PARALLEL SESSION ON ELECTROMAGNETIC
INTERACTIONS OF HADRONS

ELASTIC AND INELASTIC ELECTRON SCATTERING FROM
THE DEUTERCN AT LARGE MOMENTUM TRANSFER

B.T.Chertok
American University,Washington,D.C., USA

The deuteron form factor FL (¢*)and inelastic
structure function, YW, p(q%7) , at threshold
both provide excellent examples of the continuity
between nuclear and particle physics at the mic—
roscopic level. The deuteron could be viewed as
a very complex system at low and moderate

qz. (<1 GeVz). That is, this elementary two-
body bound state at qixa could become a complex
system with increasing qz by the addition, for
example, of isobar resonances (44 and /V//V) to
the N -A/ ground state and with the increasing
importance at the electromagnetic vertex of two-
body meson—exchange currents.

However, the probing of the deuteron's
electromagnetic structure at large qz( 21 Gevz)
appears to reveal a marvelous simplicity/l/.From
a dimensional scaling quark model approach
Brodsky had predicted that the deuteron form
factor would diminish as (qz )—'after the two-
nucleon's structure was removed at reducedCf/z/,
l.e. 5

F‘O/F:(q/4>"’ 4/q2, (1)
This prediction has been confirmed in our experi-

ment at SLAC/l/ as seen in figs.l and 2.
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Thus, the underlying six-quark substructure
of the deuteron is manifested in five powers of
2z 2 2 2 2y”
q 3 i.e., F% ( %‘) /q 'VG? ) in agreement with
quark counting, so that,
2 N~
Q)  F,

This presentation will be div;ded into

— const . (2)
three sections:

1. The Asymptotic Elastic Form Factors of
Hadrons and Nuclei, and the Continuity of Par-
ticle and Nuclear Dynamics;

2. Measurement of Inelastic @-) Scattering
in the Threshold Region at large Momentum Trans-
fer, and

3. Measurement of the Magnetic Form Factor

2
of the Deuteron at q=1 ceve.

Professor Dally has presented our new
measurement of the deuteron's magnetic form
factor (section III) to this Conference,

I. The Asymptotic Elastic Form Factors

This study of the implications of the deu-
teron having an underlying six—quark substruc-—
ture and the general connections between dimen-
sional scaling and elastic form factors are sum—
marized very briefly/B/.

The large qzbehaviour of the elastic form
factor of a hadron or nucleus is related by
dimensional counting to the number of its elemen-
tary constituents. Using the framework of ' a

scale—invariant quark model, dimensional scaling



—
predictions are derived for the B(ﬁz)/51(qz) A systematic comparison cf the data for It ,

ratio in the Resenbluth formula, multiple photon P , N, and deuteron form factors with the di-

exchange corrections, and the mass parameters mensional scaling quark model predictions are

which control the onset of the asymptotic power given. We also relate the deuteron form factor

law in the meson, nucleon, and deuteron form to (off-shell) fixed angle n-p scattering, and

SF (+
factors. A simple "democratic chain® model pre- show that the experimental results for 't D( )

2 2 2 \I-h N _
dicts that for large 9 , F(qz) M({~q /mn) are consistent with the magnitude of the s-wave

/
where Tlr!1 is proportional to the number of con-~ function U(8) obtained from soft-core potentials.
n,

stituents T as in Fig.3a. Quark interchange The relaticn of the dynamics of an underlying

of Flg.3b is used to calculate FD with the re~- six—Jquark state of the deuteron to the nuclear

_ potential and exchange current contributions is
sults already presented in Fig.2. In the case

2
discussed, The scaling of ( 'FD(QZ)implies that
€ LY (o) the nuclear potential (after removing the effects

Y of nucleon structure) displays the scale—invariant
qQ
3 behaviour of a theory without a fundamental

d : 3 P9 length scale. Predictions are also given for the

H structure functions, fragmentation, and large

angle scattering of a nucleus.
(b Fig.3

Y IX. Inelastic e~D Scattering at Threshold

2
[\r BN 2 At squared momentum transfers 0.8<Q £.6.0

AN ESiY
; M psa (GeV/c)z, nine spectra of inelastic electron deus
|
1

T s teron scattering were measured in the threshold

region between O and 2.3% in AP/P below the

elastic peak. The deuteron inelastic structure

of nuclear targets (or systems with several
function ))Wl was extracted from these data.
scales of compositeness), we also define the

2 2y /& 2
nreducedn form factor fﬂ(q )za(q‘)/qrz‘f-;(qa)

in order to remove the minimal falloff of ’—4

We found V Wz(w') approaching a universal scaling
curve and a close relation between 1)\/‘/’2 and the

2 2 2\ .2 deuteron elastic structure function A(q‘)"“_
dne to the nucleon form factors at qaa(ma/mﬂ)q
We report preliminary results of inelastic

Dimensional counting predicts (qz) A-1 {A(qz)-p const
electron deuteron scattering in the threshold

as summarized in Table I.
regilon at high momentum transfer Q . The data were
taken from a SLAC experiment/l/ whose main pur-—

TABLE pose was to measure the elastic scattering cross’

Compositeness of Matter

sections and the deuteron structure function

mi2 2 2
Bound State  F, ~3 A L a{q ) at nine values of  1in the region
A 2
. . . 0 0.849£6.0 (GeV,/c)z. The experimental conditions
€, 1, Y,
%, K N 2 = were such that we measured not only the elastic
p, 1 a2 events, but also inelastic events from deuteron
-1
b Fplt/4) 2 t breakup and pion production between O AP/p'{—Z.J%,
3 -2 je
/ 3
He Fpa' » ¢ where P-‘i is the scattered electron momentum at
Yge Fp(t/lG) 4 8

the center of the elastic peak. The nine inelas-

tic electron specira span ap unusual dynamic



region of large qz and small energy transfer

V= Ej - E-f , the difference between initial and
final electron energy. This region has not been
explored before. Bjorken scaling is expected

when both qzand V are large compared with Nil ,
the square of the nucleon mass, as in deep ine-
lastic electron scattering. The data presented
here are on a scale where qz is expected to re-
sglve the nucleons into fermion quark currents

while )) is typical of excitation energies

where pucleon-nucleon final state interaction
effects may be significant.

We used the 20 GeV/c spectrometer of SIAC
End Station A to detect scattered electrons at
a fixed 9g =8% from 1i§uid deuterium, liquid
hydrogen (for system calibration) and from a
dummy target to determine the empty target back-
ground. To remove the elastic events ogut of the
inelastic and background events, we used the
8 GeV/c spectrometer in coincidence with the
20 GeV/c spectrometer to detect the recoil
deuterons with elastic kinematics.

Qur results for the inelastic ocross secti—
ons are the spectra of &26'/dﬂdgf versus Eg.
The error bars on the data points represent the
statistical errors only. The systematical errors,
mainly from uncertainties in AR and the corres-
tions, are estimated to +20%. The spectra rise
almost exponentially with decreasing E{_ , With a
sharp rise from zero at the threshold.

For qz,\)-e»oc, it 1s observed that Y W,
becomes a funetion of the scaling variable a),
only, with CJ/‘-:H‘ Wz/qzand W= Mzﬁ-lM‘?"qz
square of the missing mass. Figure 4 shows a
comparison of our data with data from Refs.5
and 7 on a ?W’& vs, co’ plot. 78/, at qz below 2
(Gev/o) , we are not yet in the scaling region,
but at q 22 (GeV/o) , our spectra merge with
increasing qz. into & universal Y W,_(w‘)curve.
We find empiricslly that the spectra with
q2 > 2 (GeV/c)2 can be described by the relation
Q\Ajzu(w'..OQS):Lwith n =6+ 0.5. In an interes-
/8/’

ting paper presented to this Conference
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Frankfurt and Strikman use a dispersion theory
approach to the deuteron bound state and appro- _
ximate their prédiction for VW, as J2( l‘é )
for ,55 sw's {

We find a clpse relation between the elastic
H(qz) and W1 at constant WZ. For W (Ref.6) close
toM/, we find empirically that our data follow

the relation
Fo(q?) - e(w?)
W:L ~ Py 9/ . (3
with F'C( given 1n Fig.5 and a function @ only
depending on w? (see Fig.5).
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A connection between F and sz near
threshold has been given by Drell—Ya.n/g/ and
West/lo/ for the case of the proton:

(P“)/ 2
P Z q
oW (o, i) a1



If we extend this prediction to the deuteron, we
-5

postulate P=9, since 5VV(4/QZ) . From our data,
we could not get a reasonable fit within 4£P£.11.
So, we do not bave any evidence that this connec-
tion works for the deuteron. However, we seen
to be at too small qz,‘a ~values to observe
scaling in X .

1£ G(g%)1s the excitation form factor of a
resonance at M =Mp,

2 2

W, = (Mg~ 5 49%)-[6(qV] - S(W= Mo
is its contribution to Vuéin the narrow reso-—
nance approximation. This has been shown by
Bloow and Gilman/11/. our data indicate that
this relation works in our case( MQQ"MJ); i.e.,
*)’szqu- F;~ g’(wz), similar to eqn. (3). Thus,
our measurements indicate that Vuéat threshold
behaves like a resonance with G(q")v F;((?f)_’..fhis
leads, in the language of the quark model, to be
conclusion that, like in the elastic case, all
six quarks participate in the threshold inelas-

tic scattering process.

III. Measurement of Magnetic Structure
Function of the Deuteron

At a momentum transfer squared of 1.0 (GeV/c)2

the elastic scattering of electrons on deuterons
has been measured at electron scattering angles
of 8%, 60° and 82°. From these data we have
extracted a value of B(q%)=1.55+.10x107° for
the deuteron. This measurement extends the range
in momentum transfer by almost a factor of two
over the previous measurements/lz/.

Targe angle elastic eD scattering permits
testing the dynamics of the deuteron's magnetic

2
dipole moment, and large § probes the short

distance structure of these nuclear electromag-
netic currents. Previous measurements of the

deuteron's magnetic structure function B(qz)

<qt < —2 2
in the interval 0£q £ 14 F (0.55 GeV") appear
to be fully consistent with calculations using
the impulse approximation/IB/. These calculations
use standard deuteron wave functions from N-N

phencmenclogy and the measured nucleon form

A74

factors to compute B(qfl This approach appears
to describe adequately any interaction effects
in the deuteron at larger qz but leaves un-
explained a discrepancy of 1-2% for the static
magnetic dipole moment.

Qur H(Qﬂis measured by scattering electrons
at 8°, detecting the electron in the SLAC 20-GeV/c
spectrometer and detecting, in coincidence with
the electron, the deuteron in the SLAC 8-GeV/c
spectrometer. The large angle data were taken
at 60° and 82° where the electron was detected
in the SLAC 1.6-GeV/c spectrometer, and the
deuteron was detected as before. In order to
calibrate the double—arm acceptances of these
spectrometers, we also measured electron-proton
scattering under the same conditions as those
of the deuteron.

While it is not possible to rule out small
contributions from exchange currents, our measu-

rements are entirely consistent with the impulse

approximation using empirjcal fits to the nuc—

leon form factors. Thus, our measurement reaf-

firms the earlier observation made in Ref./IB/
at 1owerc71to the same effect, Moreover, the im-
pulse approximation for B(Qf)is semsitive to the
values for the nucleon form factors; in particu-
lar, the IJL form factors/l4/ yield a value of
B which 1s 40% lower at q~=30 f'-éhan that using
best fit to the data for G, . We bave also
examined the effect of using different potential
models for the deuteron with varying amounts of
‘D" state and find that the value of B 1s sen—
sitive to these. For example, the Hamada—Jdohnson
model with our most realistic nucleon form fac-
tors and a 7%D state wave function are estimated
to produce a value of B approximately 30% higher
at q"=1.0 GeV/c® than the Reid soft-core model
we have used for our calculations. These un—
certainties lead to considerable ambiguity in
ascertaining the contribution - if any - of
meson exchange currects in the magnetic struc~

ture of the deuteron.



Summary

Measurements of eD scattering at large
values of ?1 as presented and discussed here,

should enrich both nuclear and particle physics.

/1,4,12/

In particular, the data should provide

important guidence for connecting the two fields
of physics at the microscopic level. The const-
raints of gquark-fermion currents and normal had-
ronic states must be simultareously imposed and
consistently satisfied. Measurement of elastic
electromagnetic form factors toeven larger ?7-

- will continue to play a unique role in physics.

References

1. R.Arnold, B.Chertok, E.Dally, A.Grigorian,
C.Jordan, W.Schutz, R.Zdarko, F.Martin,
B.Mecking. Phys.Rev.Lett., 35, 776 (1975);
SLAC-PUB, 1596.

2. S.Brodsky. In "Proc. Int. Conf. on Few Body
Problems in Nuclear and Particle Physics®,
edited by R.Slobodrian, B.Cujec, R.Ramavata-
ram, p. 676, Les Presse de 1’Univ. laval,
Quebec (1975), SLAC-PUB, 1497.

3. S.Brodsky, B.Chertok. SLAC-PUB, 1757 and 1759,
submitted for publication.

4. W.Schutz and Collaboration of ref,l,submitted
for publication.

5. J.S.Poucher et al. Phys.Rev.Lett., 32, 118
(1974).

6. For comparison with refs. 5 and 7, we calcula-
ted Wwith M v=+938 GeV. Our data are then in

~ the range ~2. 12A4M/ 0.76 GeV « For compari-

son of YW, with Fy we defined W™ with My =
= 1.876 GeV (3. 52‘IV 5.02 Gev? Y.
7. E.M.Riordan. Thesis, MIT Report No. COO-
3069-176.
8. L.Frankfurt,M.Strikman.This Conference,265/B2
9. S.D.Drell, T.M.Yan. Phys.Rev.Lett., 24,
181 (1970).

10. G.B.West. Phys.Rev.Letters 24, 1206 (1970).

11l. E.D.Bloom and F.J.Gilman., Phys.Rev.letters
25, 1140 (1970).

12. F.Martin and collaboraticn of ref. 1, submit-
ted for publication.

13. R.Rand et al., Phys.Rev., D8, 3229 (1973).

14. F,lachello, A.Jackson and A.lande.Phys.lett.,
43B, 191 (1973).

A7S5

THE MEASUREMENT OF THE NUGLEON AND PION FORM
FACTORS IN THE REGION OF TIME-LIKE 4-MOMENTUM
TRANSFERS FROM 1.5 F 2 TO 3.0 F 2

S.F.Berezhnev, T.D.Blokhintseva, A.V.Demyanov,
A.V.Kuptsov, V.P.Kurochkin, L.L.Nemenov,
G.I.8mirnov, D.M.Khazins

Joint Institute for Nuclear Research, Dubna

The experimental 1nvestigations/1-3/ of the
reaction of inverse electroproduction of pions
(1EP)

5/7“+/b——>€++ e + 72 (1)
have been made at the pion energy of 275 MeV.
The study /4 of reaction (1) was continued by
means of a new experimental device, that permit-
ted to detect 1043+46 events. The cross section
of that part of the reaction which is determired
by the geometry of the experimental device with
the additional restriction 4,4 >50 MeV ( £, 2
is electron energy) is

A 6 = (4.80 + 0.43).107° on?.
All events were separated into 5 groups according
to the kinematic variable Ajz, the average valu-
es of /(21n each interval is 0.058, 0.0.73,
0.088, 0.103 and 0.119 (GeV/0)?. The distribu-
tions of events as the function of Codﬁietween
the pion and photon momenta (c.m.s) J;/V
were plotted for each group.

To analyse the experimental data the disper-—
sion/6/ model has been used. The fermfactors

/';?'e?)and

meters upon which the differential cross secti-

2
/;[kﬂjwere taken as varying para-

ons are greatly dependent. The remaining form
factors F;J{, /5 ’ /5 l’za.nd 6'/: affecting weakly
the differential cross sections were calculated
by means of the dipole formula. All the parame—
ters were considered real. When determining the
formfactors /5'?x€)and/g[2ythe experiméntal cross
sections C/{/o/@d 9rwere fitted by theoretical
ones calculated under the assumption that the
formfactors should be equal.

Calculations performed by using the disper—

sion model describe very well all the experimen-—

tal data. The results of determining the form



y . .
£ %Y and Fr(¥%) under the condition

of their equality are presented in Table 1.

factor

Table 1
2
Ge
KE(_.G,‘; 0.058] 0.073 0.088 0.103 0.119
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FPig.l shows the distribution of experimen-—
4
tal events as the functions of the (036 variable.
Theoretical curves have been obtained when de-

v,
termining the form factors A 1 ana /:/7,/'(2)

(see Table 1) by using the dispersion model.
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Fig.2. Results of pion formfactor measurements/g/
in experiments on pion scattering on electrons
(/( <0) and in the experimenyﬁ} stud}ss of the

éoee*efé process (K2>9): & < the
présent investigation. Solid curve is the re-
sult 71? calculations in the superpropagator
mode1/ %/, ‘ ,

2 —

The data were (/{=13.7 with/\/2=4) approximated
2

by the function ,[-;V//(’a/-hl/é E,ZK with ¥ = 7=

0.75 » 0.09 £.
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For the part of statistics the phenomeno-
logical analysis of data on reaction (1) is pre-
sented. It allowed to determine the contributions
of states with varicus photon polarizations to
tke IEP di

ferential cross section. In one-

photon approximation the IEP cross sectlom is

/5/

written as

e/ BT =26,
A2y d' e AKX Z T o

2
where A 1s the square of the 4-momentum trans-
ferred,—Qe,-.Qa’are s0lld angles of gamma-quan-
tum and electron scattering, 2 is the index de—~

termining photon polarization, 7,7 describes the

e

process

VAN -Eadd N7 (3
with transverse nonpolarized virtual gamma-
guanta, 75 corresponds to processes with trans-
versely polarized photons, zcorresponds to
processes with longitudinally polarized photons,
7; descrives interference longitudinally and
transversely polarized photons, 62'
corresponding differential cross section, the
coefficient /gz' is the known functions of va~
riables A’e, Cﬁﬁ/@ , and Qﬂtge .

The particular form of the parameter 77:4,
depends upon the applied theoretical model. In
the phenomenclogical analysis the two-dimensio-
nal distribution of IEP events of the variab-
les 60:577 and &)623 was approximated by functi-
on {2) with varied parameters 7—; the coeffici~
ents /?? as funotions of variable (&% and Cé)&’e
were calculated by the Monte-Carlo method with
the acoount of real experimental conditions.
All the experimental statistics was distributed
into five groups on k’zwith average values of

equal to 1.48 £72, 1.88 £72, 2.26 £72, 2.65 £
2

~2
b
3.05 £~. For each group the phenomenological
analysis was performed. The obtained evaluations
are shown in Fig.3 {(a,b,c). The same Figs. show
the results of theoretical calculations (solid

curve)., It is seen that the model/é/ well des—



cribes the behaviour of cross sections corres-—
ponding to the radiation of tne transverse

nonpolarized and longitudinal photons.
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As has been shpwn by calculations, the 61
cross section depends equally on the Dirac
v
isovector formfactor /{ of the nucleon and the
plon formfactor /Sy. The value of é;»depends,
%4 4

mainly, upon /g : the variation of A; within
10% changes é;; by 14%,2%, while a 10% change
of f;? changes é;; only by 3.8%. Thus if the

v
value of é;y 18 known with a small error, /;
can be determined with a good accuracy even
when a rough estimation of the formfactor rFi
is used. Since 62,15 determined only by Born
/6/

terms , the obtained value 1s not dependent

upon model uncertainties.
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MEASUREMENT OF THE PION FORM FACTOR*
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Fermi National Accelerator laboratory

I.Ioan, T.Nigmanov, E.Tsygenov, A.Vodopianov
Jolnt Institute for Nuclear Research, Dubna

The pion form factor has been measured in
the momentum transfer range 0.03% fzﬁ 0.07
(Gev/c)2 by scattering pions from atomic electrons
in 2 1liquid hydrogen target. The plon form fac-
tor is defined to be the elastic scattering cross
section divided by that predicted for a point
pion. When It is expanded in powers of 32, the
mean-square radius of the pion electromagnetic
charge distribution appears in the first coeffi-
cient: }g_{ - (_@z—:—) N )F(’g))l

$ s X

The experimant was performed in a 100 GeV/c
negative plon beam incident on a 50 cm liquid
hydrogen target at Fermilab. The maximum recoil
electron energy is 84.0 GeV which corresponds to
a maximum momentum transfer squared ip the
elastic reaction of 2 =2l ™)<0.086 (Gev/c)Z,
These small momentum transfers give laboratory
scattering angles which are typically a few
milliradians within our acceptance, The trajecto-
ries of the incident pion and of the scattered
piorn and electron are measured with proportional
wire chamber stations, each having four planes
with 2 mm wire spacing staggered by 1 mm. The
scattered particles are bent through two BM109
magnets with a total field integral of 70.35 Kg-m,
and their trajectories beyend the magnets are
measured by six magnetosirictive wire spark
chambers.

Downstream of the spark chambers is a two
particie trigger hodoscope. The gecometric effi-
ciency for triggering is nearly 100% for the
range 0.03<4" < 0.07 (Gev/c)°. An array of ten

*
Supported in part by U.S.Energy Research
and Development Administration and the National
Science Foundation.
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lead—glass shower counters 14 radiation lengths
long served to reduce background friggers

during the run and to aid in the subsequent lden-
tification of elastic pion—electron events.
Scattered muons were identified with a segmented
steel filter.

An event trigger required conditions of two
distinct types: the first was a beam monitor
signal defining the incident pions. The beam
logic was composed of information from scintilla-—
tion counters and the proportional chambers up-—
stream of the hydrogen target. A portion of the
beam logic required one and only one beam par—
tivle incident on the hydrogen target. This logic
demanded a 1 wmicrosecond spacing between usable
particles; it vetoed beam counts with two partic-
iles in one r.f. bucket or with a particle in the
following bucket. These requirements limited the
amount of usable heam per machine pulse (typi-
cally, 300 K particles through the spectrometer
of which about 100K were usable for the experi-—
ment), but created a clean environment for spec—
trometer operation which removed serious ambigui-
ties and 4pefficiencies from the trackfinding
proceduré.

The second trigger logic condition defined
the pion-electron scattﬁr: a two particle signa-
ture from the proportional chambers downstream
of the target, a two particle signal from a -
scintillation counter array behind the spark
chambers, and a Eerenkov pulse height consistent
with that expected fron‘thé scattered electron.
The trigger rate during data taking was about

1.4x107%

per incident pion, and about 15 events
were recorded during the 1 second machine spill.
The geometrical event reconstruction was
done by finding tracks in the horizontal and
vertical planes, and matching them in rotated
chambers. The efficiency of pion-—electron event
find;ng has been tested both by Monte Carlo si-
mulation cf the experiment and by a second, inde-
pendent program, and found to be 99.0 + 1.0 %
in this sample of data. A distribution of the

reconstructed vertex position for elastic events
is shewn in Figure 1.



The pion-electron elastic scatters are se-—
parated from the large hadronic background by
employing four constraints of energy-momentum
conservation, and by requiring that the energy
deposited in the leadglass shower counters be
consistent with the momentum measured in the
spectrometer of the showering particle. Constrai-
ned chi-squared fits were performed on the spec—
trometer data for the pion—electron elastic
reaction with an additional external bremsstrah-
lung photon assumed to be along the electron di-
rection. The )(zdistribution for this three-
constraint reaction hypothesis on the present
sample of data 1s shown in Figure 2; the tail
on this distribution has contributions both from
streng interaction background and from real pion-
electron elastic scatters. A relatively large
number of pion electron elastic events (about 3%)
in this sample exceeds the statistical 1 % con-
fidence level (at ;(£41J5 for three constraints),
and these are accounted for by vertex associated
radiative effects, pions which nuclear elastic
scatter in the target or the spectrometer matter,
plons which decay inside the spectrometer, the
non-gaussian distributions associated with plural
scattering in thin absorbers, and systematics of
the geometrical event reconstruction. The fitted
bremsstrahlung spectrum 1s shown in Figure 3;
the insert shows the spectrum near zero photon
energy. The normalized and calibrated Zerenkov
pulse height spectrum for kinematically identified
elastic events is displayed in Figure 4.

The final separation of the elastic events
from the background employs the geometry of event
reconétruction in the target, the kinematic 2’
from the constrained fit to elastic kinematics,

a cut on the fitted bremsstrahlung energy at 4 GeV,
and a minimum shower counter pulse height for
electron identification. 3Specifically, we demand
that the confidence level of the kinematic fit

exceed the 10__6

level, that the shower counter
pulse height exceed 50% of that expected for the

electron, that the reconstructed vertex position
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be within 30 cm of the target ends, and that the
kinematically fitted photon energy be between
-2.0 and 4.0 GeV.

To obtain the form factor from the measured
distribution in ¢*of elastic events, corrections
for many physical and instrumental effects must
be made, The principal corrections affecting the
incident pion flux are pion attenuation in the
target and spectrometer matter (2.87%), beam
momentum cut from 96 to 102 GeV/c (3.02%), and
muon contamination (0.40%). Principal corrections
affecting the elastic sample of events are brems-—
strahlung of the electreons (15% to 20%), pion
attenuation (4.63%), and radiative corrections’
(7.9% to 9.3%). The pion decay, muon-electron
scattering, and strong interaction background
corrections are less than 1%. Trackfindirng effi-
ciency was found to be 99%, and geometrical effi-
ciency varied from 95.25% to 99.47%.

The corrected form factor is shown in
Figure 5, At the present time 2 simple least
squares Fit which neglects error correlations
has been carried out on this sample of data 4n
order to provide a preliminary value for the pion
radius. The fit is constrained in overall norma-
lization to correspond to a 2 percent uncertainty

in the absolute cross section. We find
2
LAy > = 0.33 + 0.06 £2.

For compariSon, vector dominance predicts 0.40 f2,

and the size of the proton is 0.66 f2. The first

direct experimental determination/z/ obtained

0.61 + .15 £2,
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PHENOMENOLOGICAL ANALYSIS AND THE MODELS OF
THE ELECTROMAGNETIC FORM FACTORS OF HADRONS

N.B.Skachkov
Joint Institute for Nuclear Research,Dubna

Nowadays the center of the interests in
studying the structure of elementary particles
has removed to studying the information which
is contalined in the experimentally observed
behaviour of the structure fumctioms of
inelastic precesses, But it does not mean that
the problem of understanding the physics
controlling the elastic form factors fall off
is solved. This problem remains to be still
interesting and it is the subject ef a number
of papers presented at thls conference.

In 1/ & new formula was obtalnsd for the

proton form factor (f.f.)

4) = i ~7 @V
F;( ) Z__\ Hacso Juz_ T (1

S'th% V:g)nf,*f,f

( % - 4is the rapidity, corresponding te the

square of the 4-~momentum transfer f: (P—b)zt
;o aME-t
qé‘ = Al" COs ( QMJ‘ )

ton mass). Formula (1) glves the correct, almost

s M = pro—

dipole asymptotical behaviour of the protom f.f.

),
Yy
i)~ ML lae

234
(2

The factor %/SWJLEL in (1) takes into atcount
the contribution of the central part of the
proton { with R = j/M ), because, as it was
established in /1/, by passing to the relati-
vistic configurationsl representation (RCR),
the S,U)Ef_,f”(lém) mesons produce the proton
structure only at distances beyond the proton
Compton wave length. The relativistic configu—
rational representation was inftroduced IA ’2/
by using instead of the conventloral Fourler
analysls the expansion ¢n the Lorentz group.

For the form factor this transition looks
o

.Y . |
lik,:’/{) - 477J§,”_ﬂ4i-- Fv)v? dv,

r M si.nhtd &)

[w]
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The group parameter r in (3) enumerates the
elgenvalues of the Casimir operatgr of the
Lorentz group CA :2{4" MJW M

( M/u\} generators of the Lorexnts group)

Lo dinrM 1 sinrily )
B ) = (AT

In {3) the parameter I~ plays the role of the
relativistic generalization of the relative
goordinate,

Due to the medulus of the new coordinate v
is the relativistic invariant and the expansion
(3) holds in any reference frame,the distribution
function Hr) in this new coordinate space 1s
also lnvariant and describes the particle struc-—
ture 1n any reference frame(and not necessarily
in the Breit frame as uswa.l).

The relation that expresses the mean-square
radius through a new coordinate plays an
impertant role for the model. Let ws mentien
first that to give the interpretation to the
formal definltion of the invariant mean-square

L2 e F(t)
radtus {1, >= 6 [E’f’”/f - ¢ one usually passes
ol el _{: . _»)3_’ 772—>.?.)
to the Breit frame(P_—K:) = (fi—k: =P )
where it ooincidesAwith the eigenvalue of the
Casimir operator CE of the motions group ofnthe
three dimensional Encl;;g'e#n monentj;ng,space C £=

=/%%ﬁ P Cp 2 FT= 2 F
(v =620 _[é- U
B fr. Vo fﬁo

In 3/ it was shown that the lmvarlant mean-squ
are radius also has the group-theoretical mea-—
nlng namely, 1t 1s the eigenvalue of the

Casimir operator of the Lore:ntz group

1 I ‘F/f) A |
8 o = {Cé Fﬁ% L@
=0

From (3) and (4) the expression follows for

an invarlant mean-square radius through the

invariant distribution /:[P)
/-
SngYF)J3?'
+ —;—-————‘-"“‘; k4
[P &

in a new

coordlnate space:

Ry Egoi:(t), A

ﬂ& /LL:O /:%;—.-2



We see that when the distribution F(r) is of
constant sign, a new coordinate I and F(”‘)
describe only the distance beyond the Compton
wave length ’\i,’ [t =C=i) '

If we analyze the VDM model of the electro-
magnetic form factors in terms of a new coordi-
nate space then we ashall find that in this
space the transform Flr) of a meson pro—
pagator jji'%m essentially depends
on the relation between the mass M of the
particle itself and that of the intermedlate
vector mesen M F(\P) 1s the functlon of the

constant sign when }4\,- L if‘ and alterrative

~

<4

function when j/\v 7&?’4 /2/, mpe recently

g0 9 and ¢

J

discovered vector mesouns

(1650) satiafy the first relation !Mg W "

Ve g, ;'“ « thus they contribute the proton
strusture only at distances dbeyond its Compton

wave length %i « 50, to reflect the whole pro-

ton strncture in the wmomentuw space, ¥ need to
add tke contributien of the csatral part with

P A5 e
Ly = MG
. ¥ - L S 1// ;’4*

the central sphere with (V. ) = M

o« Foom (5) .Lt follows that to

*hare ca*r?ﬁponds the sgpatial distribution

,_rg . According to (3) it pro-
vides the contribution to the form factoer

?-r /7 .1 . ¥
/T/}/}* 1. J/Sm};;} that modifies the VI for
o=y G
the proten F.f. by formula (1).

From the view.point of quark models the
obtained pictunre may be interpreted as follows.
According to the estimate by these models /7,
the relative motion of three quarks constituting
s proton is within the reglon of the proton
Compton wave length order. Consequently, they
produce the sontribution of the centrsl part of
& proten, while the guark-antiguark pa.ira CORPO-
se the vector mesons, respensible at f(v 44”;
for the ditributicn at distances beyond / My o

The results of Pitting of experimental data

by formula {1) are given in /4, 1 /A

ab
account of 84 dats peinte with approximately

equal number of datsa peints at -t 4 3 gev?

and -7 >1 GeV® the obtained value of ){l per

degree of freedom was ]1” 1.04, The fitting
of the whole world experimental data (299 points)
2
performed in /5/ ga’re}w § = le21 with the
dey: v
confidence level C.L.=1%, while in this case
the usual VDM gives C.L.=0,03-0.1%, Besides
formula (1), that was obtained in 1974’1/ when
*the measured form factor seems to fall faster
than Vo' w6/
han Q s Predlicted that at asymptotical
2 éM’Q
-2 »4/7; the decrease of the f.f. should be

~od

7/
more slow than up to the factor zﬁz/—{p in

’2/ » The gquark counting rules 77/ also glve the
-2
proton decrease as Fa o« The last experiments in

1975 have shown that really at -Z > 25 GeVe the

deerease becomes slower than ZL_'Q( see Fig.l

- O 3
o |
v 12 l 7 Fi -
i 10 él l IJL it =
15 0.8 .
w 0.6 ]

04
Q2

A i i 1 F A

20 30 40 S0
-qz (Gev?)
and prof.Chertok?s talk also).

Fig.l

The problem of descriptiorn of electromag-—
netioc form factors in the framework of the disper-
sion approach was discussed in /8/ + The authors
also took imto account the Jus state beside the 77
intermediate atate. The analyticity and unitari-
ty lead to the following system of equations
(see Fig.2).

fu m Far }luf"l‘
n
F -
by "c"“ fu+ Fur | few=rer
n n (4
Fig.2

Thase relations allow to determine by a model
indepenient way the /57;- and f.f. Ao
of y-~7 %/ transition by phase of ¥ ana #4/
soattering and inelasticity. The relation
obtained enables with the use of the data to

conclude that the phase shift of 74 - scatter—
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ing goes through “V2

/
S (2250) resomance. By taking into account
the ¢ and ¢ with

in the region of the

j_f’mi, dﬂ‘f o £
AES Gyt 2

the authors succeded in the description of

data on iy ( fige 3. ) and F7 (

|mMp Fool
30 _—. __
. ~
26| ’
22
1.8
14
10
06
021\
i 1 L 1 i i
10 i1 12 13 14 15 GeV
id
&1
30+
25L

101 12 /344 NS Gev.

V3

rig. 4.
the ﬁanngz- being approximately clese to zero.

Fig.3

Fig.4

The remarkable property of these relations is
that the data on /é:/ﬁﬁ) at >0 are satisfac-

tory described too

a7zt

(fig.5).

Fig.5

)
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The authors of 9/ have analyzed the pion
f.f. data in the time~like region to find
out the possibly existing 53/ and (y/y resonan—
ce structures in these data. They have shown that
with the restriction)iyﬁfQS' 3 resonance structu-
res can be distinguished in the Argand diagram
at 1280 MeV ( g/- meson reglon), 1510 MeV
( ¢" meson region) amd at 1920 MeV. But with
)("2} jmincreasing up to){”‘; /;—' 0,6 only one resonam
ting structure at 1510 MeV remains. Sg they
conclude that the only feature that can be
clearly extracted from nowadays data is a
resonance at_f” 1500-1600 MeV regicn.

The problem to deseribe electromagnetic
properties of hadrons on the basis of strong
interaction data is also dealt within paper/lo/.
In this paper an integral representation 1s used
expressing form factors of two-particle systems
in terms of phase shifts of strong interaction
between the constltuent particles and their f.f..
Such an approach is manifestly covariant and
is shown to yield the results usually obtained
with the use of phenomenclogical potentials in
the nonrelativistic limit, As example the authors
present the deuteron’s charge form factor.

Their method when applied to the nucleon fom
factors shows that the magnetic f.f. should
decrease faster than the electric one at large
2-
: 7 2
G (0~ Gy~ ———«—};‘7# ary)
e ;.2
G, 1y Gy~ 5 gy
%p (g4

6, 1is the phase shift of the #/V - scattering.

In paper /11/ it was shown that the
measurements of asymmetries in the elastic
scattering of longitudinally polarized leptons
on a polarized proton target at high -jfz makes
it possible to distinguish beiween two possible
relations for the proton f.f.

5//7N€/¢2/ 1
or
II

G179~ Gy (7



at 1arge-"f « The I case is realized 1in composed
model based on the Bethe-Salpeter equation, the
case II follows from standard parton model,
asmptotically free theories amd, as it was
shown in /1%/ | also holds in theories with 45
or chirality invariance, proposed in /13/ o I

/31/ 3¢ is shown that in I case, that still

n

cannot be excluded by avallable experimental
data at high - /’2 , the longitudinal 4, and

transverse /2; asymmetries behave similarly
fi .6 Pa 4

(£1g.6) /Z/ AC

while in the II case (f£ig.7)

LA T > A

5L
50 | k,=306ev
25|

17

i L | ___..-—-—'——"—T
0 30 50 g2 EEV)? 10 30 50 9%

The experimental check of these relations will
be a vexry pewqxrul test of our understanding of
proton structure.

The electroproduction of baryon resonances
in the first, second and third resonance reglons
are analyzed in 714/ within the framework
of the relativistic quark model. Current matrix
elements are constructed on the three—~dimen.
slonal surphase, defined by Markov—Yukawa
conditions. The obtalned results are in good
agreement with experiment in a wide range

of transfer meomentum,
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VECTOR MESON-NUCLEON COTPLING CONSTANTS
G.Hohler

Institute for Theoretical Nuclear Physics,
Karlsrube University,FRG

1. p NN Coupling Constants ( Ref./l/ Y.

An investigation of the I=J=1 JFTAN
partial waves offers the best possibillty for
a debermination of the propexrties of the /oM\I
vertex. Following Frazer and Fulco F/Z/ one
has to perferm two mnalytic contiruations in
order to obtain from 7’1\ P /fA?

7 N amplitudes the partial wa— ,ﬂ::'o\g,{;““’
ves 1n the reglon of interest. 5',-

1) The partial waves [, /f} at <0 /i:42)
follow from g projection of 7N amplitudes
which are continued at fixed [ to the region
between the S- and & -channels in the
Mandel stam diagram. The continuation is txivial,
since we have used Pietarinen's new phase
shift apalysis /3/ which incorporates fixed-t
analyticity from the beginning.

11) Continustion of the partial waves f,:/ﬁ/
to the t—region of the L-peak. A rellable
continuation is possidble only, because the phase
of I (t) can be taken from the p - wave T~
phase shift and 2130 from a £1t to the data for
the pilon foxrm factor F.:'T /f) .

It 1is asswmed tkat the 47 conmtribution
to the extended unitardiy relation can be ilg-—
nored up to the @¥ threshold, because 47F-

+ -
production in T*W and £ +¢ 1is negligible
in this range.

Because of the large P- width the value
of the coupling comstant depends to some extent
on its definition ( Ref.’>’/ ). Results for the
vector and temsor AV coupling comstants in

Sakurall!s convention:

£ 10) fo7-e. GO )6

The error is estimated te be of the order of
10% for fiv, 7“/7.w

y 1s near to the usual value, %T//y
is much larger than the wvalue 3.7 obtalned with
the simplest VDM model for the nucieon form
factor. We believe that cther methods have a

larger uncertainty.

A7-15

2« Otker VNN Coupling Constants

In order tp determine further VNN coupling
constants we have used the disperslon metbod
for a new analysls of the electron-nucleon
/4557

scattering data

for the Dirac and Pauli form factors reads(2=/2/

» The dispersion relation

e [ I L
It )

According to Frazer and Fulco the

(2.1)

J— contribu~
tion to Im Fiv follows easily from the result
of the calculation desecribed 1n sect.l.

3
wa;\,/ﬁjrfi F; /f)/:/?f) Z'Z%—/f"’ (2.2)
Vi— « &
1< 50,

All other contributions are desorlbed by pole

terms

Im ’LZ‘V:Im Ef* W? 4&/’”} Jb/i"zty/)l' yf/o';/:’”

Im Fis = 77% 2; /) J%Cz‘y/; ZN Vs

In order to demonstrate that the accurate
result for In F;',, differs significantly from
a pole aﬁproxime.tion, we show a flgure for the
integrand of the dispersion integral for F'/a}l
from which the isovector nucleon radius is
determined /4/ « The enhancement Just above
= 5//,/‘& is caused by a logarithmic singularity
ot Fy, (t) = 3.98/qf

which belongs to the contribution of the

in the 2nd sheet at

perturbation graph.

V.4
A T
Y ra s

b N




The erhancement is not present in the pion
form factor, Therefore its t-~Jependence must
be different from that of F, , contrary
to the assumption in several papers,

4: (v)

follow immediately from the results for the

The VNN coupling constants

resaidues

@; /V)‘/Tj ) (24) o f;ri )

since the ,J’!/ coupling constants are known
from L2V experiments. In order to have
a slmple notation,} we are using now half of the
earlier J°A7/V coupling constants: yb//")-‘{ (0}/5
Input Data: all accurate f0-=£D oross
sections, m—»m ecross sectlons from ed-data,
LEepp datae
of slow neutrons against atomic electrons

5:&, (0) from the scattering

(l New data: /5% ). our result is consistent with
the 7 P—>¢'2 7 aate of the Dubna group /7/ |
Since it is diffioult te determine the Dirac
isovector form factor and the pion form factor
separately, it would be useful to analyse the
data with the constraint that the difference
/&:25,, «,&,9_ and the imaginary parts are

taken from our results,

Adjustable Parameters: all (2, ///)/
the masses of the pole terms ( except a/,¢ Yo
These masses were restricted to lie beyond
1l GeV. The normalizations of the eN-scattering
data ( in géneral within the errors given
hy the authors).

The problem 1s not well defined withsut
& simplicity condition, We restricted the
oseillations by demanding that S [2; (V)]
should not be much larger than t;m minimum
value necessary for a good fit //’t_';r:./)
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Results

1. %0“' @ data only

It is interesting to find the number
of parameters which can be determined in a

reliable way

Taval dipole fit, normalismation of data as

published.................11.6
the same, but normaliizations adjusted . . . 4.3

Best fit ( 298 data points, 5 parameters in

the ansatz, normallzations adjusted) . + + +» 0.9
2. Al1 Data

2
ng = /"3)

the number of adjustable parameters in the

In this case our best fit has

ansatz belng 8,

The main effects are large bump~dip
structuresin Im 6,; and Im, QV. I/n ’FfV
is not far from 0 —dominance, Im Ez;
is small, ‘

Fay.

a dip of almost the same area., Its pesition is

The large P-peak 1s followed by

near to the mass of the first daughter Jo/(1250)
of thejacoarding to the Venezlano model, Part
of the dip could be due to the tall of the JO
and the effective pole could be a description of
a broad structure. If one attempts to shift the
dip to the 1600 MeV mass region, the fit develops
huge oscillatlons at larger t and becomes unaccep—
table, It was reported at thls Conference that

f)l(lzﬁo) is not seen in 6+6 ~—~,.j’/“’°/‘7‘f7[fﬂ~
up to l.3 GeV Ref./s/ « This point deserves
a further study, taking into account the results
of Budnev et al, /¥ *

A crude estimate of the f NN tensor coupling

constant gives 92//0) 05-}3 //O)
There 1s no evidence for a structure at 1600 MeV,
but thils might change whem better 6’@—«9;)_/0
data give stronger restrictlons for the spectral
functions in the unphysical region.

Frs-

decoupling of ¢ from NN, we started with an

Since the OZI rule predlcts a



H) — pole + 2 poles with adjustable masses.
It turned oqut that one of the poles chose a mass
near to the ¢%mass. So we fixed thls pole
at m¢ « Qur best solution has a fairly

large vector coupling

' g,,zfoa)/({/ﬁ = 4t 5 Y.
The errors belong to
OQur results: Q/,,, /ﬁ)/@//w): 09 /%4/;%)@, /M):—Q.f
¢learly violate the 0ZI-rule., Therefore we have
looked for other acceptable solutions.

It 1s easy to reduce the ¢ NN coupling
by adding another pole in the 1200 MeV mass
region.'Up to now there is no evidence for
a meson resonance 601(1250), but it might be
difficult to dei,:ect becauselo:f the large
width due to W*ffdecay.

Since some symmetry predictions wa.nf a
much smaller value of ﬁ, /W)( see below:
g,"z/w)/-{//’/‘: 3/1%}/4/725), we have tried to
£ind acGeptable solutions with a smaller &, ().
It turns out that the fit wants to retain the
magnituﬂe of the bump. If we enforce a sma.iler

2,(9).

The solution becomes unacceptable because of

Ay /M/) one obtains a large positive

large osclllations at larger t, 1f we demand
that both (,/W) and @, [(J) are small.

3. SU(3) Relations Between VNN Coupling Constants

8U(3) gives a relation between ¢, //0)
and all other VNN coupling constants of the
. =
octet (Jo» K , Kj ﬁg) « In particular

(3.1)

8 )= 42, -2 ) 9, /o).

&, is the F//Fm@) vatio which is not
determined by SU(3). L
and tensor coupling. The‘ relation (3.1) is also
valid for t= £, M, where

L =1,2 denotes vector

ﬂg-‘f¥ff’£/ - (3.2)
7 Yp, 2 Ly, ﬂm‘%f"/ﬁw .
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/w and &, [w)respectively.

m denotes the nucleon mass. In the VDM 4, ;%2 ,
belong to the Dirac and Pauli form factors

and @, Gy to the electric and magnetio
Sachs form factors,

In order to obtain a relation for the
physical couplings &, /), ﬂ; (F) we

insert the mixing relation

/%?) =05 0/ F> + S/Ln/&/w> . (3.3

The mixing angle is & = 40° if caloulated
from the Gell-Mann~Okubo mass formuls.

f = 35.2° 1s the quark model prediction
#"ideal mixing").

We obtain for (= 12 5N
) Bl (1)
5 (4, /QZZ—) e @vé{%—&j (3.8)

If the 0ZI-rule is fulfilled (4 (7)) = 0 )
and the mixing is ideal, we have /1/4/-//%%/__
= ﬁ//d/), Le€ey 5};@):;; ) |
for pure F-coupling. If we compare our results
with eqe (3.4), there are two simple possibili-
ties for the assumption on the F/(/E-l—,@) ratios:

1) We assume a pure F-type v:éctor coupling,
0&1: 1, as it follows,for instance,from Sakura;i_'s
conjecture that the interaction term in the
Lagrangian is a proeduct of the Jo — field and
the 1sospin current ( O — universality), Then
ege (3.4) agrees well with the VNN couplings
of our best fit which violate the 0ZI-rule.
The violatlon follows already from our large
value of Q, (W) as a SU(3) prediction from
ege (3.4). A possible w'(lzﬁo) contribution
must be small,

Another argument for a pure F—vecfor coupl—
ing starts from the faot that SU(3) leads to a
pure F—coupling at i{=0 for the matrix element
of the electromagnetic current, Since /O —domi-
nance seems to be approximately valid for f::”/,
there is a chance that thls property remalns
valid up to L -'/77/3' .

11) Sugawara and von Hippel /13/ proposed
that SU(3) should be applied to the couplings

9 and J,end that the result for the F//ﬁw)



2
t=ﬂ7/;/.

Additional arguments were presented 1n a

ratlios at t=0 remaln valld up to

recent preprint hy Gustafson r1e/ « Oyr results

for f; and fﬁ read

Be /P85, G ()= 10.5; Jr )16, Gl I

The assumption adE—' 1 { pure F-coupling) is
consistent with our values and the valldity
ot the 021 rule [Ar (P#)=0), stuce 4. (W)I%p)
There must be & large contribution from
60,(1250) exchange.

If we assume that d decouples also in
the magnetic casey we have for ideal mixing

(Yo, 7)< Zn ()
Zn (O)

which gives o, = 0.44, The agreement with the
8U(6) prediction 0,40 is good.

Aslde from the fact that one needs a large
contribution from 4/’ which has not been disco=
vered, one would like to see a better justi-
fication, why the F//F*,@) ratio at t=0 should
remaln valid up to f= Inf' e The difficulty 1s
that two exchanges p
contributions to 6”5;//0) and ﬂMV /0)
Furthermore the SU(6) prediction (L, 72)=0
is wrong for small t, whereas /C'/p /5/50

1s much nearer to the data.

and ! glve large

Another possibility for a test of the
0ZI-rule was proposed by Gerasimov 733/ « He
studied relations between baryon form factors,
in particular magnetlic moments, taking into
account SU(3) breaking but using unbroken
SU(3) for the matrix element <V IBB> o The sign

of the violation differs from ours,.
4., Comparison with Other Determinatlons

Kravtsov et al. /14/ used the optimal
conformal method in order to determine new
values for the nudleon radlil. For the imput they
used published form factors, taking intec acocount
normalization errors. The result is not much
different from that of Ref./5/ y deviations being
probably due to the fact that the authors of
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Ref./14/ lgnored the informatlon on the
spectral functions Im/ F;;V from unitarity
and also to the use of form factors instead
of ep-cross sectlon for the imput.

The information from unitarity has also
been ignored in the work of Bllenkaja et al./15/
It will be interesting to compare the short
range part of theilr spectral functiom with
that of Ref. 7%/,

If our results for the VNN coupling
constants are compared with those from other
determingtions, it is important to check
whether the definitions of the coupling constants
are the same. For instance authors working in
NN-scatterlng giveuvi‘ﬁ‘ couplings at t-= 0 l’,

a notion which needs a more detalled explanaw-

tlens, since coupling constants are usually
defined at L= mf {(re2./%),

In a paper presented by N.Zovko 31/
the kaon radius was calculated in a low energy
approximation to the unitarity relation for the
TH>IT ana TF-=f p amplitudes. The
result 1ls

FKV@‘;} = Fﬁ /7'2/-
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EFFECTS OF THE SU(3)~BREAKING IN MASSES AKD
ELECTROMAGNETIC DECAYS OF VECTOR MESONS

S.B.Gerasinov
Joint Institute for Nuclear Research,Dubna

Introduction

The breaking of the SU(3)~symmetry
results in the mass shifts, modification of the

interaction amplitudes and mixing of states
belonging to different representations of the
8U(3)-group. Various implications of the symmet—
ry breaking in the vector meson sector ocame

into focus of a pabticular attentlon when new
data on the meson radiative decays have been

obtalned /i .

Mass relations and mixing angles

From the conventlonal assumptions on the
octet breaking of the SU(3)-symsetry and the
singlet—octet configuration of the @ and ¢
meson

o= wgy',n,Gv +w, s 8,

€Y

L‘? ;Wgw’bgv ‘wi%e\/

the GMQ formula

" 2, w2
‘ﬁmr;* "m; = Bkmw'm B, v M, n ev) (2

follows. From the linear mass formula (n=l)

one obtalns GQ‘Z 370, while the guadratic

one gives U, = 39°, Introducing the symmetry
breaking apd the singlet-octet mixing into

the "kinetic® rather than *mass® term of the
Lagrangian resulis in the “current-mixing®
soheme and the Coleman-Schnitzer r2/ mass
formula, corresponding to M= ~2 in Eq. (2) and
Qvﬁ=28° « S0y 1t 1s necessary to refer to viher
sources of information to choose between

different mass formulas and mixing angles.

Spectral function sum rules and the

mixing angles

T s WO

The spectral function sum rules (8.r.)
follow from rather general assumptions on the
unitary structure of the current commutators

/357 + It was known for a long time that



the saturation of the l-st Welnberg s.r. for
the coserved vector currents ( isospin I: s
hypercharge Y‘L B‘L )

by the 90 y 92 and ¥ -~ contributions gives

the relation characteristic to the "current

and baryonic

mixing® model /57

2. 2
ty0, /[tg 0 = M/ Mo 2

between angles 95 and 91 s which define the
vacuum~-vector-meson matrix elements of the
baryonic and hypercharge currents and related
to QV in Eq. (1) via

t%’"av - ‘\:%@B't%@& . 4

However, the lowest pole dominance assumption
for the 1l-st Weinberg s.r. within the SU(3)-
symmetry appears to be too strong, as a size-=
able deviation of the Das, Mathur and Okubo sum
rule /47 from experiment suggests. To have more
reliable information on properties of the lowest
vector mesons, it was proposed to consider a

modifled system of the spectral function sum

rules in the broken nonet symmetry /6/
I,y 3 MY 3 ) 4
?AL p— : ?—.L = 7., g-‘ h] (5)
88 NY &Y
9" S>-| - 9.4 = ?-i 3 (6)
where T owp
ap _ dm z
g-« e S m? ? o > ) m

and, by construction, the integrals of the

= (> 2
current spectral functions S) (m > over the
high cnergy region are cancelled in Eqs. (5) and
(6). 4pplying then ( hopefully, more justified)
the pole saturation to system (5) and (6) and
using tze | Finite-=width corrected) %v =COUpP=

o \
ling comstants (N = § , & ‘LP> 71/
we find two solutions:

t‘}@&/tg 8y T

4 (8)

0.5 o)

with the uncertainty of 0.1 for each value, The

first solution (8) leads to single, universal,
= _ _ (.O . <

Q,=0, = 6, = 39 +40

which 1s in excellent accord with the gquadratic

mixing angle

MO mass formula. The second soiution Iy'_esullits,
via Eq. (4) and definition t‘} Oy = G /gw
in O,% 23° , which is closer to 28° ,

given by the Coleman-Schnitzer mass relatlon. We
should emphasize, however, that the conventional
"current mixing" model gives relation (3)

which does pot coincide with either (8) or (9).
We conclude therefore that the solution (9)
might be connected with some different not yet

well-recognized mixing scheme.

Radlative decays

Recent measurements of the meson radilative
widths present serious difficulties for a number
of popular theoretical models.

A.Quark model

The quark model descriptilon of the decays

N+Py, P»NY and ( through the VDM) P>2Y,
etcey bas been discussed repeatedly /8/ o We add
two remarks. First, assuming the universal
SU(3)-breaking in the "strange" quark magnetic
moment one can relate the established symmetxry
breaking in the AN ~hyperon magnetic moment
to possible SU(3)=violation effects in the
decays K> Ky, >, Qu\) e Z’X . /9’10/.
Note also that decrease in the transition magne-
tic moment [‘A(K*O Ko> is accompanied by the
increase of M(KR: Ki) « Therefore, the
comparison of the widths ['( KX - KO\S>
and FOR*™ — K* ‘6) should provide a critical
check of the model.

The second remark refers to a possible
strong breaklng of the nonet symmetry for the
pseudoscalar mesons. This effect can develop in
a strong deviagtlon from unity of the overlap
radial integrat L =<1% \ 8>~racl, s When the
singlet state is the pseudoscalar one. The
numerical estimate of the |. can be obtained

from the Schwinger mass formula 711/ » If



=%(958), then 10,1~10° ana L~ 0,5,
Aternatively, if we identify 7' = E(1420)/1%/,
then -\@91 =6° ang L= 1. As far as
QO D (L s @) _ Dot hypothe-
ses result in approximately tllla—same value of
F(‘L*lx)‘ Clearly,
for the radiative widths of 1 =¥X(958). Some

l.< 1 gives smaller values

representative results of the quark model are
gilven 1n Table 1 for the following set of
parameters: X =AY/ M(d) =2MIA)/K(N) =0T,

8y “-‘390, GP:““)D) .=0,5.The widths of the -1y
and X*°> Ko“{ decays may present difficulty
for the model,

Table 1

Radiative decays of mesons

Decay Theoretical models Experi-

mode ment
1 7 3 4 5

w=T"  put $90 850 330 824 %0 kev
£ 80

gy %3 83 W3 W g,

KGi0p 150k 180 35 18 Ml T ey
LE £ 35

KHey 357 46 180 19 53 <80 kev

N F0
@7 o0y 50  fo 30 82 e kev
G-1f surss 004 F0 53 6.9 59 yey

{tnput) *72.4

. . 1.92
752y teput 1L 6.3 3.0 &% to42 Y,
- 0.36 0 0. . 0.324
W% gy 036 0003 028 0.49 YO
X2y 4304 6.0 53 42 -~ (Adkev
XQ“’S’GK 9349 oo {50 220 - < 2T70key
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1. The quark model(@v =39° . 8, =-10"
L=05 3 x=07%),

~0 oy 13/
2. The nonet symmetry (9, = 35°;8,="10 )y

3+ The nonet symmetry and the octet breaking

of the sU(3) (O, = 35°, §p=-10") fm ts]
4, The broken nonet symmetry (BV = 24°, SP=‘1°J)
5. The generalized VDM and dynamical model of

o oy |1
the SU(3) breaking (B, =39° ,8,=-10) el

B. Phenomenological models

Wlthin these models a certain unitary
structure is assumed for corresponding vertloes
and free parameters are then found Ly fitting
to avallable data /13-15/ .

a) Nonet symmetry and octet breaking of
5U(2). The nonet symmetry dictates the following
uniltary structure for the NPY vertex

G2 F) = Gudia (B 5 us), GO

where™m U= 0,1,2,.448. A general feature of all
models using O, = 35440° 1s a strong disagreem-~
et of the §TY-width with experiment /17-16/
while the different models meet a different
degree of success in desoribing the K XY de-
cays. Taking account of the SU(3)-breaking via
inclusion of the }\8" spurion inte Eq. (10),

and using the "standard® angles 9v=35° and
\9‘,\=10° results in a very large value of the
Ko K+{ width/13/, while a model, based on the
generalized vector meson dominence, is some~

K ¥ 118/,

b) Broken nonet symmetry.

what hampered by the KX decay
If only the nonet symmetry and not the
SU(3) is broken, then three independent
amplitudes describe all radiative transitions.
In ref.’lls/ the value 9P= -10° was fixed, but
@V was taken as a free parameter to be fitted
by comparison with data. The value @V= 24° was
cbtalned, which is surprisingly close to that,
resuliing from solutlon (9) of the spectral
function s.re. (5) and (6). This model gives
satisfactory agreement with all the V- PT
decays /157 with an exception of the TEQ"?’T



width ( assuming for the latter, as usual,
the VDM model).

So, the Q>TY decay appears like a key
point in choosing between the symmetry dbreaking
schemes. The accurate measurement of the K*%WQX
decay? should be very important to check the
SU(3). One can add also, that a useful

information concerning the W-¥Y mixing

results from the W'Y — interference pattern

in processes like ¢'e™— 7T, T Y /37,

/18/

The recent Orséy data seems to agree

better with the mass-mixing models ( i.e. when
0
B,> 35° ).
In conclusion, one cannot help stressing the
extreme importance of ( hopefully, soon and
*
improved) new measurements of the §Q>TY and K=Ky

decay widths,
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THE NUCLECON AXTAL VECTOR FORM FACTOR TROM
THRESHOLD T '-ELECTROPRODUCTION

P.R.Norton

Daresbury Laboratory, United Kingdom

In this talk I shall review two papers.
307 A.Del Guerra, A.Giazotto, M.A.Gliorgi,
A,Stefanini, Pisa; D.R.Bottterill,
H.E,Montgomery, P.R.Norton, Daresbury;
G.Matone, Frascati.
504 A.S.Esaulov, A,.S.Omelaenko, A.M.Pilipenko,
Yu,I.Titov, Eharkov Inst.

1. ¢, AND THRESHOLD % *ELECTROPRODUCTION

A

For massless pions one may use PCAC and
current algebra to derive the transverse and sca-
lar multipoles for Jffelectroproduction at
threshold’ /.

For real pions a method is needed to extra-
polate the unphysical Mg:=0 results to the phy-
sical pion mass. Specific models using different
techniques have been used to derive the axial
vector form factor from the measured cross‘sec—

/2'4/. Since there are small differences

tions
in detail between these models, we shall for
consistency use that of Benfatto, Nicolo and

Rossi to deduce Gip -

2. DATA OF DARESBURY-PISA~FRASCATI (#307)

The experiment was performed at momentum
transfers of 0.45, 0.58 and 0.88 (GeV/c)Z. The
electron was detected in a small-aperture fo-
cusing spectrometer and, in coincidence. The
neutron in a 2x2 m2 array of 145 blocks of
plastic scintillator. Neutrons and protons were
identified by additional thin scintillators in
front of the array. A further counter telescope
identified protons from radiative elastic scat-
tering.

The cross section, measured up to W=1.13

GeV, was written as

| 4n Ko  dioc

0 - A‘ + quz*-cq*‘f—
L ? AE ddle A2 ¢

b4



where qf'is the Jrfc.m. moméntum. The threshold
cross section slope is

Ay ~ VEorl® + € Dl ISeri®.
In this experiment the virtual photon polariza-
tion £ was ~0.94 and E: and Sg could not be
separated.

The results foI“l4, together with some
previous experimental measurements/5’6/, are
shown in Fig.l. The so0lid line is the prediction
of the Devenish-Lyth fixed-~t dispersion relation

model/s/, which is in excellent agreement with

the data.
2001
a NINA {5]
o DESY[§]}
o This gxperiment
w— Devenish and Lyth{&]
156
4 100
>
50...
Fige1
0 T T T T 1
00 o1 02 03 04 05 06 07 08 09

-k (Gev/c)?
In Fig.2 are shown the values of Gﬂ(kﬁ/éﬁb)

deduced using the model of Benfatto. Nicolo and

Rossi/z/. Agssuming the dipole expression

-2
2
Ga(k) [a (o) = (14 %ﬁi;> the best f£it to all
the data shown ish4A=0.96 + 0.03 GeV, The dipole

fit 1s preferred over the monopole. Using the
parametrisation GA(“O/G*@S)=‘/@-+ZCA1W1+C;|¢D

which is the monopole for Cg,zo sthe dipole for
Ca=Cg we find the X *contours shown in Fig.3.

The dipole hypothesis is an excellent f£it, but

the data is within 20 of the moncpcle.

This result,Ma=0.96+ 0.03 GeV, 1s in ex-
cellent agreement with quasi-elastic neutrino
scattering’ ¥ which gives Mp =0.84+0.11 GeV
from the differential cross section and Ma=

0.98+0.13 GeV from the total cross section.
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3. Data from Xharkov Inst. ( # 504)

New data have been presented by the Kharkov
Institute on a single-arm experiment at \W{=3.5,
5.0 and 8.0 F~%, in which the longitudinal and
transverse contributions to the threshold cross
section slope were separated by varying € .
Fig.4 shows the slope 3,, the sum of JT and F° ,

defined by

&m (__L_KLﬂ.dzo‘

% - & T = !Fo+!1+6|kzi‘go+)1
ol 1t 9" 4nlW g£d



2r §=35f7
8- A [s]
6 1 ] ] i J
o O 2 =50f7
"% 8r
= 6l $ Kh [l
“t % DESY [6]
LLJo 1 i L |n F'SC [71
— 4
. -2
8 5 =801
6 %”’}Lffézé’%’
4 /%/ 4 oL (5]
2 1 A A 1 J
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as a function of &€ . The data are in agreement
with previous measurements/5—7’10/ (to which

[
bave been added a computed/z/ﬁ' contribution).

The separated cross sections are shown in fig.5.

The s0lid curve represents the BNR model with

Mp=1 GeV, the dash-dot line the J° contribution

(calculated) and the dashed line the PVBA without

/4/

dispersion corrections .

BNR M,=10 6eV

"’,yb

Eof

2’ Fb

5o

kﬁ
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The values of GA@f%g@feduced from the

transverse cross sectlon using the BNR model

(0.78+0.03, 0.66+0.03, 0.57+0.03) are in excel-

lent agreement with previous coincidence data.

2
The pion form factor Fﬁ deduced from \So+\

i3 consistent with previous determinations.

1.
2.

3.
4.

References

See ref./5/ for an extensive biblilography.
G.Benfatto, F.Nicolo and G.C.Rossi. Nucl.Phys.,
B50 (1972), 205, Nuovo Cimento 14A(1973)425,
G.Furlan et al. Nuovo Cimento 624 (1969)519.
N.Dowbey and B.J.Read. Nucl.Phys., B6C (1973)
65.

Yu.V.Kulish. Yader. Fiz. 13 (1971)1301.

A. Del Guerra et al. Nucl.Phys., B99 (1975)
253.

P.Brauel et al. Phys.Lett., 458 (1973)389;

50B (1974) 407.

E.Amaldi et al. Phys.Lett., 41B (1972) 216.
R.C.E.Devenish and D.H.Lyth. Nucl.Phys.,

B93 (1975%) 109.

S.J.Barish et al. Talk by D.H.Perkins,
Stanford Conf. 1975.

Yu.I.Titov et al. Pisma v. ZHETF 12 (1970)186.



SHADOVING TFFECT IN INELASTIC BLECTRON
SCATTERING ON 2C AND ©7A1 NUCIET AT SMALL
FOUR MOMENTUM TRANSFER

S.Hartwig, F.H.Heimlich, G.Huber, E.ROssle,
J.Bleckwenn, M.Kd0bberling, J.Moritz, K.H.Schmidt,
D.Wegener, D.Zeller, P.David, H.Mommsen

DESY, FR&

The inelastic electron scattering on nuc-—
leons and nuclei can be described as an absorp-
tion process of virtual photons by hadronic

matter, characterized by the absorption cross
2

section ‘ 4 odF
(3-‘: 6::+ EG} = T’Z Ll,’l‘lf
do

r: is the flux of virtual photons,(iiz? is
4

the measured twofold electron scattering cross
section/l/.For real high energetic photons 1t was
shown that the number of effective nucleons qu

of a nucleus 1s smaller than 1ts atowic number
A/Z/.This effect,well known for absorption proces-

ses where hadrons are 1nv01ved/3{haa been explai-
ned by the vector meson dominance model to be
due to a hadronic component of the photon/4’5/.
On the other side it is known from deep inelas-
tic electron scattering that at four momentun
transfers qzl;.l‘(GeV/c)2 the interaction bet-
ween the wvirtual photon and the hadron has
& point-like structure. Therefore it is of in-
terest to study the demping of the photons had-
ronic component by increasing the mass qaof the
virtual photon/s/. Foregoing experiments have
found weak evidence for shadowing effects, which
influence the absorption of virtual photons
on nuclei/e/. In order to study this effect in
more detail we have measured the inelastic
electron scattering cross section on hydrogen,
deuterium,4lc andlqﬂﬁ nuclei for 0.075(GeV/0)2
é,qlé 1 (Ge‘V/c)2 and energies of the virtual
photon V< 6,2 GeV at the DESY synchrotron/7/.
The scattered electrons have been detected
by a spectrometer consisting of a bending magnet,
four wire spark chambers, trigger and particle
identifying counters/7’8/. The typical statis-
tical error of the data is 2% to 4% and the
systematical error of the data is 3.5%.

The main corrections, which had to be
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applied to the raw data, were due to radiative
processes. The calculations havérﬁégimﬁer-
formed using the formulae of Mo and Tsai/g/
for the radiative tail of the elastic electron
scattering and the formula of Tsai/1%/ for the
elastic electron scattering. We have used the
formfactors of Hofstadter/ll/ tc determine the
radiative tail of elastic electron scattering
on“C and Z’W_If necessary the parametrization
of the nucleus formfactor has been extrapolated
to regions of the data four momentum transfer
where no experimental data were available.

The influence of different sources of the
radiative corrections has been studied by com~
paring the measured absorption cross section
Gbn on a nucleus with the corresponding one

on nucleons: o C
Tv: -ﬁk-‘— —ﬁ.——_.—‘

A RG-E) T

G&F absorption cross section for virtual photons

on protons, LMp+ M 2
= **—“;I—“

M= nucleon mass, NV number of neutrons. If the
radiative process is not modified by the fact,
that in a nucleus part of the possible final
states, accessible to the scattered nucleon, are
occupied by spectator nucleons, the radiative
tail due to the contribution of (quasi~) elastic
electron nucleon scattering should factorize in
the measured inelastic electron nucleus scat~
tering and this contribution to radiative cor-
rections should cancel in the ratio T He{; /A
Under this assumption the only corrections which
have to be taken into account are due to the
radiative tail from elastic electron~nucleus
scattering. In Fig . la typical results of the
present experiment are plotted for the case that
the factorization assumption holds. The data
show clear evidence for & shadowing effect at
small four momentum transfers

At small‘iiwhere the momentum of the struck
nucleon after the scattering process is small,
the occupation of possible final states by spec-
tator nucleons will be of influence. Because of

the Pauli principle the contribution of the
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Fig. 1. Ratio g*ﬂﬁq for 7ZC~ Primary electron
energy &, 4.5GeV, electron scattering £, = 13°.
The figures a,b,c are for different treatments
of the radiative corrections (see text),

quasi-elastic radiative tail should decrease
compared to the radiative tail of elastic elect~
ron nucleon scattering. In the extreme the radia-
tive tail contributes to the nmeasured cross
section only for free electron-nucleon scat-
tering, while the electron doesn’t radiate for
electron-bound state nucleon scattering, because
all possible final states are occupied. This
extreme case is handled, if one applies only
radistive corrections due to elastic electron
proton gcatterlng, but no corrections due to
electron-bound state nucleon scattering. The
result of this procedure is shown in fig . 1b,
The shadowing effect nearly dissppears.

A realistic correction should yield results for
the ratio T :Ay/R between the two extreme ca-
ses of fig. 1a and fig . 1lb respectively.

An approach to the realistic computation of
radlative corrections due to the radiative tail
of electron-bound stete nucleon scattering was
given by Barnabeu/lz/. He has described the in-
fluence of the Pauli principle to the guasi~
slastic electron nucleon scattering by an ef-
fective nucleson formfactor. We have used this

gffective formfactor to compute the radiative
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correction of guasi-elastic scattered electrons.
The results of this analysis are given in fig. lc,
showing clear evidence for a shadowing effect
on both nuclei.

2y},
for HC

is plotted as a function of the scaling variable

Tn fig. 2 the ratio T He/H

x:ﬁ?fnu)togethe¢ with data of Stein et al.’®/,

In botk cases radiative corrections, using

the method of fig. l¢ have been applied. The
general agreement bebween the two data sets is
quite satisfying. The sharp increase of the sha-
dowing at low values of ﬁzin our data is due

to the neglection of the Pauli principle effect
discussed above. The full curve in fig. 2 is the
predictioh of the generalized vector dominance
model/5/ for 0P

] Dy

A Eq=70GeV Be=9"
o Es=308GeY Ge=9°
1 o £=130GeV Be=4° S.Stein et gl.

oy

e o ol ol ok oh 17 1] W or

Fig. 2. Ratio Mg/A  for P a5 = function

of the scaling variable X, The full curve

is the theoretical prediction of the generalized
vector meson dominance model for ‘o*P. /5/,

In conclusion we have shown that a sha-
dowing effect exists for the absorption cross
section of virtual photons. It increases with
decreasing values of the scaling wvariable X7,
For comparison with theoretical predictions one
has to take into account the differences of the
radiative tails of electron scatbtering on free
and bound - state nucleons respectively.

Theoretical prediction of improved version
of the generalized vector dominance model/lB/

are in agreement with the data of the present

ezperiment.
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SMALI~ANGLE COMPTON SCATTERING ON HYDROGEN
AND DEUTERIUM

L.Criegee, G.Franke, A,Ciese, Th.Kahl,
G.lcelz, U.Timm, H,¥Werner, W.Zimmermann

(Presented by D.Wegener,University of Karlsruhe)

We have measured Compton scattering on
bydrogen at 6 GeéV, and in a seccond, slightly
modified experiment on hydrogen and deuterium
at 5 GeV, both at particularly small momentum
transfers ranging from -0.004 to -0.08 (GeV/c)2
at 6 GeV and from ~0.002 to -0.06 (GeV/c)° at
5 GeV,

The experimental set up and the analysis
procedure is describved in paper No. 1016 on
this conference.

The differential cross sections determined
in this way are shown in Fig. 1. Oanly statisti-
cal errors are shown. Systematic errors result
mainly from the uncertainty of the background
i317 (+1%) of the converter position (+1.5%),
and in the case of the 6 GeV data from the error
in the telescope efficiemcies (+l1.5%). By guad-~
ratic addition to the normalization error we
obtain a total systematic error of +2.5% at
5 GeV and +3.6% at 6 GeV,

Fig. 2. shows the data of this experiment
together with those of other DESY and SLAC

experiments/l’z/.
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Fig, 1. Compton scattering on hydrogen and

deuterium,




A fit to our data of the form :TF;H 2upl Bi)
as suggested by diffvaction theory, yields the
results shown in Table 1. The errors include
statistical errors as well as the total syste-

matic error.

1.0, I * — 1
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o U0 b & DESY Ref.5 1
$ §f @ SLAC Ref. 6 ;
N 3
3 ié ]
8l : 3
f§ |
[i9] § 4
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§ } '»
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}}

0.0 0.2 o 0.6 0.8
~t (Gevic)?

~Fig. 2. Differential Compton cross section
on hydrogen.

Table 1
Photon energy _
GeV (GeV/c)2  (Gev/e)~2
This
experiment 5 0.8240.04 8.5%l.5
6 0.7940.04 8,6+1.2
pESY/ >/ 4-6.2 0.8440.08 5.740.35
stac’ 7/ 8 0.8240.04 7.740.5
VDM Prediction 5 0.46+0.05 -
(see text) 6 0. 4440, 04 -

The extrapolated forward cross sections
are shown as a function of energy in Fig. 3
together with those from other experiments/ 1-3/ .
The curve shows the contribution of the spin-
independent amplitude ?.' in the standard decom-
posrt;lon

dey < 5 (1§l (),
where ,{,_ is the spin-~dependent amplitude, and k
the photon energy, ‘f,. was calculated from the
total cross section via optical theorem and
dispersion relation/ 4/ . Our extrapolated forward
cross sections are 10% smaller than the pre-
dictions, but consistent within the errors. They
are compatible with a vanishing spin dependent

amplitude {?1 at both energies.
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Fig., 3. Differential forward Compton cross sec~
tion on hydrogen.

For comparison with the predictions of
the vector dominance model, VDM, the forward
cross sections have been calculated using the

sum rule
T T R (& £Cypove)) ]

wrth recent valuee for the vector meson cross

/5/

sections and the Orsay values for the coup-

o 9« /6/
W 5,,
the well known discrepancy: The data are higher

by about 40% than the VDM predictions. This

ling constants — . Table 1 demonstrates

discrepancy can be removed by including the
higher vector mesons ?'(4600) Y (3400} and vts?w)
and by extending the VDM to the cvDw’' 7/,

The differential cross section for the
deuteron (Fig, 1) shows the transition from co~
herent scattering at low It to incoherent scat-
tering at higher /t| values. Neglecting spin ef-
fects the cross section can be written in closure

approximation as

L 2d t . -F Gt
(i_f [hi[hm))uap (1 m ] )

where is the proton energy. F(f) ana ((¢) denote
the deuteron form factor and the Glauber correc-
tion factor/ 8/ . O, and G, are the amplitudes of
isospin O and 1 exchange. The influence of the
Fermi motion/ 9/ is smaller than the Glauber
correction, according to our own calculations/ 10/ .
The corresponding differential proton cross sec-

tion is given by

de) L I ( oot 4 fealt + 2 Re (a007)
At T&

From the deuteron and the proton cross sections



2
one can deduce the two isospin ratioslad/]gpan

andﬁl(dﬂﬁ}/laﬂa1f,By a fit to our experimental

data we obtain the values listed in Teble 2. Sys-~

tematic errors resulting mainly from the uncer-
tainty in the Fﬂ1 background component and in

the precise converter position, amount to about
half of the statistical errors, while normali-

zation errors common to both targets should

have no effect.

The isospin ratios depend however sensitively

on the assumed shape of F{¢) and 6({}.We have

used a deuteron wave function following Reid

and calculated ¢(f) in theQ -dominence approxi-
© Table 2

Ratios of isospin amplitudes with statistical
errors. *Calculation with Hulthen wave func-
tion. ** Analysis of the data from Ref./B/)
using a deuteron wave function by Reid/lo’ll/

},a-—cfl R&(Q\)'Q:)
‘Qaﬂhfl t G»::‘QQA‘L
This experiment, 0.13+0.09 0. +0.03%
5 GeV (0.08%0.10  0.02%0.03)*
stac/ 7/
8 and 16 GeV 0.03+0.10  -0,049+0.012
(0.04+40.11) (0.00740.018)**
avre
DESY Imay  x0.04210.008
Im aa

mation. If we analyse the data starting from
/12/
1

a Hulthen wave functionm we obtain consis-

tent, although numerically different ratios.

For comparison we have also calculated these

/37

parameters from the data using our Glauber

corrections. The values are then changed slight-

ly in Table 2.
All the ratios are compatible with a vani-
shing or at least small isospin 1 exchange con-

tribution to photen nucleon interaction. They

are also compatible with the measured/13/ ratio
Lweas . Glypj- T(yu}
Twa, Tlyp) Glyn}

ag listed in Table 2, if one assumes equal real
to imaginary part of the <4, amplitude as pre-
dicted for HzRegge exchange.

e are indebted to the technicians and to

the members of the Hallendienst who made the
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experiment possible. We are grateful to the sci-

entific directors of DESY for their interest into

our experiment.
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DETECTION OF ﬁ?k COULOMB BOUND STATES

R.Coombes, R.Flexer, A.Hall, R.Kennelly,
J «E1rkby, R.Piccioni, D.Porat, M.Schwartz,
R.Spitzer, J.Toraskar, S.Wiesner

Stanford University, Stanford, Califcernia
B.Budick, J.W.Kast

New York University, New York, N.Y.

We report herewith the detection of hydro—
zen~like atoms consisting of a negative (or po-
sitive) pion and a positive (or negative) muon
in a Coulomb bound state. These F?k atoms are
formed when the’ﬁ'and/k from the decay
have sufficiently small relative momentum to
bind. We have observed these atoms, produced at
relativistic velocities, in the course of an
experimental program at the Brookhaven A.G.S.

The basic properties of these atoms are
calculated by the formalism used to describe the
hydrogen atom. The reduced mass of the system
is 60.2 Mev/cg, its Bohr radius 1is 4.5:10_110m
and the binding energy of the 1S5 atate 1s
1.6 keV. To our knowledge, the first calculation
KL /“)aet.v
K -zALL
ried out by Nemenovl’, who found that R~1077 ,

of the branching ratio K= was ocar—
with the precise value depending upon the form
factors of K, decay. We will present our re-
sults on R in & Subsequent paper; only the evi-
dence related to the detection of these atoms

is discWssed herein.

The prime motivations for the experiment
are twofold. First, the value R is proportio-
nal to the square of the "/ wave function at
very small distances and so an anowaly in its
value may be indicative of an anomaly in the
- interaction. Secondly, by passing the atoms
through a magnetic field at high velocity
the 2a ststes should he depopulated through
stark mixing with the 2f states apd consequent
decay to the|s states, The extent of this depo~
pulation will be highly dependent upon the va-
cuvum pelarization shift {Lamb shift) of the 2 F

states relative to the 220 states and may, if
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measured with some accuracy lead to a determi-
nation of the plon charge radius.

The Kf particles which give rise to our
Ratomic beam" are produced by a 30 GeV proton
beam striking a 10 cm beryllium target (asee
Figure 1), A large vacuum tank and a connecting
evacuated beam channel lead out to the detection
equipment. A 4 £t steel collimator prevents
any direct line of sight from the detector sys-
tem to the target.This is to prevent background
particles, in particular Kz's from approaching
the neighborhood of cur detectors.

Those Ks which decay within the shaded area
in the vacuum tank give rise to decay products
which may, if properly oriented in their direc-—
tion of motion, travel down the channel. In
order to remove charged particles, we have in-
terposed two magnets along this channel. The
first of these, labeled the "sweeping magnet”
bends herizontally and has an integrated field
strength of 8 kilogauss meters. The second mag-
net, (originally intended to induce transitions
between the 28 and 1s stateacf these atoms) is
called the "transition magnet® and bends verti-
cally with an integrated field strength of 36
kilogauss-meters, Those charged particles which
survive bave very high momenta or are given
a significant deflection before entering the

detector region.

= ATOM BEAWLINE

TRANSITION
MAGNET
ANALYZING
SWEEPING VAGNET

DECAY  VACUUM MAGNET

P
DETECTION

Be
TARGET

ADJUSTABLE PIPE APPARATUS
COLLIMATOR BRE|AKUP

Q 10 20 FOIL

ey err——

PLAN _VIEW

Fig. 1. Experimental arrangement at the A.G.S.



We bhave then a beam consisting largely of
]/ rays (resulting Trom Tﬁ& which are in turn
the products of kaon decays), highly energetic
pions and muons, and cccasional atoms. The mo-
mentum spectrum of the atoms coming down the
channel has no appreciable contribution
about 5 GeV/c,

To dissociate the atoms and make their
detection possible, we interpose a thin alumi-~
nium foll

before the end of the vacwum chanmnel

(see Fig., 2). Ionization of an atom takes place

through a series of sequential transitions
through the states having highest angular mo—-
mentum for any given principal guantum number.
We have calculated the thickness of foill requi-
red to break up a fp atom to be 0.025 cm of alu-
minium.In the course of the experiment,.data was

taken with foll thickness of 0,075 cm and
0.625 om of aliminium,.

7 ATOM DETECTIOM APPARATUS
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ANALYZING TRANSITION
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H | I :
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i
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Fig. 2. Detection Apparatus.

The pilon and the mumon, now uncoupled, exit
the foil at the same velocity (with momenta in
the ratio of theilr rest masses) and in almost
perfect spatial coincidence. The opening angle
between them at a typical atomic mementum of
3 GeV/c, neglecting the multiple scattering in
the foil, sheould be less than 0.5 milliradians.
The projected multiple scattering of each par—
ticle in a 0.020?’ aluminium foll is about
(1.3/p (GeV)) miliiradians.Thus the angle between

pion and muon upon emerging from a 0.075 cm
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fo0ll should he about two milliradlans. The
angle between them in the case of a 0.625 cm
aluminium foil is about 5 miliradians,

We next introduce these two coincident
particles into a horizontal field which serves
to separate them vertically. We terminate the
vacuum channel with a thin mylar window where
the separation between the piomr and muon is
about a centimeter for a typical atom. Just
veyond the windeow we place a multiwire propor-
tioral chamber made of two planes (planes 1
and 2) to allow the reconstruction of the verti-
cal and heorizontal coorginate ox each of the
particles. Each of these planes 18 constructed
of a set of wires inclined at 60° to the verti-
cals, At the point where the pion and the muon
traverse these planes they are directly above
one another and separated by a vertical distance
A which is clesely correlated to the sum of
their momenta.

After leaving the apalyzing magnet the plon
and the muon continue through a series of three
further pairs of proportigmal chambers, sach
constructed of wires at __+_6O0 to the vertical.

In each of these planes the X and 3 coordinates
of each track can be localized to about + 1 mm.
Following the last of these chambers, we have,
in sequence: a bank of 11 counters (S bank),

a sheet of 1°* thick lead to induce showering
of electrons, & bank of 15 counters (A bank),

a lead and steel wall embodying 1.9 mean free
paths of absorber, another bank of 19 counters
(% bank), a wall comprising 1.3 free paths of
absorber and a final bank of 23 counters (L bank).
The abaorber removes muons below a momentum of
0.9 GeV/c and about 90% of the pilons. The first
crude indication that an event of interest has
passed through the detector comes when we ob~
tain a trigger indicating simultanecus counts
in two Scounters, two non-adjacent A counters,
one or more PBoounters and one or more (coun-
ters. We next examine planes 1 and 2 to deter~
mine rapidly whether two tracks passed directly

above opne znother within the experimental reso—



lution and with A lying between .8 and 3.5 cen-
timeters. We then remove, through the use of our
on-line computer, all events in which more than
four tracks passed through the first plane. The
residual events are logged for further study.
The information recorded includes the timing

of all counters, the pulse height on each of
the A counters and the positions of the tracks

as they pass through the eight planes.

We carry forth the anaiysis of the data by
subjecting each event to a sequence of tests,
each of which must be passed before it can be
considered a valid candidate for a nau_atom.

The geometrical characteristics of these tests
have been determined through a study of the
e%¢ pairs which are created by ) rays impin-
ging on the foil and the muons which come down
the vacuum channel when the sweeping and tran-
sition magnets are turned off. The tests are as
follows:

1. All counters involved in a trigger must
be time coincident within +2 nancseconds after
correction for flight times of the various par-
ticles.

2. The four counters which define the muon
track must lle on a straight line within the 11-
mits of Coulomb scattering in the absorber. On—
1y one trmok may penetrate to the C bank.

3. The pulse height on sach of the coun-
ters must be less than 2.5 times that produced
by a minimum ilonizing particle.

4, Each of the tracks must have a momen~
tum not less thanm 0.9 GeV/c.

5. After the two tracks are reconstructed
back through the magnet, we can determine the
X and %-projections of their apparent separation
and the apparent angle between them as they left
the feoil.

The cuts are as follows:

a) The vertical separation at the foil

must be less than 1.35 Om.

b) The horizontal separation at the foil

must be less than (.50 om.

¢) The measured vertical angle between the
two tracks as they leave the foil must
be less than 0.025 radiane.

d) The measured horizontal angle between
the two tracks as they leave the foil
must be less than 0.004 radiams.

6. Our study of the &% pairs indicates that
the vertical spacing, A between the two tracks
in planes 1 and 2 is predictadle to a wire
spacing given the momenta of the two particles.
We reject all candidates which do not conform
to this constraint within +2 wire spacings.

7. By studying the eti—pairs we have ascer—
tained that we can project our tracks dack to
the vicinity of the collimator with 2 horizon-
tal spatial resolution of +2.5 cm. We insist
then that all of our tracks of interest point
back to 22.5 cm wide fidicial region near the
collimator, missing both the collimator itself
and the walls of the vacuum channel.

8. Finally, we 1insist that the sum of the
pion and wuon momenta be no more than 5 GeV/c.

Having subjected all of the recorded data
to these tests, we arrive at a residue of
33 events. For each of these events we plot
(in Fig. 3) the parameter d=%%% where Pr 1s
the pion momentum and YL is the muon momentum.
A study of this parameter through an examina—
tion of e'e pairs indicates that the acceptance

of our apparatus, modified by the abovementioned
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Fig. 3. A plot of the parameter & indicating
the detection of 7om atoms.
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tests, is flat within 30% from A = -0.4) to
A = +0.4. None of our acceptance tests bias
us toward one or another sign of oA . Hence, any
bump in this plot would indicate a strong cor-
relation between pion and muon momenta$ in par—
ticular the atoms should be characterized by
a value of o= e 7
Mg+,

peak at the predicted point containing a total
of 21 events with an estimated background of
3 events. The width of the peak is consistant
with that expected from measurement errors.

We conclude that we have observed Coulomb

bound states of plons and muons.
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to the Brookhaven A.G.S. staff and to L.Birk-
wood, J.Bjorken, S.Drell, G.Donaldson, M.Faess—
ler, M.X,Gaillard, D.Hitlin, B.Kincaid, D.Oui-
mette, M.Prasad, C.Rasmussen, A.M.Rushton,

J .Tannis, A.Tilgham, J.D.Waleoka, S.Wojcicki

and C.Zupancic for valuable assistance.
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