with incrensing bombarding
energy. It is also important that energy densities of many times that of the ground state of cold
nuclear matter can be reached in ion-ion collisions. In this talk, we will examine whether the
two latter premises seem to hold true in view of the data from A+A collisions at the Brookhaven
AGS-Tandem Complex and at the CERN-SPS. Finally, a few comments are made on measured

slopea of hadronic p spectra.

2. Comments on nuclear “stopping” results
in their analysis of p+A data, Busza and Goldhaber/"3/ found that an incoming proton at
2100 GeV/c (in the lab frame) would lose ~2 units of rapidity by traversing a Pb-nucleus along
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a diameter. Under the assumption that this result does not depend on bombarding energy, one
would conclude that nucleons with less than two units of rapidity to start with, would lose all of
their rapidity in a central collision with a Pb nucleus. For a symmetric collision stopping should
prevail for beam rapidities below 4 (2 in the c.m. system), i.e. for beams below ~60 GeV/nucleon

in the c.m. system.

There are presently two bodies of data relevant to these expectations. The first is from zero
degree calorimeter measurements by CERN WA-80/3/ together with results from BNL-E802/4/.

Figure 1 shows the E-B02 results. The zero degree calorimeter is limited to an acceptance
of 10.3° for these data. The two upper frames show results with a minimum bias trigger for a
Au target (left) and an Al target (right). The beam was 28Si at 14.5 GeV/c per nucleon. Botb
distributions are broad, spanning from just below the beam kinetic energy at ~380 GeV towards

zero. For the Al target the distribution falis off at low energies, while for Au a peak is observed

at ~20 GeV. With a central trigger (high charged-particle multiplicity) the pi h in
that the high energy part of the spectrum becomes suppressed. For Al the spectrum peaks at
=80 GeV, showing that there are 5 to 6 apectators, while for Au the peak at ~20 GeV dominates
the spectrum. If the acceptance is increased to +3°, the above features do not change, although

the 20 GeV Au peak becomes somewhat broader.
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Fig. 1. Energy spectra from the EB02 beam calorimeter.
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The interpretation of the above observations is straightforward. For Si+Al, collisions with

total overlap of the two equally sized nuclei are rare and typical central collisions have only partial

overlap. For Au, the projectile is much than the target, and completely overlapping

collisions happen often {=~10% of all interactions). The fact that essentially no energy goes
forward after a central Si+Au collision is indicative of “full” stopping.

In the WA-80 80 beam results/%/, at 60 GeV/c per nucleon bombarding energy, the overall
trend in going from light {!2C) to heavy (*7Au) targets is similar to the trends discussed above:
on the light targets few events take place with 2«gero energy left in the beamn while for Au the
spectrum still peaks at ~40 GeV, although the peak is less dominant than at the lower AGS
energy. At 200 GeV/c per nucleon the peak in the ‘%0 + 7 Ay spectrum has moved up in
energy to =500 GeV, and none of the lighter targets show a low energy peak.

We may conclude that “full” stopping is still possible at 60 GeV/nucleon for central collisions
of 120 + Au, but at 200 GeV/nucleon there is always energy going forwards, i.e. “transparency”
is setting in.

If the above interpretation of the zero-energy peak in the zero-degree calorimeter as being
an indicator of “full” stopping is correct, it is implied from data of Ref. 3 that a Ag nucleus is

not large enough to fully stop %0 at 80 GeV/nucleon beam energy.

The second body of data comes from lead-glass calorimeters, where the electromagnetic
energy from x® — 2 and n° — 2 is measured. If the lead glass calorimeter has an acceptance
that covers the maxima of the pseudo-rapidity distributions for the vatious targets, they give
a measure of the energy of created x° and n° that is largely free of acceptance corrections for
the slightly different kinematics of targetas with different masses. The lead-glase arrays used
in E802/%% gatisfy this acceptance condition. The results of Fig. 2 are from '°0+A at 14.5

GeV/c per nucleon and shows the total energy ed in an asimuthally ay: ic lead-glass
arrangement {for details see Ref. 5). One feature of interest is the high energy behavior of the
E$or spectrum for Cu and for Au. If the Cu curve is multiplied by x5, it coincides with the Au
curve, and both corresponds to 16 geometrically weighted convolutions of the p+Au apectrum
over the beam nucleons (see Ref. 8 for details). Thus the x° and n° energy production from 1°0
+ Au and '*0 + Cu are the same for the highest energies observed, no more energy is produced
with Au than with Cu. We may conclude that s nucleus of the size of Cu is enough to “fully”
stop '%0 at this bombarding energy, at least ax regards energy flow from produced x° and »°.
Prefiminary E802 results for Si-+A are in full accordance with the above discussion, the high
energy edges for Cu, Ag, and Au are identical except for a croes section factor. The cross section

factors may be interpreted geometrically, as the cross aections for complete overlap of projectile
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and target./>® An interpretation along these lines is not possible for the WA-80 calorimetry
data, because of acceptance effects (see e.g., Ref. 3).

It may be concluded that in regard to “stopping” the present data support the picture
underlying the RHIC scenario, and demonstrates the onset of transparency for energies at ~200

GeV/nucleon in fixed target mode.
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Fig. 2. Energy spectra from the E802 lead-glass array.

3. Comments on energy densities
An energy density behaves under Lorentz transformation as the 44 component of the kinetic

energy-momentum tensor/?/, so if ¢ is the density of a volume element in its local rest system,

the density observed in the lab system is

G =€ n
when the local rest system travels with velocity 4 relative to the lab system, and 4 = (1-8%)~1/2.
Hence a discussion of energy densities involves a di ion of ref yat In the extreme
limit of full transparency, Bjorken/®/ has derived a formula, that ts the ed tr

energy density dE, /dy in rapidity to the energy density in the hot, baryon free region between
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the collision partners after the nuclear encounter

e= “%(mzfo)—l 2)

R is the radius of the smaller of the colliding nuclei and g is a typical time, ususlly taken as }
fm. Equation (2) evidently does not apply in the AGS/CERN energy region, but has nonetheless

been used as a reference. The obvious reason for using Eq. (2) is that no experiment has so far

d the rel i from which the observed radiation originated. Applied directly, Eq.
(2} gives values of € &1 GeV/fm? at the AGS energies/>% and == 2 GeV/fm? at 200 GeV/nucleon
(Refs. 3, 10, 11). At AGS energies use of a fireball-mode! to define the reference frame and the

volume does not ch /8:8/ the esti d ¢, while & Landau shock front estimate (see e.g., Ref.

12) gives a larger value.

If the values quoted above are at all realistic, the indication is that densities of interest are
being reached, from 6 to maybe over 10 times those of nuclear ground states. Thus, accepting
the rather uncertain state of aflairs, we may conclude that nothing argues strongly against the

premise, that iderable densities may be reached in -nucieus collisions.

4. Comments on slopes of p,-spectra

It is cust, v to p prrticle spectra an E{d%0/dp®}) plotted versus p;.

Equivalent forms are often used,
E(d°c/dp®) = d®0/(dp=dp,dy) = d®c/{p dp. dody) 3)

and sometimes the invariant cross section is integrated over the azimuthal angle (¢} and/or over

rapidity (y),

i dP d*o
E—dl=2x——— 4
-/o dp® " pLépLdy “

assuming that there is no explicit dependence on 6.
Data of E(d®c/dp®) plotted against p, often look as an exponential and are parameterized

E(d®0/dp®) = a(y)e~P2/t), )

Sometimes the data are integrated over rapidity y before parametrisation, and the resulting slope

then represents an averaging over the rapidity interval
¥
/ dyE(d2odp®) = a'e PL/4, (6)
”l

A tabulation of selected slope ters from the CERN experiments are given below.
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Table

Siope Parameter t
Reaction Particle E/A t »n vz y(mid) Ref.
(GeV) (MeV /c)

1804+ W (=™) 200 190 0.9 1.9 3.0 13
180+ Au (=~} 200 153 2.0 3.0 3.0 14
150+ Au 0 200 210 1.5 2.1 3.0 15
%0+ Au =0 60 200 L5 2.1 2.0 15

(7~ ) stands for negatively charged particles, dominated by 7 ~. Errors on ihe slopes are typically
lesa than +10 MeV/c and the pg range {which differs from experiment to experiment)} is from
0.5 GeV/c to ~2 GeV/c. Preliminary data/!®/ from E802 at 14.5 GeV/c 8Si+Au show =t
slope parameters near 170 MeV /¢ for rapidities just below mid-rapidity and ~150 MeV/¢ just
forward of mid-rapidity. The data show a rapidity dependence towards smaller slope parameters
with increasing rapidity. Within the spread of the numbers, it is fair to say that there is littie
variation in the x slope parameter at mid-rapidity in going from 14.5 GeV/nucleon 28Si to 200
GeV/nucleon '90. p+A data from CERN exhibit very similar slopes; there are no p+A data from
BNL.

Recalling that « slope parameters at the Bevalac (see e.g., Ref. 17} were much smaller (<100
MeV/c), it is clear that a “saturation” sets in with increasing bombarding energy.

One may ask: Is it possible to give a thermal interpretation of E(d%0 /dp®) versus p, slopes?
The experimental data at present are not sufficient to answer this question. We shall nonetheless
offer a few remarks on the subject. Assume that the particles are emitted from a single thermal

source with a Boltzman distribution in total energy E,
m
P(p) = (47m?TKy(T)) " e 5/T @

where P(p) is the probability of finding a pacticle of rest mass m with momentum between p and
g+ dp. T is the temperature of the source, and E? = p? + m?. K; is a function related to a
Hankel function of second order of purely imaginary argument/!®/,

Equation (7) can be recast into the variables py, p1, and 8 and integrated over # and Py, (see
also Eq. {3))

o0 ar
Plostpados = [ do [ d0P(Ipsdps = (A THATN ik (GhIpades  (8)

where m) = (m? + p3)1/2 and K, is a function related to a Hankel function of the first order
(Ref. 18). Noting that pi1dp) = m dm,, Eq. (8) can be written

l'"J-

P(m,) = (msz( =N Kx( £) ©

324



i.e., for given mass and temperature the entire dependence on kinematical variables is in m . For
large values of &, i.e. for

mL>»T (10a)

K, b near exp tial/1®/, and

P(m.) = (m*Ka(F) ™ (5) /(G e T (10)

Thus a plot of ;ﬁf—_L versus m gives a near exponential fall off with increasing m | with a slope
parameter that equals the temperature, when m; > T.
Turning back to an interpretation of slope parameters from plats of Egs. (5) or (6), we note

that Eq. (8) gives a complicated behavior as function of p, ,
2 4 p2)\4/2
Nipa)dos o (m? + 520725 (22N o) )

where N(p.) is the number of emitted particles with transverse momentrum between p, and
pL +dpy. While Eq. (8a) is near exponential in m for m; » T, it is not exponential in p,
until p, satisfies

PL > m. (8b)

We thus have two conditions to satisfy for an exponential behavior of d%¢/dp3 , namely Egs. (8b)

and (10a); the Jatter may be written (taking 3> to mean > 2x},
p1 > (477 — m?)4/2, (105)

For pions the requirement is p, > 400 MeV/c for T=200 MeV, which is fulfilled by the numbers
quoted above. For kmons, Eq. (8b) is the sharper and requires p, > 1 GeV/c (using > to mean
> 2x). Proton spectrs plottéd as invariant cross section versus p, are not expected to be near
exponential in p; until p) > 2 GeV/c. The curvature of the K, function for py values near m,
may easily yield a totally erroneous temperature. The natursl variable in not p, but m, .

Let us finaily note, that the systematics of pion spectral slope parameters may posaibly reflect
a statement about a temperature saturation. The fact that p+ A spectrs exhibit a very similar

for A+A collisions. It will be very

t 14 certainly means that the ph is not
exciting to see spectra from very heavy beams and at much higher energies. Is there really a

universal maximum slope value of =200 MeV/c for pion spectra? We need RHIC badly!
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PRESENT STATUS OF THE GSI-SIS/ESR PROJECT

Paul Kienle
Geselischaft fur Schwenonenforschung mbH.
0-6100 Darmstadt, BRD

1 SIS/ESR Project

Fig 1 grives an overview ol the heavy ion acceleration compiex under construction at GSI' It consists of an
upgraded UNILAC used as an injeclor into a medium energy (1-2 GeV/u) heavy 1on synchrolron SIS 187> which
1s connected with a storage cooler ring ESR® af half the circumterence of SIS 18 The comiination of these two
nngs should allow 10 produce completely stripped heavy ion beams up 1o U*** with the highest possible phase
space densities achievable by various beam cooling techmques In addition SIS/ESR will provide beams of
radwoactive nuclei in the energy range from severat MeV/u up to 1-2 GeV/u again cooled 1o the highest possible
phase space densities The beams in the ESR may be used either circulahing with high currenls or extracted
with a great variety ot time structures and inlensities They may be also reinjecied into SIS for turiher accel-
eration or deceleratlion. There will be a large expenmental area with several experiments set up on beams
from both S!S and ESR Further experimental areas are localed directly behind SIS, between SIS and £SR and
around the ESR In future one can think of injecting the high phase space densily completely stripped beams
n superconducting collider rings with small apertures, modest size and prize to achieve very high «. m ener-
gies (> 20 GeV/u) at as high as possible luminosittes

Very recently we changed our injector concept into thu: UNILAC, such thal we can run a truly indepundent fow
energy program with a free choice of ion species and energy paraliel to a low duty factor high current injertion
cycte into SIS 18. The SIS injection is based on recently developed gh imtensily 10on sources® for low charge
states {U?"} which will be accelerated by 27 MHz RFQ struclures up to 130 keV/u and after stripping in;edled
straight into the second Wideroe tank. This high current injector will be operated with a duly farior ol } 2.,
which is sufficienl for synchrotron injection. It can provide 100-1000 times more injection current than the
present UNILAC

For the tow energy UNILAC program we plan to construct an independen injecior® isting of a 10 or 18 GH/
ECR-source, a RFQ linac up o energies of 300 keV/u, fottowed by an interdigitat line siructure up to the injection
energies of the Alvarez section (1.4 MeV/u} These siructures will be operated at 108 MHz with 50 %% duly fadtor

The heavy ion beam accelerated in the UNILAC up to 114 MeV/u and stripped to an adequate high charge
slate for the desired energy and infensity, 1s injected into SIS 18 during 10 to J0 turns and aciclerated with a
repetition rale between 3 Hz (upfo 12 T) and 1 Hz {uplo 18 T} 1o energies, d ding on the charge

states of the 1ons as shown n Fig. 2.

for uranium ions with a charge state of q=78 . after stripping at 11.4 MeV/u with a foil 1arget. 1 GeV/u 15
achieved as maximum energy. The maximum beam inlensities trom SIS 18 are shown (n Fig 3 for Ne- and U-
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Fig. 2. Max:mum achieveable energies at SIS 18 as a lunction of nuclear charge, the e.sergies are

(left) gwven far a gas- or a fod-stripper at an energy of 1 4 McViu. resuiting in relatively low degrees
of iomzation If a second siripper at 11 4 MeV/u is added or if completely iomzed particles from
Ihe expcrimental slorage ring ESR are reinjecied into the synchrotron higher energies can
be achteved
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Fig. 3. Beam currenis lor vanous charge slates of Ne- and U-ions, gained with the stripping proce-
(right)  dures described tn Fig 2 as funchion of the energy  The miensity drops by a factor ot 4 for
Ne'™' and U* arc due to a decrease of the repethion rate from 3 H2 to 1 H»

1ons of various 16nic charges. depending on the siripping procedure ds funchion of thetr spectfic encrgies. The
decrease o) the intensities towards higher energies is caused by a small decrease of the synchrotron repetition
rite, the drop lor 1 GeV/u Ne and 500 McV/u U is due to a change of the repetition rate from 3 to 1 Hz

Between SIS 1B and ESR the beam may be stripped once more to the highest desired charge state The ESR
wilh a bending power of B © 10 Tm allows 1o store ions up to U?* with The following maximum energies Ne'™'
{874 MeV/u). Ar'®" (709 MeV/u) Kr'** (656 MeV/u). Xe*** (609 MeV /u) and U™* (556 MeV/u). The uranium tons
can be fully sinpped al this enetgy with an efficiency of 60 % in a Cu-target of 100 mg/cm? thickness.” The
stopping yield increases sirongly with decreasing nuclear charge, thus one expects a yield of 70 % for Pb® -
1ns (574 MeV/u} and already 100 °5 lor Xe***-ions (609 MeV/u) Allernalively one can in<tall a reaction targel
for projectile fragmentation The favourable kinematic focussing of 1he products around the heam direction and
velocily allows efleclive mass-separation in 3 special mass-separator between 515 and ESR, followed by ac-
cumulation of ridoaclive beams wilh the ESR, which accepts beams with dp/p=+4 05 % and transverse

emttand 25 of 20 1 mm mrad

The ESR (Fig 4} has lwo 95 m long straight expenmental sections, in one of which an clectron coaling device
will be insialied  The other 4 straight sections will be used for the installation of f cavities, siow and fast ex-
triction elements The rf cavihies are used for acceleration, deceleration and especially also for bunching of the
beam logether with the civdlron cooling for reduction of the occupied longitudinat phase space volume. With
the fast extraction syslem of the ESR one can transfer a highly ionized and cooled beam back to SIS 18 for
furiher acceleralion or specially also deceleralion. The optics of the ring allows ihree modes of operalion, one
with moderate dispersion along ihe ning y suited for lation of beams with large momenium

spread {ip/p t 05 23} and emiltance (i.hv-" 20 n mm mrad), one with zero dispersion in the straight
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Fig. 4. The magnetic lattice lay out of the ESR ring, with stochastic and electron cooling devices, rf-

cavities and a straight section with an optional gas jet target.

sections, which allows multi-charge operation (U** - U°?*) and one with large dispersion to accomodate two
beams of slightly different momentia, which then may be brought to merge with a well defined angte of about
100 mrad.® This can be used to study collisions of twe highly ionized beams af fixed target equivalent energies

of up to 7.2 MeV/u and an energy definition of betfer than 10 %.

The most important facilities of the ESR are various cooling devices which can be applied complementary. For
low phase space densily secondary beams stochastic pre-cooling may be used. For coaling to very high phase
space densily, electron cooling of complelely stripped heavy ions is foreseen in an interaction zone of 2 m
length. A "cool” electron beam of 5-10 A is focused within an area of 5 cm diameter collinearly along the ion
beam at the corresponding average velocity. For cooling of beams between 30 MeV/u and 560 MeV/u, efectron
energies in the range of 16.5 keV and 310 keV are required. With an eleciron beam current density of up to 1
A/cm” and ion beams of initially 8p/p = 0.1 % and £ = 4 & mm mrad cooling times of 30 ms for U** at 500
MeV/u are expecied. Heavy ion beams with emittances as small as 0.1 » mm mrad and momentum spreads
of less than 10 ~* may be produced. Space charge effects limit the number of ions to be coaled in a circulating

beam®.
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While the cooled beam circutates in the nng H may be used In the second straight seclion for the study of
colision processes wilh internal targets, which may be atomic or electron beams (unpolanized or even
polansed) gas jets or hbres For all expeniments which need thin targets a high gain in fuminosity may be
achieved compared with a single pass expenment due 10 the tncrease of the circuluting beam current
{~ 2x10%) Also the inleraction of coilinear laser and eleciron beams with the Lirculating tons of high intensity

and smail momentum spread may be lavourably studied

The buiding consiruction started in November 1986 and is compleled now  All dipole magnets and several
focussing groups are mnslailed in the SIS-tunnel and connected lo power supplies and cooling circuits In be-
ginning of July we expect to make the first power tesi runs togelher with the electric power companies which
will probe the line loads and the reaction of the generator sets We expec! 10 have SIS 18 completely assem-
bled by the end of 1988 to start first injection test. After a conussioning period of half a year. we hope o slart
first expertments with beams from SIS in fall of 89

The ESR 1s constructed parallet to SIS. The magnets, power supplies. UHV systems and the eleciron cooling
device are under construction. In summer 1988 we plan 10 begin the mstallation of the ESR magneis with the
goal to start commissioning and first cooling experiments only shortly after SIS has laken up production

2 EXPERIMENTAL FACILITIES FOR FIRST NUCLEAR PHYSICS EXPERIMENTS AT SIS/ESR

aj Projectile Fragment Separator (FRS)

In the experimental area between SIS and ESR (Fig. 1) a high resolution projeciife fragment 1sotope separalor
{FRS)} will be installed**. Radioactive beams can be transparted into a small cave close 10 the FRS. into all ex-
perimentatf facilities of the large target hall and most impartant into the ESR The FRS is constructed foliowing
a scheme which has been successfully used by the separator LISE at GANIL". A high energy. high nlensily
beam from SIS hils a target in which projectile fragments are produced with sirnilar velocities as the beam and
well focused in the direction of the beam (0,5 < 0 5-19)  The first two dipole magnets separate fragments
with a cerlain A/Z values. from the projectiles and fragments with different A/Z For an i1sotope separation from
a selecled A/2Z-fraction. the nuclei are passed through an absorber, in which they loose energy proportional 1o
Z? T' us nucler with a certain Z can be separaled compietely by lhe toliowing two dipole magnets By shaping

the absorber chromaticity currections may be niroduced

The physics programs at the FRS is expected to become very diversified Firsl we wall focus on the study of the
fragmentation process especially with heavy masses Beside the measurement of A and Z disiributions the
study of the momentum and energy iranster on the fragment shoutd shed hight on the reaction dynamics With
separated i1sotopes delaited nuclear structure sludies of heavy neutron rich nuclei should be possibie. Then of
course high energy radioaclive beams may be produced and used for reaction sludies. especially also in con-
text with the ESR. in which they may be cooled and decelerated.

A very different class of reactions which may be favourably investigated in the FRS are fusion reactions? ai
high energies using inverse kinematics, like 12’C v n°)13N The heavy fusion products cmitted in a small
forward cone may be identified and completely momentum analyzed with 100 % detection efficiency Thus very
rare processes may be studied. Another interesting field is connected with the proposed study of
A-production in quasielastic collisions, for which the FRS may be used as a high resolution spectrometer. Very
rare processes like the subthreshold production of K~ and antiprotons can advantageously be studied a1 e
FRS as well as the search for exotics like nevirons bound by negative pions.
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b} Nuclear Physics Expertmunts with the ESR

The radioachive beams of the FRS may be injected into the ESR, accumulated and cooled by stochastic pre-
cooling and eiectron fine cooling to the highest phase space densities possible. Their energies may be adjusted
1n a large range by acceleration or deceleration in the ESR. These radioactive beams may be used as high
current circulating beams in the ESR or they may be slowly extracted and transporied in the experimental hall.
The ESR may be also favorably used as a high resolution mass spectrometer or mass separator. With a scan
of the revolution frequencies of cuoted coasting radioactive beams in the ESR. high resolution mass measure-
ments may be performed The relative {A/2) resolution given by the expression 8(A/Z)/{A/2) = {< 3B/8 >?
+ (1/12- 1/-,‘2) "l‘ < aplp > 2)1’2 1s determined by the variation of the magnetic field 58/B and the momentum
si.read {ip/p) Note that the contribution from the momentum spread becomes very small if one could store the
1ons with a relativishic factor y close to the transition point (y‘), With well controlled magnetic lields and well
cooled beams, mass resolutions of 10'5 to 10'5 may be achieved. The ESR is also equipped with a resonance
extraction system, which may be used as a mass separalor. In such an operation the electron energy of the
cooling system would be used for fine of the revolution freq to the extraction resonance for
one parlicular isotope which would be kicked out of the ring

It was suggested'® to use cooled circulating radioactive beams of 200 - 400 MeV/u energy for high resolution
nuclear reachon spectroscopy on nuclei far off sfability. All standard quasi elastic reactions, fike inelastic
scailering and transter reactions may be investigated by bombarding atomic beam targets of H, D, T, 3He. 4He,
sL| 7L| eic. with circulating cooled, radioactive beams and detecting the light recoils at angles. which corre-
spond to forward angles in the c m -system The ion is critically dep: on the accuracy to measure
1he recoil angte and thus on the emittance of the cooled beam. With an emittance of 0.1 r mm mrad one expecis
for inetastic scattering at 160 Mev/u a Q-value resolution of about 50 keV.

One class of ESR expenimenis is concerned with the fi-decay of a completety stripped nucleus 10 its isobar with
the decay electron becoming bound 1n 1he 1s state. This pracess which is interesting for the nuclear synthesis®

and neutrino physics'* has nol been observed before. Because the final state is energeti favoured
to the initial one by about the binding energy of the 1s electron, nuctei which are stable as atoms may decay
if the following condition is fulfilled.

Q = Im2)-m(Z+ 1] ¢ + [BZ)- BIZ+ )] + [B{isiz4q > 0.

in this expression [m{2) - m{Z + 1)]:2 15 equal to the mass difference of the neutral aloms, [B{2) - B(Z + 1)} de-
nolfes the tolal binding energy difference of the electrons in the atom Z and Z + 1,and |B(1s)|z + qthe binding
energy of the electron captured in the atomic 1s-state of the nucleus with atomic number Z + ¢

There is an interesting proposal lo siudy the groundsiate hyperfine splitting of hydrogen-like 1ons either by
detection of the M1-fransitions belween the hyperfine levels after production of the hydrogen-tike 1Ons 1n a
stripper foil or more ambitiously by collinear laser spectrascopy. The transition energies are in the oplical re-
gion and one can also use the large Doppler shifis for tuning purposes The radiative Wletimes of typical
groundstale hypetfine structure transilions are between 100 ms and 100 ps.

Sludies of nuclei far off stability were proposed using C i fusion and possibly transfer
r i with radi ive beams of frag| projectiles, cooled in the ESR and decelerated 1o energies

close to the Coulomb-barrier. Such reactions will allow to study nuclei close to tha proton dripline.
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c} Hol Dense Nuclear Matter

Following the exploring work on the properiies of heated, compressed. and baryon excited nuclear matiter
studicd by i energy nuc! leus collisi at the Bevalac, sevond generalion experiments arc de-
signed fo study the dynamics of dense and hot matied including the rare processes like the produciion of

7-rays. strange hadrons and antiprotons in the SIS target haf).

Fig. 1 shows the tentalive lay out of the beam transport system leading 10 three large caves in which the first
expenmental facilities will be installed during the next two years. Two caves are antcipated for nucicus-
nucieus collision studies at the beginning. The third cave is rescrved for biology. atomic physics and smaller
nuclear physics experiments.

For the study of cenlral collisions we decided to const.uct an advanced 4n-detector for charged particles in-
cluding a forward-spectrometer and large Ban-deIeclor arrays for high energy photon spectroscopy This de-
vice is designed 0 measure the complete momentum flow (danldﬁ') of all charged particles originating from
a hard collision, which will allow 1o analyze in substantiai detaul the colleclive nuclear matter flow first observed

in exclusive experiments by Gustalson ef al."*

A schemalic lay out of the 4n-detector 1s shown in Fig 5. The target B is surrounded by a drift chamber E
placed within the magnetic field {05 T) of a superconducting solenoid J Particies ernited in a forward cone
between 30° and 7° are identified with three planes of tracking delectors F. a detector to measure energy loss
H and the TOF plastic wall G, placed about 4 m downstream the target. For handling high muitiplicity events
the plastic wall 1s segmented into about 1500 thin plastic scintillators recording AE and ihe time of fight of
particles A complele particie identification is aimed at by measuring the magnetic ngidily (Bp), the veiocHy v,
and the energy loss AE through several deteclors. The momenlum vector §” can also be determined for each

- 1

o sm

Fig. 5. Schemalic lay out of the 4n-detector The targel B is surrounded by a central drift chamber E
n a magnelic field produced by a superconducling sotenoid J. The forward cone belween
and 30° 1s covered with tracking chambers F, a cluster deteclor H and a time of flight wall G.
The products emitied in heam direction are analyzed with a forward spectrometer FS and a
Dutector D High energy y-rays are delected with Ban arrays K.
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charged particle In order fo cover also lhe forward cone ©<7° a forward spectrometer (FS) using a large

magnelic dipole field is under discussion Such a device would ct the Now ysis in the

important forward direction. The complete 4n-detector can of course also be used to study in detail certain

selected particle-particle correlations including multifragmentation.

The praduction of y-rays, n® and n°mesons will be studied with a Two Arm Photon Specirometer “TAPS” con-
sising of al least two arrays of 64 BaF,crystals each being 12 radiation lengths deep. High energy
t-spectroscopy m3ay be a useful probe 1o invesligale the temperature and possibly the energy density of the
hot matter in an unambiguous way It may also be possible to study direcily the production and decay of
baryonic resonances. At higher bombarding energies the combinatorial background of many y-rays from n°
decay may prevenl single pholon spectroscopy or witl make it very difficult. In this energy regime complete
n-meson creation studics seem fo be mosi important. At still higher bombarding energies, the complete
4n-detector should allow lo abserve also K+-produc|ion. The forward sp of the 4 will be
extremely useful lor nuclear reactions, in which lighter target nuclei are bombarded with heavy projecliles The
projectile fragments should be alf contained within a forward cone and can be anaiyzed simullaneously by a

spectrometer with large angular acceptance. For first experimenis moderale momentum resolution might be

adecguale

There arc also plans to construct a detector for high encrgy neuirons, having very high efficiency and the best
possible lime of flighl resolulion 1o study Coulomb break up of relativistic projeciiles. Such a detector consisling
of a sandwich structure of iron converter pfales and plastic scintillators could be put 15 m downstream from the

iarget

With the highesi SIS energres and high bram intensities it will be possible to study the subihreshold production

of strange particles ke K* and K~ and hopclully also anliprolons as jon of ding energy and mass
of the colliding nuciei These rare processes should give further informalion on collective effects. like com-
pression and correlations ol quarks and antiguarks in the high density firebalis produced in medium energy
nucl leus c Several specirometers and transport devices are suggested for these in-

vestigations, including the use of the projectile fragmentation isotope separator for the measurement of K~ and

o

p-production in forward direction. Fig 6 shows the design values of a Kaon Sp . which is di
to study specially K + -production at energies as far as possible below the threshold.

Quadrupole Dipole

C 06075 12 18
p (GeV/c)

Fig. 6. Design sch ic of a Kzon Sp
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3 CRYSTALLINE BEAMS

At the end of my review | like to draw atlention on a phenomenon which scems fo open up very exciling physics

with cold heavy ion beams available.

It was pownied out'* that by cooling beams of highty stripped high Z ions (U%*) in the ESR to low enough tem-
peralures a phase transition lo an ordered stale should occut, (tthe order parameter'” [ = (Z’e?/a)/kT excueeds
170 Molecular dynamics simulations'® {Fig. 7) show thal in such a beam a novel form of ardering occurs wilh
the particles being placed on cylindrical shells encircling the beam axis New crystallographic symmetries oc-
cur thal difter fram thase in an infinite Coulomb fattice. The latlice constanis are in 1he order of severin tens
of micrometer, thus a piece of condensed ordered matter is formed with a density 10"* times smaller than or-
dinary matter. The praclical absence cf Doppler broadening will be extremely beneficial for some nuclear
physics experiments discussed above. A momentum spread Ap/p of 10 ®. characteristic for crystalline beams.
would allaw high precision mass measurements (Schottky scan) and resonance laser spectroscopy with lower

power requirements

TR

lo o 0 ¢ 0" "o s

DISTANCE ALONG CIRCUMFERENCE

B i - 1
10 -05 0.5
x{"BEAM" AXIS)

Fig. 7. Crystalline beams. .y . . -
Upper part: Projectian of 2000 particles in a molec y S I ontp the 'plane
perpendicutar to the beam (x-axis) for [ = 170 Lower part’ distnibution of particies in }hc
ouler shell with the shell unfolded info a plane. All shells but the innermost show a similar

pattern.

L]
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