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Forward:

The Srookhaven Workshop on Physics with Polarized Targets was
intended to focus sttention on the maturation of the physics utilization
of polarized target technology and to invite interaction betveen theorists,
polarized target experts, and other experimentalists interested in applying
polarization measuraments to nev areas in high energy interactions. The
utility of polarfzation measurements in limiting ambiguities in phase shift
or amplitude analyses of elsstic and charge exchange scattering is well
knowm. Previous conferences on polarized targets such as the IInd Inter-
national Conference on Polarized Tergets, Berkeley, 1971, Lave extensively
discusaed this area. In the uid-197C's higher intensity bears. sophisti-
cated particle detectors, and ncv developments in polarized target techno-
logy combine to extend greatly the scope of conceivable experiments with
polarized targets. The excitement over the physics potential of adding
an entire nev Jimension = spin structure - 1> the data base for savlysis
of elastic and inelastic reactions was clear to i's at the workshop. 1
hope that this report conveys some of this physics challenge to the resder
and inspires extension cf some of the ideas discussed here.

The nted for new kinds of dsta on inelastic reactions if one is to
nake progress In systemativing elementary psrticle dynamics was stressed
repeatedly. Total and differcatisl cross section measurements, howvever
precise, cannot by themselves be used to unfcld the auplitudes which go-
vern particle interactions within sowe syrmetry group, e.g., SU(3) multi-
plets. If ve are to test symmetries and understend symmetry - breaking

schames, then we must isolate amplitudes, rather than measuring reactions.




As Chris Michael has put it, "If an experimenter proposes to study ex-
change mechanisms these days, the question should be why not measure P,
R and A in the experinent, rather than whether they should te done."

In this general gpirit, the workshop participants reviewed what
work had alrveady been done, atteapted to isolate gaps in existing work,
and projecter? iew messurements that might be made, using new tzchnologies.
We also heard reports on polarized target research going on at ANL, BNL,
CERN, LAMPF, and SLAC, pressing toward radiation-resistant targets for
high f{ntenaity beams, frozen-spin targets to perait large solid angle
access to the target without excessive nryogenic hardware to interfere,
and nev work by the CERN group in polarizing neutrons in deuterated hy-
drocarbons.

It is my pleasure to thank all participants for their sctive involve-
sent in the workshop. The organizaticn of it benefited greatly from the
interest and involvement of Ronnie Rav, Bob Phillips and Satoshi Ozaki.
The operation of the whcle enterprise and the publication of the proceed~
ings would have been impossible without the good work and good cheer of
tke Conference Secretary, Sharon Smith.

The objective of ths workshop was a consideration of whether invest-
ment in new types of polarizad target sctivity, extending the kinds of
measureaents sade, extending the ceaction types studied in polarized tar~
get experiments to include munltibody systems and inclusive polarization
studies, and exploiting higher sensitivities to extend t and s ranges of
existing data, was vorthwhiile. The consensus of the participants was a
respunding “yes". The raports in these proceedings stand in powerful

support of that position.
James S. Russ
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SECTION 1

PHYSICS APPLICATIONS OF PULARIZED TARGETS




Invarience Principies and SPln*

Ts L. Truesar

Brookhaven National Laboratory, Upton, New York 11973

This talk is an elementary discusaion of the description of
scattering from polarized targets. It is intended to be basis for the
more spccific telks given during this workshop. It is not intended to

be a review talk.

i. Total Cross Sections

Is there snything to be lesarned from total cross soction measure-
ments on polarized targets? We will consider p and d targets.

a) Polarized proton target.

Consider an unpolarized proton beam incident on a polarized proton
target, Conservation of angular momentus and the {dentity of particles

allows only five nonezerc helicity amplitudes:
LT ’ fee " LI

emyo. ’ £ -+

if parity is conserved there are only three indenendent amplitudes and

f-H-.-H- - f._,__. t_H_.__ - f--,-H- . The corresponding invariant ampli-

tude expansion is

* Work performed under the auspices of the U.S, Atomic Energy Commission,

T S unnintiaaer o N



L e

L RRASNIIT A L

- - P, A
M = A+B al-uz +C ol-p uz'p

vhere ; is & fncident momentum in the center-of-mass. The total cross

secticon is

an
o.r - P Im{TrcH)

and the denaity matrix - is given by
1 - .—o
ozl +9y Fol,

vhare th- atrix with subscrist 1 fs in the spin space of the target and
the matrix with subscript 2 in the spin space of the projectile. ;l is

the polarization vector of the target. Then

independent of ?l'
Should parity not be conserved, but time reversal is good, there

can b= another term in M proportional to (?1-32)-.5 leading to a tem
in o sroportional to ;'Fl‘ Thus to detect parity violation & cowponent
of polarization in the longitudinal dicection is needed,

1f time reversal is violated, ton, there can be another term in

M proportional to Gl x 32)-; (le., £, __$€ -H-)‘ This term c2-
1] E)
be detected only if both target and beam are polarized.
The discussicn of -g% for pp scattering is a special case of later
discussion. We mertion here only that for paiity violation one looks

for terms in -l;l-(;b;') and for time reversal one loocks for terms in




;l-(;-;') in the &ngulsr distribution. (;' denates the scattered proton
morentum in the c.m,).

h) Consider the scattering of a m on a polerized d target. {(Scat-
tering of unpolarized p's 13 essentially the same.) One way of writing

the density matrix ¢ of the deuteron {s
Cad(1e3 T 43
£ eg(l+5 P+ 7 q“u1 ]+J J 3 “l

Jl denotes the usual 2 x 2 spin 1 angular momentum matrices, Q“ ic a
real, traceless, syemetric tensor so the polarizetion state of ¢ is

epecified by elght real parameters. Explicitly

Px- “’y 1 sz- in

Ll 1 1
sede odg 1 +3 1,
3" 22 2z 2 (2)3 4 (2) QYY *y
oo | 13N 1%y 11, 1..__5:"’:'“’ 1%,
[ 1]
2 a4 37272 "2 8 4

L - stq ), 1 7 1._?311,4@
quyjqu'z @ 4 + 330,159,
In terms of helicity amplitudes

- &! 1 L4 -
°T P Im{3(f +£00+f ) ""z'Pz(f«- F_” -sz(f_H_-rf 2£00)$
vhers the z-axis {s along the beam momentum,

Tf parity is good f.H, * £ _ and here, too, “r is indepepndent of P.

However, if sz 40




-f

£
op(@-0(0) = % mFph o .

Note that positivity of the matrix @ requires

and

eo a d completely polarized in the z direction must have sz = 2/3, For

pure transverse polarization, say < Jx > = 1, we have

T
':»J
-~ =
N
A d
=

or Pz = 0 bue sz = «1/3, So, in general, there is some information to
be gained from total c¢ross sections on polarized d's even when parity

and time reversal invariance are good.

2. Polarization in Various Reference Frames

The density matrix Py of a polarized proton target 1s must simply

given in its rest system, the lab system. There it has the familiar form

1 - -
oy = 3+ a-?) (2.1)

where the polarizacion vector 3 hes its components defined with respect

to axes defined in the lab. For definiteness we take the incident beam

R

R
AN R




in the negative z~direction and the y-axis can be chosen in any con~
venient way: the direction of the magnetic field or the normal to the
reaction plane defined by the apparatus are typical choices. A state

completely polarized in the y-direction has the form
1 1 1
1> = poe (3 >+ 1i-3> (2.2)

correspending to a density matrix

1 -
1
pi - -2-( ) . (2.3)
i 1

A Lorentz transforumation to the center-of-mass system, i.e., s channel

c.m,, leaves the spin components along the z-direction unchanged:
L e> = ipn> . 2.4
W is then the helicity of the initial proton in the s c.m., Consequently,

i 1 1 : 1
L(p)|i>= Upss >+ilps-5> (2.5)
2 (2); 2 2

and the helicity density matrix of the proton in the overall c.m. oi(s)

is simply
(s) = 101435
Py Py 2(1+:r P) . (2.6)

This is perfectly general and does not depend on the proton being in a

r

pure state, because of (2.4) which defines helicity,




Now consider the process w+p “R+X (inclusive or exclusive.) It

is for exactly this same reason that the helicity convention for the

density matrix of the outgoing state R, denoted by pf(h) satisfies

. oM - pgs) R 2.7
: Ml AN !
|
f where pés) is the helicity density matrix of R in the s ¢c.m,
' . (s) Z : (5) (s) (&)*
) pfu, fl.v 1 :L ! fh'v,u' 2.8)
- l-lyl-l'»v

fhv) denotes the production amplitude with helicity indices A,n defined
¢ in the s~channel c.m. Vv denotes all unobserved variables which are

summed over. Recall that pf(h) is defined in the rest frame of R reached
by a pure Lorentz transformation from s c.m. along the direction opposite

to its motion; i.e., its z~-axis is opposite to the direction of the

recoiling system X in R's rest frame. See Fig. 1.

We emphagize that using Py and pf(h) in this way is directly a

meassure of the s~channel helicity amplitudes f{:) e We could express
1]

pf(h) in terms of amplitudes ‘ﬁ)u defined in the R rest frame, should
’

this be desirable for any reason. Then

) (s) (8)*
-Efm M 2(1 s P) t fA'v,u'

DA, oL@ s 5 P £,

(R) 1 - (R)*
E 21+ 0 Fgq eA’V.c'

2
H
¥
{
)
4
&
}




where ;' is referred to axes rotated through & about the normal, See

Fig. 2.
A more pertinent example is perhaps the t-channel helicity density

matrix Df(t). It is given by

() N ) 1, . == (t)*
P E vou 2T P By,
vhere (:)u are the t-channel helicity amplitudes. By the same argument
»

as before ;" must be defined in the proton rest system, so that the
t=-channel c.m. is moving in the negative z-directicn. This is either the
same as or the opposite direction to the outgoing baryon's direction in
the lab, depending on whether

22, ... 2 2 2 2 2 2 2

-(s-hnp -m, )((:-f-mP -mg ) Zmp (mB mp +1nﬁ Ty )

is positive or negative, respectively. mp, Wy Mg, Wy denote the mass
of the proton, pion, outgoing baryon and outgoing meson, respectively.
This is showvn in Fig. 3 for the former case. 6L denotes the direction
of the outgoing baryon in the lab. (Remember the incident n is moving
in the negative z-direction.,) In this case P" 15 the vector P rotated

through an angle (ﬁ-OL) about the normal:

[1} - -
P - Px cos(x OL) + 1’= sin(n GL)

” -] - -
1’z - Px sin(xn 91.) + 1’z cos(x 91.) .

(Note that when R is the outging baryon B' = B, See Fig. 4.)




In all that follows we will not specify which frame is being

used., The formulas are general and need only be supplemented by the

proper definition of P and the polarization state of R that go along

with the desired amplitude f{:)u or (:)u .
L] »

3. R_= Baryon of Spin J

Consider processes like nN - xN*, KA, etc. with X & recoiling spin

zero particle, Then

* 1 - -
Y Ul fAu fA'u' '2'(1 + U'P)uuu
Y

- - ™ "
o SO bM' P'n + S P'p + dM' PenXp (3.1)

~ ~n
wnere n is & unit vector normal to the reaction plane and p is a unit

vector in the initial proton direction. The various mactrices a,...,d

are given by

1 * *
SRR W ORS A CR
i * *
bnr .- '2'(51_’_51_ - fh'fl'-}) »
1 * *
= 2hhee m BAARD

1 ¥ %*
dn. = 'z'(fh+£l'- + fA'-fh'+) . (3.2)

The matrices are all hermitiamn: YU 2:57\' etc,, and if parity is
conserved
A=A* A=A'
Hat " (-1) .-A,-A" bnl = (-1) b_l._ll

R B S A Tl TP C X )

~10 -




i
,3
I
i
1
i
i

A-A'
Note that @, , # (-1)" " p, _,,unlessP =P = 0. Svidently

a 1is determined by unpolarized p

b {s " “ P normal to plane
c is " * P longitudinal
d 1is " " P transverse in plane

Note that normal polarization can give components in the plane by
varying the azimuth of the reaction plane. Since f cannot depend on 9,
this gives information on a combination of ¢ and d. But without a longi-

tudinally polarized target Px and Pz cannot be varied independently:

D('): Px = Pgind , Py a Pcos) , Pz =0
gives d':‘) but not c(')

D(t): Px » «Pain® eouGL. Pz = ~Psing slnGL

Bives(d(t) COIGL + c(t) li.nGL)

However c(t) and d(t) will depend on GL and cannot be separated by

varying GL.

Note that {n general

Trc = Ted » 0 (3.4)
')
do 2.8
FT Tro = Tra+ P'nTrbd (3.5)

depends only on the normal polarization (with parity conservation.) To

get information on c and d some final state polarization rust be measured.

-11 -




If only the angulsr distribution of the decay of the N*, A, etc. is

messured, it is given by
Do Friemmry 6o £E .
AA'e

wvhere u is the helicity of the decay product baryon and Fu the decay ampii-

tude, If parity in the decay im conserved ll-‘u[ - ls‘_ul. A typical term

is

ANV (@, @08, @5, Py + il @0y @18 10, 00
n

A DL L e PN N LT IR O O
M

so if parity is conserved only

- r
e + Ppra ™
is measurable, That is, only

RenM. N Re b,,,

Im LY U Im dnl

are messurable. This is the generalization of the usual statement that

only Repn, is measurable for unpolarized initial states,

However, there are additional relations that are apparent from
(3.2); namely from parity conservation

At it toy (-1 "2 (3.68)

-12 -




canr = (DM EaenTha, (3.5b)

vhere 7 is the intrinsic parity of the outgoing baryon. We lerrn two
things from this: (i) 1if we can measure sll of the elements of 2 and d
we don't learn anything new by measuring b and c; in particular longitu-
dinal polarization is nc:t needed. (11) if we can measure only Rea and Reb
we can calculate Ima and Imb ; hence a target with normal polarization
removes the need for observing parity violating decays. (This is the gen-
eralization of the familiar equivalence between measuring final state
polarization with an unpolarized target and measuring the asymmetry with
a polarized target in N - =N,)
There are also noalinear relations, for fixed kinematics, which
may be useful. These are like rank conditions and follow simply from
(3.2):
i(bd-db) = cTra (3.72)
@%%H = aTra (3.7b)

4, R = Meson of Spin J
*
Consider processes like n - AzN, K A, etc, where X is & recoiling

spin 1/2 particle, The density matrix again has the form (3.1) and the

symmetry conditions (3,3) are the same., The matrices are given by

1
"2 2 (fiw+£kv,++fhv-£kv- ’

vatd

- i L] - *
bar =% D By By ® By Brug) o
V._t

- 13 -




1 * *
QAr *Z Z v, Brv,e ™ By,e By, s
veid
1“ E* x
S SHE 2: Bvr Bary,e By, By - (4.1
vatd

The discussion of measurablility goes through but (3.6) and (3.7) are no

longer valid,

Some simplification caen be achieved if we go over to amplitudes
corresponding to eigenstates of reflection:

AT NP T8 Dl S “.2)

where 5" 1/(2)*, AdoO, 5L~ 1/2, A = 0. 7 denotes the parity of R.
These amplitudes correspond asymptotically to the exchange of definite
natuvzality o,

o = Tt .

Then
L]
.:;l - §A§A1(1+ee.) (gM' + "('I)J.Asl_nv) s
¢ -,
BEEL = g (1ee’) By + =D e 0

el B ese’) (g + 9D e 00

(4

B (ese') (4, + 017 Red 000 .3

L]
Evidently, a“' and b€ get contributions only from products of ampli-
1) ]
ctudes of the sam2 naturality while c“ and d%¢ get contributions only
from interference between different asturality. This results from the

stm on the unotserved final nucleon spin.

-14 =




The advantage gained by going over to these matrices is that they

are all of rank 2 while the original matrices were all of rank 4,

follows from the reldtion

€

Hev
N 1)

€
= €(= fh’_v .

Hence

23 1 € e'*
far = R (ree)y z: Buv B

Hv
= gk (ree) Y £ T
Y ad,v gy o
v
BEE, = £ 6, (ihec’)(~D) nEVE et
M AS z By Ba,ev
u,Vv

-8t (1hee’) Y0 u¥ 51,y Brrd.oy
v

3 3-v ¢ €'
Gar = Bt 30 euFV g £
WV

NLEED Sl Biv By
v

(13 € €'
CIRNC S

HyV

1)
CXRTEETEE 3 D VI W
v

-]l$a

(4.4)

This



P ».;..«.A_m-.i\-;'..m,m.m...m. w2

where € = ¢’ has been used in the first pair and € = ~¢' in the second.

It is then easy to see that the matrices

€z" [ ' v
&% ibie . cEE * 1d€€

are all rank 1 and so are all subject to the usual rank conditions., This

is probally most useful for & + b, As in the last section, Lf only Rea

and Reb are measurable, then Im(s & b) ars both determined up to a sign.

For additional discussion of these points, see the forthcoming publication
of $.U. Chung and T.L. Truenan.l

It 1s also possible to derive expressions similar to (3.7a) which mey

be useful:
. ret
%% (1r 2% ¢ 8, - Tr .“.f.\‘.)

1] tot ot L]
- 1(d%¢ Ae(Zbe € ') + (2b“-'l‘rb“)Ae.d“ 1,

1 10
€ (tr bt € o - Tr b“AE.)

L] 1.0 fat ]
- 1[a%¢ A‘(Zn‘ Cerra® €y + (2%mna*p 0%, w.m)

where
s, = (1r @92 - 1esH % .

5. £ = MM
This is a particularly nice case since the A decay allowa ths

measurement of both 0, and 05, 5« Now the mstrices a,b,c, and d can

be written out explicitly in terms of Pauli matricas and real scalar

functions:

16 =




- A

p = .0+‘1 aen + (bo+!>1 a-n)P-n
- P » a )

+ (cz 99, + ¢4 a0 X pA)P-p

- P LR Y
+ (dz Ooppy d3 a.n X pA)P-n Xp . (5.1)
All unit vectors here are defined in the c.m. system.

In terms of the Mueller amplitudes Ak'u'.lu (see Fig. 5) we have

Ay ™ %ot Ay 4 TibGH,
L Ay 4 = lapte,
AH_'__ L] b1+d3 A+_’_+ "bl+d3
A-o-,++ - lbo+d2 A+_'_. - ul-c3 . (5.2)
The others are ail related to these by parity and hermiticiety:
%*
Mua T A
- - 0_ ’
- (.1)0 W) (A (13 )A (5.3)

A-l-n,-l'-u' Al,A %!

One could also paranetrize the density matrix in terme of the
Wolfenatein parameters which are referred to a mixed basis: the proton
spin is quantized along the incident direction but the A spin ie quantized
along ;A in the lab, The former is appropriste for s-channel amplitudes,
the latter for t-chann2l amplitudes so the crossing angle X comes in.
(see the discussfon in Sec, Il.) The angle is shown in Fig. 6, Our
amplitudes have the A spin quantized along —';A in the & channel c.m. 1t
is straightforvard to wo.k out the connection. It is given in the following
table along with the required proton and A polarizations needed to

measure them,

-17 -




A Polarfization
. Wolfenstein parcmeters Proron Polarizetfon (pA in lab)
[l
o &
JEe A= (-czsi.nX+ cscosX) Pz :A x:
R= (-dzsinX+ dscosX) Px EA X a
' -
A (c2c05X+ casinX) Pz z A
4 1
: R' = (dzcosx+ d3sinX) Px EA
D=b P n
1 ¥ -
’ Pz = ‘1 none n
Pl = bo Py none

1. S.U. Chung and T.L. Trueman, Phys. Rev. D11, 633 {1975).

Figure 1 Figure 2

i duh: 2=
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Figure 3.
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A s
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Figure S.
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NEW DIRECTIONS IN POLARIZATION PHYSICS"

A, Yokosawa

Argonne National Laboratory, Argonne, Illinois 60439

Presented at the
Brookhaven National Laboratory Workshop on Polarized Targets
June 1974

*
Work performed under the auspices of the U.S. Atomic Energy Commission
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NEW DIRECTIONS IN POLARIZATION PHYSICS

During the past 10 years, many experiments have been carried out
with polarized targets. The results give new insights into hadronic physics
and are extremely useful in answering many questions and checking theoretical
predictions. So far, most of the experiments have been performed for
two-body, final-state reactions for which many measurements are still to
be taken. We are far from reaching our goal. New directions in polarization
physics would involve decisive measurements to determine scattering
amplitudes of two-body and multibody final-state reactions, We will start

by discussing simple reactions and move on to more complicated reactions,

L Elastic Scattering
A, 7N Elastic Scattering and Charge-Exchange Reactions
i. @p Elastic Scattering
Polarization measurements in this reaction have been made far more
than in other reactions. dowever, the existing data are limited to the
following range:
Forward scattering: up to 40 GeV/c
Large momentum-transfer region: upto |t| =~ 2,5
Backward scattering: up to 6 GeV/e
R and A parameters (|t]| <0, 5): only at 6 GeV/c (R parameter
in n7p also at 16 GeV/c)
Some of the typical polarization data in 7 p elastic scattering are

presented here. Figure 1 shows a mirror symmetry between ‘ll'+p and 7 p
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scattering. All-angle polarization data have good quality at intermediate

energies. Figure 2 shows a simultaneous plot of ‘I'I‘+p and Tp data, and it is

remarkable to see the t-channel exchange effect from the forward region all

the way to the backward region.

One should pursue the study of the effect by covering the higher |t] region
at higher energies.

Limited data exist on A and R parameters in ﬂ*p scattering, Forward
data at 6 deV/c are shown in Fig. 3. We still lack data with better accuracy
covering wider |t| range at various energies.

In backward scattering, we canstudy baryon-exchange processes. At

present, this field is wide open and is definitely challenging. Figure 4 shows
the remarkable energy dependence in 1T+p polarization data. A similar study for
© p is in progress at ANL and CERN.
2, wp Charge-Exchange Reaction
The existing polarization data are limited to the following range:
Forward scattering: up to 11.2 GeV/c (|t| <0. 3)
up to 8 GeV/c (|t | < 1.5)

The result of the nonzero polarization in forward 7 p charge-exchange
reaction made Regge-pole people think seriously about Regge cuts, absorption
models, or extra poles besides the dominating p pole. The scope of all the
existing charge~-exchange polarization measurements is shown in Table L

Figure 5 shows the results of measurements at 3.5 and 5.0 GeV/c in the

range of 0,2 < |t|< 1,8 (GeV/c)z. Experimentally, this is one of the most

difficult channels, and we need data at higher energies as well as at

intermediate energies.
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The above data were used together with seven other measurements to

determine the scattering amplitudes of 7N scattering at 6 GeV/c. Some

of the resultsbare shown in Fig. 6.

Table I Polarization Experiments in mp Charge Exchange

[t] Types of

Range Neutron Polarized Target

Mea- o Counters Proton Polari-
Experiments sured m~ Detector Used Target zation
CERN(old)z, <0,2 Lead-sandwiched Yes LMN-24H20 60%
5.9 and 11.2 optical spark-
GeV/ec chamber
CERN(new)s, <1,5 | Same as above No Butanol 33%
5 and 8 GeV/c
ANL (ola)?, <0.3 | Lead-sandwiched Yes LMN-24H,0 | 60%
2,07 GeV/c to Lucite Cerenkov
5.0 GeV/c counter (on-line)
ANL(new)s, <1.5 Lead-giass No Ethylene 60-80%
3,5 and 5,0 counter hodoscope glycol
GeV/c {on-line) {frozen

antifreeze)

E3
Neutron counters were used to cover a limited angular region,

B, KN Elastic Scattering and Charge-Exchange Reaction

1. Kp Elastic Scattering

Polarization measurements at high energies have been made at CERN

only in the forward regions. Some of the data are shown in Figs, 7 and 8,

The results of polarization measurements in K+p scattering; at ANL are
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available at all angles from 1, 60 to 2. 31 GeV/c as shown in Fig. 9.

2. Kp Charge Exchange

The K p K% polarization hae been measured at 8 GeV/c and for |t}
values from 0 to 1.2 (Ge‘l’lc)z. The experiment was performed by using
the unique CERN-ETH magnet for a polarized-proton target and, at the same
time, for detecting the trajectories of the K° produced in the forward
direction. The experimental result is shown in Fig. 10, The polarization
P(t) is definitely non-zero, in contradiction with the requirements of
exchange degeneracy.

A Saclay group will be mecasuring the pelarization in K+ -neutron charge

exchange at CERN by using a polarized-necutron target,

C. Nucleon-Nucleon Elastic Scattering
1. pp Elastic Scattering
Polarization in pp elastic scattering has been measured up to 17. 5 GeV/c
at CERN and up to 12 GeV/c at ANL. Somo of the dat::l’ 8al'ta shown in
Figs. 11 and 12, There is a dip in the region 0,8 < |t| < 1,0, and the
polarization becomes large for {t|>1.0. Data at large (t{ might provide

valuable extra constraints on parton models,

A new direction in a study of the reaction would be to do p-p amplitude
measurements, especially when both the polarized beam and polarized
target are available. A minimum of nine measurements are needed to
determine five complex amplitudes, Details of such an experimental

program have been written elsewhere.9
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2. pp Elastic Scattering

Polarization measurements in the forward region were mide at
2.74, 6.0, and 10,0 GeV/ic at CERN, More accurate data are badly
needed from 0. 5 GeV/e 1o higher energics for a search of possible

resonant dtates,

3, pp Charge-Exchange Reaction

The pp=nn polarluuonwhn been meacured at 8 GeV/c for a
momentum transfer |t} Srom Vto 0. 8 (Ge\?lc)z. The result is shown
in Fig. 13. The polarization is small and negative,

4. np Elastic and np Charge Eschange

Polarization measurements in np clastle scattering were made up to
1.5 GeV/e, We can perform np amplitude measurements by usuing a
polarized-neutron target and a polarized beam.

The pelarization parameter in neutron-proton charge-exchange lcamerlng“
has been measured for incident neutron momentum up to 12 GeV/c in the
region 0.01 = [t|s L. 0 (GcVIcf. As shown in Fig. 14, results show a
negative polarization whose magnitude increases with [t]; for fixed momentum

transfer the polarization has little energy dependence.
II, Inclastic Scattering
A tTp= n
This reaction is expected to proceed by the exchange of only the Az

trajectory in the t channel. As shown in Fig, 15, the polarization data are
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very limited, Measurements are scheduled at ANL by using both the

lead-glass hodoscope and the neutron-counter hodoscope.

B. Hypercharge Exchange
1. 7 induced
The reaction "p=K hyperons is suited for amplitude measurements,

By observing the decay distributions of hyperons, one can analyze their spin
states. When a polarized target is used, a complete set of observables will
be measured. Experiments planned or scheduled at CERN and RHEL are

mp - K°A°I2°,

1-r+p ~- K+E+, and

n‘+p - 2+K+.
The amplitude measurement of a baryon-exchange process, n'p-AKO, has
been performed at CERN. (CERN-ETH Zurich-Helsinki-L C, Collaboration)
The polarization in w*p-'ZK has been measured at 3,5 GeV/c by a CERN-
Trieste group, Results of backward 'ﬂ‘+p -2+l\ scatteringi zare shown in Fig. 16
together with the 7 "p ~K°Adata at 4 GeV/ c!® The striking difference of

the two sets of data must be associated with the possibility of A exchanges in

the KX reaction.

2, K induced

Line-reversal pairs of reactions to be investigated are:

EN=~7A TN -KN
EN~nzh aN-KE
-— X L3
RN 7Y (1385) "N -K Y, (1385)
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In a study of the reactions Kp- MZO) + vector mesons, one observes
the angrlar correlation of the hyperon and vector meson decays. One
observes natural, as well as unnatural, parity exchange. Some of the
mea surements were carried out with the CERN 2-m bubble chamber,
i Predictions of SU(3) symmetry and the quark model are that the following
amplitudes are equal:
Afp=K'p) = -AK p=$ ),

-AK p=¢7), and

A p = K*):)

A(K p=uwAi)

n

AKp=p M)
The agreement of the experimental data with the theoretical predictions
is remarkable,
; C. wp=pNandwp=muN
A Yale group (M, Zeller ot al. ) has recently measured the polarization
int p~ 0°n reaction at 2.7 GeV/c in the range 0,05 <|t| <0.3. The
measurement in T p ar'n “n at higher energies will soon be done by a CGERN-
Munich group with wire-chamber magnetic spectrometer, Pb sandwich
scintillation counter, and Cerenkov hodoscope.
Very limited data (by P. Sonderegger et al.) -- only a few points with large
error -- of the polarization in ® p ~ 7°r© are available at 6 and 11 GeV/c.
. Accurate measurements of this reaction are badly needed.
D. pp antn”
The polarization in pp =% "7~ at a low energy was measured at the BNL
AGS.is A DNPL-QMC-RHEL group has completed similar measurements in

! the momentum range 1, 2 to 2, 4 GeV/c with better statistics,
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1L Inclusive Polarization Measurements

Spin dependence of pion-induced inclusive reactivns, '*p -t X, has

recently been investigated at CERN, (CERN-Orsay-Oxford Gollaboration)
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Figure 1. Forward pclarization in w+p and w-p elastic scattering.

~31 -




T TR T A stk maemt

0S8 10 1K) 290 23 30 3‘5

T T T T T

*tp
STTRETE NI bk h * f'” {

-o.srL L ritan,  H 1#;};{ } { *

Q.5

. P 4~
+ -4 \

i 1". 2.0 lele
LETS

o ""'lg;ﬂhi b

TR . . - 821000 - -
[RITENY ;;,{”}*T}lﬁ}{!“

-
=
= + + + + 4 +
o

1,04 Gav/c

- 2¢ -

$ s s L Al
] 5 . [ ]
O.SL a

0.5}

-0.5

L 1 ] 4
0 0.5 1.0 ) 20 [ 2.8 3.0 £X) 4.0
1t! (Gevsc)?
Figure 2. Pelarizntion in nt p elastic srattering at all angles.

Note that 1.80 GeV/c n*p and 1.88 GeV/c n~p data are shcwm as
1.8% GeV/c.

e A ¢ i




——t (e @
= . P G-
S e MUY ——3
— [ | 3
[ @ 22T ] O
- [ ¢ O]
[ o ]
o e o) #l°!&
-
(4) Yoy— 1 (Y -—
[ o o [:] o
-] < b3

0.5

0.5

0.3 o4

" Govre)®

0.2

A and R paraneters at 6 GeV/c,

Figure 3.

-133 =

1




I B e B

-w.._ﬂ{hjg's § -l
. ‘ﬂ4 05 2% “h'“! °

H 220 _pi——S4o
3.75 s -10.5
. = -in_: j.o 5 2.3 : o
] [ 4-05
325 .1 ﬁgs
0.5

LT
2.75 #ﬁ
s

§ —-0.5 20 o
[ ' l —.,05
293 4 'f{'_'hl” ‘
93, &
5 ]

[ WU IS W S
-06 -04-02 O
e

!
0 Pi\l)
w2, -0.5
0 .80 qu a® ;_‘ro
0.5
{s]
160 gas®® ey —25
-1-0.5

F VR T M S
-0.6 <0402 0 02
alGevic)®

¥igure 4. Backward polarization in ‘l|'+p from 1.6 to 6.0 GeV/c.

1.0 i R e
8 -+ 8.0 Gev/c,this | 4
- . an nt
1 - 5.0 Gevie{Ref. 1)
4 , 4
= 3 i -
H T Al +~1~ Lakn T T -f-
-2k J
oaL ]
1.0 + 3.8 Gewetiis 3
. xperiment |
-8 -$-3.47 GaV/e(Ref. 1}
.6 i b
- +:+_
T .2} +
e S SO .t = S
-2
B 0.6 0.8 L0 LZ 1.4 L& L8

. :
02 0.4

Figure 5, mp charge-e
GeV/e, The errors sho
tainty in PT'

it Gevre)®

xchange polarization P(t) at 5.0 and 3.5
wn do not include the calibration uncer-

-3 -

e —rp——



i
s

—ss-

-1(Gave’

Figure 6. = N amplitudes at 6.0 GeV/¢ as determined fronm
t-dependent fit shown by dark ceatral lines., The error
bands (determined by the envelope of fits to randomfzed
data) sre represented by shaded reglons.




as,. -
“

a * jr 1 L.

1]

05 .
60

c i b4 1 L

sk J
00

%o

Figure 7. K+p polarization data
from 2.74 to 14.0 GeV/ec.

- 36

P T T T Y SR

& T K;-K':-_“
g

o5+ 2]
1t h,, ]
v T

1 + T |
LK
o5t f{ " .
117 T S ——
05"

«05)

05

-05

Figure 8. K p polarization data

from 2.74 to 14.0 GeV/c,




1.0 -} 2.1 GeV/e e
f !
R i 4
osptitrisg } l I }
13
° H I
-osr ]
~utGewe)®
of T amewre ’ ' S
N
3
0.5 ‘}ﬂl' Se gy, R
[ F e i 3
o i { { f f l 1 iR
I T}
R
osr 5 a5 |
- . \)
e -ulGavse) N
101 ) 1.8;(;V/c o T
f 3 3
o_5-f.nnc.“' ’!l} {} \ 4
. LR IRTINE
1 l EN ] L) il{l i
Rl o5 5 \ 1
= . -u(GQW:). ) .
10 - 1.60 éCVIC ' ' ' Ny
0.5-{*!"|lll - '! ’* t i} }H i }l{il }l u
0 “ { 1
-0.5 B |° L 0{5 ! a 1
[ X
| ~utGeve)* R R
o] 0.‘5 |:0 1:5 2:0 2:5 3:0
-t(Gev/a)*
Figure 9. K'p polarization from 1.60 to 2.31 GeV/c.

- 37 -

7

i
f
i
i
!
;




T T T T T T T T T
k B
.8 P(K" p—=R&en) -
B T
& e
‘A. . —
\ sk .
R4 s -

o4

R 4
-2k .
-
- -
-6 .
~8 4

1 1

Figure 10, P(t) for K p » K n at 8 GeV/c.

- 38 ~




[73]) 2.90 Gavic

&
ox
oz w‘“l i
ml ey |
i1 !
9 0 i
o} -t [evics?) L
» v ' 275 Gevie t;d' u.m 273 Gewic _:9;;;"‘ : ‘
tufi [
m)o T i , ’“’u h.'"'n } I ! i i } i
ap ¥ g “ , { H ! oy U f} [ 2
o5 0 (] i | £r) R 0 [ B E
o1} -t [awe] 1 -l -t [wevest] ?
o :c) 2.9 Gevie ’}" m[?ﬁ .40 Gavie X
Pr . M) o
# |
ot By ! | ey t{[[} . } }
1 08 0 03 Fr) as s :3_"[_— ‘
-6 -t [meviei] | -ai -t [iGavicr®]
:fo) .18 Gevie n]o' o o §15Gevrc Ren '
i H] IR | e l B
mm} i |}’ Ii i3 { { }l | “H N H m{ “ I Jﬁ i
& o8 0 i 9 ) -
-out - (lc..wu’] | o ot [‘5""’1] :%‘E
Figure 11. Polarization results in p p scattering for ‘
2.50 to 5.15 GeV/e. ..
-39 -

B s S 14



N P

Ere sty o gizzis

{
i
I
i
i

4 ta) « THIS EXPERINENT |
& PARRY ¢t gt |
k4 .
=4 |
= 2+ :1 *ii R
< | 03 e
FER by §
3 T v
g it
2 N N
4 ~(b) * THIS EXFERIMENT
sk a GRANNIS a1 ol
g [}
b .2? I t i
< &l 4t it
E a %k, ¢ iy { J
3 °r 1
& 4k
-2t N L .
~4 ey » THIS EXPERIMENT .
-3 & BORGHINY 2t ot
Y ‘
S b }%?4 s A {
E ol TN .
] N T t T
& if
=L i1 4 L : !
1.0 30 4.0 60
{1{[teevrer?]

Figure 12. Polarization results in p p scattering for
5.15 to 12.33 GeV/c.

Lo T T T

pp-=fin  BGevt |

=

i=1

8¢ l:harn Aevret’|
N

66800 evis
-Dﬁt
1 = . 5 1 ] N

L
0 o0 02 02 0. 05 06 07 08
-t{Gevt)?

Figure 13, Polarization parameter for the reaction
§p=Wnat 8 Gevic,

- 40 ~

- - . e e i ey




§

02 os os o8 10

:imvn

o ¢ This exp
é-nc ¢ f ¢ gﬂ‘g‘g." /'cd' :
-ae ,
2-4Gevk: ;

L) ¢ This expt

o ¢0 by
-0 ¢ + ¢ 4 ' 4- elhv.k'o" L[
3 ¥
o8l 4-6Gevk
02 o4 os oe 10 [
o’ L] L T L] L T 1 LA I~

o
XY

Figure 14. Polarization parameters in np charge-exchange
scattering from 2 to 12 GeV/c.

- 41 -




TN

1 T
&
mp—eqa 3.47 CeV/e L\ 1968
» 5.0 GeV/c
® 4.9 Gev/c CERN
- -
p
—_—
1
N e
1 GW/c CERN .
s 7.85 . 1972
+ 5.9 [ n 1970
x 1,2 " " a
-] L
) -0.5 -0 0
t (Gev/c)?

: Figure 15. mp -+ nn reaction.

L

T -
° T+t

; 2183 = ) 0 o

; u (GeVY)

i

5 + ++
3 Figure 16, Polarization data at 3,5 GeV/c for n'p + LK

(dark circle) and at 4 GeV/c for n"p + AK? (white circle).

A

o

7 mnIey s

-42 -

P



Srazy 3o

DIRECT CHANNEL PROBLEMS AND PHENOMENA

R. E. Cutkosky
Carnegie-Mellon University, Physics Department
Pittsburgh, Pennsylvania 15213

In this talk I shall cover bricfly four Joosely comnected topics.
I'. I shall attempt to describe the goals of precision hadron spectro-
<OpY .

II. I shall discuss some of the requirements on the data base for pre-
cision hadron spectroscopy and suggest some experiments, using n-N scattering
as an example,

I111. 1 will comment on some relations between direct-channel and cross-
channel effects, in the light of a simple model constructed by Alcock, Chao,
and myself.

IV. Since this workshop deals with polarized targets, I shall review
some considerations on spin-rotation phenomena as initially discussed by

Wolfenstein and reexamined recently by Kelly, Sandusky, and myself.1

1., Need for Precision Hadron Spectroscopy

The central problems of hadron physics are: What are they made of?
What is the origin of the observed regularities? How are the hadronic in-

teractions ultimately related to clectromagnetic and weak interactions? We
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arc not even able to say what information will eventually turn out to be

most important for answering these questions, but it is ciear that it is

essential to have a very good empirical knowledge of the hadron spectrum

and of couplings between hadron states. In particular, we wish to have im-

proved knowledge in the following arcas:

A)

B)
C)

Tt

E)

F)

)

The extent of the spectrum

Questions regarding SU(3) classifications

Evidence regarding SU(3) symmetry of coupling
constants

SU(6) or quark model relatioms, including questions re-

lated to the Melosh transformation

SU(3) symmetry breaking, both for masses and coupling
constants
Isospin breaking (e.g. electromagnetic mass differences

of resonant states)

Electromagnetic couplings.

Regarding the extent of the spectrum, there are two distinct questions.

First, how high in energy can we follow the leading trajectories, recog-

nizing particles on the trajectories and determining the shape of the tra-

jectory, etc. Taking the N,A trajectories as examples, I think we should

aim for going up to Ecm $ 3.5 GeV, or PLab s 6 GeV/c, with the next

generation of experiments and analyses. The second question concerns the

degeneracy of the multiplet structure. To discuss this it is useful to

refer to various quark models. In the simplest version, for a given
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"principal quantum number" N we consider rotational states with L=N and
combine SU(6) spin and charge-hypercharge states with the orbital angular
states with the orbital angular momentum L. This gives the states

(56") (L=0), (707)(L=1), (56')(L=2), etc. The second mode) is the harmonic
oscillator quark model; here the N=2 level contains an extra (56+)(L=0) set
of states. Finally, in various dual (or "string") wmodels, there is a fur-
ther degeneracy which can be visualized as corresponding to excited vi-
brational modes of "rubber bands' holding the quarks together. It should
be our goal to understand whether such extra states show up at the lowest
energies where they might occur; for =-N scattering the range

1.5 ¢ Ecm < 2.5 GeV, or 0.6 < < 3.2 GeV is especially interesting.

PLab
At present we have a great deal of confidence in SU(3) but would
like to sec if other representations besides 1, 8, or 10 occur. Looking
for and testing other symmetry properties is also extremely important.
The breaking of SU(3) is very important because we can get especially im-
portant clues about the dynamics by studying the pattern cf symmetry break-
ing. Mass-splitting effects (Gell-Mann-Okubo) are well studied empirically,
but cssentially nothing is known about breaking of coupling constant rela-
tions. Isospin breaking, to the extent that it involves coupling to the
electromagnetic field, provides an especially valuable probe of hadron
structure. I hope that mass splittings for the first N-A recurrences, i.c.
for Ecm s 2.0 GeV/c, can be cbtained with good precision.

Pole positions and residues may not turn out to be the most useful

ox/fundamental quantities for discussing symmetry breaking, but they are
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important because they are invariant in going from one experimental pro-
cess to another, and also for discussing the degree and precision obtained
from the experimental observations. Factorizaticn of these poles is the

best test for existence of a resonarce.

II. Data Base for Precision Hadron Spectroscopy

Rather than attempt to survey all systems, I shall consider nN scatter-
ing as an illustration. It is useful to distinguish between '"copious ex-
periments" and "sparse experiments". Differential cross sections and polar-
ization for n"'—p elastic scattering are examples of copious cxperiments, The
n’p data is presently in reasonable shape, at least below 2 GeV/c. Some
general needed improvements for this class of experiments are, first, a
better (and better documented) treatment of corrclated errors, and second,
correction for bremsstrahlung, cspecially for » p. The documentation of
normalization errors, especially regarding the correlation of possible normal-~
jization shifts at nearby energies, is sometimes overlooked. The same is true
of momentum errors, where careful distinction should be made between the mo-
mentun bite, (R.M.S. beam spread), the overall momentum unceitainty for a
sot of data taken at nearby energies, and the energy-to-energy fluctuation
OR uncertainty in the central momenta, Similar information regarding angular
bins will be hoelpful for making full use of high vrecision data.

Recently, Sogard pointed out that radiative corrections are significant
for precision data, espocially for backward » p scattering, for momenta as
low as 1 GeV/c.a)There are two effects to be distinguished: 1) smearing of

/
the "effective energy" for the scattering, as a result of the enorgy carried
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by the undetected photon. 2) reduction of the measured cross section be-
low thw "proper" value by kinematical cuts which exclude photons above
some minimum energy. Effect 1) can best be accounted for by making the
kinematical cuts stringent, especially with use of spectrometers. Effect
2) is best taken into account by the experimental group applying the -
corrections appropriate to their geometry. Unfortunately, formulas for
the relcvant geometries have not yet been provided by the theorists.

By sparse experiments, I mean those for which data doecs not exist at
close enough momentum intervals to allow interpolation in momentum, For
theso, it is important to synchronize the momenta at which experiments are
dono so that interpolation is unnccessary.

Charge exchange data is invaluable for helping to pin down the ampli-

+
tudes for n"p scattering. This data is unfortunately sparser than it should

be. Significant additional information about amplitudes could also be ob-
tained from spin rotation experiments, which I shall return to later,

Data on wn scattering (in deuterium) would be valuable for analyses
which did not make use of Isotopic spin symmetrr. The deuteron corrections {
could be large for differential cross sections, but comparison with the
proton cross sections could remove some effects. Also, polarization is be-

licved to be less affected, which suggests the importance of polarized

deutcron targets,

Systematic studies of the following two body reactions (with and with-
out polarized targets) would help greatly to determine the low angular mo- )

mentum states which are crucial to a better understanding of hadron
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spectroscopy:
Tp+nn

K°a

KE

ﬂ‘p - K+ E#

The region up to PLab ~ 2-3 GeV/c would be especially important to cover

well.

Lack of space, time, and knowledge about the many tricky theorstical
questions encountered in dealing with quasi-two body reactions forces me to

omit discussion of this important subject.

III. Some Relations Between Direct-Channel

and Cross-Channel Effects

The question of the relation between a cross channel description of
scattering and a direct channel description has been in the foreground of
hadron physics for the last 15 years. I subscribe to the view that the cross
channel (e.g. Regge pole) descriptions of high energy scattering are in-
teresting and important insofar as we are able to understand, through the use
of crossing symmetry and other analyticity arguments, how these processes are
related to the spectrum of hadrons as found in the direct chamnel. Various
versions of duality have, in the last half decade, provided a new way to
think about these relations, even though there is, as yet, no dual model for

baryons which is even approximately satisfactory.
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Since a reasonably accurate "Born approximation” is a useful part
of the ACE partial wave analysis method, Alcock, Chao, and I recently
looked into the problem of how to abstract from beta-function formulas a
new Regge pole formula which would be more accurate in the resenance

region, and proposed the following for a t-channel Regge pole:
s a(t)
A(s,t) = y(t)T(-a(t))| 5~  &(t.s)
o

where y(t) is a residue function and where £ is the signature factor; for
the usual Regge pole,

--i1ra.t
Exl+ n.e

where n_ = *1 is the signature. We add the term (to &)

t

ina =-na

~in, n_ sinag e *- s !
t's t coshml = ng costop

where ng is the signature of an s-channel Regge pole with a complex trajec-

tory function:

= + i
(!s (!R IBI

The correction fterm can be approximated by

*incs
21ntns sinta, o

at higher energies where Im ag is larger. A similar formula is used for

u~channel poles.
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We made a fit to the amplitudes at low energies using the f, p,
Nu and A trajectories and a simple fixed-pole pomeron which did not have
a correction. The fit to higher energy data was about as good as such
a simple Regge pole fit usually is. In the rescnance region only about
30% of the structure of the amplitudes is given by the ordinary Regge
poles, but with the ''dual correction term" one gets about 60% of the
structure, Much of the remaining discrepancy comes from absence of the
N,'_ trajectory as well as from the naive treatment of the Pomeron,

I think the main significance of our fit is negative - it tells
what you cannot do in the resonance region with the usual Regge formula.

The resonance terms have to be added on explicitly. The partial wave pro-

jection of our fit shows that the resonance loops come from the added term,

not as "Schmid loops* from the ordinary signature factor. However, we also

find interesting structure which is not explicitly associated with the in-
put Na and A s-channel trajectories, and these agree with the data nearly
as well as quark model states do. The model may also be helpful for pre-
dicting the qualitative nature of direct channel resonance effects in
quasi-two body production chanmels.

Even though the success of our fit is extremely limited, we are en-
couraged to believe that amalyticity considerations, if eventually carried
out more thoroughly, will be of great value for understanding the baryon
spectrum,

Perhaps models such as this one can be useful i~ helping pcople to
remember that the dichotomy between direct channel and cross channel de~

scriptions is somewhat artificial, and also to realize the importance of
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the transition energy region in which resonances slowly fade away and ex- :

change effects become simpler.

IV. Spin Rotation Phenomena

Spin rotation experiments were first suggested by Wolfenstein, and
Kelly, Sandusky, and I have recently called attention to some of his
original ideas and discussed the problem of how to arrange such experiments
to get the most information from them, We rewrite the conventional meson-

baryon scattering amplitude
M= f«+ig sineon
in the form

-1/ ZiBan
M= Mo 1+Pc:n e

where
2
1% = 1= [£9] + |?) sin%o
IP=21Im fg* sine
and

f-ig sind
B = arg frig sind

is the "Wolfenstein angle" giving the relative phase of the two eigenstates

of M. We write the target density matrix in the form

DT-1/2(1+PTon+gT'g)

g 8=0
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The scattering intensity from an unpolarized target is

+
Io-TrMM

and with a polarized target it is

I=TrMog M = I,(1 + PP = KI

vhere P is the polarization parameter. Let Q = "1-P2 . The recoil particle

density matrir is

PR = 1/2(1 + K(P+PT)an + KQC_)_B o]

where
-IIZiBan IIZiBon
g- Qﬂ =e g - Q,re
showing that the component of polarization in the scattering plane is ro-
tated through the Wolfenstein angle g (and multiplied by the factor KQ).
On going to body-fixed laboratory coordinates there is an additional
kinematical rotation through an angle y, giving for the Wolfenstein para-
meters
R = Q cos(B+y)
A = Q sin(B+y)

or, more generally, for an arbitrary component of the final polarization

vector, W = A cosa + R sina , we have

‘ W = Q cos(a+B+Y).
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Thus, use of the Wolfenstein angle B allows simpler formulas connecting
the significant parameters for description of the amplitude to measured
quantities. '

If data on P and Io are all that is available, the phase angle B
is completely undetermined, although unitarity and analyticity restrict
somewhat its dependence on 6. In a measurement of W, the propagated error
in 8 is the appropriate measure of the amount of new information gained
about the amplitude. For a given AW, the error 4B is smallest when W is
small, which in many cases can be achieved by careful selection of the
angle a before the experiment is set up. (See Fig. 1), A twofold am-
biguity remains if there is a measurement at only one value of a, but
usually this could be resolved by continuity. It is also clear from the
figure that a second measurement at a+90% could most easily distinguish
the two values if Ws0 in the first measurement.

Although spin rotation experiments are very hard, I urge that they be
given serious consideration, because they provide invaluable tests of am-
plitude analyses and also provide information which is probably required if
we are to push these analyses, and hence our knowledge of the baryon spec-

trun, to higher energies.
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When I was asked to review the experimental situation in low energy
s~channel processes with a view toward applications of polarized targets,

both the organizer of the workshop and I agreed that such a task would be

impossible to accomplish in one hour (or a short review article). The

understanding was that a few topics would be selected using subjective

criteria, i.e. personal interest. I will, therefore, mainly describe the

situation in both the I=1 and I=0 KN system and make a few remarks about the
K systen and ignore the nN system. The approach will be to show the high=-

lights of what has been happening in that field rather than a detailed review,

as can be found in standard conference proceedings. It will be aimed at the

bulk of the conference attendees who are not working in this field rather

than at the few experts present. I will show what "typical" results now seem

to be coming from current experiments and phase shift analyses and then show
what improvement could result from some polarized target experiments. In
doing this task, I will borrow heavily on past conference reviews and articles.
In both the low energy KN and KN system the game is to extract complete
amplitudes that describe the scattering system using either large conventional

phase shift analysis programs or K matrix analysis programs. For the XN sys~

tem the main interest right now is sceing if there is any resonant amplitude

since that "exotic" resonance could not be accommodated in a simple quark model

in which all baryons are composed of only three quarks. In the KN system the

main interest is in a further understanding of the successful SU(3) classi-~

fication scheme by finding missing states in various multiplets and by testing

the predicted relationship among the many decay rates. We shall see that in
many of the amplitude analyses ambiguities exist which could be resolved by

polarization information.
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Before going into more details about the current experizental situation,
I would like to qualitatively describe what sort of polarization measure-
ments are in principle possible in two-body meson-baryon scattering. Using

the standard £ and g for non-flip and flip amplitudes we can write:

dag =
an " LA +EE:A)
and
do 5 * LIRON = 2 =
$o = 2ree'mn, - 2m(e"p)a, x B, + ([£]2-1g1DF, +
2(sl%@, - 74
Bl (@ LN
where

*
- 2Re f
% B |z:|g§| ’
2 2
1= (£ + [gl” .
P is the polarization of the outguing nucleon, i:l is the initial polari-

zation of the nucleon and f, is the standard unit vertex perpendicular to

the scattering plane. We can examine the four standard simple examples for

the P:l. direction.

(® !-'1-0

do -
[ 4 —— . -
hen & Io and P Poﬁ
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In order to measure F we either have to do a double scattering experiment or

observe a decay of the baryon where the decay can be used as an analyzer,

i.e. A +pr.
® F, =p8

do 5 _ PotP
then e Ia(1+P°P1) and P = 1+Popi Ry

Here we can measure Po by simply measuring the differential cross section
and flipping the sign of P iy In principle we learn nothing more than in
case (a), as long as the polarization is perpendicular to the acattering

plane, The particular final state will determine which experimental method

for measuring Po is to be preferred.

(e). Pi - Pi kin x ﬂ‘L (fzm is incoming meson direction; see Fig. 1)

do
then it 10
and P.PoﬂJ-Apinp+RP1’

where A and R (the apin rotation parameters) are independent functions of £
and g. ﬂp is along the direction of the outgoing baryon and

=4 xA
i
We zan then, by either a double scatter or decay and flipping the sign Pi'

msasure the polarization in the 8 direction and determine R.
(d) Pi - Piﬂ:
we have

dg
@l

- S8 =



PR GV

and
?= Pon.i.+ RPiﬂp + APis.

We cen measure A as descr'bed in the previous case.

Therefore in order to make four independent measurements of Io' P, A
and R to determine a complete set of variables we need to do experiments where
f"’. is not simply constrained to the perpendicular to the scattering plane.
We shall see that many phase shift analysis aobiguities exist which could
be resolved by A and R measurements. In fact there seem to be two "rules"”
governing these analyses.

Rule 1: If an mplitude analysis yields several soluticns and the
analysis is not based on a complete set of measurements, then
the predictions of the solutions for the unmeasured parameters
are in general significantly different.

This is the strong motivation for pushing for A and R measurements. Un-
fortunately therc seems to be another rule.

Rule 2: When one measures the parameters, which were predicted to be
different, it doesn't always resolve the solutions as clearly
as one would have supposed.

While the new data is obviously an important constraint on the solutions,
history has taught us that massive, opaque, phase shift progracs have a
partial ability to accommodate new data by readjusting the solutions.
KN (I=1) Interactions

The region that 1'm going to discuss is only the region below 2 GeV/c.
Below about 1 GeV/c the K+p scattering is basically elastic and the amplitudes
are roughly known. As the inelasticity rises between 1 and 2 GeV/c ambiguities
arise and the main interest centers on whether or not an exotic zI resonance

exists in the region around 1.5 GeV/c.

-59 -

o




To get a general idea of the quality of the existing data that goes
into these phase shift programs we can look at some "typical" experimental
results. In showing these results there is no attempt being made to be
complete but merely representative. Figure 2 shows the recent results(l)
of Kycia's group at Brookhaven on the total cross section for K+p scattering.
These results, which have errors roughly at the 1% level, are relatively
smooth and the earlier possible s:ructure in the region around 600 MeV/c
does not appear present in this newer data.

The differential cross sections are isotropic below about 600 MeV/c,
and the ambiguity between sll and Pu waves is clearly resolved in favor
of Su by examining the k dependence of the phase shift. These results
from the Bologna-Glasgow-Rome-Trieste sroup(:") are shown in Figure .,

Newer re€sults on the Coulomb interference term ir this low energy region
confirm the older results and show a definite constructive interference
establishing the repulsive nature of the low energy s-wave K+p interaction.
While these have been measured at several momenta, Figure 4 shows the BGRT
tuultsu) at two momenta. At higher momentum electronic experiments have
accunulated extensive differential cross section data; some typical data

from the Bristol-RHEL group(;i.’ is shown in Figure 5 for the elaatic channel.
Some polarization data has existed in the region above 800 MeV/c for the
elastic channel, An example of that data is a CERN experiment(l'); some of
their results are shown in Figure 6. More polarization measurements with
areater accuracy axe in progress by the Yale group here at Brockhaven.

From these sorts of data many groups have performed phase shift snalyses,
each of which generally ylelds more than one solution. The interest has focussed

on the P31 wave which mnight be resonant. The speed plots are either incon-

clusive or tend to look qot quite like what one expects from a "normal" reso-
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Also in this momentum region the inelastic channel contributions are becoming
important. At this conference P. Steinberg told us of sowe early tesults(a)
of a K-matrix coupled channel analysis that he and his collaborators have done
which favors a resonance interpretation for 93. As can be seen from their
Argand diagram shown in Fig. 7, the possible resonant P3 wave is quite inelastic,
which is a feature round in other people's phase shift analysis., Clearly when
one is dealing with inelastic processes that are predominantly quasi-two-body
channels, the K-matrix approach seems to be a powerful tool, as has been already

demonstrated in the low energy RN system, since it is simple to build in the

unitary constraints.

Since most people's solutions are derived from rather good total cross
sections, differential cross sections and reasonably accurate polarization data,
most penhle now believe one can only resolve the remaining ambiguities by A and
R measurements. For example, in the phase shift analysis of Albrow, et gl.(S)
they predict the resulting R parameter distributlon at 1.22 GeV/c which is
shown in Fig. 8 While the solutions used are not the most current ¢&hey
were done in 1970) the general idea holds that accurate A and R do resolve
the different set of solutions. The point I'm trying to make is that if
Brookhaven now embarks on a polarized target program we should build in the
capability of having a sizeable component of the polarization not perpendi-
cular to the scattering plane.

KN(I=0) Interactions
In this system most work has been done on the mixed isospin states
K+n > l+n
and £ + £,
both being done on deuterium targets. This system is also more complicated

in that higher waves come into the picture a little earlier than in the
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l(+p system. Rowever, it is simpler in that the suspected resonance is at
lower momentum, around 1 GeV/c, where the elastic channels still clearly
dominate, while in the K+p systen the possible resonance region has appreci-
able inelastic channels present.

Total cross sections have been obtained for the I=0 state by unfolding
techniques from botn the K+d and K+p cross sections. The resulting cross
sections from a recent expsriment of the Kycia sroup(l) are shown in Fig. 9.
The dump shove 1 GeV/c is explained by the rapidly rising inelastic channels
and is not bdelieved to be a resonant structure. The elastic channel which
causes the shoulder at around 800 MeV/c is the exciting candidate.

Most of the differential cross section data comes from bubble chamber
experiments so the statistics ars, of course, not as overwhelming as in the
K+p. Figures 10 and 11 show some of the results of the BGRT group.(s’n
For phase shift analyses the effects on the angular distributions due to the
deuteron form factor are not small in some of the angular bins. For example,
in the K°p case the form factors go to zero in the forward direction due to
the Pauli principle, One has either to do these corrections very carefully
or exclude some of the angular region for the phase shift analysis. In the
K+n situation there are difficult experimental problems to overcome since the
interactions with slow spectator momentum, less than 80 MeV/c, tend to be one~
prong events in the chamber, The K~decay background and general scanning
efficiency have to be very well understood.

The only polarization data that exists is one experiment by a Brookhaven~
Carnegie-Mellon group(m done several yeara with relatively poor statistics
compared to the K+p data. It used the double scatter techniqus to measure

the polarization of the recoil proton in the reaction K+n - Kop. These few

data points are shown in Fig. 12. Some of the phase shift analyses have used
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these points while others have only compared the resulting solutions.‘t.:ase&
on the other data, to these points. Since these points do not have high
statistical weight in comparison to the large amount of the other data accu-
mulated, the solutions by the different methods are not significantly different.
One ends up trying to rule out a solution by examining the polarization predic-
tion. Unfortunately since the phase shift programs always have a rather high
%2 per degree of freedom a few extra badly fitting points do not ccnvince one
to rule out anything, but they are highly suggestive.

An example of the latest solutions obtained are the BGRT :euultsw)
whose Argand plots for the three solutions obtained are shown in Fig. 13.
The main candidate for a resonance is the PllZ wave in either the C or D
solution as compared to the non-resonant solution A. The predictions of
these solutions for the polarization in the charge exchange reaction are the
curves drawn on Fig. 12. Clearly the few points favor the resonant solutions
but more data is needed. The experiment which measured those points pushed
the bubble chamber technique to the limit since it required about 106 pictures
for those results. From the plots in Fig. 12 we can see that what is needed
are reasonable accurate polarization measurements spread over the region from
0.6 to 1.3 GeV/c., The predicted results change slowly but significantly
over that region. The slowness of the change corresponds to the fact tnat the
posaible resonance is quite broad and in one of the solutions there are pre=-
dicted rapid changes of any amplitude. The most promising approach would seem

to be to use a polarized neutron target, which has been built, as described by

Borghini in his talk.

If we turn to the elastic channel K+n -+ K+n, I have calculated the ex-

pected polarization for the outgoing neutron for each of the three solutions
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at an incoming K+ momentum of 800 MeV/c. These results are shown in Fig. 13,
One notices that the separation between the non-resorance A solutions and the
resonance P1 /2 solutions D and C are =ven greater than in the charge exchange
reaction. A counter-gpark chasber experiment is being set up by our group
in collaboration with z Case~Western Reserve group to measure the K+n polari~
zation in the region from 0.7 to about 1 GeV/c using the double scattering
technique. It utilizes the fact that in the region of interest the secondary
np scattering has a large analyzing power.

In the KN(I=0) system, which has & promising candidate for an exotic
resonance, a z:. the experiments that have to be pushed are the so-called
first generation polarizatjon experiments, But, with past experience as a
guide, it will not be long after those experiments are done that the cry

will be for A and R measurements to resolve whatever ambiguities are left.

Conclusionr

There are many exciting experiments to be done in the low energy KN
system, most of which require polarized targets. Brookhaven, having an
extremely hot low energy beam, the C2, C4 beam, is in a position to make a
major contribution to this program. One should keep in mind that at this
date any project for a polarized target should build in the capability of

being able to be an A and R type :arget and one should consider the possi-

bility of polarized neutron tatrgets.
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Figure 1. Diagram showing vectors used in polarization formalism.
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Much about strong interactions has been learned by studying scattering
processes 1n the t—channel.1 The use of polarized targets in this class
of reactions has often allowed the measurement of the phases and magnitudes
of the amplitudes. The purpose here is not to give a systematic review
but rather to select some data which involve the measurement of the polar-
ization, show how that data has improved our knowledge of strong inter-
actions and indicate what further experiments should be done. Most of the
data involving polarized targets have come from studies of elastic scatter-
ing, which will be discucsed first. Next will follow: two-body reactions,
both nondiffractive and diffractive; a suggestion for producing exotic

resonances using polarized targets; and inclusive processes.

Elastic Scattering

First consider ﬂ:p elaatic scattering, which are dominated by the
following amplitudes P + £ ¥ p. Historically as more and better measure-
ments are made, more precise information on the properties of these ampli-
tudes 1s obtained. A measurement of the poiarization measures the interfer-
ence between the s-channel helicity nonflip (Fi+) amplitude and the s-channel
helicity flip (Fi_) amplitudes. The amplitudes are, of course, complex and
so even when we combine the I=0 P + f there are still eight numbers to de-
termine as a function of s and t. The data in Fig. 1 show that the n-p
polarization is a mirror image of the n+h polari:ntion.z This is naturally
explained by the change in sign of the p amplitude. That is, the polariza~
tion 1s the interference between the dominant Fo P~awmplitude and the ?+_
p-amplitude. In the simple Regge pole model the p-amplitude is supposed to

have 3 zero at t ~ ~G,6 Gevz vhere a(t) = 0 and so both ni$ polarization



would be expected to have the observed zero. So fa: so good, but to deter-
mine, for example, whether the real and imaginary parts of the F+_ p-ampli-
tude display a Regge phase, and to find if there is any F_J"_'_ amplitude

Aed

present, wmore rements are .

Next the polarization in ﬁ-p + °n (t.?...‘-'.;1 2as found to be about 40%,
CEX involves only FL and F,'l_ (p} and so since the polarization is not

zero both amplitudes must be present. Then the A and R parameters in

ﬁ:p elastic scactering were measured at 6 GeV/c for -t < 0.5 Gevz.4 (See

Fig. 2) Actually the measmyément determined that R was small and negative.

This allowed a complete determination of the real and imaginary parts of

the l-‘# and l-‘+_ amplitudes for the I=0 and I=1 exchanges up to an gverall

phage, Hir.hout/ going into details of the amplitude analyses,s'e here are

some of the conclusions of one of the nnalyuess to show the kind of infor- ‘

mation that may be cbtained. P:_‘_(P) dominates and has an expomential be-

havior. I-‘:_ is small but significantly nonzero. The phase of l-‘:_ relative

to P:_'_ 1s always close to 180°, Whether Pf_ is due to P or f could perhaps

be determined by measuring the s dependence of l-‘:_. In!-‘:'_‘_(o) has a zero

in the zegion of the crossover of the differential cross section for mp

elastic scattering (t » -0,2 Ge\'z) whereaa Rel?:'_“ vanishea at a larger value “

of t. A simple Regge-pole model would have predicted that the InPL vas -

related to Iml’i_ 80 this measursment clearly shows the need for absorption MR

in the P_'l_'_ aaplitude, .
Next a remeasuzsment of the CEX polariucion7, showing it to be ~ 202

instead of A 40X (ses Fig. 3), allowed a radeterminstion of the npli:udel.s

In particuler this analysis found iittle difference between the location of

1

1 1
the zero in ReFH_ and InP,H_. It is emphesized that not both the ReF_’_ and

Inrj}_ amplitudes can vanish at t A -0.6 Gevz.
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As an aside, a precision remeasurement of the 'lrtp elastic cross sec~
tion differences A = (a.-a+)/v/8m, where o = g—g- (ﬂtp + ﬂtp). shown
in Fig. 4A allowed another amplitude mlylis.g One of the conclusions
here was that the phase of FL with respect to F_'__ was constant ~ 60°.
Since l-‘_'l__ is thought to have a standard Regge phase, ol - -;-[1 - a(t)l,
this would imply that F:_._ would also have a rotating phase instead of the
naive expectation of F:_‘_ being purely imaginary. In this case the slope
of the P-trajectory would be similar to that of the p. Also the energy
dependence of F_'l__ perpendicular to the P:_._ amplitudes is found in terms of
an effective trajectory for the p as seen in Fig. 4C. This effective tra-
jectory falls below that of the standard p effective trajectory which could
imply a ~ 30% £° contribution to the F:_‘_ asplitude. This matter would be
elucidated by measuring the amplitudes as a function of s.

These np elastic scattering experiments on polsrized targets are some
bread-and-butter measurements in strong interactions. Rather than being
dependent on some theoretical mcdel for interpretation, they determine the
conditions any model must satisly and so are quite fundamental. Measurement
of the R and A parameters at lirger values of t and at other values of s
will refine thasa apalyses. Also the CEX polarization should be measured
at larger s.

Next consider pt elastic scattering. Experimentally these measure-
ments are not rate limited by the beam intensity sc the measureaents can
cov'r a larger range of t than in wp polarization. However, since the
projectile as well as the target have spin, there are even more amplitudes

than in the np case.

Figure 5A shows some of the work done at CERN on polarization in pp
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elastic scatterlng.m The polarization at 10 GeV/c is small but positive

at low t but then a peak appears at t * -1.5 GeV. This peak seems to dis-
appear as 8 increases. A recent measurement at ANl.u, shown in Fig. 5B,
extends the polarization information to larger t values by using an ex~-
tracted proton beam of ~ 1011 protons/pulse. The data show the peak at

t v =-1.5 Gevz still is present at 12.33 GeV/c and perhaps there are addi-
tional peaks at even larger t. The interpretation of this structure is
difficult in a Regge model but may be more easily understood in terms of
an optical model as indicated by the curve on Fig. 5C.

The next level of complexity is found b, using the ANL polarized
protor beam elastically scattering off a polarized target. The results of
the first experiment at 6 GeV/c are seen in Fig. 6 plotted versus P-L2.12
The conclusion is that the cross section for protons with spin up (with
respect to the production normal) going to spin up (a+ f) is up to 1002
}arger than the cross section for protons with spin down going to spin
down LA The authors remark that spin is obviously quite important in

strong interactions. More information from the polarized beam will be

available soon.

Two-Body Scattering: Diffrsctive

Three years ago Fox and Bergern suggested a set of experiments
vhich will be tested soon at ANL in the polarized beam. The suggestion
was how to resoive resonances from "Deck effects” by using the knowledge

of the polarization in elastic scattering. Consider the following three

reactions:
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*
p+Np

A'H'w-

- o
o pn
[

.jl L +
SR an

*
If the low mass enhancement in the N region were produced by a Deck

effect the applitude may include disgrams of the kiud:

pt Pt

-~ o _+
T,

4=
A", pyn

This disgram implies elastic wp scattering at the upper vertex. We saw
earlier that the polarization in ‘ll':p elastic scattering have equal and
opposite magnitudes so that one may expect there to be an observable dif-
ference in the proton polarization depending upon whether the w-AH or

'n+n final state is observed. On the other hand, if the resonance is genuine:

pt pt

* ++
A 4Py

P _—N<
2,20

*
one may expect proton polarization to be independent of the final state.

- 82 -




If in using the polsrized beam one finds diffractively produced N*'s,
a determination of the spin-parity of these states would be required. In-
stead of doing cthis in pp scattering, the results mignht be simpler to
interpret for a spinlees projectile diffractively scattering off a polarized
target: 'ﬂtp+ -> ntN*. With the initial stace polarization determined (and
perhaps also measuring the final state polarization) one could do a partial
wave analysis of the rN,7zA final states to determine the N* spin parities.

This argument has aleo been appliaed to the Q meson to test whether

the Q 1is a genuine resonance or a kinematic effect:

s " (290)°
&
n
P
pf/E\Iﬂ

Again one can predict the proton polarization based on measured 'ntp
elastic scattering polarization. In contrast, since the K+p and K-p
elastic polarization are of the same sign (see Fig. 7),“ perhaps the
protrn polarization is the smme sign independent of whether Q+ or Q' is

produced.

Nondiffractive Two-Body Scattering

Quasi-two-body scattering has been studied for over ten years and
still there is not a comprehensive understanding of the underlying dymamics.
When there is a hyperon (A or £+ typically) in the final state, the polari-
zation can be measured, this being equivalent to studying the reaction on a

polarized target but not observing the final polarization. Recently,
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several amplitude analyses have been performed for reactions involving a
" final state hyperon (see for example R. Pield's talk in this conference).
In an additional example, the differential cross section and A polarization
: ,': . are shown in Fig. Balsfor the line~reversed (and isospin rotated) reactions
np -+ K°n
Kn+n A
The polarizations are not zero nor & mirror image of one another as would be
predicted by the simple notion of K*. K" exchange degeneracy. The polariza-
tion for H-P » KO goes through zero at t ~ -0.4 cev‘ vhere the differential
cross section shows a break. The results of an amplitude analysis of these
reactions an well as the similar ones including Z'sare also shown in P:I.g.Bb.m
This amplitude analysis shows that the nonflip amplitudes are strongly
absorbed whereas the flip amplitudes behave like a simple Regge pole. The
next step in the understanding of these reactions will cose when the mea-
surements ave made using a polarized target so that the R and A paraseters
can be determined. This measurement is under way at CERN for » p + K°A.
Once one has such a polarized target and a suitable spectrometer, a
systematic list of experiments can be envisaged including a final state

hyperon ao that R and A parameters could be determined:

o _172*
'p, » KL,
K_p’ 4 n-z+’
n-p’ - KOA’
Kp, + ™A,
o _ant

n“pf » K'Equass)t
+
A’n

K-p’ + w-z(1385)+

B
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1”172t

", * K.(890)°A’
Kp, + 0,00 A

1~ a2t
np, > K (890) £(1385)

0 172"

" p, » K° A(1520)

L—> t;n-

Such experiments would dstermine the properties of the meson hyper-
charge exchanges. Also the same set of reections could be studied in the
u-channel expanding the knowledge of beryon exchange.

Another set of line-reversed reactions involving charge exchange, on
which the polarizetion has been -nlured.n is

np + pa

pp > on .
The amplitudes present ere =, p, and Az exchange. In simple molrls,
r exchange (unnatural parity) cannot interfera with p or Az exchange
(naturel parity) to produce polarization. In fact, if the p and Az are
exchange degenerate, they do not contribute to the polarization. But as
seen in Fi,. 9, the polarization in both reactions is quite large. More
informaticn about Az exzhange should come from the analysis of the recent

BNL and CERN experiments n'p’ +p%n.
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Exotic Production

4
Experiments have searched for the exotic Z 1in formation. A different

approach would be to search in production:

Here there is vector and tensor exchange in the t-channel in contrast to
pseudoscalar-induced formation experiments. If the z* has a stronger
coupling to the vector meson than pseudoscalar, its production would be
enhanced. Searches of this kind have been done using single arm spectro-
meters. In this case, only the missing mass is measured and so it is
fairly hopeless to isolate an exotic resonance especially if the cross
section is small. However, if one could trigger, say, the MPS on a fast
forward K or w+ and then measure all the associated particles, one could
eliminate the allowed processes (e.g. w-p > Qi.x' op) and search for the
Z*. The polarization of the target proton would help in the interpretation

of any enhancement found.

Inzlusive Processes

Inclusive processes are described in considerable detail in a separate
contribution in this workshop by R. Field. Again the presence of the A
or R in the final state of an inclusive reaction is an easy experi-
mental way of maximizing the information, There are some preliminary
18

results from the ANL polarized proton beam on PP~ A’ + X. In this

reaction there are 6 observables involving spin. One is D, which is +1

when there is no spin-flip going from p + A (natural-parity exchange) and
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-1 when the spin flips (unnatural-parity exchange). The first measurement
at 6 GeV/c was D = 0.27 + 0.29 which precludes a simple explanastion.

A systematic program with a polarized target would include t-channel

inclusive A producticn:

+ o+ -
k=¥ ,XK,P, P

® Rh
The t channel exchange would be K andfor K, K  exchange. In the Triple

Regge picture tha polarization measurcs the difference between natural and
unnatural exchanges.

One should also study u-channel A production:

X At

AN

If X= n+. for example, the Triple Regge diagiam would look like

and so this would be a way of studying ffp coupling.
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Conclusions

There are certainly a wultitude of reactions one can profitably
study at the AGS energies with a polarized target., To be competitive,
however, one must: (1) be able to study R and A parameters--this implies
the design of the magnet must allow various orientations of the proton
spin and (2) be able to study reactions other than elastic scattering--for

this purpoae a frozen spin target would be best, so background subtractions

would be minimal.
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Measurements of the Polarization in nib

Elastic Scattering at 5.15 GeV/c

R,J. Esterling, et al.
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2 4 6 8 10 12
-1, (Gev/c)®

Figure 1. Polarization in ntp
Elastic Scattering at 5.15 GeV/e
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Measurement of Polarization in 7 p - 7°n

at 3,5 and 5.0 GeV/c
D. Hill, et al.
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ABSTRACT
This paper deals with the phenomenology of polarization ant spin effects
in sultiparticle exclusive processes. Vector-meson production with hyper-

- - * *
charge exchange {K p » (o,w,¢) (A.Eo). rp+X °(A.2°)]; Y (1385) production;
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charge-exchange vector-meson production [n p » (oo,uo)n, X - K.°N] are
examined in detail with emphasis on the importance of polarized target {
seasiirenents. Existing amplitude analysis are discussed and predictions made
for some polarized target observables. As an excmple of the usefuiness of
polarization information, the new polarizi Leam deva on Py * nAH from
Argonne are exsnined and a quark sodel comparison between this baryon-baryon
scattering process and the meson-bacryon reaction K+n - K.°p is made. The

results are in remarkable agreement with the naive quark model. ¥
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1. Introduction.

This 1s the first of & two part paper concerned wich the phenumcnology
of polarization and/or spin measuremente in multiparcicle production processes.
In part ! polavizution effects 17 fuelastic exclusive reactions arc dfscussed,
vhile part 1! deals with the phenomenology of polarization and apin effects
in inclusive reactions. Those fnterested in the pghenomenology of polarizetion
should read the carlier reviews by Geoflfrey Fox! 2. J. N. Phillips and
R. P. Hordtn.z and R. D. Pulda.

The £irst and sost important reason for measuring polarizations and sapin

correlations in two-body scattering a + b - ¢ + d 1a to obtain a complete met

of observables so that the underlying helicity amplicudes H,

. (2,t) can
Yelaitaly

be dstesrmined. 1In my opinion ampliiude determination should be the ultimate
sim of experimenters since the complex helfcity a=uplitudes contain all the
informatiocn of a given two-body scattering process. The amplitudes are of
course functions of both energy (s) end momentus transfer (t). Information s
needed on both the t-dependence of each amplitude at fixed s and on the energy
dependence at fixed t. Knowlege of tha former is bast obtained at BNL or ANL
since many observables must bs measured and large scatistics are neceasary.
The enargy dependencea ara bsst obtained by comparisons betwecn BNL or ANL

and Fermilab. An exsmpls of this can be seen fn the reaction n p - n“n, where
amplicude analysas at 6.0 covlc‘cnn ba ccabined with recent data from Fermilab
at 100 GcVIc? Together theee sxperisants provide much knuwlege about the
nature of the production mechaniem \'o-uchange)e whereas sspsrately the experi-
menta are much less profound. I have great hopea of seeing in the near future
amplizude analyaes preformed at BNL or ANL combined with energy dependences

deduced from Fermiled for many 2lastic and inelastic processes.
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Secondly, even 1if a complete set of observabler 1s not available

and hence an amplitude ana'ysis not possible, t of polarizations
and/or spin obaervables tells one a great deal ahout the production mechanism.
In particular, in many cases one can form combinations of observables that
project out amplitudes with definite t-chan. *1 quantum numbers. This i{s impor-
cant {n ascetrlaining whac particle exchange forces are important in the pro=~
duction process (ie, l\l exchange?). Particles have a dual role in high energy
physice: They can be produced ss a "particle” [either peripherally (Fig. la) or
as a direct channel resonsnce (Fig. 1b)] or they can be exchanged and produce
a “force” in the production procesa (see Fig. 1lc). 1 view the experimental
observation of the latter of squal importance as the former. Care must be
taken, however, since observing a non-zer. amplitude does not necessarily

iaply that a particle with those quantus numbers was exchanged (it might be

a Reggs cut). One must study the energy and t-dependence of the amplitude
carefully to decide exactly what it vas that vas exchanged.

In this paper I will attespt to illuatrate my above remarks with scme
specific examples. 1In Sec. 1T I will discusa vector-seson production with
hypercharge exchiange and in Sec. 111 ’l.(1385) production, Sec. IV 1s concerned
with charge-exchange vector-sesor production. 1In each case I will describe
vhat is already known about the procesa and indicate vhat additional information
van be gained from polarization messurements. As an exsmple of what can be
learned from polarized beam experimants, in Sec. V the reaction R T nA'H' is
examined and new data fros Argonne displayed. Sec. VI is reserved for sumsary
and conslusions. Elastic polarization will be discusaed by H. Gordon7end

A. \’okouwaz while G. Fox’uul exanine among other things the reactions

K'p+n"Aand n7p + K% ,
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II. Vector-Mcson Production with ¥ = 1 Exchnnge?

A Kp - (0,wes)dy = p - x*on.

In general there are twelve complex amplitudves for the proces< PH - Vo',
vhere P and V are pseudoscalar and vector mesons, respectively, and B and B*
are spin 1/2+ baryons. Parity conservation reduces the number of independent
complex amplitudes neccesary to describe the process to six (Jj2 parameters
at earh 8 and t value). It is convenient to define transversity amplitudes
r:.r(s.t). where 1, 1', and u correspond to the components of spin of the
target baryon B, baryon B', and vector-meson V, reapectively, along the trans-
versity z-axia (normal to production plune). In the absence of A and R type
measurement: “ese amplitudes are more closely connected to exporiment than

helicity amplitudes and are used at an intersediate point between the dats
A

and vitimately duaired s-channel helicity amplitudes Hl;,xB(awt) (see Fig, 2 ).

The six transversity amplitudes are related to the helicity amplitudes as

follows:

1,0 = ~1/3 A% T, %= 1/Z A7

1 0ewst et nlew s

118t 4 ct  JuE | il .0
where

++ +~+ -
1 1 -1 1, -1
B izt -uSt s 10 -~ ))
-l ° o
¢t - M0+ W% . 2.2
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The A:. B:. and ca asplictudes are sisply related to the saplitudes defined
by Byers and Ynn;? the superacripts * refer to stetes with target baryen
transvarsity 1 = 172, It Is interesting to note that amplitudes with
definite natural (unnatural) parity in the t-channe! mainrain (change by
one unit) the ctranaversity betveen initial pseudoscalar P and final vector
m¢ron V. This trsnaversity soplitudes with u = 0 (v = 1) correspond to
natural parity (unnatural parity) exchange in the r-channel.
Due to the self-analysing property of the A« hyperon, the reactions
Kp ~ (0,w.6) and = p = K'oh provide one the opportunicy of learning mmch
about the production amplitudes even in the abaence of Information as the
polarization of the targel baryon. Indzed observation of tne joint density
satrix elementa beiween the vector meson V and A hypevon, in addition to the
aingle density matrix elements of the vector meson, and the & polarization allows
datermination of the magnitudes of all six tranaversity amplitudea plus the deter-. R
mination of the relativa phasea between asplitudes with the same target baryon . |

transversity (1). The amplitudes can be divided into two sets of three amplitudes: N

o o
T, T,
R
) 1 4
T | T, A
-1 -1
T l T, 2.9m)

for the tranaversity amsplitudes ang

At A"
s r
ot \c (2.3b)

for the Byera and Yanz type amplitudes. From the joint decay angular
distributions of the vector meson V and A hyperon together with the diffor-
ential cross section these amplitudea can be determined up to a relative

phase *p between the target baryon transversity up (Tt = 1/2) and down (1 = ~1/2)
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groups and an overall phase 00. Thus ouvt of the 12 parswmeters at each

s and t necessary to cowpletly specify the amplitudes, 10 can be determined

withour polarized target informction.
The magnitudes of the transversity amplitudes for K-p + (w,$)A at

10,11
4.2 GeVle are shown in fip. 3 as a function of momentum transfer, and where

the normalization 18 a8 follows:
e, [
Tr'r =1 . (2.4)
ut't

Fig. & ghows the relative phases

1

8. = Arg (T:i) - Arg(Tgt) (2.5)

4
kS

for K-p + (w,¢)A as a function of momentum transfer. As can be seen there

are striking differences in the amplitude structure for the two reactions.
In particular K p + ¢A has large values of the [Tf_[2 and small values of

-

(To lz, while K-p + wh has large values of the latter amd small values cf
=+
the former.

12 -
The naive quark model predicts that the amplitudes for K p ~ ¢A are
- *
identiczl to thoge for n p ~ K 4. Fig.5 shows a comparison of the magnitudes
of the amplitudes for these two reactions determined from various amplitude {
10,11,13,14

analyses. These analyses are geen to give remarkably similar results in
excellent agreement with the quark model predictionms.

For pracesses such as PB + VA that allow both natural and unnatural

parity exchange the recoil polarization of the A given by

A Ak
P (8,0) = ~4 Imz By (s,t) B] (8,8) / o €2.6a)
A

v
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1s in general made up of two contzibutions as fcllows15

Py (s,t) = P (s,t) + Py(s,t) , (2.6b)

where PN (PU) arises from the interference between auplitudes with natural
(unnatural) parity in the t-channel. The polarized target asymmetry (target

polarized normal to production plane)

)\v Xv*
Paaym(s't) wiin Z H_H_(u.t) H_'_ (s,t) / o (2.7a)
Av
1s given by
Pasym(s.:) - PN(s.t) - PU(s,t) . (2.7b)

If Pu = 0 then the recoil polarization PB' and the polarized target asymmetry
P‘sym are equal. Having determined the magnitudes of the transversity amplitudes
(Fig.3)one can determine PN(s.t) and PU(s,t) separately (they do not depend

on 'bll or 00}? Fig. 6 shows such a determination for the reactions K p + (uw,4)A
at 4.2 GeV/c., It can be seen that the natural parity (K’* and K*) auplitudes
produce a gizable polarization PN and that this polarization changes sign in
going from w to ¢ product.ionp In addition PA does not equal PCBW (ie. PU is
not zero). In terms of t-channel unnatural parity exchanges Pu is made up of

as follows

Py = Im LK+ KDEY"D (2.8)

In the abgence of an amplitude with the quantum nuzbers of the KA the polari-

zation Pu would vanish. The experimental data seem to indicate the presence
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of K - KA interference, which was certainly not expected.

As we have seen, much can be learned about the processes K p + (p,w,0)A
and ﬂ~p > K*°A without polarized target informatifon [ie. without knowing
¢R(s,c)J. However, w; hgve learned little as to the gtructure of the s-channel
helicity amplitudea HA;.AB(s't)' From Eq. (2.1 ) and (2.2) it can be seen
that both the magnitudes and phases of the s-channel helicity amplitudes
depend on the relative transversity phase @R(s,t). To determine the
behavior of the helecity amplitudes one must measure, in addition to the above
10 quantities, the phase QR(u,t). This is not an easy task since, 8s we have seen,
target polarization observables with polarization normal to the production
plane are independent of ¢R (ie. Pasym does not depend on @R). To determine
@R one must messure either A or R type observables (see Fig. 7). It is

convenient to define obgervables more directly comnected to the helicity

anplitudes as follows:

. A, AP
¢ -
R* = <4 Re H++ H_+ / o (2.%a)
A
v
- Rv Av*
R =4 R‘Z“H Be oy (2.9b)
A
v
; N2 A2
A -zz IB_H_ - |u_+| /5 (2.9¢)
)
v

These quantities are simply related to the experimental A and R type parauetera.
Just as for the polarizations Eq. (2.6b) and Eq. (2.7b) these observables

can be decomposed into natural and unnatural parity contributions as followe:

Ris,t) = Ry(s,t) + Ry(s,e) (2.108)
R(s,t) = Ryla,t) ~ Ry(s,t) - (2.100)
Als,t) = Ay(s,t) + Ay(a,e) (2.10c)
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where in terms of transversity amplitudes

o p o ot
RN(s,t)oh 21m T++ T (2.11a)

g * - -]k
Ry(8,t)op=2In TL r}__ +21m 11 'r:

and
» &
Ay(8,t)o=2Re To, TO (2.11¢)
: IR T -1 -1t
Au(slt)gh-ZRe T, To =2Re T, T, . (2.114)

Clearly R and A measure the phase between the target baryon up (T:,+) and
target baryon down (T?,_) transveraity amplitudes. In particular 1if we

define this phase by

0g(sst) = Arg(T2 ) - Arg(T})) (2.12)
then, for example,
Ry(s,t)0,=2|T0 |1T°_| sin ¢y (2.13a)

Ay (8,0)0,52|12, | J1°_| cos o - (2.13b)

From our amplitude analysis without a polarized t=rget we know everything
except ¢R(s,t) and @o(s.t) (see Figs. 3 & 4 ), thus we can predict the above
A and ﬁ type observables for various values of @R(s,t). This is important
since, for example, if |T° | were exactly zero the ﬁN and 3N would be zero
independent of ¢p- Fig. 8 shows the predicted values of ﬁ(s,t) and R(s.t) for
Kp + (u,0)A at 4.2 GeV/c as a function of 4 for various values of t. The
values rever exceed 50% but they are not zero either. In Fig, 9 I have

decomposed A into 1its various components (Au - Aé + Ag) at t = -O.OS(GeV/c)2 and
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plotted them versus oR. It is clearly seen that ;'N is proportional to cos "R‘

Similarly the s-channel helicity amplitudes can be plotted as a function
of OR' This is done for K p + (w,6)A at t = -0.05 GeV/c in Fig. 1019.
pointed out earlier both the phases and magnitudes of the s-channel helicity
amplitudes depend on ¢R. Having determined °n from a measurement of, for
exanmple, iN one can simply read the corresponding values of the s-channel
helicity amplitudes off Fig. 10,

A skeptic may ask whether it is worth performing a new and complicated
polarized target counter experiment to determine essentially one quantity
¢R(s,t). The remaining 10 parameters at each s and t have been determined with-
out the use of a polarized target. In my opinion the answer is yes for the
following reasons:

(1) The new experiments will not te set up to measure just the one

parameter \pR. The magnitudes and phasea (including oR) of the amplitudes

vill be determined simultaneously (11 independent numbers at each s and t)

and they will be determined much more accurately than the previous bubble

chamber analyses,

(11) The hypercharge exchange reactions K p + (w,0)A and = p + K.OI\
provide a nice "laboratory” to study production mechanisms. They allow
both natural parity (K.*,K.) exchange and unnatural parity (K'KA?'KB?)
exchange. 1In addition there are theoretical predictions from duality
and/or EXD (e, K p - wA should have purely real helicity amplitudes;

K-p -+ ¢A should have amplitudes with a rotating phase). These predictions

are clearly broken (large polarizations), but it is crutial to learn hou

and why they are broken. Also these reactions allow for the study of the

little known double~flip amplitude Hl.
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B. Kp+ (0,u,00°% n7p KOO,

Thesa reactions are described by six complex transversity (or helicity)
amplitudes just as the reactions K p + (p,w,¢)A and n p + K*ol\. however in
this case one wxpects that the unnatural parity amplicudes 'l':}1 (s,t) are
less inpornnt?o This is because the K meson couples much more Weakly to
pL than to pA (le. sﬁm << Q:M). A recent transversity amplitude analysis
of np K*°t°nt 3.9 GeV/c by Yaffe et al. show that this is indeed the case
(see Fig.11). In fact, except for very small t, this reaction is described
quite adequately by just one smplitude TL(:.:)! The remaining amplitudes
are roughly zero. This implies that the polarization of the 0 1s positive
and maximal (see Fig. 12) and that it arixes totally from PN('") tn {2.6b)
(1e. PU(..t) X 0).16 This almost complete dominance of TL_ weans that essentially
everything is already known about this reaction including the as yet unmeasured

polarized target observahles. For example, one expects

Pse) X P (ae) ¥ 1.0 (2.140)
R(oat) % Ry(s,2) ¥ Ry(a,t) %0 (2.14b)
Alo,t) * :‘N('") ¥ A“(n.l.) o (2.14c)

Similarly all other obsarvablas can be detersined. The quark molel pradicte the
awplitudes for Kp ~ ¢2° to be identical to those for = p = k"%t 1n addition
SU(3) predicts that K p = of° 1o dominated by T°_(s,t) in the same vay that

""p + K% 1s domnated by 10,(s,). This twpliew that B, % -} for the

reaction K’p + o5% and there is evidence that this 1s indeed the uu?o

T11. The Production of Y"(1385).
The reaction K'p » »"v"*(1383) 1 descrived by the cramaveraity smplitudes

721;23 {s,t) vhare A(1') corvesponds to the componant of spin of the v (targat

i
i
“ .a




proton) along the transversity z-axis, which 1s normal to the production
plane. Partty conservation implies T31 - T1 1" 1_3 1" 0. The remsining

four complex ampliccdes are related to the eight transversity density matrix

elements as follous:zz

0q = 17, 412 (3.1a)
0y, = |1, ]2 (3.1b)
1 1 .
o - |T |2 (3.1c)
SIS R LS S | .
2
o3 -3 Tyl (3.1d)
*
Repy ) = Re(Ty ;T ;) = Ty 1 1Ty ;] coss; (3.1e)
*
Tmog _y = Im(Ty T, ) = ITy ;1 |7T_, ;| stns, (3.15)
*
Repy _5 = Re(T,,T ..} = ITlll IT_31| coss, (3.1g)
(3.1h)

Inp, _y = Im(t T o) = 7y, ] |T_g, | stms,
where 61 [62] is defined as the relative phase between the amplitudes T3 -1
and T_l -1 [T11 and T_31].

By observing the two step decay of the Y*(1385) (ie., Y*» A, A+ np)
in addition to the differential cross section for K p ~ v-Y*+ one can determine
all the transversity density matrix elements and thus the magnitudes of all
four transversity amplitudes and the twy relative phases 61 and 62. Without
a polarized target one cannot determine the relative phase wR between the
amplitudes with target proton transversity up (A' = 1/2) and the amplitudes
with target proton transversity down (' = -~ 1/2). 1In addition, one of course
cannot determine the overall phase of the amplitudes L One can thus determine
6 out of the 8 parameters needed at each s and t value to completely specify
the production process K-p + w_Y*+. The transversity density matrix elements
and the phases §; and §, resulting from an analysiggﬁ Kp~ 7Yt (1385) are

displayed in Fig. 13, where the density matrix elements are normalized
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according to
Pay*t Py toy gty

The simple non-relativistic additive quark nodeizassumes that the
transversity amplitudes for production process K p + ﬂ-Y* can be represented
by a sum of quark-quark scattering amplitudes (Fig. 14). Transversity
amplitudes that require a flip of more than one of the baryon quarks, such as
T3 -1 (Fig. 14), are not allowed and predicted to be zero. This model thus

predicts

Ty 1(8st) = T _5(s,t) =0 . (3.2a)
It also predicts

Ty (et) = Ty _ (s,0) , (3.2b)

since these amplitudes are given by the same sum over quark-quark amplitudes.
The model thus predicts that 1"y 1/2 and that the remaining trans-
versity density matrix elewments vanish. As can be seen from the data in Fig. 13
these predictions do explain the gross features of the amplitudes, however,
they are not satisfied exactly. The data clearly show non-zero values of Pz
Imp3 -1 in the amall momentum transfer region Itovtl 5 0.3 (Gevlc)2 indicating
a non-vanishing T3 -1 amplitude.

The as yet unneasured polarized target asymmetries can be predicted from
the transversity amplitudes already determined. In particular. we define

the following asymmetries

2844(8,t) = 2[p43(4) = p5a(H) ] (3.3a)

24,,(8,t) = 2[011(’) - 011(+)] , (3.3bh)
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where +(+) refer to target baryon polarizacion up (down) with respect to

the normal to the production plane. In terms of the transversity amplitude

one has
2044(8,8) = [T_y 1 (8a8) %= |7y (03] (3.48)
24, (s,0) = Iru(s.c)lz - !'J'_I_I(-.t)l2 (3.4b)

The Y* polarization is defined by

PY*(s,t) - Zaaa(s,t) + Zall(s.t) . (3.5)
Clearly the quark model predicts zero for 533. All and P and Fig.15 shows
that the data are consistent with this prediction. Measurement of A and R
type parameters are necessary to determine the unknown phase °R [1e. #p =
Arg Tllts.t) = Arg T_l_l(s.t)]. which is predicted by the quark model to
be zaro.

Further, high statistics experimental studies of K p -+ v and
np KoY. would be interesting in that one could examine the detail nature
of the small quark model violations. Do they depend on energy? How does the
quark model breaking differ from X p - +"¢" and »7p + K°%"? Can the breaking

be attributed to absarption effecta?

IV. Charge~Exchange Vector-Meson Production.

A, "-P hd Don.

The production mechanism for n'p - o°n has bean studied in great detail
due to excellsnt data at 6.022nd 17.2 chlcfﬁuhtch includes o=w mixing infor-
mation. Nevertheless there is still some confusion as to the precisc nature
of the unnatural parity exchanges. Some points that need further clarification
are:

(1) There appears to be a change in sliope of o:odcldt at t 2 ~D.4 (lelc)e.

Absorption wmodels prcdlcgsln sctusl dip at ahour ft] ~ 0.4 - 0.5 (Govlc)2
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in this observable (aee Fig. 16). What 1s the mechanism responsible

for this structure in o do/dt’

(111) There appears to be very little Regge shrinkage in ogodo/dt

between 6.0 and 17.2 GeV/c (see Fig, 17). The data imply a pion slope

of a! 5 0.5 (Gevlc)-z,uhile normal Regge poles (like the r) have a

slope near one. Why is the n different?

(111) How important are AI exchange contributions to o° production?
The answer to this last question can be answered by polarized target experi-
ments and once the answer is known perhaps it will help us to understand

better questions (i) and (i1). In general the observable o da/dt is given

i terms of the s-channel helicity amplitudes by

o do/dt(s,c) = |H°+ . Ge, 0%+ ]H“'1 s.)]? .1)

where to leading order in 1/s the anplitudes H % (H ) receive ccatri-
butions from n (Al) exchange. The presence of an Al exchange contribution
could have the following effects on ogodo/dt:

(1) 1If A, exchange were important at small |t! then P ocdo/dt would not

vanish like t as t + 0 as is the case for 7 exchange.

(11) If A, exchange became important at large lt] the A) (or A) cut)

could cause a change in slope of ooodo/dt as a function of t (see Fig. 18),
Actually, since the Al contribution has a zero at aAl(t) = 0 (from aignature
and absence of JPc - 0.+ state, while the m contribution has a pole at uﬂ(t) -0,
the ratio of Allﬂ is expected to be quite small, These small Allx ratios will

probably not affect the differential cross-section or density matrix observablea

much since they enter quadratically. On the other hand, polarization effects

are linear in A /v and so could bacome significant particularly at |t]> 0.3Cev/c) 2.

Experimentally one should check for the presence of A exchange by studying
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1
p° production off a polarized target. In particular defining polarized

target asymmetries as follows:

do dc do
PN rrli a;g(*) - °+dt“) (4.2a)
ldo | do..y _ do
R TR A ) (4.2b)
o da d9,,, do
Arde " Poo et =0, etV {4.2¢)

where t(+) refers to target polarization up(down) with respect to the normal
to the production plane and where o, = 211 t oy s o0ne has a total polarized

target asymmetry given by

P“y‘(s,:) - PN(u,tZ - Pu(a.t) . (4.3)
where PU - -Al", - A;; . The recoil nucleon polarization is given by

P 1(-,t) = PN(s,t) + Pu(s.t) , (6.4)

recol

where in terms of t-channel unnatural parity exchanges Pu is made up of as

follows
Byla,t) = In(ra)) . (4.5)

It is the interference hetwsan n and Al exchange. {Thia is completly analogous
to the hypercharge case in Sec, Il A, where PU measured the interference between
K and !(A exchangc. 1In that cass, due to che self analyzing property of .the

A hyperon, we did not have to have a nolarized target to measure Pu.l In the
absence of AI exchange l’u(l.t) in 2q. (4.5) will vanish and Prccou("t’ -
P"y.(c.t) - P“(a,t). Fig.19 shows the quanticies P“(-.t). A‘lj(o.:). Ag(l.t).
and P. .’.(-.t) for o° production for models with and without Al exchlngegs
Clearly naxperimental determination of the unnatural psrity polarization

P”(l.l:) will answver the queation as to the importance of AI exchange in n°

production.
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B. np » «n: Where do helicity zero u°'s come from?

The observable Dgodaldt for w° production 48 given by Eq. (4.1) where

n=1 n=0 P.G -+, 26
ezt (H°+;+) receive contributions frow B(Z;J 1 21)

cxchange. 1In the absence of Z(JPIG = 2-1+) exchange o;Lduld: vanishes like

the amplitudes H

t as t + 0 and since the B does not have a pole near the physical region

(1ike the ) one expects very few small Itl wo's to be produced. It can be
shumsahnt due to o-w mixing the reaction ﬂ+h - Gop (& is electromagnetically
oi{xed w) has substantially more helicity zerc '8 than the unmixed reaction
w+n - uop. but the reaction m p + &% has less helicity zero «®'s than the
unaixed case (see Fig. 20). As is clear from Fig. 20 if one compares the
wmodels with the sum of ﬂ+n + & p and ﬂ‘p - m°n. which cancels out mixing
effects, one cannot explain the large small {t] values of ogo with B exchange
alone. Perhaps, as suggested by Irving and HIChle:Z the rematining helicity

zero u®'s are produced by Z exch I production the B exchange contri-

butionr has & single zero at un(t) = 0, while the Z(JprG - 2-1+) exchange con-
tribution need not vanish at uz(t) = 0 so that, in contrast to the ratio of
Allw for o° production, the ratio Z/B sight be important.

Again the best way to teat for the presence of a possible Z(JFIG - 2'1+)
exchange contribution is to measure Pu(l.t) in Eq. (4.3) by the usc of a
polarized cargzet. In this caase ?u(c.t) meajsures B-2 interference and vanishes
in the ahgence of a Z exchange contribution.

C. Kp-~ &%, k% K.op.

. -,
Using SU(3) one can diractly reiate the awplitudes for K © and ¥ °

production to those for «® and o° productfon aa follovl:28
AGKp » R*%p) = =[A(2"p =+ u®n) = AP - %)) 7 2, (4.68)
A*n + k%) = [ACrTp » WPa) + ACrTD %)) 7V (4.6b)
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From these relations one can construct the following SU(3) sum rules

do .. *o dg ,=%o do , o0 da ., n
°44 at X))+ °1y dr (K") = Py dt () + o4 at («) .7

which are quite nicely satisfied (see Fig. 21). In addition using (4.6a)
* =%

and (4.6b) one can relate the 1ine reversal breaking seen in K © pnd K °

production to p~w mixing phases 8 determined by studying the ﬂ+n- mass

spectra in n°N - »Tr"N as €ollows:

2z A2 - (A |2 « 2]a6®) | 1G] coss (4.8)

where 8 = Arg[A(mo) ! A®)]. A comparison of the data at 4.0 GeV/c (Fig. 22) from
Argonnezghow good agreement between the left and right hand sides of (4.8).
The amplitudes for K*o and i*o production are in excellent agreement
with the SY(3) relations (4.6a) and (4.5b). This implies that any Al[z;Jplcs
2-1+] exchange contributions present in po[mol production will via SU(3) be
present in K* and E*o production. The polarized tarset observable PU(s.t)

(]

-k *
Eq. (4.2) and (4.3) for K = and X ° production is given by:

Py®) = Tal(r - BY(A, - 2% (4.98)
*o *
Py(K'°) = Inl(n + B)(A, + 2] . (4.9b)

Measurement of these observables will help to further our knowlege as to the

nature of unnatural parity exchange.

30
V. Polarized Beam Study of Pp nA++.

A. Observables,

The observables for PP pw+h in terms of angular correlation functiona
-+
and the beam polarization vector P, where this vector is defined in the beam

proton rest frame with the s-channel components
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P =P« (dx ﬁbeam) (5.1a)

x
>

® =P .1b

v (5.1b)
-

Pz =P . ﬁbeam (zero for transversely polarized beam) (5.1¢)

and where A 13 the normal to the scattering plane, are defined as follows: 31

k) do
d” 0/ (dtd cosods) = (1/2n) FTy {2(933 + A33Py) W+ 200y, + Aul"y) W,
+4loqq + A31Py) Wy + 400, ) + A3_1Py) W,

X Z X Z .
+ 4(1311’,(*131?2) W3 + "(13-1Px + 13_1Pz) W% , (5.2a)

where we have only considered P-w.vegzand vhere

W) = 3/4 atn’e (5.2b)
W, = 1/4(1 + 3c0s°0) (5.2¢)
H3 = =/3 (sin28cosd) /4 (5.2d)
W, =-73 (sinzecouzo) /4 (5.2e)

and the angles 6 and ¢ are the polar and azimuthal decay angles of the A++.

Thus, by the use of a polarized beam one can determine eight new observables

x Z X
A3z Aps Agps Agps Tape Type Tiope
matrix elements and the differential crosa-section. However, due to the large

Ig-l in addition to the uaual A++ density

number (sixteen) of independent complex amplitudes neceasary to describe

PP * uA++ one cannot pevform a model independent amplitude analysis even with
the additional observablea provided by polarized beam studies. Nevertheless,
one can learn much about thea nature of the production mechanism by studying
these new observables. In particular one can make an interesting quark model

| *
comparison between the observables for PP nAF+ and K+n + K °p.
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B. Quark Model Comparison between PP r.AH and K+n - K*op.

In general the reaction pp -+ nA++ i1s described by 16 complex amplitudes;
8 natural parity and 8 unnatural parity. The quark model predicts that the
four amplitudes with Imf = 2 vanish, where m is defined as the net t-channel
helicity flip at the EA++ vertex. In addition the madel requires that the
two natural parity amplitudes with m = 0 vanish and that the remaining [m|= 1
amplitudes are related in pairs by V3 factors. This leaves a total of two
natural and four unnatural parity amplitudes necessary to describe the reaction.
As shown in Table 1 this 1s preciasely the number of independent amplitudes
present in the vector-meson production K+n hd K*op. Both reactions K+n > K*°p
and pp ~ nA++ are exotic in the s~channel and both allow exactly the same

t~ch 1 Regge exch (o and A, natural parity exchanges and n and B

unnatural parity exchanges). It is therefore not surprising that the quark
model predicts a direct relationship between the t-channel helicity amplitudes
for the two processes as shown in Table 2. From this it 1s an easy matter to
predict relations among the t-channel observables for pp + 't (do/dc, a™
density matrix elements in the Jackson frame) and K+n - K*on (do/dt and
vector-meson density matrix elements). These predictions are also listed in
Table 2.

Fig. 23 shows the quark model comparison for the differential cross sections
for pp » na** and K+p » K*°n and Fig. 24 gshows thie comparison for the density
matrix elements (observables 2-5 in Table 2). The quark model predictions,
slthough not exact, are seen to be in excellent agreement with the data. (Remember
we are predicting baryon-baryon scattering firom meson~baryon scattering!)

One must use care when testing the predictions for the PP nA++ polarized
beam asymmetry observableas {observables 6-13 in Table 2) since these observables
can in general receive contributions from the J = 1/2 P-wave backgroungaunder

the o for which the quark model predictions do not hold. This contamination
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is, however, expected to be small for the asymmetries All and A33 since
the P waves enter in the form Re [P(J = 1/2) P(J = 3/2)*]31'. The prediction
of non-vanishing All and vanishing A33 18 seen from Fig. 25 to be in reasonable
agreement with the data. The remaining polarized beam observables (observables
8-13 in Table 2) receive P-wave background contamination in the form
Im [P(J = 1/2) P(J = 3/2)*] which cannot bc neglected and which inhibits
any simple tests of the quark model predictions for these observables.

The quark model predicts that the polarization of the o is related to

*
Impl0 for K ° production as follows

*®
P,(s,8) = -/Z In o’l‘o(s,c) s (5.3

where we have combined observable (6) and (7) in Table 2 (ie. PA z 2A33 + 2A11),
which removes any possible J = 1/2 P-wave background contamination. Eq. (5.3)
implies that the dynamical mechanism responsible for non-zero values of Im %10
in K*o production 1s responsible for the observed non-zero A++ polarization
shown in Fig. 26, The former observable 1s related to the t-channel helicity

*
amplitudes for K ° production shown in Table 1 by

- 1 ,o* 1 o¥
Im ®10 Im QU U +U_, U_+} /T, (5.4)

where I is the sum of the squares of all 6 helicity amplitudes given in Table 1.
Thus Im %10 (and hence PA) arises from the interference between unnatural parity
amplitudes (de. 7 and B exchange). If the 7 &ud B were EXD all unnatural parity
amplitudes would be real and Im 10 (and PA) would vanish. In an sbsorption
picturezim P10 and PA arise from the interference between a predominantly
real structureless (7 - B) Regge flip amplitude and the Regge cuts (nc, B, Oas
A;) contributing to the evasive non-flip amplitude,

Unfortunatley Im 10 cannot be measured directly, but one can estimate

it from amplitude analyses. As discussed in Sec. 1V C, by the use of SU(3)
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*
one can relate the amplitudes for K+n + K op to the amplitudes for

w-p + w0 and np > o°n as follows {See Eq. (4.6a) and (4.6b)).

ui(x*°) - [u1<m°) + "1("0)] 17, (5.5 .
where 1 corresponds tu any of the amplitudes in Table 1 and U(m°) [U(po)]
receives sontributions from B exchange [n~exchange]. YFrom (5.4) and (5.5) ;A
one has

K*o l 0, 0 , 0% 1,0, ,0 ,0%

Imoy, = In [U_H.(m ) U0 + U, %) U, W )] . (5.6)
vwhere for simplicity we have neglected A1 exchange amplitudes., Using amplitude
analyses of the reactions n.p - % and p > pon including p-w interference
data iwhich determines relative p° and v° amplitude phases?jwe have estimated
Im pio from (5.6) and compared ir with the experimental values of A++
polarization in Fig. 25. The agreement is quite satisfactory.

It has been euggesteaathat the mechanism responsible for A++ should

be the same as that producing the observed non-zero (negative) polarization

in np charge exchange scattering. Given that the quark model is approximately

satisfied this connection is gomewhat subtle, Tahle 1 shows important
differences between the amplitudes for the two reactions. The differences
are as fcllows:
(1) For np CHEX there are additional natural parity amplitudes (N:+,
Ni+) coupling to m = 0 states, whereas for pp * nA++ only unnatural
parity amplitudes (Uz+. U:~) couple to these states.
(11) For np CHEX there are only two unnatural parity amplitudes (Ui+,

(] -+ 1 1
U++),whereas pp * nd  has four unnatural parity amplitudes (U++, Iy

(2 o
U_,, U++).
The polarization in np CHEX is given by

Popax(ert) = 1 [02, - ¥y "] /s 5.7
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§ and thus arises from the interference between two natural parity amplitudes

; (le. o and A2 exchange). If che p and Az were EXD all natural parity ampli-
tudes would be real and PCHBX would vanish. In an absorption picture PCHEX

arises from the interference between a predominantly real structureless

(A2 - p) amplitude and the Repge cuts (nc, Bc, P> A;) contributing to the

evasive non-flip amplitude.

The mechanisms responsible for the polarizations in PP > nA++ and pn i

CHEX are similar since each arises from the interference between a predomi-

nantly real structureless Regge flip amplitude and the Regge cuts contri-

buting to the evasive non~flip amplitude. For PP nA++ {pn CHEX] the
predominantly real Regge flip amplitude receives contributions from the o
approximately EXD n-B [p—Azl exchange. Fig. 26 shows that the PP~ natt .
pn CHEX polarizations do resemble one another. Both are negative and

structureless, however PCHEX 1s somewhat larger in magnitude.

VI. Summary and Conclusions.

- -k
A._Kp > (paw,9)A, 7 p 5K OA (6 complex amplitudes).

By observing the joint correlations between the vector-meson and the E__

A~hyperon in addition to the single density matrix elements, A polarization,

and do/dt, one can determine 10 out of the 12 parameters necessary to com-
pletely specify the amplitudes at each s and t value. The existing data
indicate that

1. The quark model [or SU(3)} predictions of equality of the amplitudes
! for K'p » ¢A and 7 p » ®*4  works remarkably well (Fig. 5).
2. Using SU(3) one can sucessfully relate the amplitudes for Kp ~ 6A

and Kp » wA.3'10‘20

Rk *
3. The amplitudes with quantum numbers of the K and K exchange do not

exhibit EXD and the systematics of this EXD breaking is similar to that

found 1n Kn » 7 A and np » K°A 3
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4. The ampiftudes with the quantum nuabers of the KA are not zero

at 4.2 GeV/c. Whether this {s due to an sctual KA pole or Regge-Regge

cuts or 1/s effects remains to be ssen. In any case, thess resctions

provide an excellent place to study the propertics of unnstural paricy
exchange (K, KA' lc').
Because of lack of knowlege of the relstive tranaversity phase tpr vO know
liccle as to the nature of the s-channel helicicty amplicudes for thess processes
(Fig. 10). Determination of this phase requires A or R type wmeasurvments with
a polarized target. With such weasuraments one will be able to do a complete
amplitude analysis of these reactions and determine che s~-chennel helicity
amplitudes up to un overall phase N Amplitude analyses ar BNL or ANL energies
topether with energy dependencesdeduced from cosparisons with Fermilah experisents
will provide max{mal information from which viable theoretical descriptions should
arise.

Some experiwenters have asked me to use current theoretical models to pre-
dict the behavior of the s-channel helicity amplitudes for these processes so
that these predictions could be compared with future cxperimental results. In
my opinion we are not at a stage in our theoretical understanding of high energy
production mechanisms where it makes ssnae to do this. This cen be done in
quantum electrodynanics, but for strong interaction physice the models cannot
sucessfully describe sll the features of existing data. A new experiment is
not needed to rule out existing models! The proper question for an experimenter
to ask is, "How much can we learn about the nature of the production mechanism
(ie. s~channsl helicity smplitudes) from my experiment?” Because of the self-
analysing property of the A~hyperon these reactions are particularly suited for
anplitude anelyses type experiments snd these amplitudes contein all the infor-

mation about a given process.
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Bo B p » fogog3di , < o 2 R 557 (g eompelen analitades?

Frexent dazs on these processer Indicaie 1he folleviap:

. There reaciions sre domtnantly nstural parits QE". &1‘) CIPLT TN

T™hin in because the K suson couples onby wveakly o p2 (te, ﬂ;:“s £ :;'gm).

2. The [ and e exchiange saplicvudes eahidis large RO Sroaking., I

fact che polarization for thesn proceases fe aslwont maninal (Pig. 12),

3. These reactions can be sucexsfully related to Kp » Coawit),

p » E™% wia SUOD) fand known ¥/D rattes).t?
I carme of teansversity amplitudes o°p = K 0= [K7p = 2t®) 1 miven essentislly
by just one amplitude ?f_.h.:) l!f_!s.:)) (Fiz. 11). The remaining cransversicy
ampitCules ave rouphly zero. This means that no nev information is palned by making
polarized target or A and R type meaduresrais for chess processes. New and more
accurate data on che differentisl cross sestions,density sateix elements, ~“-polari-
zation, and correlations is badly needed, hovever, The quark wmode! predices thae
the asplitudes for these processes are related according to Alk o - 22Ty -
ACETp » <% and MK p = 95%) = AC=Tp ~ K 01),

€. &p = » ¥ (1385) (4 complen amplicvdes)

8y chserving the two~step decay of ths \"(l!ﬁi) together with dr/de one can
derersine 6 out of A paramaters necesssry to completely specify the amplitudes at
esch s and t. The data irdicate chst

1. The quark modal gives a good dascription of the transversity amplitudes

although the predictions do not hold exsctly (Fig. 11).

2. The quark model pradiction of zevo for the polarized target asymmetry

also appears to be satisfied (Fig. 13).

Better statietice for this process and its line reversed partner

ﬂ-p - x"’:"mss) ave nesded.
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D. np-+1"n (6 complex amplitudes)

Much has been learned about this process from high statistics experiments
at 6.0 and 17.2 GeV/c., However, we still know little as to the importance of
Al exchange and the lack of shrinkage of n exchange 18 a bit disturbing (Fig 17).
Polarized target experiments can tell us the {mportance of Al exchange.

E. np-u’n (6 complex amplitudes)

Of all vector-meson production reactions data on n p - «’n and n'n mop
is the poorest. New data is badly needed here. Present data does indicate
that perhaps B exchange aione is not sufficient to explain the small Jel
behavior of the unnatural parity projection °§o do/dt (Fig. 20). 1t has been
suggested that Z(JPc = 2-1+) exchange may be important. Polarized target
experiments can tell us the importance of possible Z exchange contributions.

- -a *
F. XKp+K °n, K+n - K% (6 complex amplitudes)

SU(3) works beautifully in relating o0 and po »roduction to ﬁ*o and K*o
production (Fig. 21). In particular the line reversal bresking seen in it° and
K‘o production can be successfully related to the p-w mixing phase determined
from studies of the nn spectra in nN + wnN scattering (Fig. 22).

G._pp~ st (16 complex awmplitudes)

The successea that the raive quark model enjoyed in Sec. II {predicting
equality of Kp -~ ¢A and = p KtoA] and Sec. iIl {predicting spin structure
for K p + n-Y‘(ISBS)] are difficult to interpret since the same predictions can
be arrived at using SU(3) on the various exchanged Regge poles plus Hl dominance
of the r (and Az) couplings. One cannot decide whether to attribute successes
to the quark model or to Regge exchange plus SU(3). However, the guark model,
unlike SU(3), predicts relationships between meson~baryon and baryon-baryon
scattering. We have seen the recent data on pp ~ nA++ and K+n > K*op are in
excellent agreement with quark model predictions (Fig. 23-24). This is parti-
cularly impressive since only with a quark type model can one relate baryon-

baryon scattering to meson-baryonacattering. In addition, the sign and magnitude
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of Im °10 for K ° production arrived at via SU(3) from the amplitudes for
! 0° and o° production is found to explain quite nicely (as predicted by the

quark model) the observed ron-zero AH polarization (Fig. 25).
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Table 1: The t-channel helicity amplitudes fA A 'AdAb(s .t} for the process
a+b~+c +d, vhere the quark nodel relations for pp > nA have
been used. The amplitudes N‘:-A (8,t) [U';'__A (s,t)] correspond to
defin te natural [unnatural) ;a:ity in th: :-channel. wiere m 1is

the net helicity flip at the db vertex (m =13, = b,

o™ nl(+ > QK*O pp ~* nAH n +* n
1 of,, =Nl ¢ /i€ vl ot -
+H+il ++33/2 1/2 ++3;1/2-1/2 ++ ++31/2-1/2 T+

..a
=

VoSN U g 1™ Y fasigaen2™

.
1 N+ ul, fai32 172" 3f—+;1/2-1/2'Nl sl f 12127 - ol
1 f4—;1"“‘1++ ol £4ms3r2 12" 12 1/2"Nl + vl f+--1/2-1/z""’1 s, 1
0 f"*io-u:* fri12 1/2°E-1/2-12270 N fi1/2 1/2=N + 0], :
0 £, 02, € i1z 12 Tm1/2-1/270%% f 172 127N o,
o - - 12 127N U
2 f++~3/2-1/2'° i
2 foi372-17270 ,
2 fims3/2-1/200 ]
2 fti3/2-17270
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Table 2: Quark model prediction for the connection between pp ~ ni

*
and K+n + K °p.

+ L 4+
Kn~+K p Pp * na
t-channel amplitudes (see Table 1) Regge Exchanges
1
¢ N, - /78 N, 02A,
@ u, - a/B vk, ",B
1 1
3 N, = /) N, 0.4,
1 1 ¥
“) u_, = (1//8) u_, A
) vy, = (/3/4) U, n,B
(1] (o]
(6) u_, = (/3/4) u_, &

observables (Jackson frame)

(1) do/dt = (3/8) do/dt

@ P11 % Py = 4/305, + 4/73 Re Paul

3 Py~ Poi- = 4/3p5, = 4/Y3 Re LI

(%) oo = Zon - 2/3 033 .
5 Re 04 = 4/V6 Re P31 i
(6) «v2 Im °10 -2 All

n 28550

(8) Ay = 0

9 WAy, v =3 QA

(10) 415 =0

ay 415 = /3 (Ap)

a2 415, =3 (2,

(13) ' 4 Ig_l -0
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Particle Y as @ “particle”

Figure 1. (a) “Particle” Y produced peripherally as a resomance.
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Figure 1. (b) “Particle" Y produced as a direct channel resonance.

Particte ¥ as a “force
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Figure 1, (c) Particle Y as an exchange “force".

DATA - without polarized target ¢ Dec'u{ Transversity Amplitudes
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s-channel helicity
ompliludes
q, unknown

-

theoretical assumplions
rwewcscfjidennnneed
A and R type measurements
(ie, polarized target)
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Figure 2, Self explanatory.
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| Figure 3. Magnitudes of the transversity amplitudes for the
i reactions K'p + (w,$)A, The triangles are the combined 3.9

4 and 4.6 GeV/c BNL data (Ref. 10) and the circles are combined
; BNL and Ecole Polytechnique data (Ref. 11).
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Figure 5. Comparison of the amplitudes for K™p -+ ¢A using the
BNL deta (Ref. 10, npen circles) and the BNL + gl’ data (Ref. 11,
open triangles) with the amplitudes for np + K %) at 3.9 GeV/e
(Ref, 14, solid triangles) and at 4.5 GeV/c (Ref. 13, aolid
circles). The quark model predicts equality of the amplitudes
for these two reactions.
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Figure 6. The natural parity polarization Py; unnatural parity
polarization Py; A polarization Pj; and polarized target asymmetry
P for K=p + (u,?)A at 4.2 GeV/c predicted from the tranaversity
amplitudes shown in Figure 3.
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Figure 7. The geometry for R and A measurements in two body
scattering. The quantities R and A are just the final compo~
nents of the baryon polarization off a polarized target. Note
that both configurations demand a sizeable component of target
polarization in the production plane. (Figure taken from G.

Fox Ref. 1).

- 137 -

" R4

g r——— e o e o e o

« e e

VI e e e gy e e




e T TP TES N

ot T T T S

FITITETIHRTEL

0.50

0.25%

-0.25

0.25

-0.25

0.25

-0.25

0.2%

-0.25

-0.50,

¢ (radions)

Figure 8. The A (Eq. 2.9c) and R (Eq. 2.9b) parametrers
plotted versus the relative transversity phase

¢ = Arg(? ) ~ Arg(T} ) for K'p + (u,®)A ar 4.2 GeV/e
predicted from the transversity amplitudes shown in
Figure 3.

- 138 ~



0.25~

A0
B9 of--—f--~---

-0.25}-

025

A of---

-0.25f

[~

-0500

¢ (radians)

Figure 9. The natural (A“) and unnatural (Aﬁ. Aﬁ) parity components
of the A parameter (Eq. ...9¢c), where

ik e iye g,
plotted versus the relative transversity phase ¢ = Atg('l'g_) - Arg(‘l‘° )
for K™p + (w,6)A at 4.2 GeV/c predicted from the transversity npliﬁ:‘dea
shown in Figure 3.
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Figure 10, The s-channel helicity amplitudes at t = -0.05 (Ge‘\r/c)2
for K™p + (w,¢)A at 4.2 GeV/c plotted versus the relative transversity
phase ¢ = Arg(’rf_) - Arg(T° ) and predicted from the transversity
amplitudes shown in Figure 3 and Figure 4. These amplitudes can of
course be multiplied by the arbitrary phase factor el™o. In this
figure ¢, is fixed by setting T, to be real and positive.
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m=p -+ K*(A,2% at 3.9 GeV/c from Ref, 21.
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Figure 12. The natural parity polarization Py; unnatural parity
polarization Py; recoil é polarization Pp; and polarized target
asymsetry P, for n°p + K*°(1,2%) at 3.9 GeV/c determined from

the transversity amplitudes of F!y.ce 11.
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Pigure 13, Transversity amplitudes and transversity density
natrix elements for the reaction K™p -+ n—¥ +(1385) from Ref.
22, where 61(8,) 1s the relative phase between Ty.; and
T.1.1(Ty3 and ;_31). The quark model predicts T3_3 = T.3; = 0
and Tyy = T, _, = 1/2,
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Figure 14. (a) Illustrates how Tj; can be represented as a sum
of quark-quark scattering amplitudes. The % signs represent quark
spin projections on the transversity z-axis (normal to production

plane),

B)  Typ.yp o) *

Figure 14. (b) 1Illustrates how Ty.) requires that more than one
of the baryon quarks flip sign. The quark model thus predicts
that this amplitude vanish.
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Figure 15. The polarized target asymmetries
+ ¥ 4 ¥

gy " 2pgy = 0g3)s 24yy = 200gy - o)

and the Y* polarization P = 2A33 + 2A;; for

the reaction K~p + n1~Y*(1385) at 4.2 GeV/c

determined from the transversity amplitudes

of Figure 13,
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(Figure taken from Ref, 25).
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Figure 18. Contributions to ogodo/dt(n‘p + p°n) at 6.0 GeV/c
from a model that includes Ay exchange. (Figure taken from
Ref. 25).
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Figure 19. Predicted polarized target asymmetries A,]j, Allj, Aﬁ
(Eq. 4.2), vhere the total polarized target asymmetry is given
> AT A A A
and the recoil polarizaticn is given by
1 1 o
Prmly-Ay -y
Model 3 (1b) includes (excludes) Aj exchange. No A exchange

contributio: implies 1 °
Ay =0

and B.= 4, (Figure taken from Ref. 25).
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Ref, 25.)

10,
. pgo gf(K‘oﬂ'('oi .t 5?(;(‘°oi‘°) . p.%%'(x'oﬂ_('ol

Lt AR ST e | 4 BP0 | § p T (P00

f¥ 60 Gevie 60 Gevt 60 Gev/e
10F T T y

mb/(Gev/c)?
L ol o
s’
..
—yro—t
e
—,

[=]
T
—o—s
.
s
T e

001 L 1 . L 1 A ).
00 02 04 06 00 02 04 06 00 02 04 06 08

-t (Gev/e)?

Pigure 21. SU(3) comparison of date on K p + X"°n
K*n + K*p, n7p + p®n, and n"p + «%n st 6.0 Gev/c.
€U(3) predicts the solid and open circlas to be
equal. The quantities p; are defined by

H H H
92 - 011 % Dl_lo

- 149 -




4 GeV/e
‘;2 + oo o oi* -0 K"
06 ® 2/cy 0, cosB
04 #ﬁ& x A(P-Wave)
' ¢
o2
X ’l ¥ &% — 1
(]
i+
& 03
3 02
L o *
E O )
q o g &
-0.2 é* 1 ‘é 1 l¢ i
08, -
04
02
0 t %o PS
L .
1. L 1 1 L
01 02 03 04 05 06
-t (Gev?)

Figure 22, Compares the line-reversal dlffsrencel
A= pyyda/dt(Khn + K*Op) = pyydo/de(Kp + K"On)
{open circles] with the values predicted from SU(3)
and the ¢p-w mixing phase 8 [solid squares]. The
nixing phase {s deteruined by observing the ntn~
mass spectra in 7N + n*r~N scattering. The crosses
are the same as the open circles hut the s-vave
under the K*o and K*® has been removed. (This
figure is courtesy of S. Kramer and A.B. Wicklund
and uses the Argonne data of Ref, 38.)
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1. Introduction

This is the second part of a paper concerned with the phenomenology
of polarization and/or spin measurements in multiparticle production processes.
In part I polarization effects in exclusive multiparticle final state reactions
1like K'p+¢ ¢n, n'pf -+ K*OA. PP nA++, etc. are discussed. This paper deals
with the phenomenology of polarization and spin effects in inclusive reactions.

When A. Mue.l.ler1 generalized the optical theorem from which one relates
the total crosms section in twc-hody scattering with the Imaginary part of the
forward elastic amplitude (ab » ab) to one which relates the inclusive cross
section (ab -+ cX) to a particular discontinuity of the forward three-body
anplitude (abc + abc), he opened up the world of inclusive processes to Regge
type analyses. Much of the knowledge gained from Regge ty,c analyses of
two-bady scattering was immediately carried over into the inclusive domain
with surprising successz_k. Just as In two-body scattering, however, the
knowledge of just the unpolarized invariant inclusive cross section does not

provide enough constraints to test all of our theoretical concepts. For example;

the importance of triple~Regge interference terms"'5 (i.e. terms of the form
PRP and PRR); the EXD of triple-Pegge coupling:'? the importance of Hegge cuts’
and che validity of facterization are questions that remain unanswered. In
this paper we will examine how measurements of inclusive observables other than
just the unpolarized invariant cross section shed light on these questions and
more. We will concentrate on the large s/Mz. large H2 region (triple-Regge
region), but will indicate how predictions or observations made in this region
can then be related to the small MZ region via finite mass sum rules (FMSR)
and Mz-duality.

In discussing the phenomenology of polarization in the inclusive process

a+b-+c+X it is necessary to distinguish betweecn two distinct types of

polarization effects. Type 1 are those polarization and/or spin correlation
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effects resulting from particles a and c, where ¢ is8 a fragment of a and
which is written as (af-k c+). In the triple-Regge region the mechanisms
producing type I polarization effects are analogous to those that produce
polarization in two-body scattering and do not necessarily involve violations
of factorization. Type II effects are those resulting from the polarization
of particle b and are written as (a-ﬁfc). In the triple-Regge region these
type 11 effects vanish for factorizing poles. By studying thege effects
we learn about the importance of non-factorizing (Regge~cut) coniributions
to the Reggeon-particle forward scattering amplitude.

In Section 11 we review the triple~Regge formalism and show how it can
te extended to include polarization and spin observables. The question of
extending triple-Regge predictions to small Mz via FMSR and Mz-duality is also
discussed. Section 1II is devoted to the phenomenolegy of polarization and
spin effects in inclusive reactlons and existing data are examined. Section IV

is reserved for summary and conclusions.

11, Triple Regge Formalism L

A, Invariant cross section ab -~ cX; (a-k c). Pl
We are interested in the {nclusive process a + b + ¢ + X (Fig. 1a),

where a, b, and c are definite particles and X represents anything; and

where Aa' Ab' and \c are the projections of their spins along some chosen axis

(i.e. s~channel helicity, transversity, etc.). The grneralized optical theorem

relates the square of the amplitude F§ A (a,t,Mz) fora+b+c+Xtoa

discontinuity (imaginary part) of the ?or:a:d 3 to 3 amplitude Ale - abz(s,t.nz)

as shown in Fig, 2. In particular if we define the invariant cross section

do
dean

(s,t '"2) (2.1)

o(s,t,uz) : 8 5

- 157 -




then

1 b 2
a(a.t.Hz) - ‘ T X (a.t.Hz) . 2.2)

F
167828 +D) (28 40 L £ | Meitae
a b
all X A.Ablc

which by the generalized optical theorem is given by

1
2
als,t M%) = : DISC, 2¢A A A-,A(- t uz)la A= 5, (2.3)
l6ms (28 +1) (28, +1) L LR g I
A AL A=
a’bc

where 8, and s, are the spins of particles a and b, respectively. We now
1imit ourself to the kinematic region s/Hz is large and t/s is small, which
results in the pear forward paeudo-two-body process gshown in Fig. 1b, This
diagram corresponds to the exchange of a leading Regge trajectory a(t) in the
t~channel and upon squaring ard summing over all states X leads to the
diagram shown in Fig. Ja, The optiral theorem applied to the Reggeon~particle

total cross section gives an invarifant cross seciion of the form

2 ! 1 j .
a(s,t,M°) = ——————m 8y ,.(t) 8 , () £,(e) Ej(t)'
16ws(238+1)(23b+1) a"c a“e

AAA; 13

a,(t) + a,(t)
el 3 , (2.4)

In aib-vjb(“'t)

where v = Hz -t - Hﬁ. and the quantity a(v,t) is referred to as the forward
Reggeon particle scattering amplitude, and B: A-(t) is the coupling of Regge
a’c :

pole 1 to the particles ac. The quantity Ei(t) is the usual Regge signature

factor:

6@ =y +e 1) et a0 (2.5)
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vhere Ty and ui(t) are the signature and trajectory, respectively of the
Regge pole 1.
The large v behavior of A - Jb(v.t) is controlled by the exchange

of Regge poles uk(o) which can couple to bb and ai“j Thus for large v

a, (0)-a (t)-a, (t)
Io &gy, (vs8) = a;‘b,‘;’(o) In ¢, (0) s':J(t) LA 2.6)

vwhere 3:§t) is the triple-Regge coupling (see Fig. 3b). Combining (2.4) and
(2.6) one arrives at the triple-Regge formula that describes the graph shown
in Fig, 3ec:

2 1 s ui(t)-!uj(t) ak(o)
o(s,t.H ) bt ; Z Gijk(t) (;) v 'Y (2.7.)

1ik

where

1
Gy (8) = z gt (e (e, -
13k 16"(2’a+1)(2’b+1) Aas Mg *p*p

AaAbAE

g}, (g, (e (HIE () @.75)

The term G k(t) denotes the triple-Regge coupling of the threc Reggeons

X ]
1, j, and k where Regge poles 1 and } with trajectories ui(t), nj(t),
respectively, are exchanged and the Regge pole k with trajectory uk(o)
controls the Reggeon particle total cross section as shown in Fig. 3.

Table 1 shows the corresponding coefficient of Gijk(t) for da/dth2 and

da/dtdxl&th the forms aP(t) =14+vt, ur\(t) =a, * gt, and u"(t) = 0.0 + St.
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Conaider the case where a and c are spin 1/2+ baryons. The invariant

cross section (2.7) can be written

c(s.c.!lz) = o“(s,c,Mz) + au(s,c.uz), (2.8)
where aN(oU) i3 the invariant cross section for the vase where Regge poles
i and j have natural (unnatural) parity. (Terms of the form i = natural,
11
3 = unnatural vanish in (2.7b) by paricty.) In particular
o (s,t M%) = L z v, (© (E’->uN O o (2.9)
N T T s 1ik v v * :
13k

where

1 N N N N, ]
N E 1,yg 3 Leve deoyh *
G,,, (t) = B8, ()R, (r) + B ()R (L)) € (£)E (&) »
3k 167(25,+1) HTH AR SRS

b

k k
. Bhbké°)3ij(C)Im g0 . (2.10)

A similar formula for cu(s,c,HZ) can be written,

B. Type 1 Polarization and Spin Effects: (a+-k c¢).

Given that particle c¢ 1s a fragment of particle a as shown in Fig. 1b,
type I polarization effects involve the spins of particles a or c or both,
but do not include polarization effects due to the spin of particle b. In
what follows it 1s convenient to define the spin projections Aa’ Ab’ etec.

along the transversity axis, which is normal to the production plane

(= Ea x ;c ! ';a x ;cl). In this framwe the asymmetry off a pelarized

particle a (spin 1/2+ baryon) is

A A > A
Pa(ost ) =D ,0F (a,eD) = 0,5,% (o,e.) @.1)

A
[
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1

where we have defined

Acx ' < " . )
p €€ - / oy a (s,e.4)) Ff. ara (5.t M) /5(s,e D) (2.12)
a’b c’a'db

A.A; Ac H
Ab all X
vhere F’A( oA (l.t,Mz) is the anplitude for ab - cX shown in Fig. 1b and
c*a"d

t(+) imply the spin of a is pointing up (down) relative to the transversity
2-axis (normal to the production plane). The total invariant cross-section

(2.1) is given by

2 ;(s,t.Hz)

o(sItIH )= . (2.13a)

1618(2s _+1) (28, +1)

a b
where
- 2
a(s,t M%) = Ny N ’ri‘ IR T o1 (2.13b)
c""a"b
A A all X
a’bc

Similarly for the recoil polarization of particle ¢ (apin 1/2+ baryon) one
has
AA

A
Aa a’a a

P (s,t M) = Z (p' t e M) -0t (s.t.Hz)) . (2.14)
a

The polarization formula (2.11) can, via the generalized optical theorem,

be converted to a statement concerning the forward 3-3 amplitude as follows:

P.(. »t p"z);(s »t DHZ) - ér DISCMZ {<AbAE IA(' ot ’Mz) I +AI)AE‘) -

bc

-QbeEIA(..:.MZ)|+AbAE> . (2.15)
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where a(s,t.Mz) is related to the unpolarized cross section by (2,13).

Converting to the helicity frame using

[+ =i (-1]+1/2> + |-1/25) (2.16a)
V2
4> = 1 (-1+1/72> + 1{~1/2>) . (2.16b)
V2
where :t1/2 refers to s-channel helicity yields:
- 2
Po= Z DISC,,2 {1<+1/2AbAE[A(s,t,H )l-1/2xbxz> -
s
2 .
-1(—1/2AbAE]A(s,t,M )|+1/2AbAE>} . 2.17)

Note that in contrast to the unpolarized cross section (2.3) and (2.4) the
polarized cross section Pa; involves the forward 3~3 amplitude where the
helicities Aa ¢ A; (see Fig. 3a.) In the triple-Regge region (2.17) can
be converted into a statement about Regge couplings:
) L : . ui(t)+uj(t) uk(o)
Pao(a,e ) = 3 Y By (0 & v (2.189)
13k

where for the case where particles a and ¢ are spin 1/2+ baryons

Z {Bi,_(t)B:1_+(t)+Bi_(t)Bz_(t)—BL(t)SL(t)-B_{_(t)Bf_(t)}

b

(e)+f

FTUAL

B
i3 167 (28, +1)

‘I“'[ﬁ“)ﬂ;“”l"fj“’“:bxb“”“ﬁk@ : (2.18b)

This formula is anologous to the polarization formula for two-body

scattering (except Pa 1s also a function of Mz), and has the foilowing

properties:
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1) Pa(s,t,Mz) = 0 1if Regge pole 1 = j or if they have the same phase.

(11) Pa(s,t.Hz) ariges from the interference between flip and non-flip
amplitudes.
(111) Pa(s,t,Hz) = 0 if 1 = unatural parity and j = unnatural parity, or
11

vice versa .

Because of property (ii1) the polarization can be written as the sum of two

terms
P 2 2 2
a(a.t,M ) = PN(s,t,M ) + Pu(s,t,H )» (2.19a)
where PN arises from the interference between two natural parity Regge polea12
(¢ =N1,j -NZ) in (2.18b) and PU arises from the interference between two
unnatural parity Regge poles (i =U;;j = u,) - From (2.14) one
arrives at a similar type expression for the recoil polarization Pca(a,t,Mz)
except now
2 2 2
P (5,£,17) = Pu(s,t,1") - Py(s,t,M0). (2.19b)

In general the two polarizations Pa and Pc will be different. However, 1if
1
By(sst,i0) = 0, then P_(s,t,4%) = P_(s,t,) 3,

In general, assuming a and ¢ are spin 1/2+ baryons and not measuring

14
gpin effects of particle b, there are a total of 8 observables one can measure

the invariant cross section and 7 spin observables (Pa, Pc, R, R', A, A', and D).

Table 2 defines these parameters in terms of the transversities of particles
4 and ¢c. The observable Pac and Pco can be read off this table and are seen
to agree with (2.11) and (2.14). The parameters R, R' and A, A' are anologous
to the Wolfenstein R and A type parameters for elastic scattering. The
D(s,t.Hz) parameter is of particular interest since it is a measure of how

well particle ¢ "remembers" the spin of particle a- From Table 2 we have
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D(l.t.Hz)a(s,t,Hz) = 9:1 + a:: - o:: - nI: s (2.20a)

or using (2.16a) and (2.16b)
Do = DISCy2 { <+ +]Al- D + & ~[Al+ D - |Al-D - GHA[+DY, (2.20)

where & sum over Ab is assumed. In the triple Regge regio:r. we get

Dos,e i) = oy(s,e M) - o (st Py 2.21)

where %y and g, are the natural and unnatural parity invariant crogs sections
defined in (2.8), (2.9), and (2.10). Thus Do measures the difference
between the natural and unnatural parity exchange invariant crosa sections
and 1f ou(s.t,uz) $ ou(s,t,nz) particle ¢ will "remember” something about

the spin of particle a.

C. Type II Polarization Effects: (a-3'c).
Suppose particle c is a fragment of particle a as shown in Fig. 1b, then
type II effects involve the spin of particle b, In terms of transversities

the asymmetry of a polarized particle b {spin 1/2+ baryon) is

2
2\ 2
B, (8,t,M )o(a,t, M) = 'Fx . (‘ltlnz), =
b8 8 —2- § A st

all X Aahb

2
(2.22)

2
- Fx (s,t,M)
' Ac”a‘

where ?A A A (s,t, H ) 4s the amplitude for ab + cX shown in Fig. 1lb and 4(+)

imply the spin of b is pointing up (down) relative to the transversity z—ax:l.a
which is normal to the scattering plane (i.e. n - pa x pc), and vhere E(s.t,n )

is related to the unpolarized invariant cross section by (2.13a). Transforming
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to helicities via (2.16a) and (2.16b) yields

1' P (s,t, Hz)(!(s t,Hz) - 2? Z Iln X* R (2.23a)

.A +1/2 A ;A —1/2
34.1 X A
a’c

Assuming a/l{2 large and t/s small so that P 1a given by Fig. 1b yields

2.~ ; 3 1(r:)+u|j(t) :
Pb(e.t.H Yo = 2Im ﬁ Bx A(t) Ei(t) Bx A_(t) 5_1(‘) e 8 i

3 15 Az )

; \ * 3

. : f(i+ - X)f (3 - + X), (2.23b) ¢
: all X il
E where f(klb + X) is the amplitude for Reggeon k scattering off particle b with !
£

d helicity Ab producing anything X. Unitarity states that ?

;

El“ PISG2 8y, , 4. G,8) = £+ + X) £l3- + ), {2.23¢)

all X i

‘ where au AL (Mz,t) is the forward Reggeon particle scattering smplitude .
f b 7% o

b shown in Fig. 3b. Equation (2.23b) then becomes

) - 3 ay (E)4a, (t)
B, (s,e,40)0 = e,‘ 1 (® B e

13 A0

£
|
z mEi(c) e;(c_;] ImE“_ +j_(Mz.c_;‘ . (2.230)
.ﬁ

e

which has the following properties:
1) Pb(s,c,Hz) vanishes if Regge pole 1 and Regge pole j have the
same phase; (This is obvious since in this case Fx i) +1,2 and
I-‘x A -1/2 have the same phase and @.239 vanishes. )
i1y 'l‘he residues B (t) and Bj(t.) enter diagonally (ie. _H_(t)BL_(t) +

8_'_(!'.)84_'_(t) ). Thus, for exsmple, terms of the form{ = P and

Errmsamr e

J = p are suppressed since P(p) couples predominantly to helicity
non=-flip (flip).
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(111) Pb(s,t.uz) vanishes at large Mz in a factorizing pole model
This last property can be seen by assuming a., *J_gv,t) is dominated at
large v by factorizing Regge poles ao that

uk(o)-ui(t)-uj(t)

v,t) = N g5 (t) B:_(O) £ (o) v . (2.24)
1

R <

k

as shown in Fig. 4a. Since all fctorizing poles obey B+_(t)u/:z, the

f1ip residues B:_(o) and B§+(o) vanish which implies Pb(s,t,ﬂz) must vanish.
This vanish.ng of type II polarization effects for factorizing pole models

was first pointed out by Abarbanel9 . However, as emphasized by Phillips,
Ringland, and Worden 8’ this vanishing is not a consequence of angular
momentum conservation since the helicities of the incoming and outgoing ac
system can compensate for the flip of b producing a forward acb amplitude with
no net helicity flip., A similar situation arises in the two-body process

ﬂ-p -+ p°n (see Fig. 4b) where a factorizing pole model predicts that the
evasive amplitude H_1+;_(s.:) vanish at t=0 even though this is not required

by angular momantumlé. This implieé that the observable %léc/dt(n‘p -+ p%)
vanish in the forward direction where in fact the data show a spike (see Fig. 5).
In two-body phenomenology this is "explained''by the presence of a large non-
factorizing 7 cut contributio&7 . Numerous other examples from two-body

+n, pn -+ np) show the presence of Regge cuts which

scattering (L.e. yp~> 7
vitiate factorizing pole predictiong§ We might thus anticipate the presence
of non~factorizing cuts in the forward Reggeon-particle scattering amplitude,
in which case type II polarization effects need not vanigsh. Studying type II
effects in the triple-Regge region tells us the importance of Regge cuts in

the forward Reggeon-particle scattering amplitude (see Fig. 4c).

- 166 -

eam g e -



O

S A gt

D. Finite Mass Sum Rules and M2-duality.

In two-body scattering the idea of duality began with the writing down of
finite energy sum rules (FESR) which relate the integral over the low energy
resonance region to the parameters of the high energy Regge exchange (Fig. 6a).

It is a natural extension of the triple-Regge formalism to relate the low MZ
resonance production region to the high Mz triple~-Regge parameters by writing
down similar sum rules for the Reggeon-particle scattering amplitude aly jb(v,t)
in (2.4)19. In this case the "dispersing variable" 18 v or equivalently the
uisging mass Mz rather than the incoming energy s; hence, the name finite mass
sum rules. Also, in analogy to the two-~body case, one can discuss the possibi-~
lity of semi-lccal duality. In this case the large Hz triple-Regge terms when
extrapolated to gsmall Hz will be 2xpected to reproduce on the average the low

2 resonance region (see Fig., 6b). Thus Mz-duality and FMSR allow predictions
to be made about the low Hz region from the high lF triple- Regge formalisngo.

As in the two-body case, to derive the FMSR one needs to consider both
the right and left hand cuts of a(v,t). To do this it is convenient to use

the antisymetric variable v=M2-t—M§ already introduced in (2.4). Given the

large v tehavior of (2.6) and using (2.7} one can derive the following FHSR?0'21=

In(s,t,vo) - -;';? G“k(t_)(1+(-1)n+1 TiTJTk) .

11k

ai(t)+ aj(t)

" (s/vy) vk (ay (o) - a0 - 5y(t) 4m +1) , (2.258)

where In(s,t,vo) 18 defined as the following integral over the low mass

region
vO
R n n+l
L (s,tyv) = FonFl v %ab o ox(EtaV) + (1) O Bx(a.t.\’)} dv , (2.25b)
o

[
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where G, . (t) is defined in (2.7) and where the invariant cross section

1jk
o(s,t,v) is defined by (2.2). For the case where psrticle a equals particle
¢, the FMSR (2.25b) reduces to an integral over the single invariant cross

section for ab + cX and is meaningful for odd n.
In addition to FMSR sum rules for the invariant cross section u(s.:.Hz)
one can construct sum rules for other (type I) observables. For example, an

FMSR for the polarized cross-section P‘u(s,:,v) looks like (assuming a=c):

P 1 - ag(e) + o (t) o o)
In(u.t,uo) - ;Z Pijk(t) (s/vo) vy /
13k

/ (ak(o) -ui(t) -uj(r.) +n+ 1) , (2.26a)
where I:(u,t.vo) is the following integral over the low mass polarized cross
section Vo

1 VP (8,6,v) 7 (8,8,v) dv (2.26b)
\’n+1 a Ll &3 1] .

° o
where n is odd and where éijk(t) is given by (2.18) and the polarized invariant

P -
In(s.t.uo) H

cross section Pau is defined by (2.14).

Polarized FMSR sum rules provide a useful wa& of determining the importance
of triple-Regge interference terms of the form PRR and RIRZR. These tarms are
very difficult to disentangle from the many diagonal terms when fitting only

unpolarized invariant cross-section dataa’sv

E. Two Component Duality.

For two-body scattering the Harari-Freund two-component form of duality
states that the resonance contributions to the FESR integral "build" the
ordinary Regge trajectories, while background contributions *"build" the Pomeron
(Fig. 7a). For the case where the Reggeon 1 and ] are ordinary Regge trajectories
(not the Pomeron) the normal two-component form of duality can be carried over

directly to the Reggeon particle scattering amplitude (Fig. 7b). For this case
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resonsuces fbackground] in the Hz-chlnnel are expected to "build" (via FMSR)
ordinary [Pomeron) exchange ir the crossed chlnnelzo-This implies <hat if
the Hz channel is exotic that the imaginary part of the Reggeon-particle
scattering amplitude vanishes for i=R, j=R, and k=R (i.e. No RRR terms

present in the invariant cross section Eq. 2,7). Due to the inequnlityzz

1/2
Gapr(t) + Gppa(t) < Z(GPPR(t) . cm(:a (2.27)

) = 0 also implies G, {(t) + G )} = 0, vhich means that 1f the

Crpg (¢ RPR pra(t

Reggeon particle scattering amplitude is exotic only terms of the form
PPP, RRP, PPR, PRP, and RPP are allowed.

The question of "what is dual to what" for Reggeon particle scattering
becomesa very complicated when imj= pomeron. There are indications that PPP
has an "abnormal" component of dualitysfiqe. TPP dual to resonances in the

Hz channel), however, the sitvation 1s not comjletely clearZA.

III. Phenomenology and Predictions.
A. Type I Polarization Effects: (a’h* ey,

+
1. wgp+ + pX (Fig. 8a): (pf 5 P.

Consider the reaction Nip -+ pX off a polarized target. The leading
triple~Regge terms responsible for the asymmetry Pa(s.t,Hz) {see Eq. 2.18)
are Ppp and fpp. It is easy to predict the following:

(1) Expect Pa(s.t,Mz) to be similar to the elastic case vhich arises

from Pp interference.

(11) Expect Pa(s,t,Mz) to be non-scaling and to decrease like 1/v/8 at
fixed =10,

(111) Expect Pa(s,t.Mz) to be mirror symmetric under the inmterchange of
.

{iv) Expect a dip In Pa(a,t,Hz) at t=~ ~0.6 (GeV/c)2 Just as in the

elastic case.
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2, K'p, > pX (Fig. 8b): (p.,-—!s~ p).

For this reaction off a polarized target the leading triple-Regge
terms responsible for Pa(s,t,Hz) are Ppp and PAZA2 (alaso fpp and EAzAz).
Here the polarization may differ from the elastic case, The elastic K:p
polarizations are governed by the roughly EXD p and Az (i.e. PK+p is given
by the interference between the predominantly imaginary Pomeron and the predom-
inantly real (A2 = p)). In the inclusive reaction there is no reason to
expect the triple-Regge couplings gPAZAgt) and gppp(t) to be XD and hence
the inclusive polarization may not resemble the elastic.

3. p,p > PX (Fig. 8c): (p‘-E* p).

There exists data from the Argonne groungn the reaction p,p ~ pX with
a polarized beam. The data are shown in Fig. 9. The triple-Regge predictions
are similar to those for reaction (2) above. The terms responeible for
Pa(s,t,Mz) are Ppp and PAzAz (and fpp, EAZAZ). 1If the triple-Regge couplings
gPAZAZ(t) and g Ppp(t) are (are not) EXD then we expect the polarization to be
similar (not similar) to the elastic case. The data show an elastic polarization
of about 10% for small Py values, As Mz tncreases through the resonance re¢gion
there is considerable structure in the polarization, however, it never greatly
exceeds the elastic value. For the highest Hz value (M2=9 7 GeV/cZ) the
polarization is emall (less thanx4Z). The polarization is expected to be
largest for Hz small and in the resonance region since Ppp and PAZA2 decrease like
1/M2 for fixed s and t (see Table 2). In order to make any quantitive statements
concerning the sizes of Bpop (t) and gmz‘\z (t), it is nzcessary to form a polari-
zation FMSR by integrating the data over the low M2 region and then compare with the
triple-Regge formalism as discussed in Sec.il.D. Work on this is in progressZG,
By the use of isospin, one predicts that the asymmetry P‘(s,t,uz) should

change sign in going from the inclusive reaction (p*-k p) to (p*-ﬁ P).
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4. Kp *’A?x {small t region - Fig. 1l0a): (p K, A). ;

The triple-Regge terms responsible for the A-polarjzation in K p + AX

k& & &k &
are of the form K K R, where R = £,u,0,4,5¢ OF f'. Note that the term K" K'P

vanishes by generalized C-parity (assuming P is an SU(3) singlet with Ca+l).

Thus at fixed x and t we expect PA(s,x.t) to decrease with increasing 127. This

28,29,30

decrease can be qeen in the data (x near -1) shown in Fig. 1l.

5. Kp~+ AX (small u region - Fig. 10b): (K~ & p).
4

The near constant A polarization scen in K-p + AX near x = 128'29

(Fig. 11) (fast forward A's) can be understood once one realizes that the

RRP triple-Regge terms are small relative to RRR terms in the region
4.0to14.3 GeV/c. Thus both the A polarization Pna(s,t,x) and the invariant
cross section o(s,t,x) decrease approximately like 1//8 in this region, which
results in p, = Pno/u approximately constant f-r fixed x. The smallness of the

A
RRP terms in the above region can be inferred from the smaliness of the invariant

cross secticn for K+b + XX (Fig. 10c) which by duality arguments has only RRP

terms and which by crossing are equal in strength to the RRP terms in Kfp + AX.

6. p,p > AX (Fig. 10d): o, &= 0.

For this reaction the Reggeon=particle scattering is exotic which implies
that contributions from Regge exchange should cancel (EXD) in suck a way as to

produce a purely real Reggeon-particle forward amplitude (see Sec.lL.E.). Since }

it is the imaginary part of this amplitude that appears in the formula (2.4) for 5
the observables we expect no contribution to any typc I observahle from terms cf the f
the form RRR. The invariant cross section o(s,t,Xx) 1s thus expected to scale and
the A-polarization Pn(s,t,x) should be zero since it cannot be produced by terms

ki &
of the form K K P due to generalized C-parity (see (4.) above). The D(s,t,X)

parameter is expected to scale and can be seen from (2.21) and Table I to
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have the form

D(t,x) = (r-1+ x) (xr+1+x , (3.1)

whare wa have ugsed natural and unnatural invariant cross sections

Oy(8,tx) = Cy(t) (3.2a)
au(l,t,x) - Cu(r.)(l - x) (3.2b)

and
(3.2¢)

rezr(t) = CN(t) / Cu(t) .
The expected behavior of D(t,x) for a particular value of xo(t) =1 - r(t)
is shown in Fig. 12. 1If for a particular value of t the natural parity
invariant cross section dominated over the unratural parity invariant cross

section then xo(t) would be less than 0.75 and D(t,x) would be positive over
31

the whole triple-Regge region (dot-dashed curve) . It could happen that
ON(t,x) and uu(t,x) would be equal at some fixed value of t and x = xo(t)
ifmplying D(t,X) = ¢ (s0lid curve) , but since aN(t,x) and ou(t,x) have
different X dependence (Table 1) they will not be equal for the game value of
t and another value of X, Thus we expect D(t,x) # 0 except possibly at some

isolated values of t and ¥- Since the parameter D measures how well the A

"remembers" the polarization of the incoming proton this should be useful in con-

structing polarized A beams from polarized proton beams.

Recent data on PA(s,t,Hz) and D(s.t.Mz) for p,p » AL at 6.0 GeV/c from

32 3
Argonne are shown in Fig. 13. The data show zero A polarization (PRas expected

(see Table 3) but in addition show zero vslues of D(s,t,Mz) contrary to expec-

tations. Possible reasons for the unexpectedly small values of D are:

(1) The energy (6.0 GeV/c) is a bit low to use triple-Regge type arguments.

Hopefully the experiment can be repeated at 12 GeV/c where the pre-

dictions are more applicable.
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(11) The observables have been averaged over la;ge H2 and t bins

which could yield a net result of zero.
by
B. Type 1I Polarization Effects: (a -—c).

4
1. w1p4 + % (Fig. l4a): (ﬂt 4 nt).

Assuming that Regge~cuts are present in the Reggeon-particle scattering
amplitude, one predicts contributions to the polarized target asymmetry
Pb(s.t.Mz) (2.23d) in the triple-Regge region from the terms Pop, and
fopc (oc » pecut), It 19 an easy matter to then predict 8,

(1) Expr:t Pb(s,:,Mz) to be mirror syametric under the imnterchange of nt.

(11) Expect Pb(s.t.»c(s,t,x) to be non-scaling and to decrease roughly

like 1/V/5 at fixed x.

34
Recent data on ﬂip' - ﬂtx off a polarized target at 8 GeV/c do show non-

zero asymmetries for X 2 0.7 which are mirror symmetric under the interchange
of n* (see Fig. 15). This data is very interesting but one must usse ceution
before interpretating it as indicating the presence of a p-cut in the forward
Reggeon particle scactering amplitude., The data is at a fairly low energy
(a = 16 Gevz) which means that for x =~ 0.85 one is still at low HZ (Mza 2.4 Gevz).
The triple-Regge factcrization arguments discussed in Sec. II can only be
applied at Hz large (M2 25 GeVZ) which means one must apply Mz—duality to
interpret the § GeV/c data. It could happen that Pb(s,t, Mz)c(a,t,Mz) would
oscillate positive and negative over the low Mz region implying a small Regge
cut contribution or it could remain positive indicating a substantial cut
contribution. In addition if one is going to use the triple-Regge formalism

3
one is restricted tox > 0.8 so clearly more data {s needed 5.
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2. PP, * pX (Fig. 14b): (p — p).

Asymmetries off a polarized target have also been cbserved for pp -+ pX
at 8 GeVlc34 (see Fig. 16). Because of the relatively low energy,interprerations
in terms of triple-Regge contributions Pppc or Eppc are difficult for the same
reasons as descrited above. These results are nonetheless very interesting and
further experiments at higher energies should be encouraged.
C. Other Interesting Inclusive Observables.

Valuable knowledge as to the nature of inclusive production mechanisms
can be gained by studying other observables in addition to the polarization
observables discussed above. We briefly mention some of the most interesting

examples.

2 - P
1. py; dofdean” (xp > p%): (nm—p9).

By observing the density matrix elements of outpoing vector mesons
produced in inclusive reaction one will be able to further probe the pature
of the production mechanism. Consider for example the inclusive reaction

" p + 2°X and the observahble:

\

(5 t)HZ) = 2 Y
dedM 3218 Lo

all X A=t 1/2

L]
X (et OFT (s, (3.3)
ot M 1:,

In the triple-Regge region using the generalized optical theorem this

becomes
5 (s,e00) - ——Z e & 5y (7 (6) o () , (3.4)
ijk
where
1Jk(t) -1 B%(t)Bj(t)Bk (o)gij(t)ﬁi(t)ﬁz(:)lm Ek(o) . (3.5)
32n 3 1 Apty
A=t 1/2
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As discussed in Sec.lI.C in a factorizing pole model the recidues behave like
Bl(t) « /=t which implies Gll(:) vanish at ¢t = ). However, as pointed out
earlier, this prediction is violated experimentally for = p + oon (see Fig. 5)
by the presence of non-factorizing Regge cut517. It would be extremely inter-
esting to study the behavior of these cuts as Mz is increased from a nucleon
mass to the high H2 region. There is evidence that these cuts decrease in
strength as one increases the mass (or spin) of the produced mesons [i.e, n-p -
(0,f,8)n) which leads one to suppose that perhaps cuts decrease in general as
Hz 1ncrease36. The study of plldo/dchz(n‘p + p°X) would certainly shed light
on this most interesting phenomenon.

Similar studies could be carried out on the reaction K’p - E*°x or K+n - x‘“x.

2, pn > gxgn"ﬁ“ pp_>* n)’_'}ﬁn)_

One can gain knowledge as to the Mz dependence of evasive amplitude cuts
similar to that discussed in example (l.) above without measuring density
matrix elements by observing the small |t] inclusive cross section for pn -+ pX
(or equivalently pp - nX). Factorization arguments lead one to expect a dip
in the invariant cross section (and in the np CHtX differential cross section)
as t goes to zero. The data on np CHEx37, on the other hand, shows a sharp
spike at t = O resulting from a large non-factorizable m-cut contrlbution38.
It would be most interesting to study the M2 dependence of this cut by
observing the small [t] behavior of the invarfant cross section for the tnclusive
process pn - px(ngp).
IV. Summary and Conclusions

In two-body exclusive processes, polarization and density matrix datea have
been crucial in testing and refining our theoretical models. In inclusive
processes measurements of observables other than just the invariant cross section
may well be of equal importance. Type I polarization and/or spin effects in the

inclusive reaction ab + cX arise from spin measurements on particles a and/or c,
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where ¢ {s a fragment of a (a’g cf). These effects arise from mechanisms
similar to the corresponding two-body analogue and need not vanish if factor-
ization holds. In Table 3 we tabulate many predictions for type I polarization
effects using the triple-Regge formalism. Triple~Regge predictions are valid
for x 2 0.8, t/s small, and NZ large; however, the last restriction can be
relaxed and predictions made concerning the low Hz region by the use of Mz-
duality and FMSR.

The study of type I polarization effects should provide information as
to the importance of triple~Regge interference terms and the status of EXD
for triple-Regge couplings. The investigation of observables like pndaldcdH2
(ﬂ-p - pox) will provide "insight" into the behavior of absorptive correctioms.

Furthermore, by studying the connection between the low and high H2 region one

will gain valuable knowledge as to the nature of Hz—duality.
b

Type I1 spin effects are those involving the spin of particle b (a+fc).
These effects vanish at large MZ for factorizing pole modals. The investigation

of these effects will tell us the importance of non-factorizing Regge cuts in

the Reggeon-particle forward scattering amplitude. This is a subject of great

interest since Kregge cuts do play a crucial role in understanding two~body
scattering. (See table 4 for a summary of type II predictions.)

Finally we point out that the majority of both type I and II polarization
effects are expected to decrease at fixed x like 1/v/a (they are non-scaling

effects). Therefore we are interested in the approach to scaling. Brookhaven

and Argonne are, thus, ideallysuited for this sort of study. In particular,

the polarized beam at Argonne makes spin studies "easy." MHowever, if one is
to make full use of the triple-Regge formalisw every effort should be made to

do polarized beam experiments at 12 GeV/c rather than 6 GeV/c as is now the

case.
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Table 2,
Type I cbservablsa for the inclusive reaction (-’ b, c’) in terms of
the transversities (spin projections normal to production plane) of particles

s and ¢, vhere

A A'
9* *. c'* Ab A;A Io ed oo

all X adl X A0pA

$A_A *

c'b

The amplitude for the process ab + cX is given by r’; o (l.t,llz) and the
e’ a’d

observables ste in general a function of s, t, and M2,

Ae.\:: ACA; -
Py ar te 44 ‘4 4
aa
1]
l.k. + 4 lli(l'Hﬂ'Pa*Pc) V) 0 1/2(R+4A)
+ ¢ (1] 1/((1-5-?."'?‘:) 1/2(R'=1A') 1]
T Q 1/2(H+4A") 1/4(1-D4e -2 ) 1]
+ ¢ | 1/2(r=1A) (] 1] 1/4(1+D-I'--Pc)
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Table 3.

Expected behavior of Type 1 polarized cross gections

1'(-,1:,!12)ch1lcltcﬂf2 for various inclusive processes.

Triple-Regge Terms Cosnic® Behavior Predictions
responsible for of for
Resction Pt D) [Pla,e Vo sdean’ Ps,c.80)0ts,c,40)
1. w’pp X Top, fop 1/0P/8),1/(s4) | Nonwscaling
3
(p,!-' p) Mirror symsetric under n* + o~
rig. % dip st t = -0.6 (Gev/c)?
should resenble elastic pol
2. Kpp pX PA,T) (8, T0) | 1074 Non-acaling
3
(P}’ P) f(Az:Fp)(AZ%J) 1/ (aM) May or may not resemble elastic
Fig. 8b depending on EXD of gp, , (t) snd
272
;Ppo(t)
3. pp X P(Ay=p) (A,-p) 1o Non-scaling
(P,‘E' p) £(hy=p) (Ay-p) 1/ (aM) Msy or may not resemble elaatic
Fig. 8c depending on BXD of gp, , () and
272
Epoo (€
2
4 poa >k P(Az-o) (Az-p) 1/(4° Vs Opposite sign from (3) by isospin
n
p, + P £(A,-p) (Ay-0) 1/(a¥)
S. Kpm K"*x"r 1/ (M) Non-scaling
K7 . ] Expect P,(s,t,x) to decrease
A Haf, o pyAns £ A
® ) ’ T2 with incressing s and fixed x.
Fig. 10s
6. Kp-Ax ﬁiij ® 1/a BN,P small for 4.0 5 py < 14,0 Gev/e
® ﬁiﬁjk 1/(a) d0 P,(s,t,x} ~ const at fixed x.
7. ppr M Nons - Pp(s,t, W~ 0
¢, =0 D{s,t,® $ 0 (sec Fig. 12)
D(s,t,% sceles

.For definition of Cosmic see Table 1 and Ref. 4
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Table &,
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Figure 1. (a) TIllustrates the amplitude
2
Fx . (8,t,K%)
Ac’;\a;\b
for the inclusive process ua + b > ¢ + X,

where particles &, b, and ¢ heve helicities
Xa,Ab, and Xe, respectively,

e e x,m2

a(t}
Freitodp (it M3) = t—o
ag T By

S

Pigure 1. (b} I}iustrates the diagram contributing to
o ed)
A A )
2 c’’a’d
when e/M” is large and t/e is amall so that the e..~hange
of a leading Regge pole a(t) dominates.
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Pigure 2, Tllustration of the generalized optical theorem, which
relatea the square of the amplituded for a+ b +c + X uumed_over
all X to the discontinuity of the forward 3 to 3 amplitude abi + abc.
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Figure 3. (a) Illustrates the resulting 3 to 3 forward
amplitude when the Regge pole dominated amplitude for
a+b-+c+Xin Figure 1b is squared and summed over
all states X.

aiin ey a;(t f bA,
2 M2

Figure 3. (b) Shows that at large Hz the Reggeon particle

forwvard scattaring amplitude is given by the exchange of s

Regge pole ap{0) in the crossed channel. The coupling 3'1‘.1 (t)

is the triple-Regge coupling.

S Az OAp b.Ap

Figure 3. (c) This is the so-calied triple-Regge diagram

resulting froam substituting the large M2 behavior (b) and
(a).
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Figure 4. (e) Illustration of the forward Reggeon particle
"£11p" amplitude, which at large v is given by the exchange
of a Regge pole oy (o) whose f1ip coupling 8+_(o) vanishes by
factorization arguments.
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Figure 4. (b) Factorization arguments pimilar
to those in {a) would predict a vauishing of

R do, . o
Py, GeTP > o) :
in the forward direction, {
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Figure 4, (c) Should one also consider Reggeon-cuts as
well as Regge exchange when discussing the large v behavior
of the forward Reggeon particle mcattering amplitude?
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Pigure 5. Experimental data on the gmall l tl behavior of
(Figure from Ref. 17). The data show small |t| spikes.
The curves ere from ebsorption model fits which heve laige
n-cut (end Az-cut) contributions at emall |t| producing
the observed spike.
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Figure 6. (a) Illustration of duality in particle-particle
scattering. The small s resonacne region is related to the
large » Regge ragion via Finite~Energy sum vules (FESR).
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Figure 6. (b) TIllustration of duslity in Reggeoc-particle
scattering, The small M2 resonance region 1s related to the
large M2 triple~Regge region vis Finite-mass sum rules (MMSR).
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Figure 7. (a) Tllustration of the two-component theory
of duality for particle-particle scattering ab + cd. The
s~channel resonances {(background) are dusl to t-channel
Regge (Pomeron) exchange.
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£‘ Figure 7, (b) Illustration of Hz-duluty for Reggeon-particle

LE scattering ib + jb.

then ay (t) and uj(t) are ordinary Reggeons
(not tha Pomeron) than resonances (background) in the dirsct
chanael "build up" via FMSR the Regge (pomeron) exchange ip the
croseed channel. When o4(t) or as(t) or both are pomerons tha
situation is more co-pl:l.eeud (u; text),
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Figure 6. Leading triple-Regge ter== rasponsible for
type 1 polarisation effects in the inclusive processes:
(@) r=ip, > pk; () Kip, < pX; () p,p = PK
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Figure 9. Experimental data or the type [ pelarization
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polarized beam experiment at Argonne (Ref. 23). The
smallest nase () is the elastic polarization.
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Figure 11. Exparimentsl data on the A polarization for the
inclusive process K~p -+ AX at 3.93, 7.3, and 14.3 GeV/c.
The region near x = ~1.0(1.0) corresponds to the meson
(baryon) exchange process shown in Figure 10a(b), (figure
from Ref. 208).
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Pigure 12. Expscted behavior of the D(s,t,x) parsmeler for
Pab * A X varsus x. The point :o(:) corrssponds to the place

re the unnstural and natural parity exchanges (see Figure
10d) sre equal. The dot~dashed curve is expected if the
natursl psrity dominstes over tha unnatursl parfty exchanges.
The D(s,t,x) parameter is expectad to scasls (ie. bs indepandent
of 8, D(s,t,x) = D{t,x) ),
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Symmetrles and Spin: Experimental Review

Michael Zeller
Physics Departrent
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Talk delivered at 1974 BNL Workshop on FPolarized Targets.

Abstract
Experimental tests of time reversal and parity inversicn
invariance are reviewed with several proposals for future cexperiments
included. Suggesiions for possible experiments at ENL erergles,

ard above, are made,
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INTRODUCTION

In reviewing the experimental status of symmetries and

spin, one 1s lmpressed by the small amount of data which presently

exists testing Invariance of the discrete symmetries of time
reversal and parity inversion at BNL energies. In light of this,
we will discuss a few salient experiments in order to obtain

some perspective inte the types of quanties that one mizght
measure and the typical accuracies which have been obtained.1
These experiments chall serve as a comparison and A& point of

departure for discussion of possible future experiments at BNL.

T TESTS ~ REVIEW
The first symmetry we shall consider will be that of time

reversal invariance (T). In what follows, we will refer to

Table I in which we briefly display various experimental results.
The first column contains a description of the relevant measured
variables, the second a result of the pertinent measurement, the
third the laboratory kinetic energy of the incldent particle, (in
the case of a decay this is taken as 2ero), and the fourth the
square of momentum transfer between relevant particles.

Since the observation of CP violation in Ko decay,2 there

has been great interest in possible T violation in electromagnetic

and/or weak interactions. This CP violation in Ko decay is,
of course, indirect evidence of T violation via the assumption
of absoluve CPT invariance, Certaln measuremente involving spin

would be direct evidence of a T violating term in the interaction

mechanism.
In the first order electromagnetic or weak decay of a

particle into three or more particles one can look for a
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depengence in the decay distributicon of the type:

@ - (Bix k).

Such a term is odd under T reversal, and thus its presence

would indicate a lack of T reversal invariance. A recent measurement

of this type involves the 8 decay of fre» polarized neutrons.3

For this experiment one measures the corrclation between the

neutron polarization vector, (3n), and the normal to the plane

formed by the momentum vectors of the decay electron and neutrino,

In particular, one looks for a term in the decay rate of the type
D) (P, xB) .

e v
The parameter D 1s then a measure of T reversal violation, The
most recent result is:
D= (1.1# 1.7) x 1073

which 1s consistent with T lnvarilence.

Another experiment looking at weak decays, with larger 2,
is that of the correlation between the 7 and W momentum vectors
and the 1 spin in the decay KoLgn'vu‘. An observation of a ferm
of the type (3&) . ﬁn X ?h would, of course, be a direct observation
of T violation in x° deceys, in which CP non-invariance has been
seen. The most recent measurement employed precession of muon £pin
in a unique polarimeter, thus reducing possible systematic errors.u
The results of this measurement are quoted in terms of Img where
g (a®) = £~ (a®)/r*(q®), the ratio of the form factors describing
the hadron current involved in K decays. The measurement yielded
Img= =0.060 * 0.045, which i1s consistent with T reversal invariance.

The above experiments are effectively "static' measurements

since the momentun transfers involved are so small, Moving to
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scattering experiments at higher energles permits examination of
a larger range of g, The simplest measureable interactions
would involve spin 0~ spin 1/2 scattering. However, examination
of possible symmetry viclatirg terms in the interactlon show
that those terms which yiolate T also vliolate ®. Thus thile
class of experiments 18 not a good candidate to test T.

In spin 1/2 - spin 1/2 scattering, no such condition exists.
Before discussing hadronehadron interactions at BNL, we will
examine lnelagtic electron scattering from polarized protcns.
Two measurements of this type have been made 5,6 and we shall
cnncentrate on the most recent of these experiments.6 These
measurements are of interest to us because they demonstrate
the attalnable precision which one can expect in an experiment
of this type employing a polarized target, and they are also
concerned with radlation damage of a polarized target.

The measurements can be best described in Figure 1. 1In
these diagrams the momentum vectors of the lncoming and outgoing

electrons, iin and ¥ respectively, are both in the plane of

out
the paper. The proton, double line vector, has its spin vector
out of this plane in Figure le and into the plane in Figure 1b;
the cross secticns for these figures are ¢, and qkrespectively.
An asymmetry which depends on (3p) . ﬁin x Eout‘ A= 3%;;@, would
indicate a T violation. For elastic scattering A vanishgg from
CVC ard hermiticity alone. Even wilth T invariance the asymmetry
is non zero for two photon exchangediagrams, but comperison
»f e~ and et scattering can remove this effect.

Since the recoil hadrons are not detected in this experiment,

the effective polarization of the target is reduced to about
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0.14 of that of the unbound protons. Furthermore, deterioraticn
of target polarization due to radiation damage reduces the time
averaged free proton polarization to less then its maximum;

P% = 0.22. Hence, measured asymmetries were significantly smaller
than "physics" asymmetries, Typical measured asymmetries were:

e=%"%_ (0.06 ¢ 0.03) x 2072

where l!,_and Nw are numbers of events detected in configurations a

and b of Figure 1, respectively. Studies made of false asymmetries

showed that systematic errors were less than the statistical

uncertainties expressed above.7 Thues, we see that one can moke

PPT measurements to an accuracy of a few parts in 1oa.
Figure 2 shows final results of the experiment, depicting A vs.

missing mass, Mr’ for different kinematic conditions. Ore can

see no significent T violation in these data.

Since this experiment had an incident beam flux of 1011 electrons
per second, radiation damage of the target became a concern.
Quantative estimates of radiation damage are expressed in terms of
the number of electrons per cm?, ®,, to cause target polarization
to drop to 1l/e of its initial, undamaged value, The target used
was butanol cooled to 1o K in a 25kG field. For these conditi~ns
P, =4 X lolu. Subsequent investigations of radiation dameage 8

show that for He® {0.5%k) cryostats or 1%k at 50 kG, ®, is
significantly larger, i.e. 9o = 4 x 1015 electrons/cm?.

HADROR~HADROY TESTS

Ve now discuss hadron=hadron scattering experiments as they

pertain to determination of T invariance. In particular, we
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w11l concentrate on proton-proton elastic scattering using the

notation as depicted in Figure 3. M 15 the scattering matrix

and is shown in its most general form consistent with P and T

Coefficients of the Pauli opin matrix operators are
If one

invariance.
gscalar functions of total cm energy and scattering angle.,
adds a term like

£ (op o + o o.7)
then T invariance is no longer valid.

The early experiments to test T involved comparison of left-
right asymmetry,4 (8), at a particular angle 8 resulting from
elastic scattering of polarized protons from unpolarized protons,
with the polarization induced, P (8), on initielly unpolarized
protons by elastic scattering from the seme target through the
same angle. One can show that gflgl (P(8) - A(8)) = 8 .Imf'h
where do(8) is the unpolarized elastic scattering cross secction
into B.n Thus if the interaction is invariant under T, £=0 and
this effect is zero. Unfortunately it would also be zeroc if both
f and h had the same phese.

Predictions of non-zero (P-A) results have been published 9
and are shown in Figure 4 along with various experimental results.
These predictions are based on & model introduced by Sudarshan 10
involving p and A; exchange as the mediators of neutron g decay:
the p being responsible for the vector interaction, and the A,
for the axial vector, The calculations are presumed correct only
at the low energies shown, but we display the results to give
an idea of what sort of effects one might expect. We note that
in this model, the effects are significantly larger for n-p

scattering than for p-p.
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The above experiments are difficult because of systematic
errors in comparing two distinct types of measurements., Another
type of experiment, in which systematic errors would be greatly
reduced can be made with & polarized proton beam or target and
a measurement of recoil proton polarization in elastic p-p
scattering., Figure 5 shows a schematic drawing of this experiment.
One compares the final polarization of protons at an angle g to
the final momentum vector, as shown, when the initial state is
polarized-at an angle a and the scaticrang engles are (0%, 9 ),
with the polarization at angle a when the initial state is polarized
at angle § and scattering angle (8*,7 +9 ). If PA is the
polarization as measured in ¥igure 5 a and PB is that as measured
in Figure 5b, one can show:

_g% (o*) (PA' ‘B) = 8Re £xg .

Predictions of (Ph'PB) using the above model are shown in
Figure 6 along with experimental recults n at 430 MeV., The
measurement was made at 0%65° with results Py=Py = 0.0019 ¢ 0.0090.
Unfeortunately the center of mass scattering angle was one where
results are cxpected to be cmall, A eimilar experiment has been

proposed for pen clastic scattering at l:evis.l2

A POSSIBLE BUL EXPERIVE!T
One can corsider doing an experiment «=f tais type at the

AGS with a polarized target, or at AlL with a palarized beam.
We have desigred an apparatus, to be used at tue AGS, wihich
would be applicable witnh & primary proto: bean at small momentun
transfer. We consider the region of srall rmormentum trazsfer fur

two ressons:

t
|
i

e o rv—




1) since thie is a double scattering experiment large
cross sections are needed to obtain high statistical
accuracy,

2) one can use the high analyzing power of carbon if the
recoil proton momentum is kept small (€1.2 GeV/c).

For a polarized proton target magnet we have chosen a
"Corrected Short Solencid" design as suggested by Desportes.13
This magnet, shown in Figure 7 consists of two superconducting
short solenoid colls with currents in opposite relative directions.
According to our calculations, this design permits the requisite
homogeniety and has great flexibility for measurements in which
the target is to be polarized in the scattering plane.

For our T measurement we chose a polarization angle such
that o.=p= 48°, This choice of engles permits simultaneous
measurements at (8%, ) and (8%,9 +w), Transforming the
spins from the center of mass to the lab and choosing appropriate
magnetic fields to precess the recoil spins to permit analysis, we
can specify the apparatus shown schematically in Figure 8.

The final analysis of the recoll proton sSpins can be
accomplished with a carbon pslarimeter employing proportional
chambers. The analyzing power of such a device is approximately
0.3 and approximately 10'2 of the protons impinging on the
the analyzer undergo an appropriate second scatter.

For the sake of discussion we have chosen an incident
beam momentum of 20 GeV/c and a momentum trensfer as shown of
-O.3(GeV7b)? Rate calculations from the factors shown in
Table II then yield roughly 60 events per pulse detected after
double scattering., This will yileld 4.5 X 107 events in a 500
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hour experiment. The statistical uncertainty on such an
experiment would then be
- - -3
J(PA B) 0.8 x 10
Such a measurement would not be limited by systematic errors and

would thus be comparable to the best present results for T tests.
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P TESTS ~ REVIEW

We now turn to measurements of parity reversal invariance,
(P). Tests of this sort are currently of ,reat interest because
of possible weak interaction, neutral current effects. We
again have tabularized a set of experiments which are somewhat
representative of the types of measurements that have been and
can be, performed, (see Table 3).

The first class of experiments are observations of
parity-forhidden decays of complex nuclear states. While these
reactions do not explicitly involve spin, they are significant
because of their sensitivity end because they demonstrate @
violation in interactions strictly between hadrons. A recent
example is the of particle decay from the 8,87 Mev (JP=2')
state in 160, 160{2',8.87)0 120 + &3 1 ve characterize
the fraction of parity violating interaction to parity conserving
by a coefficient, p, then these forbidden transitions will
neasure Ipla. The above mentioned experiment yielded a resuit
Ip)%e (0.26 ¢ 0.11) x10"33, or |p]=(2.62 + 0.68) x 107, e
the authors observed a statistically significant number of
forbi:dden events, The complicated nuclear physics involved in
these reactions makes specific model calculations difficult.

Gamma transitions in nuclei can alsoc test parity violating
effects., One looks for circularly polarized photons which are
indicative of an intorfersnce betwzen magnetic and electric
transitions of the same multipole, 1In 1972 the world average
for the polarization of 4*'s from 3Blry yas -{4.9 ¢ 0.6) x 1075,
This is, of course, a statistically significant observation of




parity violation, but relaiing these results to the parametier
P 18 again made difficult becsuse of the involvement of &
complex nucleus,

An obvious experiment which would minimize the nuclear
effects would be measurement of circular polarization in
radiative capture of unpolarized neutrons on protons, p(n, ¥)a,
or radiative capture of unpolarized neutrons on deuterons,
a(n, ¥’ )t. The present published best value for the circular
polarization in p(n, ¥')d is B, = -(2.3 & 0.45) x 10'6. 16
Further experiments have been proposed by a Glasgow, Sussex,
Harvard, Darmstadt, Rutherford collaboration to be performed
at the High Flux Reactor at Grenoble.17 Their estimated
accuracy of measurement ong polarization is 1.5 x 10'7 and
2 x 1076

An experiment relating to the circular polarization

for ¥d and ¥t final states, respectively.

measurement is the measurement of the asymmetry of gamma rays
produced in the capture of polarized neutrons on parahydrogen.
This is effectively a cearch for & (-‘;n) * B term in the
reaction cross section for n + p + d +& : 36, is the decay ¥'s
momentum vector. This experiment has also been proposed for

18

the Grenoble reactor. It has been shown that the circular

polarization would involve a Ai-0 parity violating force while
the asymmetry involves the Al=l forae.lg
At a slightly higher energy, an experiment is presently

under way to measure the asymmetry in the total proton-proton

cross section due to reversal of incident proton helic:lty.zo

This experiment is being performed at the lLos Alamos Van de Graff

using longitudinally polaxized protons of 15 MeV incident on a

=0

S o




3 atm. gas Ha targei, Both transmitted beam and outscattered
particles are detected, and the systematic errors on the
asymmetry are kept to~10'7, {a large factor in reducing
systemetic errors is that the incident proton polarization
is reversed at a rate of 1 kHz). At present no asymmetry
has been observed to the order of 2 parts in 106. 21
Calculations of the magnitude of this acymmetry due to the weak
interaction yield AWvsP x J.O"6 1, where P is the incident
proton momentum and Mnis the proton mess. If these expectations

are correct, the asymmetry *n the above experiment would be

on the order of Aw1,7 x 307/,

A similar experiment has been proposed employing the
polarized proton heam at Argm-me.22 In this case, at 12.5 GeV,
one might expect an asymmetry ot\nlo's. The experiment is
a measurement of total cross secticn via transmissicn. A
sensitivity of~10'6 is expected since the fuli beanm, ~107
protons per pulse, will be used,

The advent of a polarized electron source for SIAC 23
has prompted two proposale to investigate parity violation in
inelastic electron-proton scattering. As with the above experiments
these measurements look for an asymmetry in cross section as
& function of electron helicity when scattering from unpolarized
protons, Such an asymmetry implies a (3,) . i’e force which

would violate parity reversal invariance,
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The first of these measurements ilnvolves the kinematic

region of q2<(cev/b)2 at incident electron energies 12<E<20 Gev.zu

This is an attempt to observe an axial vector electrcmagnetic
current of hadrons which might exist if there is formal
connection between the weak a.d electromagnetic hadronic
currents, Manifestations of such a current might have been

seen in the circular polarization of photons discussed earlier.

If the structure function involving the parity violating

terms has a q2 dependence similar to that of the weak interaction,
one might observe significantly larger effects in the proposed
momentum transfer range. The sensitivity of this experiment to

4 with scone models predicting A

an asynmetry is A~ 0.2 x 10™
as large as 0.18,

The other proposal iuvolves the q2 range of 10 (GeV/c)e
and is a: explicit attempt to observe effects due to a weak
neutral currez.t.25 Since it presently appears that there are
weak .cutral currents of neutrinos, it is of significant interest
to see if weak ncutral currents of charged leptons exist also.
Since a signature for the weak interaction is the lack of P
invariance, this experiment becomes a sensitive test for the
exictence of such currents, If one uses & mass for the neutral
vector boson propagator of 76 GeV then one might expect parity
violating effects on the order of 4 Xx 10'3. Thus the experiment

18 desipred to have a sensitivity of A ~ lo'u.
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POSSIBLE HIGH EWERGY EXPERIMEXTS

We now turn to a possible experiment to investigate
parity violation in hadron-hadron interactions at BNL
energies ard above, In particuler we propose measuring the
asymmetry 1n the differential cross section, de/dt, in
elastic p-p scattering as a function of the nelicity of the
target proton. Adding & term of the sort p-(o; + u;) to
the operator in Figure 3 will yield such a parity violation.
Any other parity violatingterm either is not T invariant
or does not obey the exclusion principle. If a, and @_
represent do/dt for target protons polarized parallel and
antlparallel to the incident proton beam, respectively, then

the desired asymmetry is:

6, -0 2 Re p* (a + h) cos §*/2
A(t) = + %= - pr (2 +h) )
%

where @* 1s the center of muss scattering angle and ¢ is the

+ 0 o

unpoiarized do/dt. As expected, we would measure the inter~
ference between a parity violating amplitude and parity
conserving amplitudes.

If we assume that the odd parity amplitude, p, 1s propor-
tional to the square root of the weak cross section and the
other amplitudes are proportional to the cquare root of the
strong cross section, and that these amplitudes have the same
phase, the asymmetry becomes:

A(%) ~ Jo (t) cos 8x/2
Eerter
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The cross section for elastic p-p scattering 1spsthn
in Figure 9.26 The behavior of tnis cross section at high
energles has been described using a Chou-Yang Model 27 employlng
electromagnetic form factors to describe internal proton
st’.ru.ct'.ure.z8 If one assumes that the success of this model
indicates the seme parton structure for the strong interaction
as observed for the electromagnetic, and one further assumes
that the weak form factors are also the same as the . retro-
magnetic, the asymmetry A{t) becomes independent of t except
for the factor cos 8*/2. The magnitude of A would then be
~107°, Many assunptions have been made in the above conjecture,
and it would be extremely interesting to investigate this
asymmetry both at as large momentum transfer &s possible and
at a moderate momentum transfer,

We would thus propose two experiments to measure p-p
elastic scattering from longitudinally polarized protons. The
first of these is at large momentum transfer, t = - 10(Gev/c)2,
and the experimental apparatus is shown in Figure 10. We
propose an incident beam of ~1011 protons per pulse on our
target. The same compensated, short solenoid polarized target
magnet will be used as described earlier, 1In order to reduce
systematic errors and increase data rate, the experiment is
performed for the projectile scattering to either side of the
incident beam. For this apparatus, we use the following parameters:

dosdt = 1073% en/(cev/e)?
At =1 (Gev/e)®
Mp/27 = 0,093




With 500 hours of data acquisition, one could obtain
~6 x 10° events. Assuming a target polarization of 0.80
we expect a statistical accuracy of A = 1.5x10'3. While
this does not approach the expected weak value of 10'5,
1t would be useful to verify P invariance at large momentum
transfers to this accuracy.

Two, and possibly three, advantages are gained if the
same experiment were teo be performedat smaller momentum
transfer, say t = -l.u(GeV/b)z.

1) The cross sectlon is increased by four orders

magnitude, & At bite of 0.2(GeV/c)® then yields
~10° events, or §A = 6 x 10"'4, 2

2) One could analyze the recoil proton to measure
spin-spin ccrrelations, i.e. the Wolfenstein A
parameter, to an accuracy of 0.2;

3) If the weak interaction obeys a simple G; (t)
dependence, dashed curve in Figure 9, parity
violating effects might be increased by a factor
of 3 over otner t regions.

Again, we do not reach the desired accuracy of 10'5, but
this would be another interesting experiment.

SUMMARY
To summarize, we have seen T invariance 1s well validated

by present experimental evidence, but can be tested at higher
energles to a few parts in 103. Parity violstion effects have
been observed at a significantly higher level than one might

expect via a simple weak interaction, We have shown that it

i2 posslble to test P invariance at BNL energies, and above,

to an accuracy approaching this 1limilt,
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TABLE I

T Invariance Tests

)

2
MEASUREMENT RESULT N
0 1070

() - @, x 2, D= -(l.1 1.7) x 1073

n f Decay

-5

(s, * (2, x '13“) Im § = -(0.060 * 0,0U45)* o 0.13
K°

g Decay

- . -

(up) (K, x k) A~o0.02 ¢ 0,02° 12-18 0.4
ep, -+ er

P (8) - A (8) < 0,01° 0.145- 0.635 ~ 0.1
PP ~ PP

Spin Check 0.0019 % 0,009** 0.430 ~0.1
PP * PP

Spin Check ~10-3 0.550 ~0.1
Fn + pn (proposed)*?

Spin Check ~3 x 1073 ~20 ~0.3
PP < PP (suggested)
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TABLE II

calculations pertaining to T Test - pp elastic scattering.

Incident Energy: 20 GeV/c

Momentum Transfer: =0.3 (Gev/’c)2
Cross Section: dp/dt =5 mb/(cevlc)a
Solid Angle: Ao /27 = 0,035

Target:

At = 0.1 (Gev/c)®

10 cm length

0.08 g/en® free proton density
0.8 polarization.

1010 protons per pulse

1500 pulses per hour
500 hours of data acquisition

Analyzer: 4 sn thick carbon

JAE % 10°2 6r = solid angle foy dectection of
recoil proton

b
[F3

42 - 130 -2
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TABLE X1

MEASURESENT RESULT L o
Forbidden Transition |p}~ (1.62 2 0.68) 10" O o
isg ‘2') al? o, -l
Circular Masrizstion
£ 0.9 ¢ 0.6) x107%"" -0
T. P' - .( 9 o. ) X 5‘. 0
“n.‘ )t‘ L] -‘103 0-‘6 ) no o ~0
a(n, X )t &r < 1.5 x 10°
(n¥) ’ (prgpond)“
Asymwtry of &
n, p+das A~ 6 x100 ~0 ~0
{proposed)??®
$or ~ B P Ac 2 x 10‘5 ” 1.015 ase
[/
tot - A Q0 12.5 -
®? (prcpond)"
- - -5 -
)y - A~2 x10 12,20 <3
‘%) * Po d (protmeﬁ)"
< er
%P SA- 12,20 ~10
(nropoud)"
do/dt dh~1.5x10"3 25 10
} (suggested)
-
RPOPP Sa~6x10™" 25 1.4
{suggested)
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1. INTRODUCTION

First I will apologize and indeed lament that I write as an elder
statesman and not as an active analyzer of polarization data. I wrote
a rather similar article three years ago but have since only been an
educated observer, This may not matter too much as experimental and
theoretical progress has been slow since then, Further, three years
in the wings have not damped my ardour and I am confident that new
vistas of polarization phenomena will be opened up in the next few years
by such improved techniques as polarized electron and proton beams,
"R and A" magnets and frozen spin targets in multiparticle spectro-
meters, The table below summarizes some major areas in high energy
physics and indicates whether progress with the next round of experiments
is likely to need polarization information,

The reader will notice my childhood training: a bias to strong
interactions! In fact, I will treat weak and electromagnetic interactions
only briefly and not mention symmetry tests at all. The latter were

nicely covered in Zeller's talk at this conference,

1 wilt discuss the four main strong interaction topics of this tabte
in Secs. II - V, Section VI is reserved for the amplitud= analysis of
quark scattering processes possibie in weak and electromagnetic reactions.

Snappy conclusions will be found in Sec. VII.

- 231 -

Rouime - ndaidiobaru e T: oy S > g KL ¢e)



Status

Field

Typical Reactions|

* wx

#ole

*, kx

*, kR

Strong Interactions

Meson Spectroscopy: Field may be

rovolutionized by next round of spectro-
meter experimentse,

Baryon Spectroscopy: Well studied with

and without polarization information

information. Very successful: SU(3)

quark model, etc.
tu) channel Dynamics: two to (quasi)
two scattering of well loved particles:
rgy Dependence: NAL wins
A jtude (t} Dependence: lower

energy accelerators dominant,

t Chapnel Dynamica: Inclusive
scattering,
Generally no polarization effects
expected except in
Triple Regge}kinematic regions

High p T where polarization

Kn -A;A

apll) - ﬂon

+ 0 +
Kpt)~K»np

- [}
Tp-TNn

- 0
ap)~K A
KpH)~ wa

pp (1} ~pp
ab +cX

pp (1 )~ uX

could be sizeable,

ptHipth) ==X
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sk

Current (Weak and ETectromagnetic
Interactions)

Scaling
Polarized Scaling Functions

Neutral Currents

ymmetry Tests

?

Ip =t X, vp =X
Hhpth) +1X

vp~vX, tp(})~t X

c{m(p(f)p)
ep(l)~eXx

Here indicates that next round of experiments will be dominated by

ke
unpolarized and ¥ by polarized data,
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II. SPECTROSCOPY IN FORMATION EXPERIMENTS

A.  Continue the Good Work
The important role that polarization information in simple
reactions such as ‘n‘tp (1)~ ﬂip. plays in phase shift analyses is well
documented, 123 The baryon spectrum as discovered by phase shift
analysis of N and KN scattering remains perhaps the most successful
result in strong interaction phenomenology -- helping to spawn and
nurture such far ~reaching ideas as SU(3), SU{6), quark model and
duality. However, one may well ask if further progress can be made.
For instance although there is some useful work to be done at lower
energies 4. filling in gaps and ambiguities in the phase shift analysis,
with do/dt, polarization and R and A studies, there seems unlikely to
be any major changes in the nN analyses below a lab momentum of
2 GeV/c, The main limitation is the difficulty of disentangling low spin
broad resonances from nonresonant background, The region from
2to 5 GeV/c is the next area to be tackled in nN scattering but it seems
that the uncreasing density of overlapping resonances and just simply
more apin states, renders the prospect for conventional phase shift
analyses rather bleak, However, it appears still worthwhile to set up
a systematic program of experimental study with both polarized and
unpolarized targets in this region. One will still be able to identify

the high spin resonances as conventional loops in the argand diagram
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but interpretation may well concentrate on comparison of theoretical
models with amplitude analyses of the data. The latter could be helped
by theoretical dispersion relation.s1 and experimental R and A
measurements.

At low momentum transfer one would study the transition from
resonances (s-channel) to Regge (t-channel) dominance. One should be
able to finally understand the meaning of the mysterious dip in w*p
elastic do/dt at ¢ = =3(GeV/ c)z. 2 More generally, the situation at high
momentum transfers is really rather interesting, One should find there
the low energy extrapolation of whatever mechanism (constituent inter-
change, 5 gluon exchange6) governs high Py phenomena seen so dramatically
at ISR and Fermilab., Such detailed low energy amplitudes could lead
to new insights into the high energy mechanism, For instance the
interchange model predicts that aP(t) will asymptote to =4 as t = - ©:

a finite energy sum rule ana1y5157 finds evidence for the second wrong
signature nonsense zero(WSNZ)of the pat ¢ = =2 (t= =2.5 (GeVlc)z)
and so contradicta this prediction, No doubt the analysis is not yet
unambiguous but it is illustrative of the utility of low energy measure-
ments in testing high energy models, Clearly accurate w*p polarization
data for t = =2.5 (Gev;‘c)z is needed to clarify this == just as the double
zero in the polarizations at t = -0,6 (GeV/ c)2 indicated the first WSNZ
aP = 0. Infact both vps( see Fig. 1) and ppg(Flg. 2) show sizeable

polarizations at large -t, It is interesting to note that the interchange
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model predicts large energy independent mirror symmetric polarization
for -t > 6 (GeV/ c)z in »p scatteringw whereas gluon exchange would

not appear to naturally give any polarization effects. 1 We take up

Ligh Py again in a later section. Here we remember that these

studies are, of course, most direct at high energy: However, cross
sections are bigger at low energy and so maybe a region around 5 GeV/e
{8 the best compromise,

B, Ericson Fluctuations

Frautachiiz has pointed out that this energy region, 2 to 5 GeV/c,
is the best for looking for the cross section fluctuations expected in a
statistical model for hadrons., The basic idea is that the amplitude is

made up of a sum over a large number N of resanance contributions.

Explicitly
N
- Z -~
ImA e B0 n2=1 yO (R ~wN) . (1)

This averages to the smooth Regge form in a manner made
popular by duality, 3 However, the normal laws of statistics lead us to

expect a fluctuations in this smooth average (4) of order 1/NN .
i.e.,
do/dt (fluctuating)
dofat (smooth) ° YN

whichin the statistical bootstrap of Hagedorn and Frautachi12 tends to

zero rapidly as s =» @ for the number of resonances N «
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exp (Ws/ m_ ¥ 87/4 increases exponentially with energy. The range

of 2 to 5 GeV/c is a compromise to make N large enough to allow
statistical treatment and N small enough to give significant fluctuations.
Experimental evidence for this effect has been reported recently: first, 14

Fig. 3 shows the asymmetry A

A=(N_-N)(N_+N) (2)

where N . denote the number of events coming from dividing data at
nominal momentum of 5 GeV/c into an upper and lower momentum
slice differing by about 50 MeV/c., As expected A = 0 for small t but
at large ~t, A appears definitely nonzero for 'rr+p scattering, This
observation of fluctuations in 1r+p and not in sr-p elastic can be explained
by a larger number of resonances N in the second reaction. A similar
effect is seen in an analysia‘sot the structure in tr*p backward scattering
(Fig. 4a)in terms of Ericson fluctuations (Fig. 4b). This interpretation
corresponds to a resonance spacing of 20 KeV in n-p scattering at
5 GeV/c. Clearly we stand no chance of finding such resonances by
conventional analysis, It is my feeling that the above work is not yet
convincing as they have ignored the contribution of high-spin resonances
on the leading trajectories (Na. A s etc, ) which must be added to statistical
fluctuations of low-spin resonances.

Nevertheless,the point of this and the previous discussion is to

indicate that the region above 2 GeV/c is rich in good physics even if
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phase shift analysis fails, So indeed one should continue the good work
and both fill in those naughty gaps and move on to higher energy.

C. High Threshold Reactions

When discussing «N elastic scattering, we bemoaned the difficulty
of extracting information on the low-spin resonances. This is
conveniently soived by studying reactions with high thresholds so that
the high apin states are suppressed, A nice example of this is the recent
observatlon” (Fig. 5), in the production reaction rrN-‘nN*, of a low
gpin (J = 1/2 or 3/2) resonance near the wp threshold with a mass of
1820 MeV and a width of 120 MeV. Undeniable evidence for this
resonance would come from a phase ahift analysis of the formation
experiment :r+n - uop using polarization data to find the phase as well
as the mass variation, characteristic of a resonance, For this particular
example, the indicated formation experiment is probably impossible
but there are many reactions, e.g.,

n.p - Ko A

tr+p - K+Z+

Tp=nn,
whose systematic study with polarized and unpolarized targets would
allow significant improvement in our knowledge of the baryon spectrum
from conventional phase shift analysis, The hyperon reactions will

even give you R and A information automatically. By choosing the
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appropriate final states, one can vary the threshold and so study the

low spin resonances over a wide range of mass., Figure 6 illustrates

the threshold suppression rather effectively by comparing reactions which
’ } are equal (from exchange degeneracy) at high energy. The reaction with
the higher threshold is suppressed by an order of magnitude at low
energies,

Our poor knowledge of that grand-daddy high threshold reaction,
l;p annihilation, may be considered a worldwide catastrophe., A long

series of experiments on many different procegses have failed to

* .
reveal unambiguous evidence for meson resonances M formed in

PP~ M- some annihilation channel.

Direct methods having failed, it seems that the only hope is a
systematic attempt to garner enough data on the theoretically tractable
processes:

ﬁp-— 1'r+1'r-. K+K-, etc.
i to render an essentially unique phase shift analysis possible: current
work allows too many ambiguities, 18 Clearly one needs both polarized
and unpolarized target data with a concentration of data at the lowest
practicable beam momenta.‘9 (plab £1.5GeV/c)., This allows study
of lowest possible Bp mass region which has two advantages: first there

i are fewer spin states and hence fewer parameters; secondly, the
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averaging of closely spaced resonances to Regge limit will be less
perfect, The region with plab < 0.8 GeV/c is important, but difficult
with a beam of 5'5: maybe one pion exchange is sufficiently reliable
to allow usec of the indirect process2
Tp - (5p)n
- -+
ina pp~ v v phase shift analysis. Study of the extrapolation problems
for high mass v systtemsx"'1 in
T -p - (n+n-)n
would be important in this regard.
- b - + -
Finally we remark that pp =7 7 , K K are good reactions to
study possible Ericson fluctuations (as the effects are enhanced compared
with nN elastic because the Regge exchange terms are smaller),

D. Quasi-Two~Body Final States

One of the most impressive results in formation reactions is the

recent phase shift analysis of N —~ mrN.zz' 23 The data is expressed,

in the isobar model, as a sum of amplitudes for

aN =+ 1A, tN-+pN, aN-+ eN.
Typical argand plots for these reactions are shown in Fig. 7--clearly
one is able to observe resonances by conventional phase shift analysis
in quasi-two~body final states, There are two main reasons for such

a study: first one is able to obtain the basic resonance parameters
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(méss, width) of inelastic states that decay more strongly into pN and
A than 7N, For instance, four low spin (P“, P“, D“, P33) states
around 1700 MeV were found,suggested,or confirmed in this work. 23
Secondly, one can test several new symmetry predictions: broken

SUt6),, seems to relate wA and #N couplings very successfully while
19, 22,23, 24

vector dominance relates pN and yN couplings,

Clearly it would be good to continue this analysis using polarized

target information~-it will help the analysis in the same way that

nN - rN polarization data helps elastic phase shift analyses, Note that
polarization might be particularly valuable in =N ~ pN where we should
be able to see the resonance contribution

“\ * ’,"P

N) ¥ N

i interfering with the purely real

The importance of polarization information is even more obvious
in the search for exotic resonances by phase shift analysis in KN and NN

scattering., Here the whole background amplitude, e.g.,
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+ + +
fortheK p— KOAH quasi two body component of K p - Kopn , is real
from exchange degeneracy. One expects large polarization effects from

F3
the interference of (imaginary) inelastic Z resonance

X K’
S % e
p Z =
P/ \ R

with this background amplitude. Figure 8 shows this expected polarization

asymmetry25 integrated over the A++ decay angles, and even more
structure will be found on examining correlations between polarization
of target and A++ decay. Actually more data on K+p g Korr+p . with
an unpolarized target and 1= Piab S 41,5 GeV/e, is urgently needed to
allow a definitive study of this reaction analogous to the SLAC-LBL
wxN work,

In my Berkeley talk, I discussed the utility of polarized proton
beam dataonp(f)p -°nA++. Prap ~ 11 GeV/e, to study a possible
analogue of the Z* in pp scattering, Figure 9 compares the very similar
total cross section behavior in K+p and pp scattering with the rapid rise
5 t

at the first inelastic threshold, Classically this corresx::ondsZ 0 a

++
atrong force (e.g., ™ exchange in pp ~ nA ) which could create the

exotic resonance, Finally we note that the new P33 resonance (possibly)

seen23 at 1700 MeV in
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P__(1700)=4
/ 33 \AH

is a natural SU(3) analogue of

+ KO

~ -
-

., e
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/__ \ .
? a

Classically the p exchange force creates the P33(1700) and p

plus Az exchange the Z* {~ 1900),

i, SPECTROSCOPY IN PRODUCTION EXPERIMENTS

The advent of multiparticle spectrometers is expected to herald
a golden age of spectroscopy -- especially for meson resonances, e.g.,

*
_.JK

11-____ /Qg’._

U
K)'/. Rk .

P A

The role that polarization can play in this revival is somewhat
limited, For instance, polarizing the protoq in the above reachon
and/or observing the polarization of recoil lambda, is not expected
to help the K*w gpectroscopy. Rather it will be a sensitive handle on the
exchange dynamics of the process n.p -Q0A: This subject is, of course,

interesting but 1 will treat it in the next section,
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i) For polarization to help the spectroscopy, it is clearly most
useful if the polarized particle is at the same vertex as the resonance

being studied. Examples with a polarized beam are

where we study Pomeron-polarized proton scattering to various final

states. So this is "just” like formalism, of previous section with a
* +
Pomeron replacing incident 7. As in the great Z searchin K p ~

+
KOTI' p, we hope that polarization will be particularly sensitive to

difference between

pit) P
resonance .-
N~ -
~3 fro
Pomeron
p(t)
\
and Deck : p
R
]
P At "
N'g
s
Pomeron

interpretation of low mass diffraction dissociation.

There are many other examples:
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(ii) ~ .t

\STI . >K+
S m T —x0
K % T
}:Y:: etc,
p(H) “A

should be relatively easy to study (trigger is a fast K+) with a polarized
target in a multiparticle spectrometer, Note that as exchange is K*
and not K, this production process can advantageously (compared with
K-p formation experiment) study Y*'s that have a strong ﬁ*p and weak
IZp coupling.

(iii} Again

%* %
2" =K%, k"%, Ka®, etc.

pt})

allows I =0 and 1 Z* study. Compared with the formation experiment
discussed in last section,we have advantages of selecting inelastic Z*'s
with large K*op coupling and getting polarization information in a perhaps
somewhat easier fashion experimentally than the direct process

K'pth) ~ K%,

(iv) A final series of reactions involves baryon exchange: namely
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and again one hopes to use phase information given by polarization to

distinguish broad resonant p’ from a Deck-like nonresonant enhancement.
Such studies of meson spectroscopy with an unpolarized target in

streamer <:hamher26 or triggered bubble chamber27 are only now being

analyzed. It is clearly inappropriate to plan a detailed polarized

target program at this time but it seems likely that this should be one of

the early experiments when polarized targets are successfully operated

inside a multiparticle spectrometer.

1Iv. t-CHANNEL DYNAMICS OF EXCLUSIVE REACTIONS

The study of well loved reactions (i.e., siiiple two to (quasi)
twe body processes e.g., n-p - n-on, w-p - pon) has uncovered several
striking ideas, However, even the most ardent fan of this field, must
admit that it has stagnated in the last few years, We can understand the
disease and perhaps also find a cure by discussing its successes. First
there ia the study of energy dependence which has revealed the

importance of Regge trajectories. The detailed study of these and
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their associated cuts has been hampered by the fact that only one
trajectory (thut of the p) has been reliably extracted as a function of

t. Further progress demands the determination of other trajectories

so that we can tell if the p results ("perfect" linear trajectory with slope
= 1 (GeV/ c)-z) are a fluke or the norm. We can hope that the wide
energy range offered hy Fermilab will lead to the desired progress,

A second successful areain two body dynamics is the study of symmetry
relations: here we have SU(3) quark model, and less solidly EXD and
duality. In general, these symmetry rredictions have been weill studied
although more information on their violation, e.g., what is energy dependence
of EXD breaking, would be helpful, A third area is the determination

of the t dependence of amplitudes, This produced some surprises for
although the energy dependence of our data indicates Regge effects, the
t dependence of the imaginary part of the amplitude shows geometric or
absorptive features, A great problem is to reconcile these conflicting
ideas and in spite of the immerse amount of work on Reggeized
absorption models, 2 there is as yet no convincing theoryf 2 It is in
this third area of ¢ dependence of amplitudes that the pre-Fermilab
accelerators can be of mast value, Thus most evidence we have,
suggests that the t dependence only varies slowly (i.e., logarithmically)
with energy and so by studying details of t dependence at Fermilab, one
loses more from smaller counting rates than one gains from proximity

to asymptotia, Currently our detailed knowledge of nondiffractive
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amplitudes is confined to two: the nonflip N and spinflip F p exchange
amplitudes, These are most precisely found by an amplitude analysis
of =N scaltering and a reasonably upto date summary of this is contained
in Figs. 10 ard 11, The last figure shows the dramatic difference in
the t dependence of N and F: the zero inImN at t = -0,45 and in
ImFatt =~ -0,6 {GeV/c )z corresponds to peripheral scattering centered
at 4 fm, We do not want to discuss here the various theoretical
deductions with their sunday caveats (you can find many of them in

Ref. 16). Rather we emphasize that the basic task of the next series

of two-body measurements must be to extend this type of phenomenology
to different reactions. Questions one can ask are:

What happens in spinflip 2 amplitudes D? Speculation ranges from
perfect Regge theory--withim D (-0.6) = 0; to perfect peripheral

scattering withimD (t = -1,2 (GeVIc)z) =0,

What happens in single flip amplitudes F for other exchanges ?

Thus for p exchange, the geometric and Regge WSKZ (wrong signature
nonsense zero) predictions agree that InF{t = -0.6) = 0. For
other exchanges (r, B, K*' i etc, ) this is no longer true, and the cuilts
are divided as to whether zero will religiously follow geometric or

Regge prediction,

What happens in "evasive amplitudes, i.e., nonflip amplitudes N
where factorization predicts that any simple pole will vanish at t=0,

An example is the helicity amplitude
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The current slightly depressing state of theory is such that
persuasive arguments have been found for almost every possible
; extrapolation through our two p exchange amplitudes. As exemplified

by our three questions above, we make further progress by establishing

the amplitude structure in many different reactions. Things are not

asbad as they look, because the symmetry schemes suggest that we

do not need to measure all reactions: rather we must measure the

dependence on exchange quantum numbers and spinflip in a few well

chosen reactions and then we predict all remaining reactions by

multiplying these by overall constants given by the symmetry theory.

Having defined the program, we row turua to its experimental
exrcution, As we have mentioned above and is exhibited in Figs, 10
and 11, a striking feature of the known amplitudes is the very different
behavior of both real and imaginary parts and flip and nonflip amplitudes,
It follows that it is very difficult to disentangle the amplitudes from

differential cross section measurements,

29 = |n|?+ |F|? (3a)
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Rather we need a complete set of observables, which for our

- + -
simple example of 0 1/2° ~ 0 1/2" scattering, is

P =2Im (NF )/( [N[2+ [F[z) (3b)
R =2Re (NFTV(|N]2 + |F[D) {3¢)
A=(In|Z- P 2Nl RIS (3d)

The amplitudes in Fig, 10 and 44 come from solving Eqs. 3(a=d)
for N and F using experimental values of the four observables, This
gives the amplitudes upto a common phase which is determined (in *N
scattering) by dispersion relations (FESR). This straightforward
procedure is termed amplitude analysis.

One can try to find the amplitudes by supplementing a partial
set of experimental observables with innocent theoretical assumptions
to obtain unique amplitudes, This is often useful but its dangers are
illustrated In Fig, 42 which shows innocent amplitude analyses of P
and do/dt for v p ~ k%A and K'n = = A. The four different innocent
agsumptions give wildly different results: there have been more
reasonable work since thenso' n but there are no truly innocent
assumptions, and the only safe approach is to measure a complete set
of observables, This automatically requires polarization information

{P) and even (R and A) data with both a polarized target and measurement

of recoil spin. The latter is only feasible to measure in elastic
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scattering (where high cross-section allows you luxury of the inefficient
measurement of final proton Spin with a polarimeter ) and reactions
involving final state hyperons whose weak decay automatically gives
their polarization .

We finish this section by discuasing some specific reactions one
would like to investigate with polarization infrmation. The exact choice
of reaction is not important for as Indicated above, syrametry relations
enable one to predict one reaction from another. For instance, the
quark model predicts that the spinflip amplitude in -n+p g wOA++ is
(up to an overall constants) identical to that in Tp~ non which has, as
shown in Fig. 11, already been determined quite well. The main criterion
should be to get enough statistics to, in fact, reliably determine the
amplitudes from measured observables , Reference 25 shows how one

can estimate in advance the necessary statistics by an elementary Monte
Carlo calculation, The above discussion implies that the reactions
mentioaed below should be viewed as a typical and not a specific list,
The amplitude analysis of =N acattering will surely continue but
as Figs. 10 and 11 show, it §{s hard to improve the current analyses
for [tl < 0,6 (GeV/ c)z: at larger t, we not only need an improvement
in the basic data but also phenomenological atudy into ways of
estimating the unknown overall phase present in an * experimental
amplitude analysis. The advent of a polarizec proton beam at the ZGS has

made an experimental progrnm32 of amplitude analysis in NN elastic
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and maybe also charge exchange scattering possible, The current
measurementa3z' 33 are not yet complete enough to give new insight:
hopefully these data could tell us

a) are there any amplitudes with A g or D (I = 0 partner of A 1)
quantum numbers ?

b) Structure of double flip and evasive nonflip (helicity transition
++ -+ ~~) amplitudes ?

The latter may ve easier to see in np CEX as current belief is that

such spinflip amplitudes are only large for I-1 ¢ and AZ exchange. In
any case the pp elastic measurements should be made over a range
of energies so that we can tell apart asymptotic (diffractive), nonleading
(p,AZ,f,u exchange) and transient (low energy sarbage effects)., The
rather nice polarization data”’ 35 on np CEX is shown in. Fig, 13.
This should be zero if EXD was exact (all amplitudes in np CEX should
be real, The energy independent nonzero value has defied unambigous
theoretical interpretation, We need to pin down which amplitudes have
the sizeable imaginary parts reaponsible for polarization. As well as
the point b} above, np CEX can also teli us about

c) Structure of unnatural parity {m and B) exchange.

The usefulness of R and A measurementsand hence amplitude
analysis in hypercharge exchange processes

np-~ Ko A

Kn=nA etc.,
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has been proclaimed for at least four years. 36 As reviewed in Ref, 16,
there is much controversy as to t dependence of imaginary part of non-
flip even signature (Az, K**) exchange (does it or does it not vanish at
t= -0,2 (GeV/c )z like p-exchange), These data should both settle this
and study EXD between K* and K** in greater detail. (Are violations
more pronounced in nonflip than spinflip amplitudes?) As exemplified
in Fig. 6, there is plenty of evidence that violations of EXD decrease
with increasing energy. Correspondingly amplitude analysis of hyper-
charge exchange processes over a range of energies is indicated.

Figures 13 and 14 indicate excellent quality of the recent polarization
data on np CEX and n-p - K°A37 respectively, Unfortunately current
theory is at a loss to interpret it until R and A measuremem. alilow the
amplitude analysis. This situation should be contrasted with that for
the recent pp = A'Hn datn38 taken with the polarized beam at Argonne.
The overall polarization shown in Fig. 15, is very similar to np CEX,
This is by itself insufficient to allow a useful analysis, but the combination
of p and st spin information gives nontrivial constraints. In his talk
at this meeting, F‘ield39 describes some neat quark model tests:‘ I believe
one may be able to perform an innocent amplitude analysis by supplementing
the data with some or all of the following assumptions:

a) Only amplitudes allowed by quark model are nonzero. (Thia
leaves one with six out of possible sixteen amplitudes).

b) A 4 exchange is negligible,
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c) Estimate the small nonflip amplitudes at px:. vertex by quark
model relation to K+n - K0A++. Thig should be reliable~-upto overall
constants as they are net gingle spinflip amplitudes for which Regge
theory is good.

d) Assume imaginary parts are peripheral.

Note that the theoretical lessonsone learns from pp ~ na*t
are similar to those in np CEX, If the former reaction is easier, it
may be better to concentrate on it rather than spread one’s polarization
butter too thinly and try to measure both.

In the experiment p({)p ~ (pw+h. one gets polarization asyrmmetry
effects not only from interference between production amplitudes for a
given prr+ spin-parity state: rather one aiso gets contributions from
interference between different prr+ 3P states. (These were formally
discussed in Sec. 1II), Figure 46 shows this second type of effect and

the rough agreement with. expectations from one pion exchange

B .
i} NF

PR -

and low Mz, tr+p polarizations.

The two effects can be distinguished by (1r+p) mass and angular

dependence: the original papez-33 has more details.
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One can briefly mention a few more quasi-two-body reactions.
Polarization data for -rr-p - { p0 or mo)n would be very valuable: even
if a complete amplitude analysis is not feasible, we have learnt so
much from unpolarized data that the polarization can be readily interpretedzs' 39
e.g., ihere is the well-known direct test for exchange of A 1 quantum
numbers in rr-p - pon or 1t2 EXD partner in rr-p - uon. A large
contribution of the latter type was recently postulated40 to explain
violations of v-B exchange degeneracy,

We expect very little polarization in 'rr+p - noA++ because the
quark model (which agrees with unpolarized A++ density matrix elements
Fig. 17) predicts purely spinflip amplitudes. Typical predictions are
shown in Fig. 18: a nonzero polarization can come from either violations
of the quark model41 or absorption after crossing from s to t channel.
The related reaction K-p - 'rr-Y* (4385) with decay A polarization

39,42 This work needs to be

observed has already been analyzed.
repeated with higher statistics and study of possible background under
Y* (1385),

This last reaction is typical of many hypercharge exchange

. : 39
reactions producing resonances. Others are

K'p = pA
et _+
rr+p-K +Z

- *
Kp-~wY (4385)etc.
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If the final hyperon polarization is obser-ed, measurements off a
polarized target will allow a complete amplitude analysis, This program
is particularly attractive because, apart from restriction to K and K*
exchange, these reactions have sufficient spin complexity to answer
the various theoretical questions posed throughout this section.

A wide open field is backward scattering: miserabile dictu
the cross sections are small, the data is correspondingly poor and
transient low energy effects are present upto = 5 GeV/c where finally
an asymptotic theory may be even gualitatively correct, There are no
simple well-studied reactions like 'rr.p - ﬂon(data on single trajectory
exchange w.p - p-n- is quite poor ) and the theories seen quite

unconstrained and unpredictive. Ifear therefore that any measurements

short of a complete set of observables will be difficult to interpret,

More optimistically one could hope that a systematic set of maybe incomplete

measurements would establish an orderly phenomenology and so set the

theories on the right track. Useful polarization and do/dt measurements

are digcussed by Storrow and Winbow, 43

V. Inclusive Processes

In the general inclusive process,
a(t)
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it i intuitively obvious that there can be little or no polarization

effects. For instance, one is summing over many different exclusive
reactions a(} ) b =~ ¢({X = given state) and polarizations will have random
signs and average to zero, However there are specific kinematic regions
where this will not be true and sizeable polarizations are expected.

Refer to Fig., 19, which plots the allowed physical region for ¢ in terms

of )
x, = Zp“/-\ré' |
i
x, = ZpT/'sl? x
2 . ¢
L +xl =1 ?

where P, and Py are longitudinal and transverse momenta of c in
centre of mass gystem. As illustrated there, we expect polarizations
in the large X, = x: + xf region. This can be divided, artificially
from some points of view, 3 into three regions.

Triple Regge region I: X, > 0.8: c fragmentof a,

Triple Regge region II: x < -0,8: c fragment of b, i

I

and high Pp region: the large X, region excluding the above two regions,
We have already briefly mentioned high pp Processes in Sec, II,

while Field covered the first two regions at this conference, We will

briefly summarize the three regions here, First refer to Fig. 20,

which plots the angular distribution of the azimuthal angle between the

n and polarization of the photon in the reacticm44

v(})p = #~ + anything at 9, 3 GeV.
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We find sizeable polarizations for positive x 0 which disappears
for small and negative values. This corresponds to polarization in
triple Regge region I with none in central region or triple Regge region
II. As we will see later, nonzero polarization in region II although possible
: is less natural than region I,
; : A, g_i_gg_p,r Regijon
My statement that sizeable polarizations are expected in this
region is not based on hard calculations, Further the dividing line
X, = 0.8 in Fig. 19 has no quantitative basis. 45 Thearies of low Py
small X, Processes expect (and this is born out by experiment ) inclusive
production to be independent of beam and target quantum numbers, In
particular it shouvld not depend on their spin and there should be small
polarization effects (cf., Fig. 20). On the other hand, theories of
large P Processes, definitely predict dramatic dependence on beam and
target quantum numbers. For example, mp ~ 7X is expected to be larger
than pp ~ X at large Py because incident = has an antiquark to
annihilate with quark in proton to produce final state =, Now unfortunately,
we cannut immediately deduce that polarizations will be large a9
this requires not only spin dependence but also necessary relative
phase between flip and nonflip amplitudes. However we have glready
commented that in at least one modellj which is in fact a good

description of the inclusive data, the elastic process does
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appear to have sizeable polarization. Elastic scattering is the rim of the
hemisphere x, = 1 and based on the qualitative general argument plus
existence in this special limit, we feel it would be worth investigating
high Py inclusive reactions for polarization effects. The easiest example

is the polarized beam reaction:
p(llp ~m+ X

which might still be interesting at the low (for high P phenomena)
ZGS energies. One may have enough cross section to allow studies
with polarized target or final state polarimeter at higher energies.

One could consider investigating
p(fip(f) ==+ X

with polarized beam and target. This may have larger effects as one
does not need relative phase between amplitudes to get nonzero

asymmetries,

B. Type 1 Triple Regge Region

First we give a qualitative derivation of the basic formula~-a more

precise treatmen’ will be found in Field's talk., Taking the process

a(t)b ~cE

a(t)
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where E is some fixed exclusive state, the polarization asymmetry

for particle a aligned perpendicular to the scattering plane is

+=4+ n X - - n
Ada/dtc}:lm(Ha cb,E a e b,E’

where n runs over helicities of b and E and H is helicity amplitude for

a+b-c +E,

Putting in a Regge form for H, the above becomes pictorially

D S

and summing over n and all exclusive states E, we can use the
{generalized) optical theorem to find

t
+‘+ +

a
Ado/dtdx « z
R,R”

or putting in a Regge pole approximation for Rb - R'b forward

amplitude

R el T2 st PURE RV
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A do/dtdx = Z
R,R',R"

It follows that in this region I, the phenomenology of polarization
is identical to that in two body scattering. The only change is that
we choose R and R! not only so that they have a nonzero coupling to
ac vertex but also so that triple Regge coupling ErR' » R" is
nonzero. The high energy fixed x limit is dominated by R" = Pomeron
and the latter restriction is relatively severe in this case. The essential
features of the triple Regge formalism are as follows:

(a) The kinematic region for which the triple Regge expansion
is valid is larges (p, , 2 100 GeV/c) 2nd x, near 1 (x 2 0.8).

(b) The detailed predictions are given by Field. 39 For example,

if R" is a Pomeron

1 -a (t)-a_,lt)
(A) dofdtdx = (1-x) R R

Triple Regge theory predicts cross section to be both independent
of s and have x shape, determined by trajectories aR(t ) aR,(t ) given
above.

(c) A huge experimental advantage of inclusive triple Regge studies

is that it studies same physics as (non )diffractive two body reactions but
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triple Regge cross section and polarization is independent of energy
whereas a specific two body cross section falls fast (1/ Plap ™ ”plzab )
with energy. For example, c(w-p - won) at 400 GeV/c is around

3 pb46 whereas o(x p ~ rro(x 2 0,8) +any) hasabout 100 pb of energy
independent cross sectircm.47 It follows that triple Regge do/dt and

polarization measurements could replace conventional two body physics

at Fermilab and SPS energies.

(d) Examples are easy: Fteld” has shown qualitative agreement
between theory and experiment for Kp = AX; in general one needs only
generalize any given two body reaction. For instance fr-p - pw- is
pure A 5 exchange and shows nonzero polarization at 6 GeV/c. 48 its
triple Regge form, m p—p + X would also exhibit energy independent

cross section and polarization from the diagram

One can also use a polarized target and study

any beam +p{}) > X + w

where ©~ is fragment of proton.

A generalization of 7 p — =° or po)n is 7 p({) ~ X +n with

polarization from

EEEE VS NCT

Sl e
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T < o T
<

Pomeron

- cut

p(h) ﬁ)
n

which is triple Regge generalization of mechaniam used to get
polarization in ﬂ-p ~ pon and yp = ﬂ+n.25’ 39

The "opposite" generalization of = p ~ °n i.e., © p(})~ N X,
is type II and is treated by formalism in next section.

(e) Now let us discuss diffractive processes i, e., reactions like

pp ~p t+ X where ac vertex allows a Pomeron coupling. Now for elastic

-

processes, the polarization comes from pomeron interfering with p
and A2 exchange and SO is not energy independent but rathker falls
like 1/N's at small t. Correspondingly in the triple Regge limit, the
polarization also falls with energy in the same way. The dominant

diagrams are

A do/dtdx ~

This gives asymmetry
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A = M/« in region where cross section is
dominated by PPR (small M2=s(1-x)),

= 4/Ns in larger M2 region where PPP
dominates.

As discussed by Field, these asymmetries have similar beautiful

systematics to elastic scattering., For instance, n*p(f) =~ X + p should

have mirror symmetric assymmetries with a double zero att = -0,6 (GeVIc)z.

(f) In Fig., 21 we show experimental data on p({ )p =~ p + X: the
polarization is small and consistent with zero with present statistics,
Clearly the triple Regge couplings gppp. gAZPAz are quite small:
more work is needed before we can test the formalism, However, the
small polarization already allows some neat phenomenology.

Thus for low missing mass M, the inclusive reactior is made up of the

two channels
p(h)p =p ur')
p(t)p ~plpr®)

and we ~an predict the polarizations in each of these two exclusive
channels from the Deck model, >0 (This is so called "Berger-Fox"
test, 5’) This model predicts large polarizations in the exclusive

channel pp ~ pmr+ becauge in the Deck model,
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(D)

we are sampling polarizations in mp elastic scattering at low
subenergy sﬂ’p3. The predictions in Fig. 22, are in clear disagreement
with the inclusive data in Fig. 21, However, all is not lost and we let @
be Jackson angle of N, wrt Ni in rest frame of ﬁlNZ system. Then

the above diagram (D 1) is only expected to be valid for cos @ near 1,

i.e., optimistically cos § > 0. For cos # S0, we expect diagram with

rapidity ordering of w, and N, reversed, to be dominant, i.e.,

p(l)
\‘l—*-___ p3

(D}

and this gives negative polarization for p(})p ~ pmr+ and positive for
0

ptl)p ~pp7 . The results for the low mass states are summarized

in Fig. 23 and Table 1.

Returning to the inclusive reaction p({)p ~ pX, we sce that low
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mass X is made up of four diagrams--two give positive, one negative
and the other zero polarization. We still expect net positive polarization
but maybe it is not so surprising it is as small as Fig. 21 suggests.

We note that in a resonance model for the reaction
E3
pitlp=pX =N,

the polarization has to be independent of decay mode (mr+ or pwo) and decay
angie 8 of X, The essence of the Berger-Fox test51 is that (generalized)
Deck model gives polarizations that are dependent on both 6 and decay
mode and so is easily distinguished from resonance model, The
experimental lesson is that it would be valuable to look at inclusive
polarizations in a spectrometer where one can also examine the
dependence on the make-up of the missing mass. Figure 22 indicates

that polarizations could be large in certain kinernatic regions,

C, Type 11 Triple Regge Region

This is kinematic region governed by diagram

b(t)  bit)

where now b, not a or ¢ (as in type I), is polarized. Intuitively one would

expect no polarization effects in this region -~ mathematically this is
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expressed by fact that it requires a conspiring cut or pole to get nonzero
polarization effects. Such complexity has caused great theoretical

52-54
39, and useful prediction that any nonzero asymptotic

delight
polarization implies a nonfactorizing pomeron in third leg. Figure 20
does show very small polarization in the type Il region, and this is not
surprising because of the large amount of date indicating approximate
factorization of the Pomeron. On the contrary, the data55, reviewed

by Field, 39 on n*p(f) - n*X shows to my amazement large type II

polarizations corresponding to nonasymptotic diagram

p~cut

p(h) ptt)

This interesting observation deserved to be explored more thoroughly.

D, Triple Regge Curiosities

In 5B, 1 made the authoritarian statement that the trinle Regge
formalism is only applicable for large s and X 2> 0.8. In this section,
1 note two relaxations of region of validity., Both are true for either
polarization or simple differential cross section measurements.

(a} Staidly, we may note that the region of X, > 0,8 but medium s

8o that M2 =8{(1 - Xy ) runs upto around 4 (GeV/c)z, it amenable to
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analysis through finite mass sum rules (FMSR), These are quite

uncontroversial theoretically’ 6 and experimentally successful.

Tley are describeds-9 by Field in this conférence.

(b} Now life gets a little jollier as we riescribe a wrinkle in the
triple Regge formalism which has so far escaped the elephants and is
yet to be trampled flat by repeated use and abuse.

First we notes8 that it is well known that in the multiperipheral

model {(and hopefully also the real live world), we get power law
behavior for all reactions like:

rr-p - all neutrals {4a)

Bp -+ any process not involving a baryon
i.e., annihilation {4b)

K-p =~ any process with no strange

baryons . {4c)
The general clasas of reaction is
Beam + Target — all particles which do not satisfy a property P
or
(b +t = all, P not true). (5)

%ot

So in examples
(4a): P is being charged

(4b): P is having nonzero baryon number

{4c): P is being a strange baryon,
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The total cross section for any process of the type (5) can be described

by a ladder, e.g.,

h1s h1s
R - €
[ £ _.HOHO ,
p 0 y
Y T
(Ll)
n-v [ ] Y
[ 4
2 (L)
- [\ -
L ki P (LZ)
Y 4
" s

which satisfies a t-channel integral equation because if I break ladder
at any point (e, g., solid line in (L) above), it kreaks into two ladder.:
(L, )and (Lz) both of which are of type (5) with same property P.
Solving integral equation, I will find Regge-like poles and power law
behavior

_ &-1
atot(h + t~all, not P) =8

where @ is position of pseudo-Regge pole gotten by solving integral
equation, and we get same & for all reactions with a given property P, that

are coupled in integral equation., Experimentally we discover:
(4a) T =0,

{4b), (4¢) &= 1/2,
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The triple Regge generalization of the above formalism is trivial:

take for example (4a) and reaction:

fr-p - 110 + all neutrals.

Triple Regge diagram is

all neutrals

with p-p ~ all neutral replacing p-p -+ everything of true inclusive
reaction., Clearly we can put in pseudo-Regge behavior of all neutral

cross section to get pseudo-triple Regge graph

and triple Regge formalism is immediately applicable with intercept

@ = 0 replacing Pomeron a = 1 in basic forraulae, The extension to

general reaction (5) is obvious,

In the polarization example studied by Eisnerand Fieldw

Kp~AlD+X
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there are many possible pseudo-analyses.

For limit,
A
K-
=
P
P
we could take
X = no baryons: &= 1/2,
= all neutrals: @« 0.
For limit
A FaN
*+
> K K* + P
K K"

we could usefully take

X =no kaons: we don't know @ here: by analogy to E:p
-~ no baryons one might expect @ = 1/2.
and X = all neutrals again,
There is no point in listing all poscibilities: the reader can see
what is convenient for his trigger or bubble chamber scanning criterion,

We end by emphesizing that we have shown the interest in decomposing
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the inclusive cross section into
a) exclusive channelscf. Berger-Fox tests .

b) general classes of inclusive channels cf,, pseudo-Regge limit.

Both these types of study are well suited to bubble chambers and

multiparticle spectrometers.

VI, PARTON SPIN STRUCTURE

A,  Lepton and Target Polarized

There are several important experiments with polarized targets

to study the electromagnetic and weak interaction,

The simplest is elastic scattering
() N(]) > N

where the lepton (electron or muon) is polarized longitudinally and the
target is polarized perpendicular to the beam but in the scattering plane .

The polarization effect is proportional to product GE(qz)GM(qZ) of

vlectric and magnetic form factors. 59 This allows one to extract GE(qz)

at large qz, which is important because the usual unpolarized measurements
2
4M = ¢ N are only senstive to G,lg ).

The inelasti. scattering
L{})N(t}—=2 +any

has attracted a wealth of literature 0 with nice reviews in Refs. 60

and 66~68, The lepton is again polarized longitudinally and there are

A
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two nucleon spin configurations

a) nucleon spin parallel or antiparallel to beam

2t 2 _t .2
d do - 4k’ a . 2
T R {k +k” cos OMG, + q Gz} (6a)

kq
b) nucleon spin in scattering plane but perpendicular to beam

(as in elastic scattering above).
dzct-’ dzct'- . 4k’zzz

df2”dk d@-dk qu

k”’sin @ [MG‘ + 2G, ] {6b)

The nrotation is conventional:

energy k

£ S energy k°, angle 0

There are two new structure functions G, and Gzin addition to Wi

1
and V&é of the familiar unpolarized measurements. In the Ejorken limit
qz. vzk+k’ =~ o withx =qzl 2Mv fixed, one expects scaling c:'va1
and v%:z in the form

M>vG, (v, %) = g, x)
(7)
2 2
Mv Gz(v.q )-’gz(x)
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60,63, 64

These can be derived in quark or light cone62 approaches., In

the former

R RIS
g lx) = 5 ‘?Qi (£ i(x) fi(x))

where fi’ (x), f'i {x} are respectively probability of parton of charge Qi
and momentumn fraction x having same or opposite helicity@8 proton.
g, involves proton polarized perpendicular to direction to motion rather

alongitasing 1(x ). 6o There are many nice things to do experimentally

(a) check sacaling (7). ;

(b) test sum rules®? 60 66-68

1
g
fdx [gfroton x) - gr;eutron (x)]dx . 21’_ SA 8a)
By
0
i
f gz(x)dx =0 (8b)
0 {

This clearly needs data with a polarized neutron target,

(c) Naive quark parton models"8 give

|:;roton = g-x unpolarized distribution function (9a)
grileutron =0 9b)
g, *© 0 (9c)
. 68, 69 .
More sophisticated approaches using Melosh transformation

still give (9b), which again indicates utility of neutron targets,
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(d) comparing Eqs. (6) and (7), we see that g, is best measured
with configuration of parallel lepton and target spins, while g, is most
sensitively determined by perpendicular spin arrangement, The latter
unfortunately has asymmetries that are proportional to sin 8. However,
it is an important measurement, For instance in a recent paper,
Colglazier and Rajaraman point out that one expects huge violations of
scaling in this latter arrangement, from models in which partons have
structure, These were proposed“ to explain failure of e+e- annihilation
to scale as expected.
There is also an interesting discussion of possible startling qz
behavior in Refs. 66 and 68, This is based on purely phenomenological
considerations -- namely g 1(x = 1) is surely positive from parton model
interpretation but for small qz, it is experimentally established to be negative,
(e) Thebehavior in the Regge limit v + o (or x -~ 0) is rather
intriguing. 65, 66 For instance G‘( v, qz) is controlled by mysterious Ai
exchange which is expected to be very small., Thus the spin dependent
pp total cross section is formally similar (inclastic electron scattering
is mathematically off shell photon proton total cross sections) and no
evidence for this type of exchange was found, 72 ‘ .

B. Theoretical Dreams, Experimental Nightmares

Other applications of polarized targets ere not so easy. Most "
difficult is v scattering off a polarized target“' 3 :'.‘
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{» , fany
wN(t) }v I N
which has similar physics to processes discussed in previous subsection.

The scaling predictions for semi-inclusive process

tN({)~ 2+ h +any

where h is some fixed hadron, have been discussed by Heimaxm74 and
Kingsley. 5 This would, for instance, be feasible experimentally when
a polarized target is used in L.ASS spectrometer at SLAC, However,
as we have yet to really test parton predictions for the corresponding
‘ unpolarized measurements, it is clearly premature to discuss polarization
at this stage.
! Finally the recent discovery of neutral currents, raises some
interest in experiments to search for parity violating polarization effects

in
IN(E) =~ ¢N

V IN(H~2 +X

This would be expected from interference of electric and (neutral
current) weak interactior. Their expected size is quite minute
A~ 10.4qz

and probably can only be scen at Fermilab energies. 76 1 have pot been able to

locate a comprehensive review ~- only two articles-n' 78 on the elastic
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reaction. There appears, quite justifiably, more interest on the
theoretically similar but experimentally easier reactions involving

7
polarized leptons on unpolarized targets, 9,80

VII. CONCLUSIONS

Conclusions in such an article are always liken unto asking the
long distance runner to run a lap of honor as he lies collapsed on the
ground, proud just to have breasted the finishing tape. Nevertheless,
we will record some of the new areas in which we anticipate polarization
will play an important role.
- Low energy quasi-two~body reactions (Sec, 1ID),
- Meson and baryon spectroscopy in production processes (Sec. 11I),
~ High py, elastic and inclusive reactions (Secs. IIA and VA),
- Amplitude analysis in hypercharge exchange processes (Sec, IV).
- Triple regge polarization {Sec, V).

~ Inelastic electron and muon scatteriug (Sec. V1)

1 hereby vow not to write another review article on polarization
until both there is a significant amount of data in one of these areas

and also I have really analyzed some of it.

|
|
|
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TABLE 1

Polarizations in pp(}) = Xp
{cf., Fig, 23)

Rapidity Ordering®’ b)
X Observed Polarization
e e Proton
p | p 0
L P P r/3
n ot p r/2 {1 - cos na)
n n p -r/3
At 2 p -r/2 (1 - cos ne)
- ++
m JAY P r
A+ 110 P 0
L | at P r/3
AO nt p rl/2 {1 -cos ne)
rr+ Ao p -r/3

a) For instance, firat row

corresponds to diagram:

P p order
= T }x
) ™

te P

b)r e A=t is a smooth function of t and Mi(’

- 286



0s - . T l{ﬂi E } g } L!
. T g ; .
gere? b e ) WTIGW/e)
H
0s ff f { } { ! J

Figure 1. °p slastic polariestion data from
Ref. 8 at lab momentum of 6 GaV/c.

. o oeS CAPERRAENT
N ~ PARRAY ¢t g
§ ..
&
I
5 o L Y
£.
a4
-y » THIS CXPERMENT
» GRANNS ¢ o

3o
B-lr
.‘L— N
“y « THS EXPERMENT
» ~B0NGMN ¢t @ R ;

.
T A gg{ﬂ

G, T

POLARZATION

-
——

v—v
. .
!

m[iGever)

Figure 2. gp elaniic polarization data from Ref. 9
at isd somenta of a) 5.15, b) 7 and ¢) 12.3) GaV/e.

- 287 -

B T p—

T



LW
-10h
L A L &- - 3 i "y
1 | ) [ ? .
1 Gewe)

Figure ). Plot taken (tos Rel. 14 of the notmalized
differance in a) s*p and B) ="p alastic scsttering
betveen tvo momentum bine near 3 GeV/e. A 1s dofined
axplicitly tn Bq. (2) of tha text.

- 208 -



z
“cem

Cov

Figure &. (a} Plot, taken from data comptlatton of
the 180° cross section in =*p elastic scattering a»

a function of cm energy. The solid tnes represent

estinatcs of the “emoath™ croas section discussed In
the teat.

- 289 -



Py G0

Figure 4. (b) Results fros Rel. 15 of Ericeon
fluctuation analysis of 180° dsta iu Figure &a
and 0° data (not shown). Plotted are the
"fluctuating' cross sections discussed in text
for nfp elastic at 0° (equal to 180°) and 50°.
Thiz analyeis is claimed to be consistent with
the data in Figure 3.

- 290 -




EVENTS/40 Mev

T

60}

F-)
(=]
T

T T T T T T

182 Gev (o

WP —- W]

w*x n0

20+ 1
0 I T 4. 3 d.!,l—lﬂn 104
+02 T T T T T T 17T
SN 2]
o] ﬂ’,’
02} ’+—-4—-—— b
Of—ptye—rmm— ————— — e
sQ2f J
o ‘““"6"“’*’_‘_‘_" e T
s02¢t b
) T
op—— .-ﬁ‘—_**m S e e e ]
-02 S WY WS W S S S

14 * 1:81 * 2.2 26 30 34 8

M{wp) Gev

rigure 5. Evidence for wp resonance at 1820 MaV
seen in production process v p + " (up) et 4.5,
6 and 14 GeV/e, (Ref. 17). Shown are the up
nsss spectrum and moments for [tn,n| < 0.15

(Cev/c)2,

- 291 -

[
3
v




\
\
i
i
-

- 6% -

100 T

3 LA MU R AN) U T v j vy r ¥ Al :]
o ta) - ; (K'p—On' Y"“385)) o
50} *» o (#*p—=K* Y**(1385}) 1
§ Q
1.0} { { [} e
r L 3 3
osf ti ]
o | §
mb h
0.\ 3
- 1 i{i p
0.05 - R
I 3 ]
. 1 *
0.0tk } \ { p
0005} { 1
[ Kp-en'y® i
[ "QD_’KQS *
N . n'p —eK*Y"*
Kp~ex E* [
(plﬂb'O),; Lasas PR OR N R US| a il
0. 0.5 | ) 10

THRESHOLDS R, (Gev/t)

() : WHICH IS THE MOST BEAUTIFUL
OF THEM ALL?

l.c__ 13 T T T ™1 1T T T3
t '} * Kp»wh ]
3 o K°p -ph -
osh { § *{ " If2(K"p = $A) -
3 { } o 1/2(n"p = k"HBI0)AY

- { { ! sui3) = 23 ond
b * EXD =) ezosu:zam -
ok e ;
o - 1
mb C # ]
005 § 1
E h j{i ¢ 14 g :

BETRL L

! i 1 i } ﬁ} 4
00i ’}\ »
" }\] 3
———tie

Piop (GeV/c)

Pigure 6. Comparison, taken from Ref. 16, of reactfons expecced to be equal at high enargy
fndficating the importance of a high threshold {n suppressing higher paritel waves and so

veducing cross section.



[ETER T LYY LN

e Bew
Date ftar
[ A X ]

NesEeL vommy

NN FDI5

v
b
e
-
a
E
=
%
©

1--% *N F 15

o

e

T e e hrﬁ

31415161718 1920
Vs (Gev)

4 g T Y

o1} ‘ i *
f t,
(L
0.0l bttt
1314151617181920
VS (GeV)
0.2 (rrrermrererr—r—
b
&
go.x- i 4
¢
o ’
E tee,
(Y] SRR TR
1314151617181820
VS (GeV)
n2 e rr—ro—
23
g
Ca. ]
2o . b
¢ ¢
E T
0.0

1314151617181920

V'S (GeV)

Figure 7. Argand diagrams from Ref. 22 for the F15 wave
in the rN + =aN multiparticle phase shift analysis. The
nd, oN and cN decays of the familar S/ZWN* (1688) are

clearly seen.

- 293 -




K*p—— K°A** POLARIZATIC !

0.3

Pran
——— 097
L2

——— .37
cessee 189
oceos0+ |87

Gevse
GaV/c
Gav/e
Gav/e
Gev/e

PO.Z

[+ Y]

Figure 3,
&Fp + KO A+ {ntegrated over all 2
are both resonant Z* models ind a nonresonant model
—=the latrer is marked "K-matrix unitarization."

o (mb)

cosfe.m.
2°-MODEL I -0at

Py, Dy MIXTURE
‘0.5 -

K*p COOL BUMP

501
2or (oL
~  aof
- KNw
XA)
INELASTICITY
1op
20
0 [}
05 10 15 20 05
pwb(‘("‘
Figure 9.

~ 294 -

7/
7 KT (NAT

K~ MATRIX UNITARIZATION

2280,

————
s b
T
———r &
:

=T T T

¢058em.

Y T

Py - WAVE "o N~

Estimated prlarizations from Ref. 25 in

decays. Shown

pp "COOL™ BUMP

1ot (op)

INELASTICIYY

a1 (9P} ~

S |
2.5 Gevic

Pioblp}

Comparison of K'p and pp total cruss sections
from Ref, 25 showing the rapid rise in both cases near
the first inelastic thresholds.




N AMPLITUDES AT & Gev/c
[0 t-chonnel Exchange

[T ey 04 7 + v
(@) Im N1 201 fmb/tGevzc 2] V2 SN ewrwe
6N ~= ALL AMPLITUDE LY 2
ERALYSES DENTICAL ! \ lroscevrer]
s} )\ —— FESR 1 osH \ tm .
[] >
a5 N
J
3 0z /
2f i / ;
p N
: o4 T SATLAY
s / \\"'a'('ELLv
\FESR
i I Y s 1%}
T p— e —
‘ — (@) Re £ 11:0) [m/iGev/eil*®
) Re s (1:0) [mey/Gew/ei?] /2 I $rm
o
o o ELLY]
_1_;_/ J =X ANL
AL AMPLITUDE LsacLav
i ANALYSES 'DENTICAL | H
O O 02 O3 04 05 06 O 01 02 G3 04 05 06

Figure 10, Summary, taken from Ref. 16, of N elastic
anpittude analyses at 6 GeV/c in the t-;hannel I = O
state, Shown are real and imaginary part of nonflip N

and spinflip © amplitudes. Marked are four analyses— v
marked HM (Yalzen and Miclaci), KELLY (R.L. Kelly),

ANL (Argonne polarization greup) and SACLAY (Saclay

polarizatfon group) which are cited and compared in

Ref. 16, Also dravn is a simple finite ~nergzy sum

prediction (marked FESR). '
I
Py

1

- 295 -




N AMPLITUDES AT € GeV/c
[=1 t- channel Exchange {»p—=»On)

.

e — r 7
(o) im0 [mostoeved]® 1 I ehimF =n[mb/AGeve)

- e
“i"’f»’(ﬂ.u/i

SACLAY
e

.~ FEsR
-

N 110 [mb/1Gav/e

o1} T T

T T

$HM

— s
)2 (d) Re F{1=0)[mb/(Gev/c)R} V2

Figure 11,

i A - 1 ] 1 ) - 1
8703 04 05 06 — 9% 0T 02 03 03 05 06

-t {GeV/c)?

7p + n0n) amplitudes.

-~ 296 -

-1(Gev/c)?

This 1s the same as Pigure 10 except
the graphs now refer to the I = 1 t-channel (i.e.,




RESULTS OF AMPLITUDE
i ANALYSES OF #N-=KA, KN~ »A AT 4 Gevk

=—— Tensor (K*") Exchange
=== Vector (K"} Exchange
Methods. © < DAM, » - REGGE, # = FESR
Units are [mbs(Gevrci2] 72

1 YTy 10—y
i} Im N NS ReN
5 g T T S g Iy
L= = —ea D D 0
e mom e
Of—zs, 1 [¢] i —
y s =
- Mg -— — -
-5 d’ / 4 r’:,‘,o—""--o -
4 ol -
-lo,’./ B I A S Ao
4
-15 1
2ol o N
10— s e §pm—t— ey
© ImF R Re F
8 4 ~ ]
N Im F{K®)= ImF(K") I e
5;_;’ \\\ /iu REGGE ondlysis ] okZ M i n
/ \,
! - M
[s} -5k '~ /'/ 4
L ~~ 5 J
el ]
! sl P S S SO 10 : i 2 L L .
0" Of 02 0.3 04 0.5 0.6 07 0 01 0.2 03 04 05 06 0.7
-1(Gev/c)? -1GeverR

: Figure 12, Comparison, taken from Ref. 16, of

! three amplitude analyses of 7N -+ KA and KN + nA
at 4 GeV/c. Shown are dual absorptive (DAM),
pure Regge in spinflip (REGGE) and FESR innocent
analyses. The vast differences between the
analyres and unwarranted violations of exchange
degeneracy and SU(3) (not obvious from this
figure) show danger of supplementing incomplete
data with innocent theorefical assumptions.

- 297 -




[

Vi Gavei®

A oz ae o6 oe 0
GO —r—r—r— T~ r—T—r—
-3
¥ o &~ ¢ This expt
¢ ¢ Robnsh et at
1 ~09) 2-3Gevic

q‘“o + o o Omsglpt.
god TH
=08 4-6Gave
N 02 0e 06 o8 10
R
%06
2 ¢° P #
[
-08 -8 Gevt

~08-  8-10Gevit

=081 1D-i2 GeVA: +

Figure 13, Polarization in np CEX from

references 34 and 35.

- 298 -




-

0.9
.@%’K 04 06 08 O 12 18 L6
-t{Gev/c)?

L@ o rea
|l (This experiment}

i & o—ekts* [
' (Pruss, et at}

POLARIZATION
e

Figure 14, Pollrin:ion from Ref. 37 in
n=p + KOAO and «*p » KT+ at 5 Gev/e.

i ] i { 1
Poc2Ait+2A33
&y 0d 02 03 04 05

ofE i 5

f ? ~1Gevd)
-0.10 r——-%—« -
-0.20F } -

-0.30

P(A)P—s ATy

Figure 15, Overall polnriution. integrated over
211 A*F gecays, in p(t)p » A%'n at 6 Gev/c from

Ref. 38.

- 299 ~




mbarn/geV

1 ~ L) T | \
I PRELIMINARY
] 6 Gevic
0.4} plp-—pr n ,
|
0.3l ) (2As-1 do/dM) -
I
|
0.2
| \ 1
{ \
[} \
o ! \ -
/ Y 34 nY
() /l’ i :%‘ A 1 1
12 1.3 4 5 1SE0 1168 mppt
-0, N -
-0z .J
02 21s-1dg/dM
-0.3 -
-04 r— -
[} ) ) 1 1

Figure 16. Two moments, in p(t)p ~+ (n"'p)n at 6 GeV/c,
of the wtp decay angles that correspond to interference
between JP » 3/2% A+ ang IP = 1/2° 0%p waves. The
solid and dashed curves are predictions of naive one
pion exchange while data comes from Ref. 38 again.

- 300 -

Tn



+ 44
T p—e 7o

LONGITUDINAL JACKSON FRAME
=—=SCRAM = ==—QUARK

{WIZKID » QUARK) {

0.0 y + +

oaf } .
02 -} ==;-_+;:ij

0.0

|

—
=

00 -—L- - T
{ ==

1 1 1 1 1 )
0O 02 04 06 08 10 12

-1 {Gev/c)?

Figure 17. Comprison, taken from Kef. 81, of n*p + 0+
density matrix element data around 3.5 GeV/c and a) Stodolsky
Sakurai prediction which is optically undistinguishable from
weak cut (WIZKID) model, b) strong cut (SCRAM) model.

10

05

r

'.9 — 'voo '.9_’7104"

foiwizkn
e e e . e e QUARK

o2 04 06 08 10 95 04 06 08 10
-t (Gev/eR -1 (Gev/c)?

Figure 18. Predictions (Ref. 81) for =*p + 203+

and n*p + 004 ++ polarteations at B GaV/c integrated

::ll’ all 3% decay, for models definsd in pravious
gure.

-301 ~

,
P
4
3
+
i
b
f
{




alp)
|

y 12, /5 08
Xy ePAS

2 2
ety s

X
b
Tripte Regge Region I

Little

High py

Region
Polarization 8

-08
-1

b(h)
Triple Regge Region IT

Figure 19. Kinematic regions as a function of
x” vXy for the tnclusive process ab + cX.

- 302 -




yo—= 7~ +(ANYTHING)

Ey=9.3Gev
& ELASTIC p* F :LLUDED
v ELASTIC p°
0.004 T T T
-1.0<x<-0.3
hhosa b0t 8, 8 ;
oooo i L 1

0.008 uh#ﬂ**}}“ﬂmﬂ*ﬂ

0.009 |- -0.3<2<0.0 ]

0.000 \—o—l i—wolss

R
fﬂuﬂh“ﬂ*ﬂﬂﬁ *

. o

. 0012
-
H 5 §
o
S
> 0.008 | L
X 0.0<x<0.3
e

0.004 |- -

i |

o 099, 9
vvvvmg—vov f vvv,ﬂm’vvv

0.000

0.012 ”+ ' “H‘]“* 1* *
- F .,
0.008 } * H{* { H i .

¥
—
foria
-
-
g
-gm

0.009
- 0.3 cn<iO 7 o
©0.000 L L L A
-180 -90 [o] 90 180
¢ (degrees)

Figure 20. Photon polarization asymsetry discuesed in
text for v(#)p + n~ plus anything at 9.3 GeV/c, (Ref.
44). The data 1s divided by various cuts in x for
final =~ and the contribution from the sirong exclusive
process v(#)p + p0(+ n=v*)p 1a shown asparately.

- 303 -

. T TCTEIPS N e



INCLUSIVE POLARIZATION

0.2p— r — T v
ELASTIC ", N
X= pr'otan 0.05< pf <Ot {Gev/c)
o o r———§—-——c 4
l
1
. . ! T ! . . A
o TR e :
' Ny
. A i L It 1
0. 06 10 14 8 22
M, GeV
[ i
pth P

figure 21. Inclusive polarization op p(#)p + pX
from Ref. 49 at 6 GeV/c. The full data is_shown
and discussed fn greater detail by Field.3?

-0zl s e Piop 6 Gev/e

- pp—epi{nw®)
« ee pp=e plow0}

- ~»plr-AtY
x5 Py otera®) } M2<2.56 (Gev/e

1 | | A 1
o] X} 0.2 0.3 04 05 0.6

- H{Gev/c)?

} M2< 2 (Gev/e)?

Figure 22. Credicted palniuuon--"o from the 7 _sxchange
Dack model for p(#)p +~ p(nwt,pal,e~a+F and v+ 40) ¢
6 CeV/e end & lov maws M cut for bracketed particles.

- 304 =

N
b
arig




Contributions

for fow moss X

M, s 14 Gev pth
PNy P
g P:Q
P
06 —et
P>Q

o)

‘v—’n’ P
14 “".
—————
L.ad -06 —=t
Pa0
p(t) 3
---- P< O
-06 —et

|

Figure 23. The generalized Deck model and the

four contributions to p(4)p + pX for low missing

mass M of X. This is discussed in detail in

text and table 1.

- 305 -

Hh20

e e et e e g e e

R

LT




SECTION II

POLARIZED TARGET TECHNOLOGY AND NEW PACILITIES

FOR_POLARIZATION EXPERIMENTS
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A HIGH POLARIZATION TARGET FOR INTENSE BEAMS*

Presented by W. Ash

Stanford Linear Accelerator Center

Stanford University, Stanford, California 94305

1 would like to describe the polarized proton target which is being com-
pleted for an experiment in deep inelastic scattering of polarized electrons
off polarized protons to be run at SLAC in the near future. The very inter-
esting physics involved in this Yale-SLAC collaboration will be described by
Vernon Hughes tomorrow morning.

As this conference seems more oriented to the use rather than the de-
sign of polarized targets, I shall give a quick summary of the device and
concentrate on the aspects that are important to the use or novel to the
deaign. Detalls that may be of interest can be handied in later discussions.!

The parameters of the target are given in Table 1.

Table I SLAC-Yale polarized proton target

Temperature
Field
Capacity
Material
Polarization

Microwaves
NMR
Special Features

1°K; Heljum 4 system

5 Tesla superconducting solenoid
600 milliwatt; 25 cm3

1, butanol; porphyrexide doped

10 free protons
(~70%) x (".4 bound nucleons) ~ 10%

2 mm (140 GHz) backward wave oscillator
Constant voltage, paralle] tank, 200 MHz
Polarized parallel to beam +20° exit aperture

Daily target change due to radiation damage
(electron beam)

The builders include myself and Dave Coward from the Spectrometer
Group at SLAC; Steve St. Lorant from the Cryogenics Group at SLAC;
Vernon Hughes, Asher Etkin, Pnoter Cooper, Satish Dhawan, John Wesley
and Percy Yen from Yale. Strrng technical support was received from both

institutions.

The special feature of polarizatior parallel to the beam is a consequence
of the experiment with longitudinally polarized electrons. This had subatan-
tial impact on the design of the magnet and cryostat, The electron beam,
with its much higher damage per physics event, dictated more refrigeration,

*Work supported by the U. B, Atomic Energy Commission,
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rapid and reproducible target changing, and mass production of target
material. Our response to all this will be shown in subsequent figures.

Given the desire for high polarization we had an initial choice between a
B/T of 5 Tesla/1° and 2.5 Tesls/.5° —eaca with special problems. We
selected the first as indicated for a variety of reasons and so far are happy
with that decision.

The magnet, of course, is superconducting and is essentially 1 solenoid
with something better than £100ppm uniformity. Cooling is by a "conven-
ticnal" helfum 4 system with offline recovery and reliquefaction. We get
about 600 mW of cooling {n a 25 cc target volume at about 1.065%.

This is not the firat 5T/1K target but may be the first used in a high
energy physics experiment—certainiy at an elec.ron machine.

The choice of material at thi= time is porphyrexide doped butanol.
From CERN and DESY data plus prelimirary results of our own, we expect
a polarization of about 70% times the ratio of polarizable protons to total
nucleons of 10/74 or about 10%. To the extent that scattering off neutrons
is less than that off protons thie ratio is increased. (A coincidence experi-
ment that could distinguish between target protons and neutrons would
increase this a factor of about 2.)

We expect to change targets daily ard to anneal several times in between,
This, among other things, means a lower average polarization.

The NMR system is a constant voltage type with a parallel tank running
at sbout 200 MHz. The measured admittance is proportional to polarization.

Microwave power at 140 GHz is produced by a backward wave oscillator
which delivers up to 400 mW to the target cavity.

Helium consumption 18 about 7 to 8 liquid liters of helium per hour
including losses in cooling the magnet dewar.

The beam fs expected to be 10 electrons per pulse at 180 pps scanning
over & 6.5 cm2 area or about 1014 e~/cm2h. This, with the expected dam~
age time of something longer than 101% e~ /cm2h, gives our running sched-
ule indicated above. In this regard the target is well matched to the maxi-
mum intensity expected from the polarized source. That the peak SLAC
electron beam is some 100 times more intense gives a feeling for the mis-
match between present turgets and electron physics.

Figure 1 gives an idea of the phyasical layout of the target. Not shown
is all the peripheral equipment such as 30 hp of pumps, power supplies for
magnet and microwave source, ete. Note that the heam enters along the -
axis of the cryostat,
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Fagure 1.

The solenoidal superconducting magnet is shown in its 250 liter dewar
which also serves as local reservoir for the running cryostat. Refilling
during the daily run from an external dewar is still required however.

The extractor is partfally described in this view as it allows withdrawal
of the tube holding the target, per se, into a vacuum chamber.

The clear aperture can be a 20° half cone angle although we are only
using up to 10° in e plane.

The various windows, target walls, NMR loops, cavity walls, which are
required in any such target place rontrivial amounts of junk in the beam
which makea life more difficult. The butanol comprises about 90% of the
total collision length number of .04 and about 80% of the total radiation length
number of ,08.

In addiiion, of cource, one must face the problem of subtracting the
large background from unpolarized nucleons. There are a variety of tech-
niques including the use of 'diet butanol' (a mixture simulating C40 instead
of C4H,40) or using tabulated hydrsgen cross sections.

The solenoidal field has some effacts on the beam—slightly diverging
the transmitted beam and slightly bending the scattered beam. Both effects
are small compared to the respective apertures of beam monitor and
spectrometer. This also requires us to shield several devices and to be




careful with ferromagnetic materials in construction. Not shown are the gas
cooled leads for the maguet nor the transfer line details.

In Fig. 2 one gets a better idea of the target extractor. The target is
now withdrawn into the vacuum chamber and the cryostat isolated. The
insert containing the old material is retmoved; the new insert is substituted;

and the targst is returned to the cryostat.

Figure 2.

The entire procedure should take minutes and be relatively free of con-
tamination and anguish. The exiractor has been tested warm, and also cold

with the cryostat running.

The target assembly is not tvo clear in these drawings, but essentially
we will have a copper wall box which hulds helium and contains & single turn
NMR loop. The target material is placed in a glass box which sits in this
loop. This assembly then rides into a microwave cavity fixed in the cryo-

stat.

Figure 3 gives more details of the cryostat per se. The second reser~
voir has been of little value, Isolation of the input helium line, even in the
cryostat, has been imporiant. The valve system is becoming straight-
forward with a precool valve for start up and a fine metering valve for run.
ning. Both derive liquid from the magnet dewar.

e

w0y

Figure 3.
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Thorough cooling of the bends is most fmportant to maintafning polari-
zation in the presence of heating by beam and microwaves (typically 250~
300 mW). Small diameter (less than 2 mm) beads have been a favored con-
figuration for alcoho! targets. In small quantities on infrequent occasions,
producing the beads by dropping from a syringe onto liquid nitrogen works
well. It tends to be a slow process because the drops must be made one at
a tinie or in separated areas of the liquid or they coalesce before freezing.
For daily changes, this is a problem.

In trying to find ways to speed up this process and to automate it some,
I found a technique which kills two birds with one stone.

As shown on Fig. 4, we use a motorized syringe to feed liquid to a
needle at a desired rate. If a potential is placed on this needle the electric
field increases the volume force on the liquid thereby giving smaller drops
for a given needle than gravity alone. The size of the drops is variuble with
the potential down to about 1 mm. Most importantly, however, the drops
retain the charge and repel each other dramaticallv on an open surface. The
prototype illustrated here allows a production rate of about 1 cc/min, and is

easily paralieled.

Motor Driven
100 cc Syringe
(~lcc/min) L.ucite Block

=~

+
~ 2 kv
Brass Washer
#20 Needle
4
Styrofoom Dewor |

0

- Y

o ) 7/

I

—Conducting Plate -~ 7
7 4 :
{ 1

Figure 4.
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In February, we polnrlzed for the first time obtaining the rough data in
Fig. 5. The enhancemen:, and T, ars all consistent with data from
other labs. We are hedging ﬂlus statement because we did not have the NMR
system completely debugged at the time; we were using a considerably
smaller samgle and the target assembly was quite different from the expected

final design.

NMR SIGNALS... st TARGET TEST
27 FEBRUARY 1974

T~105°K

B~4,77 TESLA
~5¢¢ |, BUTANOL + PORPHYREXIDE
~ 203 MHz NMR FREQUENCY
~ 135 GHz MICROWAVE FREQUENCY

THERMAL EQUILIBRIUM POLARIZATION
relgtive guin x 50

POSITIVE ENHANCED POLARIZATION NEGATIVE ENHANCED POLARIZATION
relative gain x1 relative gain x| 2380a8

Figure 5.

We have a fair amount of confidence ir the target at this point and a
great deal of work ahead in converting it from a laboratory curiosity with a
half dozen handmaidens to a remotely located working target on the floor of
the SLAC end station.

REFERENCES

1. Details on the target design will be submitted for publication in the near
future,

2. Although the charge repulsion feature is unique, this is the Nth reinven~
tion of a device to produce small drops by electric fields. See, for
example, Raghupathy and Sample, Rev. £+i. Ingtr. 41, 645 (1970) and
references therein.

3. Since the ahove talk we have run again with a full sized target in final
design obtaining polarizations of +66 £5% and -70 5%,
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POLARIZED DEUTERON TARGETS

M. Borghini
CERN, Geneva, Switzerland

To our knowledge deuterons were first polarized in solid deuterium
Dy, up to 1.5% at 1.5 K and 8.5 kG ‘). Then, they were polarized in lan-
thanum magnesium nitrate single crystals, doped with neodymium, up to
~ 8-12T at 1.3 K and 17 kG and used as a target for thermal neutroms, to

. . 2
determine the neutron-deuteron scattering length ).

Afterwards, denterons have been polarized in organic substances and
the polarization value has steadily increased during the last few years.
(Table 1):

Table 1

Deuteron vector polarization in orgaanic substances

rP_(_.D-) a) Substance Formula Pa;‘:::ﬂ:;ic Temp. | Field | Cryostat} Ref.

(¢4] (X) (kG)

7 ethanol C,D0 porphyrexide | 1.0 25 “He 3
22 butanol C,D;,0 porphyrexide | 0.5 25 IY4e 4
26 butanol c,D,,0 porphyrexide | 1,0 50 “He 5
27 ethanediol (€D, 0H), crV complexes| 0.5 25 e 6
38 | ethanediol | (co,om), [crV complexes| 0.2 | 25 |dilution| 7
44 propanediol | ¢,b, (0H), | CrV complexes | 0.2 B){ 25 |ailution| &

a) P(D) = deuteron vector polarization = ( I
. 3 .

) The highest polarization required a dilution refrigerator ); the cooling
temperature was 0.2 K and the sample t.emperatuﬁ'e was eatimated to be 0.37 K,
the difference being due to surface resistance'?), which can be expressed
BS a resistance coefficient Rg = 100 A™'T™? K/e?/W, vhere A is the geomet~
rical area of the sample.

A polarized target of 1~butanol, with 20% polarization was used in &
1
test experiment, pd scattering at 1.21 GeV/c 1), at CERN. A polarized
deuteron target of l-butanol, with " 20-22% polarization has been used in
B . 1 . s
photoproduction experiments at Bonn 3). A polarized deuteron target with
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a dilutinn refrigerator, which is a copy of the one used in the CERN frozen
spin urget“). is being built at CERN, to be used by a Saclay group for
measuring the polarization in K'n -~ k°p charge exchange at 6 GeV/c.

The reason for using <thanediol and propanediel, where the hydroxyl
groups (OH) are not deuterated, vas the impossibility of producing the o’
complexes needed for dynamic polarization in fully deuterated compounds.
A possible wvay of improving this situation is to mix propanedinl-d6, pre-
pared with an extra Cr ~cosplex concentration with propanediol~d8: s
deuteron polarization of 247 has thus been obtained in a mixture of 33X
normal propanediol C H. (0H), and of 662 propanediol-d8, C,D.(0D),, at
0.5K and 25 k¢ '),

CFUTEROS SPIN PARAMETERS

in dynamically polarized deuteron targets, placed as they arc in a
strong magnetic field directed along a direction 0z, the deuteron spin
system is described by two paraseters, for example

PO) = (L) &k W05 m; -2)

[( lu) and (1 ), uliere Ox and Oy are two axes normal to 0z, are zero,
wvhile
O -2 = 017 - 2) = - SAO)] .

These two paramcters are related to the populations p‘. p° and p of the
three magnetic sublevels l= = +l, 0 and -1, by

PO) =p' -p and A =1-3p°, withp' eplep o1,

In dyagmically polarized organic c- .ounds doped with porphyrexide or with
Crv complexes, the populations ha pen to be related by

¥

i.e. therc exists a spin te-peracure"’”. This comes from the fact that
the mechanisms of dynamic polarization acting in these substances estab~
lish a thermal contact between the nuclear spins and some electron spin-
spin interaction reservoir; this reservoir is itself cooled by the action
of the applicd microwave field. This may not be the case of dynamic pola-
rizatg;m by the "solid-state effect"”), as in lanthanum magnesium nitrate
(LHN) °.
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Then, there exists a relation between P(D) and A(D),
4A(D) - A(D)? = 3P(D)? .
For example, one would have
P(D) = 0.43 , A(D) =0.13, p  =0.57, p’°=0.29, p =0.14.
For P(D) = ~0,43, p+ and p would simply be exchanged.

A way of varying A(D) independently of P(D) has been found at very
low temperatures"'”). but it is only of academic interest for the tiwe
being: because of solid-state complications, the average value of A(D)
in the sample remains small, although A(D) may become as large as 0.6 for

certain subsets of the deuteron spin system.

MEASUREMENT OF P(D) AND OF A(D)

i) P(D) and A(D) can be measured through usual nuclear magnetic resonance
(NMR) techniques, with measurements of the deuteron thermal equilibrium
signals, which are not very large. Such measurements have yielded a rela-
tive accuracy, AP/P, of some 10Z.

ii) When the polarization mechanisms establish a common muclear spin tem-
perature Ts' there is a definite relationship between the polarizations of

protons and deuterons

P(W) = tanh [¥hv(H) /kTg)

4 tanh [khv(D) fkTgd .
[3 + tann? (shv(@ /xT)]

P(D) =

where v(H) and v(D) are the Larmor frequencies of protons and deuterons,
about 106 and 16 MHz in a field of 25 kG. Then, it is possible to measure
the ratio of the enhanced NMR signals only, and to obtain a measurement
of both P(H) and P(D) (Fig. 1)7). This method happens to be rather ac-
curate for P(H), as one can get AP(R) /P(H) = 1-2% for an accuracy of 8%
in the measurement of the ratio P(D)/P(H), at least for high values of
P(R).

iii) Another way to measure P(D) is to measure the asymmetry in the deu-

teron magnetic resonance (DMR) line, which can be related to the ratio
18)
*

x = p+/p° = p%/p , as was done earlier for lanthanum in LMN again

an accuracy of 107 can be reached by this method (Fig. 2). This value
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can in turn be used for obtaining a precise determination of P(H) (Fig. 3).

ECare should be taken since the phenomena which were observed at very low

temperature

tor polarization, and impair the determinaticn of the polarization by this

merhod ]

1

2)

3)

5)

6)
N

8)
9)

10)

11)
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‘ Figure 1. Measurement of the proton and deuteron
polarizations P(H) and P(D) from the measured
ratio P(D)/P(H). The solid curve corresponds to :
equal spin temperatures for protons aand deuterons.
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Figure 2. Muclsar of d
in 1, 2-sthanediol’); the ny-ctry of the line
nhnpo {s related to the deuteron polarization.
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Figure 3. Measurament of the proton
polarization from the valus of the
deuteron polarication deduced from
the line-shape ssymmetry and from
the aquality of proton and deuteron
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CLRN FROZEN SPIN TARGET

M. Borghini
CERN, Geneva, Switzerland

Preliminary studies on nuclear relaxation and dynamic polarizntion"z)
in a small dilution refrigerator’) having been successful, a frozenm spin
target has been constructed by a collaboration of the Low Tempevature
Laboratory of the Tochnological University of Helsinki and the CERN polar-
ized target group“). It contains protons which are polarized up to 902
in a homogenrous magnetic ficld of 25 kG and can then be moved without
loss of polarization into the more inhomogencous magnetic field of a spec~

trometer, where tlicy lose less than 1R polarization per day.

The spectrometer magnet used at present is the CERN-ETH magnets).
with a useful magnetic volume of 0.6 x 0.7 x 1,7 m®, and a field value of
10 kG. The polarizing ficld is obtained by adding two tapered steel pole
pieces, with a gap of 60 mm, at the entrance of the spectrometer, as was
done in an carlier experiment to measure the polarization in K™p + K°n
charge exchange at 8 GeV/c "7). but in a corner of the magnet rather than
in the middle of its entrance face (Fig. 1). The field homogeneity, over
the target volume of 15 cm length and 16 mm diameter, is 22 x 107" in the
polarizing field, and about 1% in the holding field.

The target is made out of spheres (1 to 1.5 mm in diameter) of pro-
panediol doped with crV complexes*). contained in a thin (0.5 m), leak
tight, teflon cylinder, 17 cm long and 25 mn in diameter, which is the
mixing chamber of a specially made dilution refrigerntor" (Fig. 2). This

refrigerator is horizontal, with a continuous flow of “Me from 100 1 dewars,

and the incoming heam traverses it along its axis by roing through a thin
window. Two solid-state detectors dare installed at low temperature, in
front of the target, in a sealed box®). The microwave cavity, necessary
for performing dynamic polarization, is a copper cylinder, 21 cm long,

36 mu in diameter, thermally attached to the refrigerator still, at a tem—
perature between 0.6 and 0.8 K. The outside diameter of the cryostat nose,

around the target, is S5 cm.

®) See Ref. 2 and references therein.
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Dynamic polarization is started with microwave power, around 69.5 GHz,
at a temperature of 0.5 K, where the refrigerator has a cooling power of
100 mW, with a ‘He flow rate of 25 mmole/sec. The initial rate of polar~
ization is of 15 to 20Z/min. After some time, reducing the microwave power
allows one to reduce the temperature, and the polarization increases, al-
though more slowly; it reaches 90X in about 2 h. This initial polariza-

tion value is then recorded.

Microwaves ave then switched off completely, and the target cell is
cooled down to a temperature below 50 mK in less than 10 min ). The
cryostat is then moved aside and forward into a hole surrounded by anti-
coincidence counters, at the entrance of the spectrometer magnet. This
motion takes about 2 min. The lowest value of the field experienced by
the target during this move is 5 kG. The target .is then used for experi-
ment in the holding position for as long as one or two days. When going
back into the 25 WG field, the polarization is remeasured, and is observed
to differ from the initial value by less than 1% after 30 hours for positive
polarization and by iess than 10X for negative polarization’).

The polarization measurement is made with three Q-meters, using coils
wound around the mixing chamber; two are large coils used to measure the
polarization at 25 kG; one is & smaller one and is used to monicor the
polarization behaviour in the spectrometer magnet. Computer averaging is
used to improve and to record the signals, and to watch the operation of
the targetl°).

This target is being used for measuring the three spin parameters in
the reaction ™p + K°A® at 5 GeV/c ''). When the target is placed in the
holding position, the azimuthal access around it is about 300°, and the

polar "¢" access is 360°.
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Figure 1. Photograph of the CERN frozen spin target.
The spectrometer magnet is on the left. The cylindro-
conical, horizontal, dilution cryostat containing the
target is supported from a movable platform, on which
stands a liquid “He uewar. Two flexible pumping lines
are seen at the back, the pumping sets being oo the
far right of the picture. The beam comes from the
right and goes through the cryostat along its axis.

Two extra pole pileces, which make the polarizing field,
are seen at the entrance of the magnet, and are located
on the left of the beam path.
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¥Figure 2. Photograph of the inner part of the
dilution refrigeratora) used in the CERK frozen

spin target.
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A He'al COOLED POLARIZED PROTON TARGET

ASHER ETKIN
PHYSICS DEPARTMENT
YALE UNIVERSITY

TALK DELIVERED AT 1974 BNL WORKSHOP ON POLARIZED TARGETS

ABSTRACT

A DESCRIPTION IS GIVEN OF YALE UNIVERSITY E.P.1. GROUP'S POLARIZED
PROTON TARGET, PRESENTLY IN USE AT BNL.
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A He® COOLED POLARIZED PROTON TARGET

This target system which has been used in several experiments at
Brookhaven National Laboratories is partially based upon a design developed
at CERN. This target routinely gives a polarization of 60%. The principle
components of the target are the 25 KG resistive magnet, the He‘r”-ﬂe4 re-
frigerator, the 70 GHz source and the NMR system.

A 25 KG magnetic field is provided by a resistive C-frame iron magnet
(shown in figure I) built with the help of the CERN magnet group(l) internal.
This magnet provides a field homogenious to 1 part in 104 over the target
volume 0.9" long, 0.8" wide, and 0.6" high, while permitting a large angular
access, +15 from the horizontal plane and ~ 270 in the horizontal plane (8).
In order to increase the available & access the beam can be directed onto the
target through a hole in the return yoke.

Power for the magnet is supplied by a modified P. P. A. power supply
to which a ripple filter has been added and in which a high precision trans-
ductor'® is used for current regulation. Current stability is of the order
of a few parts in 105 long term at the nominal 600 amps 120 v output, and is
probably limited by the control amplifier and comparison reference used and
not by the transductor.

Since the magnet, power supply, and filter used a directly cooled
conductor system a special cooling unit was built so as to permit the system
to operate independent of the availability of a general low conductivity water
recirculation system.

The l-!e:"—He4 cryostat used (fig. IT) is a copy of the cryostat used at
CERN® and is capable of operation at 0.55%% with a 12 mw microwave heat
load. In operation Liquid l-!e4 is transferred directly into the separator,

from the storage dewar, where any vapor is separated from the liquid.
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Cold He4 vapor 18 used to cool the radiation shields in the insulating vacuum
space, and also cools the perforated discs that intercept heat flowing in from
the room temperature end of the cryostat.

After expansion in a variable expansion valve the liquid He4 is evaporated
at low pressure in the evaporator. Resulting vapor is pumped away by a
2000 ft3/mln. pumpiog set. This cold vapor is algo used to cool the perforated
discs that in turn cool the incoming He3 gas in the He3 gection.

A stainless steel tube separates the He4 and the He3 subsystems so that
it 8 possible to remove and replace the He3 insert without disturbing the He4
section; this permits the He3 insert to be cooled quickly after the target beads
have been inserted in order to prevent melting the beads. This isolation also
helps to prevent He3 loss and allows the He3 section to be changed without

requiring modification of the He4 section. “)

The He3 insert consists of a heat exchanger where the incoming l-le3
gas {8 cooled by the counterflowing He3 and He4 vapor and by contact with the
separator in the l-le4 stage, a condenser cooled by the He4 evaporator, where
the l-le3 is liquified, and the evaporator cavity where the tacget is cooled by
the evaporating He3 which has passed through a fixed expansion valve. The
heat exchanger and condenser are coaxial with the He3 pumping line and the
wave guide which supports the evaporator cavity. Fig. III shows the cavity
region of the cryostat, where one can see that there i8 very little material in
the beam or outgoing particle path considering the requirements of the cryogenic
system. The top of the cavity is easily removed and replaced to permit the
beads to be quickly loaded into the cavity.

A special 300 malhr roots type rotary pump with an internal motor and
a specially sealed backing pump(s) are used to help prevent the loss of Hea.

Exhaust He3 gas is purified in a LN2 cooled activated charcoal trap before
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being recirculated.

A frequency aweept constant current Q-meter system is used to measure
the Proton NMR signal of the target and thereby, the target polarization. In
order to achieve high stability and ease of construction and maintanence, we
have made extensive use of integrated and bybrid circuit technology throughout
the system. A feedback loop is used to control the frequency of the oscillator
to insure stability and aweep linearity. The audio output of the rf system is
averaged by an Eductor(e’ which is a multi-channel boxcar integrator, whose
output is recorded on a chart recorder for subsequent analysis.

Calibration of the system is accomplished by measuring the N. M. R.
signal (ETE) when the target is in thermal equilibrium with the lattice and,

therefore, the proton polarization is determined by:

P b Wyym

%k Tpaty

€ = tanh

If the NMR signal (E o) of the polarized target is measured, then the target
polarization is given by:
JE,

n =
ETE dw

Microwave power is supplied by a CO 40B carcinotron! 7)11“;: is frequency
locked to a 200 MHz reference. Frequency stabilizing the carcinotron was
very important {n achieving the maximum polarization of the target stably.

This target has been used in two experiments at BNL that studied
K+ P—~PK' and 7" P-=#" 7" n (at a #r mases in the p region) (uee figures
IV + V). These experiments raun for over 1000 hours and the target operated

satisfactorily with very little attention during the experiment.
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5.
6.

CERN-N. P. Internal 69-5.

Both units were supplied by Transrex, Torrence, Calif.

Proceeding of the II International Conference on Polarized Targets -
LBL-500, UC-34 Physics, TID-4500 (58 Th Ed).

At CERN a dilution refrigerator insert has been used in place of the
He:'l ingert.

MIV 350, Z 2030H Alcatel Vacuum Products, Hanover, Mass,

Made by Princeton Applied Research.

Supplied by Thomson-CSF. The system is described in more detail
in "A Study of the Reactions pp»Dp and Bp-»7_ at Using a Polarized
Proton Target" by A. Etkin, Yale University (unpublished).
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LAMPF Polarized Target Program

C, Hwang
Los Alamos Scientific Laboratory

Loa Alamos, New Mexico 87544
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LAMPF Polarized Tavget Program
C. Hwang

At the pregent time, there are a total of six experiments approved
for running time and two experiments in the deferred stage, all requiring

polarized proton targets. A summary of these experiments is tabulated

here below.
Kinetic
Meagurements Status Beam Line Energy Expected Flux
9 +
nt’p Elastic R,A Approved | High Energy Pions | 100~600 MeV = 108 for m_
< 10° for n

" p -+ nr® Approved | High Energy Pions | 100~600 MeV | < 1()8 n
D > oy Approved | High Energy Pions | 100-600 Mev | < 108 1~
pp Elastic P Approved | External Proton 300-8B00 MeV [ < 6 x 101! P
op Elastic D,R,A Approved | External Protom | 300-800 Mev | < 6 x 10%1 p
np Elastic P Approved | External Neutron | 280-780 MeV | < 107n/cmzlsec
op Elastic Axx,Ayy,Azz| Deferred | External Proton | 300-800 MeV | < 3 x 10°! p
[np Elastic Axx,Ayy,Azz | Deferred | Externsl Neutron |250-750 MeV | < IDSn/cmZ/sec

Since all these experiments require the polarized proton target to
operate in rather high incident flux, we have designed our polarized
target with this particular criterion in mind. We chose the l-butanol
doped with posphyrexide as target material for its known annealing pro-
perty after radiation damage. The target will be about 10 cc in a 2.5
Tesla and 0,5°K environment. To avoid loss of He3 (the refrigerant for
achieving 0.5°i), the target will be immersed in a bath of Hel' which
heat-exchanges with a 0.35°K He3 bath, To facilitate target changes, we

propose to flow in the 2-3mm diameter frozen butanol target material with
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1liquid nitrogen and remove them either by melting and draining or by
flowing out the damaged target material in its frozen form as suggested
by G. Shapiro and M. Zeller at this conference.

Our Roubeau cryostat, now under construction, 1s designed for 10-20
W heat lcad and is pump-limited. With larger He3 pumps, we expect 50-60
oW refrigeration capacity. The magnets to be used are a 6" ID x 10" OD x
10" long superconducting solenoid for longitudinal polarization and a
Varian 22" "H" frame magnet with 2" gap for the transverse polarization
targets. We have deliberately kept the helium 4 reservoirs for both our
Roubeau cryostat and the superconducting solenoid small to facilitate
the moving of target from one beam line tc another and use continuous
transfer from 500 liter Linde dewars for our helium supply. We hope to

have this target in operation about the end of Calendar Year 1974.



CRYSTALLINE HD TARGETS*
E. H. Graf

SUNY at Stony Brook
Stony Brook, New York

ABSTRACT

Recent proton spin relaxation studies in ED are reviewed. The
measurements were made under conditions of brute~force polarization
of up to 40f, Proton relaxation times were determined as functions
of temperature, applied magnetic field and Bz ard impurity cone
centration. Some practical considerations in build: a usable tare
gat are discussed,
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INTRODUCTION

In this comsunication we will outline recent nuclesr magnetic
resonance studies of solid HD and discusa the bsaring they have o
the problem of producing a practical polarised proton target by gtat-
ic methods, The work described is primarily the thesis rescarch? of
Dr. 8. M, Bosler®* and Mr. J. A. Brown.

Conoeptuelly, the ides of atatic or "brutesforce® polarisadion
is extremely simple; one need only subject the protons to a large
encugh magnetic fiell H, at a low encugh absclute temperature 7.

The polarisation P of an assembly of N protons with magnetic monment
M is then given by

P =@, ~ N)/N = tanh( ul/kT) [t}

where N_ and K_ are the numbers of protons parallel and antiparallel
to the $1e1d, A & rough rule of thumb, the polarisation, for vare
ues of P£ 0.4, i» given approximately by PalofT, Af H, 38 expressed
in Teslas and T in mk, It is evidant from this that & magnet in the
10-15 T range and s dilution refrigerator ir the 1030 mk range are

necessary for static methods, Fortunatsly, both these requirements

oan be met by present technology.

Having decided that static polarization is feasible in prine
ciple, we must next determine materisl most suitable as a proton
source, It is unfortunate that solid hydrogen, the most cbwious
cholce, sclidifies only in molecular (Hz) form and the antisymetri-
sation conditions imposed by quantum statistios require that odd mo-
lecular rotational states be associated with even nuclear spin states
and vice-versa. Thus in ortho-H the total nuclear spin is I=i (pro-
tons parallel) and the molecular rotational state is restrioted to
values Jsl,3,5,.50, While for para-lz, Is0 (pretons antiparallel)
and Ju0,2,4,..., At temperatures low enough for appreciable polari-
sation, the equilibrium state of hydrogen is the pare state (the Jsi
and Js0 rotational levels differ in energy by some 86 K). and since
IsD for that atate, para-Hp is not polarizable. On the other bard,
non=equilibrium ortho-fy does exist for long periods of time at he-
1ium temperatures and converts but slowly to pars-Hp (at ~0,6%/br.).
Nevertheless, because of the heat relsassd by the conversion process,
it is not practical to cool ortho~Hs to the wmit region. For these
reasons, Hp is not a suitable -torinl for static polaricatiom,

The situation 15 quite different for salid HD, because the dis-
tinguishability of the nuclei removes the difficulties outlined a-
bave, As & target materisl, HD potsesses a volume denaity of pola-
rizable protons ( 2,7x10%¢ spins/cc) that compares favorsbly with
other target materials and has the obwioua advantage of containing
relatively few extraneocus nucleons, The facters that determine the
practical utility of HD as a target msterial are the proton spin-lat-
tice relaxation time T; and the therml ocontact betwesn the refri-
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gerator ard the sample, T, is affeoted by H,, T and the impurity
conosntrations of Hy and D3. We will investigate the effects of
each of these in the discussion to follow,

APPARATUS

The cryostat is shown schemetically in Fif. 1. The dilution
refrigerator is of a type described by Wheatley?® but it has been
modified to fit into the restricted geometry imposed by the 1" bore
of the supsrconducting solensid, jhh magnet, wowrd vith nicbiume
tin ribbon and homogeneous to ~10=* over the sample volume, is oap~
able of producing fields slightly over 10 T,

Fig. 2 shows the details of the mixing chamber of the dilution
refrigerstor. The HD sample is contsained in a thine od stainless
stes) chamber which in turn is surrounded by the JHe-"He liquid mix-
turs, Soms heat exchange betwesn the sample and the mixing chamber
fluid is provided Ly sintersd copper disks scldered to the imside
and outside of the walls of the sample chamber. Temperature is de-
tormined by thres separate thermomsters, viz.: (1) a oalibrated Speer
carbon resistor (room temperaturs resistance of ~100 ohms), (2) a
powdered copper MR thermometer, and (3) the proton spins of the HD
sample itsel?, The NMR thermomsters are calibrated against JHe wvapor
pressure at tempsrstures between 0,7 and 2,2 K. The resistance and
copper thermometers are in direct contsot with the mixing chamber li.
quid,

FD protun resonances are cbserved with the high.frequency cone
stent-current Q-seter (Rollin) ecircuit shown in Fig. 3. The resomant
circuit consists of a variable length of transaission line termin.
ated at one end by the sample coil and at the other end by an open
ecircuit, Directional couplers are used to drive the line and to mea-
sure its response. The driving frequency (which varies from 60 to
420 MHz depending on Hy) is tened to a line rescnance corresponding
to a voltage standing wave maximum, as observed through the receiving
directionsl coupler. Line rescnances with a Q*40 appear at regular
intervals of =40 MHe in the driving frequency, corresponding to suce
cessive standing wave modes, Thess intervals conveniently cover the
entire frequency renge of interest, Intermediate resonant frequen-
oles, when desired, are achieved by adjusting the length of the trans.
alssion line at the open end, Onoce & line reschance is tuned in, the
nuclear resonance is observed by adjusting H, to the appropriate val-
ue and then modulating the driving frequency, Frequency rather than
field modulation is used to eliminate eddy surrent heating and to ale
lovw the supercondusting solencid to be used in the persistent mode,
The depth of modulation of the carrier as the protons are swept
through resonance can be as wuch as 30% when the polarisation is high,
requiring corrections for nonelinearity and admixture of the dispers-
ive mode in the obesrved signal, These corrections are made by s
computer simulation of the NMR circuit, using experimental parameters
for the line 4impedance, line loss, circult non-linsarities, etc,
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RESULTS

By observation of the proton resonance absorption, we have baen
able to determine that polarizations of >0.4 can be achieved with the
apparatus described., The limiting factor seems to be temperature
equilibrium between the dilution refrigerator and the sample, of which
mors will be said later.

The Ty msasurements are made by cbserving the regrowth of sig-
nal amplitude following saturation. The relaxation sometimes exhi~
bits smal} deviations from exponential form, as has been cbserved by
others .2- probably due to non-uniform distribution of the impurity
molecules, Hz and Dy, Nevertheless, T1 is taken as the time con-
stant of the best least-squares exponential fit to our data. Re-
laxation time measurements range over 5 sec<Ty < 105 sec with RAg=
netic fields varying between 1.4 and 10.2 T,

It has been cbserved Ey ourselves® and others, in HD resonance
work at higher temperaturesy +3 that Ty 1s strongly affected by the
ortho~Hz impurity concentration SouHp The intrinsic relaxation time
of protons in HD directly to the lattice is exceedingly long

at low temperatures and has never besn measured below 10 i, where
this time is of the order cf 10° sec, The direct re tion 1s due
to self«diffusion, which weakens drastically as T-»0.” At helium
temperatures and below, relaxation of HD protons is thought to take
place via an indirect process, in whioh the protons couple to im-
purity molecules in a J=l state (these are present in the form of
:;Hz gng p=Dp), and these molecules in turn relax rapidly to the lat-

ce,”*

Our ED samples contain 1-2f H, impurity and 0.5-1# D impurity.
The concentration of the ortho-Hz and pers-D; (i.e., Jai} impurities
are varied by storing the HD samples at helium tempesraiures and al-
lowing the Ja1 impurities to convert o the J=0 ground state. The
offect on T4 of the storage time is shown in Fig, 4. By adding known
amounts of ﬁz to our saxples, we have determined the ortho-para cone
version rate for Hp to be 0,5740,03 $/hr, in ressonsble agremmnt
with other experimental work.2?

Figs, 5= are plots of our results, Fig. 5 shows the tempers-
ture depsndence of Ty for several values of H, and o-H; impurity con~
centration, In general, the data can be fitted to the forn

Ty =19 oY/1 (2)
where ‘L': ande ars constants. Valuss of o vary considersbly with He,
from ~16 ak at 1.4 T to ~54 =K at 9,9 T. The dependence of &
o Op o however, is sesn to be much weaker,

The relative concentration of o-lz to p-D; also affects the
tempsrature depsndence of Ty, In Fig. 5, the ratio °o-Bz’°p-Dz is
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%3, InFig. 6, Ty vs 1/T data are shown for varying ratios of Jei
impurity cunoontn{icnl. We see qualitatively that the temperature
dependsnce becomes weaker ss the relstive fraction of p-D; increases.

Fig. 7 shows the dependence of T on ot for a numbgr of val-
ues of H,. The points follow a simple power lav T,a °;-l in the
1imit of low concentrations. In Fig. 7, the o-Hz to 2
concentration ratio 4s ¥3, In Pig, 8, similar curves (sll taken
at H =10 T) are showm, but the Jul iwparity conoentration ratio is
varied. It 13 seen that the power law dependence of Ty on %.g; dime
inishes as the ratio °o-Hzl°p.Dg dininishes,

A marked magnotic field dependence of T 1s also evident from
Fg. 7. We bave measured this field depandence directly, holding the
impurity ooncentrations constant, A plot of such data is shown in
Fig. 9. The break in the linsar portion of the curve corresponds to

the deviation of T; from the simple power dependence on Coaliz®
COMPARISON WITH EXISTING THECRY

The problem of HD proton relaxation in the presepoe of smll
oell, impurities has been trsated theoretically by Sung.” He calcu.
1at$s the o-d, relaxation rste dus to the intramoleculsr dipoleedi-
pole interastion in the pressnce of a strong intermolecular elsctric
quadrupole-quadrupole intersction? and a crystal field, The HD pro-
tons are in turn coupled to the o-ly by a rapid, energy-conserving
croas-relaxation, Tho caloulsted depsndence of Ty on 6oy, and B
describes our results in a qualitative way, but qu!n htﬁo agree-
ment is lacicing. For sxample, Sung cbtains T, °;-ﬁ2 a3 compared to
our experiment in whioh the exponent -3.75. The calculat-
ed field dependence is Ty & (aHl +E,)#, where a and K, are constants,
vhersas sxperimentally Ty is proportional to H, at high fields, The
theoretionl) tempsrature dependence of T{ does not seam applicable to
our systes in the temperature and i.qmrity conoentartion regions
coversd, A more complete theory will have to include a temperature-
dependent relsxation mechanism valid in the sk range, wvhich, more-
over becomes more strongly temperaturs dependent as ki, incresses,

STATICALLY POLARIZED HD TARGEIS

The experiments described hare show that HD can be polarised to
signifiocant levels using existing technology. With no change in our
apparatus exospt replacing the present supsrconduoting solenoid with
one that can produce a field of 14 T (which is readily available com~
mercially), a polarisation in excess of 0.50 is possible. Relaxation
times are variable over a wide range; we have ohserved values of Ty
between ~20 sec te over one day.

As mentioned before, the 1imiting factor in our present appa-

ratus is the temperature to which the sample can be lowered. Fig. 10
shows typical ratios of HD spin tempsrature to dilution refrigerater

=349 -



bath tempsrature as a function of bath tempsraturs. Curve 1 shows
cur results when the HD was condensed in the sample chawber by itxelf
and curve 2 shows the §npnrt. ¢ ratio vhen & small amount of heat-
axchange 1iquid (purs “Be or a JHe-%He mixture) was added to the sanm-
ple after the latter had besn condensed into the sample chamber. The
ultimste attainable spin temperature has varied fram run to run {pro-
bably due to variations in how the sample condensed, including grsin
sige, adhesion to surfaces, ets.); in practice, we have found it dif-
ficult to reduce the spin temperature to less than 22 mk, even though
the bath texperature is less than 18 mk, We believe this effect to
be due to a sharp rise in the Kapitea boundary resistance at the low-
est temperaturss,

The samples usad in the present sxperiment are ~0.3 cc in vol-
ume, too small to be of much use as a practical target. However,
dﬂutign refrigerators wuch larger than the one described here are
in use® and could certaindy be ewploysd in large HD target work,

There are several approaches to the actual utilization of a po-
larized HD target., One 1s to maintain the polarization in situ dur-
ing a bsem experiment, The disadvatages here obviously are the pres-
snce of the large H, field and the possibility of beam heating. If
we assume s heating rate of ~2 MeV/particle/cm, then s 3imple calcu-
lation shows that the heat losd on & sample 10 cum long by 1 cm? in
cross-section will be of the order of ~30 erg/sec if the beam flux is
100 particles/om?/sec. A dilution refrigerator operating in the 20
=K range will not tolerate heat loads much larger than this, so it
would not be sesy to maintain the sample temperature in fluxes larger
than ths one given above.

Of course, if Ty were very long (say 23 days), the fact that the
target warmed up to a higher temperature (e.g., 200 =X, whers the re-
frigerator can handle much larger heat loads) worla not be very sig-
nificant because Ty would still be %1 day at that temperature (see
Figs. 5 and 6). We assume hers that rediation damege would not ceuse
a rapld relaxatiun of the proton spins, and indeed, ent radia
damage work? indicates that RD samplea exposed to $1017 protons/
are not intolerably depolarized by the passage of these particles.

Much the same argument can be made for reducing the magnetic
field, onoe pularisation has been established, although hers we have
to be more careful becauss of the strongsor dependence of T4 on Hae
Reduction of 4, by an order of magnitude would cause a @ reduc=
tion of Ty (see Fig. 9). Thus 4n order to have a working Ty of 1 day,
it would Lo necessary to polarize the sample in a dilution refrigera~
tor and wait until the Jel to J=0 conversion causes Ty to increass
from & reascnable starting relaxation time of, eay, 1 hr to a time of
10 days. Only then could the large field be reduced, This procedure
w require some two wesks of continualerunning dilution.refrigers-
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The suggestion that long-T, HD targets be used undts low-field,
high-teoperature conditions was i‘irst published by Honigy " and he has
proposed storirg and using targets at helium tup.ratnr- (4,2K). This
scheme would require exceedingly long values of Tq under high fields
and low temperatures; reducing the field and uis}.r the tespersturs
to &4, 2K would each lowsr Ty by an order of magnitude (see Fig, 9 and
Refs, 2 and 3, whicl. give Tl as a function of T for T>1 X), Before
the prepared target could be used, therefors, Ty would have to be at
least 100 days, requiring some three weeks tc prepsrs the sample., It
seemms questionable whether the advantage of working at 4.2 K out-
weighs the longer producticn time and technical diffioculties involved
with transferring the target (punicu.urly if it 1s made in stages in
a small dilution refrigerator), as comparsd with the in situ methods
discussed above, It would seem that a 4.2K target would find its
best application when bsam heating problems are extreme.

CONCLUSION

We may safely conclude that HD tasgets are, at this point,
largely a matter of engineering; one or the other, if not all, of the
outlined methods should work and the choive of which is to be pur-
sued depends primarily on the user's application. The same i3 true
of the larger question of whether the advantages of HD targets vis-aw
vis other materials now used for targets justify the effort required
to produce then,
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Figure 1. Simplified diagram of cryostat and
superconducting solenoid. A. Exchange gas can;
B. Lead O-ring flange; C. R.F. leads; D, Elec-
trical leads and thermal grounding; E. “He pot;
G. 3He return line and precooler; H. IHe con-
denser; I. 1 K heat shfeld; J. Still; K. Heat
exchangers; L. Mixing chamber; M. Superconduct-
ing solenoid; N. Magnet support.
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Mixing chamber B8

top view
of sompls chamber

Pigure 2. Detall of mixing and sample chambers.
A. Stainless st~el housing; B. Sample chamber;
C. HD NMR coil; D. Copper NMR coil; E. Carbon
resistor; F, Heater.
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Figure 3. Block diagram of electronics for NMR
at 250-420 MHz, The electronics for other fre~
quency ranges are similar.
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Figure 5. Temperature dependence of T;. Values of Tg,
a, Hy and co-Hz are given below. See Eq. (2).

A B [ D E G H
Tg, sec 91.4 136 73.1 86.4 16.8 333 827
a , mR 15 16 44 54 51 57 10
H,, kG 14,1 14.1 63.4 98.9 94,1 98.9 14.1

comi 104 2.9 2.0 3.6 4.8 7.5 2.9 14
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Figure 6. Temperature dependence of T;. The ratio

Co-Ha/Cp.n, diminishes from %3 to vl from bottom to
top curves.
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Figure 7. Dependence of Ty on a-H; concentration
for several values of Hy, with Te50 mK. The curves,
from bottom to top, were taken at H, = 14.1, 63.4,
94.1 and 98.9 kG.
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Figure 8. T depend on o~Hy ration with

Hy = 100 kG and T=50 mK for several values of the

ratio ¢, y,/c,.p,e From bottom to top, the approx-
imate raticos are”l, 2.6, 4.3 and 4.4, Corresponding
exponents of the curves are -2, -3, =3.70 and =3.75.
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for triaiigles,
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Figure 10. The ratio of the steady-state proton spinm
temperature of the ID sample Tyy to the mixing chamber
temperature Thath. Curve 1 represents a case where
the o-Hpz concentration fs 102 and no heat—exchange
1iquid is present. Curve 2 was taken with exchange
11quid present and coyy = 3 x 120-4,
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A. Introduction

The Brookhaven Multi-Particle Spectrometerl is now in an advanced
stage of coustruction. It is a very large solid angle, high resolution
spectrometer employing digitized wire spark chambers in a magnetic

field.

B. Magnet

The spectrometer is based on a large magnet built originally for a
Heavy Liquid Bubble Chamber as part of the MURA project. The magnet has
been modified at Brookhaven, using the coils and most of the steel. The
new configuration is shown schematically in Fig. 1 and pictorially in
Fig. 2. It is a "C" magnet, the only obstructions on the open side con-
sisting of three 8" diameter stainless steel pillars. The size of the
pole region is 4 ft. x 15 ft. and the gap 1s 4 ft. high. The central
field in normal operation is X 10K gauss. 1In order to use secondary
beams from various external beams from the AGS, the magnet has heen
built to rotate by : 15° about a vertical axis 18" downstream of the
upstream edge of the lower pole -- this I8 achieved by a hydraulie
bearing and piston system. The top pole is made up of 6" thick T-shaped
plates with 5" gaps to permit the use of magnetostrictive readout; the
chamber wires extend from the gap up above shielding slats on top of
the magnet where the field is low enough to obviate the need for more

shielding of the rcadout line.
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The mapuetic field has becen mapped at three excitations corres-
ponding to central field values of 10KG, 7.5KG and SKG. The fitting
of the field is proceeding and we expect to have fits which will permit

field integrals to be evaluated with a precision of 1 part in 103.

C. Detectors
It is convenient to divide the spectrometer into three sections in H
order to describe the detectors:
1. Tue region downstream of (outside) the magnet;
2. The region in the magnet downstream of the target;
3. The region near the target.
(1) Region 1
Region 1 contains magnetostrictive readout chambers used pre-
viously in the MKl spectrometer. These are described in detail else-~
t-1hex'e.2 Two large modules (3 ft. x 10 ft. and 4 ft. x 13 ft. active
area) will be used. This region will also contain a large scintillation
counter hodoscope (120 elements each 2-1/2" x 84" z 3/4") and a Cerenkov
counter hodoscope (20 elements each 2 ft. wide x 3 ft. high, Ythreshold =
20). A later addition (1976) wili be a high pressure Cerenkov counter
hodoscope with a threshold of y = 10.
(2) Region 2 i
The downstream two-thirds of the magnet will be occupied by f ‘
plane spark chamber modules to measure the angles and momenta of forward . .
going particles. Two basic types of spark chamber modules are involved. )
One contains four gaps, two with vertical wires to measure the x pro-

Jection and one each with wires at +15° or -15° from the vertical (MX
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module). The other type contains two gaps with horizontal wires to
measure the y projection (MY module).

Fig. 3 shows three MX modules hanging in a storage frame. The
active area at the bottom is approximately 6 ft. wide by & ft. high,
while the overall height of the modules is approximately 15 ft. The
readout amplifiers can be seen at the top of the chambers. Fig. 4 shows
several modules installed in the magnet during a recent test run.

Pig. 5 shows three MX modules plus two MY modules in the mag-
net, The active area of the MY modules is approximately 6 ft. wide x
4 ft. high and the wires are extended out beyond the region of field
inversion to be read out in the region of low fringe field (¥ 100 gauss
with no reversal in the sign of the vertical magnetic field). A typical
experiment will run with 10 MX modules and 8 MY modules.

(3) Region 3

Unlike the other two regions, the arrangement in the target area
is expected to vary considerably from one experiment to the next. Two
totally different setups are under construction. One involves cylin-
drical chambers with the axis of the cylinders parallel to the incident
beam. The wires are wound on mylar foils in the axial direction or to
form a helix with a pitch angle of approximately 43° to give stereo in-
formation, Magnetostrictive readout will be used with the chamber wires
extending to the low field region outside the magnet in front of the
front ghield plate. The diameter of the cylindrical chambers will vary
from % 12" to ® 47". With this setup the solid anmgle approaches 4r.

The other setup under construction is made up of plane chamhers.
A plan view 1s shown in Fig. 6. The main feature of this setup is a

recoil proton detection system on the open side of the magnet. The
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proportional wire chambers (PWC's) will be used to trigger on slow
recoil protons. The other detectors are wire spark chambers with capa-
citive readout. The mass of the detectors has been minimized in order
to get the best possible missing mass resolution. The other plane
chambers shown help to detect decay products from the “forward going"
set of particles. All of the spark chambers are the full height of

the gap so a very large solld angle is achieved.

D. Resolution

We estimate the expected resolution of the various parts of the
apparatus to be as follows: Forward direction, using only the chambers
inside the magnet, 40 % .15 mrad; Ap/p % 0.4% at 10 GeV/c. With addi-
tional information for tracks that exit from the magnet and traverse the
downstream chambers we expect ap/p « 0.2%. 1In the region near the tar-
get we expect A6 ~ 1 mrad, Ap/p % 2% for particles perpendicular to the

field.

E. Beams
The beam currently available for use in the MPS is the Medium

Energy Separated Beam (MESB) from the B target station. The momentum
1limit of the beam is ¥ 9 GeV/c, but K,r separation is expetted to be
poor above 6 GeV/c., During 1975 we expact the completion of the High
Energy Unseparated Beam (HEUB) from the £ target station. This beam
will be capable of transporting 30 GeV/c particles and should provide
ugeful fluxes to 3 25 GeV/c. In each beam proportional chambers will

be used to athieve an incident angle resolution of % 0.25 mrad with
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Ap/p of % 0.2%. Cerenkov counters will be used to select the type of

incident particle required for an experiment.

F. Trigger

Various trigger schemes will be used in experiments with the MPS --
scintillation counter hodoscopes of various sizes are being constructed
as are proportional wire chambers of many shapes and sizes. Details of
the schemes to be used can be found in the various approved and )roposed
experiments but they range from the selection of multiplicity in hodo~
scopes and PWC's (including Vee selection by a change im multiplicity
following a decay space) to a fast digital trigger system using three
PUC's to select missing mass and momentum transfer for slow recoil pro-
tons; a water Cerenkov counter will be used to identify protons. The
various downstream Cerenkov counters can also be used in the triggers.

We encourage the use of very selective triggers ~ say 1/104 beam
particles ~ for low cross sections in order to achieve the very high
sensitivity available with the MPS, 30,000 events per seen pb in 100

hours. This will also reduce the computer time required to analyze the

data.

G. Approved Experiments
1. AGS experiment #557: A study of the § and R reglons; University

of Pennsylvania (W. Selove et al.), University of Massachusetts {J. Shafer

et al.), 2randeis University {(J. Bensinger et al.), and BNL collaboration.
The objective is to do a high statistics experiment (%~ 4000 events/ub) in

selected regions of mass and momentum transfer for the reaction 7 p + X p
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with full detection of all the outgoing charged tracks. Emphasis will
be given to & detailed study of the I = 1 boson résonances in the region
of 5 (970) and the R (1600-1800). This experiment uses the target area
assembly 1 (recoil proton detection) and trigger-selection will be made
by a fast (% 200 nsec) kinematical determination of the forward going
missing mass and momentum transfer. A water filled threshold Cerenkov
counter will fdentify the protons. A trigger-selection resolution for
forward going missing mass of (&M) % 50-100 MeV (FWHM) and a momentum
transfer resolution (At) of .02 (ce\'/c)2 i1s expected (proportional wire
chambers alone). Spark chambers interleaved with the proportional
chambers will be used in the analysis to improve the resolutfon. The
spark chamber systems on both sides of the target and downstream (all
plane chambers) detect the charped decay products of the boson.

2, AGS experimeaf #594 (BNL/CCNY collaboration). A survey experi-
ment with the BNL MPS; a systematic study of the production and decay of
beson resoniances and production of vee particles. 1In this experiment,
forward going strange and non-strange boson spectra from nip, Kip, PP
and pp interactions will be studied in the KK, Kr and Knrn decay channels.
The emphasis will be on t and s dependencies of the production and mea-
surements of the decay angular distributions. K° and A production from
w-p, Kop and Ep will also be studied with the aim of measuring the polazi-
zation of forward and recoil A°'s. The basic trigger selection i3 by
counting the number of charged particles traversing proportional chambers
and thus detecting the decay of a neutral vee. Typical reactions ts ke

studied are:
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ap » Bp

+
Kp »K'p

3. AGS experiment #596: Tests of exchange models in two-body
scattering including f)p annihilations, exotic exchange, and other
reactions from 4-10 GeV/c; Carnegie-Mellon University (R.M. Edelstein
et _al.) and Southeastern Massachusetts University (J.J. Russell et al.).
In this experiment the object is to study several two-body and quasi-
two-body scattering proceasses with a view toward making detailed tests
of exchange models. Reactions included in thils study are those charac-

- + 2
terized by allowed baryon exchange such ac pp TI:TI"', ot ete.,

- 368 -

A
P

it




mp>opr, pe etc., pp* K-K+, KK ete. a study of reactions such

as K'p»pk, Kp> 72, Kp~>Kz", pp~ KK, pp>pp, np KT,
etc. is also proposed (the latter reactions are so-called first forbid-
den as exotic exchange processes). For this experiment the target will
be located in front of the MPS and will be surrounded by a set of cylin-
drical spark chambers. A high pressure Cerenkov counter at the upstream
end of the MPS will identify the forward going secondary.

4. AGS experiment #601: pp + ¥ v° + neutrals near 6 GeV/e;

Brandeis University (L. Kirsch et al.), Syracuse University (M. toldberg

et al.), and University of Cincinnati (B. Meadows et al.). The cylin-
drical spark chamber arrangement will be used (inside the magnet). The
final state of the reaction of interest is two neutral vee's decaying
into two charged particles each plus neutrals, and the trigger selection
will be made using a veto scintillation counter which surrounds the tar-
get and a cylindrical proportional chamber which detects the decay of
neutral vees.
In addition to the above, a further 6 proposals or letters of

intent have been submitted.

H. Comments on Use with Polarized Targets

The MPS is ideally suited for use with a polarized target. The
large solid angle will give the highest possible data rates for a given
target and, in addition will permit the selection of events with the
target polarization either in or perpendicular to the plane of matter
(plus any direction in between, of course) limited mainly by the cryo-

stat and other equipment associated with the target. Thus, in addition
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to the polarization parameter, P, one can envision measurements of the
spin rotation parameters, R and D, porticularly for those experiments
involving A%'s whose polarization can be determined from decay distri-
butions. This is of particular importance in the case where one 1is
studying reactions of the type:

7 + p + (strange boson) + A°

K + p + (non-strange boson} + A°
In this case the atudy of decay correlations, including joint correla-
tions will permit complete determination of the scattering amplitudes.3

In those cases where the boson has spin zero, it is also necessary

to study the reactions with a component of the polarization vector of

the proton in the incident beam direction. H it 1is ry either

to bring in the incident beam at an angle to the horizontal plane or to
rotate the MPS field in the region of the target -- or both. One can
envision rotating the field with superconducting coils as a later develop-
ment at the MPS.

There 1s one obvious restriction on the target to be used in the
MPS. The detector system requires significant changes in order to run
the spectrmmeter with the field reversed from the usual direction -~
basically the necessary bias on the readout wires for the magnetostrictive
readout would demand that the high voltage pulses be reversed if the field
were reversed. Consequently it is highly desirable that the polarization
be easily reversed without a change in the magnetic field.

At present, the most promising target suggested for use in the MPS
is the frozen spin target.l' This target would be polarized in a region
of high, uniform field in the MPS produced by iron poles or field shaping

coils and then moved into the main MPS field for experiments, the
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polarization being retained by lowering the target temperature. Hence
the solid angle would be limited only by the cryostat; careful design
will give full azimuthal average. Polarizations approaching 90Z can be
expected with target m: terials with excellent fractions of free protons.
Also, with this target the direction of polarization is determined by
the frequency of the RF field and hence changes in the direction of the

magnetic field are not necessary.
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Weight

Gap

Central Field

Coils

Power

Cooling Water

Downward Force
at Midplane

Support

Rotation

MPS MAGNET

650 tons

6" wide x 4' high x 1S' long
10kG

14 pancakes, 11 turns ea.
10,000 A @ 240V

400 GPM @ 20°C rise

550 tons (magnet powered)
4 hydrostatic bearings, 30" dia.
on steel plates

+ 15, pivot 18" inside upstream | =

end

Figure 1.
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Figure 2.
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Figure &.
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Figure 5.
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We propose building a polarized proton target which will allew the
large acceptance of the Ml’s1 to be utilized eff.- ively.

This project has already interested a number of potential users.

In particular we have been collaborating with Vernon Hughes and co-
workers in the planning stages of this project. It is anticipated that
a BNL/CCNY/Yaie collaboration, which is informally in effect, could be
expected to develup and provide such a target for the MPS, or alterna-
tively serve as a nucleus for such a project.

It was very clear from our discussions during this summer study
that particle, and particularly, resonance production and decay processes
studied in the MPS would be much more readily end completely analyzed
if polarized targets are employed.

We believe that 1f the large acceptance of the MPS, its inherent
high statistics, high resolution capabilities, and its automatic data
gathering and analysis capabilities were coupled with a polarized target
facility, a large number of obvious experiments could be dramatically
improved.

For example, in any t-channel production process if the produced
particles or resonances have spin, much more information, which is often
critical, can be obtained with a polarized target.

In polarized proton targets previously used in high enrergy physics
experiments, the detectcr acceptance was severely restricted by the
magnet required to continuously polarize the target. This condition, in
general, is not very suitable for an jnvestigation of multiparticle final
states involved in the study of resonance production.

Therefore, in order to more fully utilize the large solid angle of

the MPS, we propose to build a frozen spin target. In a frozen spin
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target the target 1s polarized in one magnetic field configuration and

used for gscattering in another configuration (holding field). In order
for this idea to be useful it is necessary that the proton polarization :
decay with a time constant (Tlp) of the order of at least 100 hours.

Time constants of this order can be achieved in useful target materials

{e.g. 1, 2 - propanediol containing Cr5+ complexes), if the polarized
material is held in a magnetic field of 10KG and at a temperature of
~100 m°K.

We plan to build a propaunediol target system consisting of a
polarizing magnet, dilution refrigerator, NMR polarization monitor,
polarizing microwave source, and the MPS as the holding magnet. The
target size 1s expected to be approximstely 10 cm long x 2 cm square.
M. Borghiniz and co-workers at CERN have successfully built and tested
a propanediol frozen spin target, similar to the one we propose, that
achieved a free proton polarization of 75 - 80%, which was constant to
within errors for a period of approximately 30 hours. The little Q mag- :
net which was used for this system has a niagnetic field similar in nature
to that in the MPS (both have 10 KG fields and similar inhomogenuity).

This target is presently being used to measure P, R and A for the reac-
tion 7 p »> .3

Because we are using propanediol instead of pure hydrogen there is
congiderable background from the unpolarized bound nucleons (bound protons/
free pretons = 4.25 znd bound nucleons/free protens = 8.5), If tve momen=-

tum of all the outgoing particles are determined, then it is possibie to )

reduce the background considerably by utilizing cc vation of tum
and charge. Target nucleons that are bound have considerable fermi momen-

tum so that 1i one looks at momentum balance with the assumption that the
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target was free, one finds a peak (from free protons) with a broad back~
ground. We also plan to use partially deuterated propanediol to give

a target with free deuteron polarization of greater than 30%. This
material also has some polarized free protons (bound nucleons/free
protons = 40 and bouns nucleons/free deuterons = 5.67).

We cxpect to make a polarizing magnet by shimming a part of the MPS
magnet and/or using booster coils that provide a 25 KG field homogenious
to *+ 1 part in 104 over the target volume, In addition to the polarizing
magnet we plan to have the facilities to have a significant component of
the target polarization along the beam direction to facilitate A measure~
ments.

The frozen spln target requires a dilution refrigerator to cool the
target material to *0.5°K during polarizing and to less tham 0.1°K during
the holding operation. We plan to use the refrigerator design developed
at CERN; this unit has a refrigeration capacity of 100 mW at 0.5°K re-
quired during polarization and can cool the sample to the holding tem~
perature in e matter of minutes, thereby reducing the polarization loss
due to relaxation. The refrigerator must be carefully mechanically
isolated from the large pumping systems used with it in order to
reduce heating caused by the cryostat vibrating in the magnetic
field. In addition, the refrigerator must be mounted so that it can be
moved smoothly from the polarizing magnet into the target position in the
MPS while remaining in a magnetic field of several kilogauas at all times.
The target material is contained in the mixing chamber which is surrounded
by the cavity for the polarizing microwaves and the coils for the polari-
zation monitoring NMR system., This refrigerator has a beam pipe for the

incident beam coaxial with cryoastat axis, thereby maximizing the detector

solid augle.
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Nuclear magnetic resonance will be used to monitor the polarization
of the target during polarizing and holding in the MPS field. Because
of the extremely long relaxation time in the holding field, data will
be obtained very infrequently (~ once every 20 min.) although rapidly
compared to Tlp' Since the !MR system will operate at two different
frequencies, it will not be possible to calibrate the system in the con-
ventional way. Instead, the 105 MHz section will be calibrated conven=-
tionally in the polarizing magnetin field by comparison of the signal
when the target is polarized to that when the target is in thermal
equilibrium at a known temperature, Calibration for the 42 MHz section
is obtained by moving the polarized target from the polarizing field to
the holding field, aeasuring the signal and then returning the target
to the polarizing field and remeasuring the target polarization to allow
correction for any depolarization during transport. It would be very
difficult to calibrate the 42 MHz system directly due to the very inhomo-
genious magnetic field in the MPS. The entire system will be computer
compatible to permit on-line data analysis.

A relatively conventional 70 GHz microwave source will be used to

supply the micrcwave power required to polarize the target.
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A caspilaction (s presanted of the ACE vecondary Seam patamciess and
parcicle flumas. Fig. L ehaws tha layout of the ezcundiuly Doans at thr
ACS &0 of June 1974, Sema deratle of the beams frem the GO, A, 8, &°,
C, C*, and D target stations for §97% snd 1975 ore given Ln Pig. 2 amw )
renprctively.

Teble | gives o snmary of the secondary bemme. Fig. 4, %, and &
indicats the . K°, ond § fluxes obtained (n various beame In Lypizal
running conditlons of experiments.

Ralavences on baam preaperties are theae availadle om hand, and w2
efleort s made for complotaness. The coupiliotios will be revise en
nev basme ond mare inforustion become avallable., We velcomr cam U8
and contritutions [rom enperimentecs, «ipecially vith vespect to m ."md
e flunee.

Mt o igh Costay Separpted Rege (or $oie. Pudelg Chagber
Particles k%, p%, =, &

Hemntum range K, 3.9 te 15 Ga¥W/c (flun Limited Delov 3.3 GeVic)
£, 3 co 13 Gevlc (idun Limited abeve 15 EcVic)
n®, te 26 Ce¥/c (fecel strengeh limiced atuve 2+ GoVlc)
n, e 2% GeVie (wmasparsted)
P, te 1% CaVic {waaeparated)
€, 10 te 29 CoV/c (msmentum separetsd)

Nemantum bite 1

Torget location Encermal carget maor § 13

Tevget materiel [ ]

Terget sine 0.2=tn. wide, C.1%-in. wide, 10-1n. lenyg
Preduction angle o*

Solid engle ©C.0006 mar

Separater Threa dallectore

tangth 1%

Purity ;W

- 386 -



e b (sestieved)

Flux/burst (A) Momentus particles/10°¢ Incident protons (et 235 GeV/c)
(Ga¥Wic) »° n” 'y K P
8 N0 2300 70 17 18
190 &100 2000 a5 11 j 1Y)
12 «000 1500 ] 11 5
15 0 4 2
(1)) partsclos/10°* incident protons (at 27 CuV/c)
w 20 200

2% 00 250

Relovences: N.M.J. “eelzche, V.D. Vanderburg, T. Ferbal, snd P. Yamin, in
Summer Study on AGE Wtiltzstlon (Ed. T.E. Toohig), BKL 14000

¢i929).
NM.J, Feeloche, private communicat ion.
Josm 38 - Meding Keevgy Paptielly Sepprated feap
Parciclen { A
Namentun rahge 1.3 to ).1 Gev/c
nemsntue bite 22 (103 1)
Target Jecalivd cl0
Tevget material Soron Carbide
Tatpet size [02ein. high, .Obein. vide, .bo=ta. long at 10° to the
citculating bean.
Freduction angle 10*
Selid angle 0.47 mar
Length 1788-1n.
Bcas alie ~ 0.8=(n. dlametor st exparimenter’s target
Scparaters 2 wlecirestatic soparstors
furtey £ Jother o 0.5
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Beam 3A (continued)

Flux/buret

Momentum Particles/10'% circulating protons
(Gev/c) ' K P

1.3 3500

1.6 15000 8200
1.8 28000 13000 17000
2.0 50000 22000 29200
2.2 L3000 33000 42003
2,4 /5000 58000
2.6 103000 70000

Refersnces: 8. Barish and T.F. Kycia {preprint).
S, Mori, D. Lszarus, Y.¥Y. Lee, private comsunication.

» Medi
Particles
Homsntum range
Momentum bite
Target location
Target material
Torget nize
Proiuction angle
Solid angle
Langeh
Separatora

Purity

Flux/burst

IR IR S S E

Ner, Arcially Separated feam

«*
1 to 2,5 GeV/c

21l to 232

clo

Boron Carbide

.02+1n. high, .0k<iu, wide, .64-in. long at 10° to the
circulating baam.

10°

0.47 wsr
1522=1n,

2 electrostatic separators

n* /K 1=4
o -4
nip 1-15
Momentum Particles/10'® circulating protons
(Gevie) K K H
0.8 500
1.0 950 1700
1.5 11000 7500 12000
2.0 30000 20000 25000
1.4 5000 22000 40000
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References: B. Barish and T.F. Kycia (preprint).
J.X. Yoh, et al., Phys. Rev. Lottera 23, 506 (1969).
Y. Nageshims, private communication.

Leam €A - G10 4.7 fsutral Beam

Particles K:
Momentum range 3 to 10 Gevic
Target location Gl
Target caterial Boron Cerbide
Target sice .02-4n, high. .04-in. wide, .64=-1n. long uc 10° to the
circulating bemm.
Production angle 4.7°
Solid angle 3.09 usr
Lengzh 190=-f¢.
Flux/burst Momentum xblurl(‘.evll:lcucuhun‘ lflll()"‘ circulating
(Cev/e) proton at Gl0 tarpet protons at detector
3 0.025 39000
4 0.026 48000 !
5 0.023 46000
6 0.020 %2000 .
7 0.013 28000 .
8 0.008 18000 ;
9 0.005 11000
10 0,003 7000

Total 2.4 x 10 K,

References: 1.W. Cromin, in Possible Beams snd Experiments for a High
Intensicy AGS (Ed. L.C.L. Yuan), BNL 7957 (1%64), p. 44,
also private communicatlon. .
E. Engels, private communicstion.

Beam 6B - Medium Energy Test Beam

Particles o, p (unseparated)
Nomentum range 2 to 17 GeV/c ’ ;
Homentum bite s i
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32 §) (conrinved)

Target location Glo
Target material Soron Cardide
Tagget size ¢.02-4n. high, 0. Olo-m. vide, .6e-tn. long at 10° to the
elnullth;
Productics asgle %.7°
Sol1d angle 9 e
Beam size 34 in. horizontal, 2-3 in. vertical
Plux/burst Homentus Pacticles/30'® circulating protons
(Gav/c) »' )
[ 10 9 = 1O*
12 2.5 » 30° 7 x 10¢
17 2x 10 2x W

Remarks: .'IMI i{s the manisum somentus band tramraitted. Under normal
condicions the momentus defining spercure cz will be reduced
20 that the beam flux corresponds tu the requicesenzs ol the
Radiacion Sefety Committer.

n““ 10 dependent upon thy: callimator c‘ at the input to
quadrupole °I' The tigure glven here iv for the collimator
iastalled for Exp. 356 in the neutral beam. An ecceptance
of 130 usr ie actajmable wich no collimstor.

References: T. Blair and D. Lassrus, EPSS Tech. Hote 48 (1972).
D. Lazarus, private comluaisazinn.

Saam 74 = GLO 20° peyces? pegw

Farcicles u:

Hossutus range 1 to & GaV/c

Target location 610

Target materisi Borun Carbide

Target sine 0,02=%n. high 0 os-m. wide, .64-in, long at 10° to the
elrculatlng

Froduction angle 20°

Solid angle ~ 0.07¢4 war
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Moment e x:/unoo MeV/c per 10°

(Gev/c) circulating protons
1.0 0.63
1.2 1.55
1.6 2.12
1.6 2.07
2.0 1.55
2.4 1.01
2.8 0.63
3.3 0.27
3.8 0.16

Reference: D. Nygren, private comunication.

2eas 78 . €10 10° Test B

Particles
Namentum ramge
Homentum bite
Terget location
Target material
Target sise
Production angle
Solid angle

Flux/burst

"t. ‘t' '!' D, T, “:' “:
0.8 to 3.3 GaV/c

+ 12

clo

Boron Carbide

0.02-4n. high, 0.04~in. vide, .64-in. long at 18° to the
cgrcullung bean

18
9.1x 10™ or
Particles/1.5 x 10*?
Nomentus circuleting protons .
(Cevic) [ n n K K

1.5 $S7000 54000 50000 8300 1700
2.5 22000 13000 14000 3600 1190
3.3 9000 6500 5000 1700 370

(Gev/c)  p/n” p/n”  DIv*  1/m i W/

1.5 1.0 0.003 0.02 0.001 0.0002 0.02
2.5 1.2 0.005 0.03 0.001 0.003
3.3 1.5 0.05 0.0005

Referancee: A.S. Carroll, et el., Phys. Rev. Letters 20, 607 (1968).
C.L. Wang, Phys. Rev. Letters 22, 1011 (1969).
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Ress Bl - High Energy Chyrged Joap

Particles n®, &%, p*
Homentum rasge 6 to 26 GeVlc
Momsentum dice Varlgble (at the firsc fucus, ap/p = 1 1.22

with ¢ 374" momentum slit)

Target location B station
Tacget maverial Be 2" % 2" n 6" A" e 06N x 2" .05 diam x O
and size
Hepght Wideh Length Angle
Cu (trapiscidal) N U ™ o°
Heavymet (trapizoldal) G4 .1 2 [
2Ok .1 4 'y
N I | &4 6 (w/heat sink)
06 .1 (] [
Production angle o®
Solid aagle ~ 0.3 st
Length 3000-1n.
Flux/burst (1) Rased on preliminary dats from Pennsylvania Group

(Exp. 355, 635) ~ 2 x 10° particles at any aomentun
by varying the mowentum slit
Approximate composition
Momentim " K :p "R P
10 Ge¥/c .4% .01 .50 .98 .013 .COS

20 .028 .003 97 .93 .706 .0002
(2) Based on Sanford-Wang curves {(BNL 11299 and BNL 11479)
Homsntum " K $/10*% tacident protons
6 CeVle 1.3x10° 2x10° 1.9 100
12 1.1 x 10° 2 x10° 8.7 x 10*
18 2.1 % 10° 1.8 x 10 6.0 x 10°
2% 2.4 x 100 2.7 x 10° 10
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- Mod ad
Particles x*, .

Homentus resge K, 1.5 to 6.7 GaV/c
#. 0.5 €0 9.6 Gav/c
n, 0.8 to 10 GeV/c

Homsntum bite s 2.2¢t0 3 3L

Target location B station

Target material Height Width 1ength

and stze Se 06 A" &

.06 ol 2

Cu b .1 2
] R .l 2

Production sagle ¢ (phate 1)

»* (phate 2 - for this later phase, parcicle flunes
et higher sonastus will be incressed).

Solid angle 92 - 2% usr

Separator 2 electrostatic sepursters

S«an sige ~ G.6vin, diametor at experimenter's tarjet

Length 3182-1n.

Fiux/burst :-:_ 7 3 - f‘:'.dm:- . “'/:oll‘..
(CaV/c) terocting

protens ;
2 6.7210° 5.2x10° 1.7%10° Sx10® 2.3x10° 3.4x10"
5.2010° 7.0m10° 1.4m1C* 6.8x10° «.2400F 4.Gai0"
9.2 6.ux10 3.7m10° 1.9x20% 4.8518% 4.1n10
7.6x1  S.5xi0®  2.3x10° 8.6xl0* 4.2x10° 3.3x1C" !
s.6xlC® 4.0210° 1.amlc® 4.3x10° 3.1x10F 2,310 ’
2.710* 1.7x10° «.9%10% 9,1x50%
v 1.0x10* 7.0x10*

. 0w > W

Refarences: A.S. Carroll, in Susmer Study om ACS Utilizstion (Ed. T.E. Toohig), BNLi&000. :
J1.p. Fox, EP&R Divieion Tech. Kote No. 38 (1970) i

! J.D. Fox acd C.T. Murshy, SNL 16916 (1922), BNl 18527 (197). H
; C.T. Murphy, EP&S Division Tech. Note No. 59 (1:73), No. €2 (1973). i
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Parcicles
Homentum range
Target locstion

Target materisl
and pize

Froduction angle
Sol$d angle
Length

Flux/burst

Daf . Prelisi

autral Beam

RBeqn B5 - P Station N

o o
Rk
3 to 10 ceV/c

B* scetion

ir 0.1" diam. x 3"

4°
360 usr (KD), 98 per (Kg)

16-£t, (KO) and 12.5 -fc. (K3) from B' target to the
beginning of decay volume. “Length of decay volume 10-{t.

Moment un far/cevic/ 1(1=3)x10** fncident
(Gev/c) incldent proton '}:cton at detector

3 017 5.7 x 10°

[ 017 6.0 x 10°

5 .015 5.3 x 10°

6 .013 4.7 x 105

7 .009 3.1 x 10°

8 .005 1.7 x 168

9 .003 La x 108

10 002 0.7 x 10°

Total 2.9 x 10° %

y data from Princeton/U. of waes. Group (Exp. 572),

private comsunication.

11l Bon
Particles
Mesn momentum
Momentum bite
Terget locaiion
Tatget caterisl

Target aige

“t

5.8 and 7.) GeV/c (wowentum range 5=9.5 GeV/c)

The beam is modified to extend the momentun up to 12 GeV/c.
& 10%

C atation

Cu

0.1=in, high, 0,2-in, wide, 1.5-in, long
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N Beam C1 Muon Besm (concinued)

, Horizontal spread (at target) £+ 2.5¢cm {
Vertical spread (st target) + 1.8 cm }
i Tagging efficiency ~ 60% f '
sp/p for tegged muons 1.5% 3 )
(t.l.l.)AB‘-(l‘.-.l.)uey for tagged muons 102 radisns ,
(c.m.8.)0% = (r.m.s.)oy for tagged muons 2.1 am
Pion contaminstion <5 x 107
Beaw/halo 2/1
Flux ~ 10 /10*2 protons on target

Reference: A. Entenberg et al., Univ. of Rochester Report, UR-469,

of the last quadrupole

C00~3065-68(1973) . :
Beam C2, C4 - Lou Energy Separated Beam L
Particles K, p, ot ;
Nsximum momentum 1.1 Gevic , .'
Momentum bite z (1-2)%
Target location Terget station 'C'
Target material Cu (0.1-in. high, 0.2-in. wide, &4.1-in. long)
and sige Ir (.2=-in. dians. x 3-in,) »
Production angle 10.¢°
Solid angle 2.64 msr .
; Separator 1 electrostatic separstor I
i Length 580-in, " :
“ Beam »ize 2=1in, wide, l=-in. high (FWNKM) at 66-in., downstream L
i
|
i

E -~ 395 ~




Beam C2, C4 (vontinued)

Flux and purity Target % Flux Purity

Cu

Ir

Momentum Particles/10'¥
(GeV/c)  incident protons

K X p Wi KT
217 .S 5.0x16° 18 360
.6 8.8x10¢ 2.7x10° 280 26 56
.8 4.0x10° 9.8x10° 1300 7 13
1.0 1.0x10° 3.7x10° 3400
1.1 5000
22% .7 4.2x10%
.75 2.5x10°  &.0x10°15000 2.5 10

References: J.D. Fox, EP&S Div. Tech. Note No. 7 (1967) and No, 20 (1968).
M, Zeller, L. Rosenson, and R.E. Lanou, Jr,, in Sumser Study
on AGS Utilization (Ed. T.E. Toohig), BNL 16000 (1%70).
A.S. Carroll et al., EP&S Div. Tech. Note No. 54 (1972),
No. 64 (1973).
5. Swith, D. Cheng, private commrunication.

Beam C3 - Hyperon Besm
Particles

Momentum range
Momentun bite

Target location
Target material
Target size
Production angle
Solid angle

Length

L, 8.

17 to 26 GeV/c

+ 0.5%

C' station

Be

0.1-in. high, 0.2~in. wide, 10-in. long
o°

22 peor

172=in.

wip”

470
68
17
1]

o e TTRLAE



SN

Beam C3 {continued)

1
Flux detected/burst m;:;n f;::::::r; :g: - &/, 1gger @) yerected
19 12 7.4x107
20 28 2.5x107%
20.5 2,85x107?
21 56 6.9x10™
22 88 1.4x1072
23 121 3.1x107?
24 180 9.4x107°
25 160 1.4x1072
26 105 1.6x10"2
Yicld £ production ratios and forward £ production

laboratory cross sections for protons on beryllium.

Secondary
Momentum
GevV/c

17.75
18.75
19.75
20.75
21.75
22.75
23.75

17.0
19.0
20.0
20.5
21.0
22.0
23.45
25.0
26.0

£m
25.8 Gev/c Incident
0.32910.042
0.465:0.048
0.6691+0.067
1.08 10,077
2.41 40.14
2.85 30.14
21.91 1.4
29.4 GeV/c Incident
0.18510.011
0.26320.016
0.37440.022
0.38020.021
0.46340.028
0.64810.037
1.19 0.07
1.72 40.16
2.62 10.16

mb
Protons

Protons

& ofdp dan
(sr GeV/e)™2

14.4
13.3
12.0
11.7
14.9

9.4

4.0

25.3
19.0
19.0
16.3
16.3
15.3
15.0
m.1

6.0

Reference: V. Hungerbuchler et al, Phys. Rev, Lett. 24 1234 (1973),
Ruclear Instr. and Methods 115 221 (1974).

- 397 -

121.8
2.4
1.2
40.8
0.9
10.5
10,2

1.5
1.2
zl.1
1.0
+1.0
20.9
0.9
0.9
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Beam U Wide Bend Neutrino Beam

Particles
Energy

Tacget location
Target material
Target sice

Leogth

fptice

Flux/burat

Remark

v, v
Peaked at ~ 1.5 Gev

U station

Sapphire

Diameter 0.5 cw, length 45 cm

7, K decay region ~ 208-xt.
v filter ~  96~ft, iron
from target to bubble chamber - 336-ft,

3 magnetic fingera focusing pions and kaons toward
the bubble chamber

Enexgy Neutrinos/{interacting proton-meter”-Gev)
{GeV) (averaged over 70 cm radius area)
.S 3.5 x 107
1 9.5 x 107
1.5 L4 x 107
2 1.1 x 107
4 2,2 x 107
6 3.7 x 10°°
8 1.3 x 1072
10 6.8 x 107
12 3.6 x 10

Recent estimate shows that approximstely 1.5 timcs
more flux than given above can be expected.

Reference: N.P. Ssmios, R.B. Palwer, W.B. Fowler, and R.1. Louttit;
AGS Proposal #A-427 (1967).
BNL neutrino besm group, private communication.

Distribution: B2
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TABLE 1

SUMHARY OF AGS SECONDARY REAMS ;
Production Solid Momantum Momantium
Separated Beams Angle(degree) Angle{msr) Bite(Z) hnle‘&vtcl Fl
c2, C& 10.5 2.64 2-4& 0-1.2 5.6x1C° K at 750 MeV/c
1 10 47 26 1.3-3,2 2.2x10° K at 2 Gev/e
B2, M 6 L092-.294 4.4 -6 1.5-9 4 x 10° K" ac 5 cevic
Neutrel Pegme
6 4.7 .003 wvide band 3 - 10  2.4x10° :.; betwean
: 3-10 Sevlc
»s 4 .36 wvide band 3 - 10  2.9x10° r.; betveen
3+10 GeVZec
v vide band 0.5 - 12 e x 10" vat 1.5 Gev
Unseparated Deggp
2 0 .3 2.6 6 -2 ~10° n at 12 GeVic ;
Al HEUB - mid 1975 !
Specisl Soame
c1 20 5=-9.5 10,
c3 0 022 1 19 - 26 300 & at 25 GavV/c )
P
v
i
by
gk
B
PR
i
1
b
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NUCLEAR INSTRUMENTS AND METHODS 124 (1975) 1-10; © NORTH-rfOLLAND FUBLISHING CO.

RESISTANCE OF SOLID HD POLARIZED-PROTON TARGETS TO DAMAGE FROM
HIGH-ENERGY PROTON AND ELECTRON BEAMS®

H. MANO and A. HONIG
Syracuse University, Syracuse, New York 13210, U.S.A.

Received 6 November 1974

Solid HD samples, suitable for use as polarized proton targets by
virtue of aheir low ortho-Ha and para-D: impurity concentra-
tions and consequently long proton sninelagtice refuxation umes,
TP, were irradiated in tae 10.5 GeV' enternal beam of ths Cornelt
clmron synchroron and in the 28 GeV enr.mcd proxon beam
of the AGS h at Brookh

No direct beam-induced depoiarizanun of the pm:ons in HD
was observed for integrated particle Ruxes up to 103 ¢m?, The
oroton besm exposure resulied in a spin-lattice relanation rate.
Ik of 09x10-1447! per unit integrated flux tic. per
particle’em?), and the electron buam exposure led to a salue
about 30% higher, due mostly to the production of secondaries,

1. Introduction

A proposal to use solid HD as a novel type of polar-
ized proton (and deuteron} target’) was based Jargely
on the spin-lattice relaxation properties®®) of solid
HD containing small concentratioas of H, and D,
impurities. A detailed series of studies of proton spin-
{attice relaxation times. T}, as a function of ontho-H
concentration were carried out**) at magnetic tields
between D-12 kOe and temperatures ranging from 0.4
to 10K, and further measurements have been repor-
ted®") at magnetic field strengths up to 100 kOe and
temperatures down to 24 mK. where proton polar-
ization§ of =40% have been obtained. Because the
ground rotational state of HD has zero angular mo-
mentum (Jh=0), T} of the protons in pure HD is
extremely long in the liquid halium temperature range.
ai least of the order of days, and the presence of a small
H, concentration controls the HD proton refaxation
rate, The protons in the symmetric nuclear spin state
(ortho) variety of the H, impurity, for which /=1 in
the lowest rotational -tate because of .the Fermi-
Dirac statistics obeved by protons, relax efficiently
through a bi-molecular quadrupole-guadrupole inter-
action coupied with a spin-rotation interaction®), and
this relaxation is ferred to the p! in HD
through the rapid proton spin-spin relaxation mecha.
aism. A polarized proton target is obtained by utilizing

* Rescarch supported in part by the National Science Founda.
tion

The T} recovers neztly to its original long value when the sample
is melted and refrozen after ieradiation. indicatng that the
prencipal contribution to (7{'45] comes from radicals such ax
atomic H or D and not from symmeiry species conersion
induced by the beams. After irradiation. annealing of the
dainage centers was ohsened at 4.2 K and 4.7 K by monitoning
(Thne as 3 function of ume. These experiments suppon the
Proposed usage, of tempesatures between | and 3 K. of pure
sohd HD with long T} as a metastably highly polaruzed proton
target for high energy physics expenments at pasticle Huxes up
to zbout 10t panucles'cm?s.

asmall ortho-H,; impurity concentration to bring about
equilibrium at a high magnetic field and very ‘ow tem-
perature {e.g. 150 kOe and 0.012 K yields an equili~
brium proton polarization of 85%). and waiting under
the equilibrium condstions for suRicient ortho~para
H, conversion to occur so as to eliminate the HD
proton relaxation thercby lating the
proton spin system from the lattice, even at | K or 4 K.
Thus, experiments can be performed with metastably
frozen-in polarized protons in the convenient {—$ K
temperature reglon. requiring only liguid helivm

fant and a g field of no special
magnitude or h ity. The optimization of condi~
tions for operating the target depends on the tem-
perature and magnetic field dependence of TH(o-H.)
as a function of the ¢ i of ortho-H,
(0-H,) and para-D, (p-D,: J=' ground rotational
state), which has previously been discussed*-*) and will
be presented in a forthcoming paper in more detail.

The principal uncertainty as to the economical
application of the method has been the rate of deterio-
ration of the isolation of the metastably spin-polarized
protons due to radiation damage caused by a high
cnergy particle beam in the course of an cxperiment.
Since iderable effort is exp d in producing these
samples (maintaining them at millidegree temperatures
and high maguetic fields from one to two weeks), the
feasibility of the target depends on how long it remains
effective under bombardment by the experimental high
energy particle beam. If it should be depolarized due
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to radiation damage when exposed to 2 small integrated
flux, the iatio of particle utilization to sample prepa-
ration time could be too small for profitable usage. In
the experiments reported in this paper, the degradation
of polarization for known high energy electron and

P was d. and the results in our
oplmon support the utility of solid HD polarized
targets for high energy experiments derived from
proton accelerators, and perhaps for some limited

experiments derived from hlgh energy electron accelcr-
ators. In addition, the rel

by the particle beams was clarified and other factors
related to use of HD as a polarized target were inves-
tigated.

2. Experimental srrangements
Because measurements had 10 be made over an
extensive time period both before and after the high
energy particle beam irradiations, the app were
made completely portable. Fig. 1 illustrates schemat-
ically one of three identical cryostats which were con-
structed. The multiplicity of cryostats allowed several
samples differing in impurity content to be observed
and irradiated during the same lengthy time period.
The dewar used was a Superconductivity-Helium
Electronics Corp (S.H.E) vapor shielded model
(VSD:-850), which retained tiquid helium without use
of a tiquid N, shield for approximately 18 h, with all
the apparatus inserted. The long retention time was
important for those experiments in which the samples
had to be kept continuously at liquid helium temper-
atures, sometiees for mare than a month prior to the
irradiation, It was afso desirable in principle to be able
to make the trip to and fiom the accelerators without
trausferring liquid helium on the road, although we
were equipped for this eventuality and made use of it
in one instance. Despite the apparentiy fragite design
with total support for the inner dewar at only a single
joint at the bottom, approximately SM0 dewar-miles
of transport were successfully undertaken with only
one instance of breakage. Each appatatus had its own
persistent current mode operating superconducting
solenoid®), which was usually operated at between 1.5
and 3 kOe. An additional coil capable of providing
peak to peak magnetic fields of several oersteds was
used for ic field modulation at a modul
frequency of 850 Hz, Crossed cuils orthogonal to
each other but not to the axial magnetic field were
wrapped about a cylindrical teflon form which en-
closed the sample, and served as transmitter and re-
ceiver for the I (NMR)
These p are readify discer-
nible in fig. 1. The transmitter was driven by a General
Radio type 1211-0 unit oscillator which was frequency
swept through the resonance with a motor drive. The
was turted with an external capacitor and then

Fig. 1. § i ing of the used for
and NMR experiments on solid BD. Coils sho\m in mner

decoupled from the external cable capacitance with a

(liquid *He filled) dewar are Nb-Ti

dulation coils and 1 NMR transmitter and receiver

coils, from outsids to center of dewar, respectively. Solid black

rectangles close 1o axis of inner dewar are temperature sensing
carbon resistors.

Tek P6045 FET probe with type 1121 amplifier.
In this manner, resonance could be monitared remote-
ly at distances of over 30 m, ample for monitoring
resonance during particle beam irradiations. Upon
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fmquency sweeping the mmsmmer. the recewer oulpu(
hibited a broad jated with
the tuned receiver coit circuit. Thc external capacitor
was adjusted so that the much narrower proton reso-
nanoe signal occurred at the peak of this broad instru-
mental resonance, and since the superconducting
magnetic field in the persisteat current mode drifted
less than 0.05%/h, no adjustments had to be made for
time periods of many hours. The magnetic field
strength was monitored using the fluorine resonance
signal from the teflon coil form. The background
proton signal was very small, and varied from run to
run. It was due to slight moi cond
the sample region during insertion of the HD 'amplc
into the cryostat. Characterized by a short T,(£1 s),
it could be readily subtcacted from the HD proton
signal. The sample was contained in a glass holder in
the form of a § 1 eylindrical bulb astached to a long stem
of about ) m length and 0.40 cm inside diameter, as
seen in fig. |. The samples were filled with HD to
pressures, at room temperature, between 270 terr and
340 torr. Thus, ai a typical sample pressure of 300 torr,
the sample condensed at liquid helium temperatures
to a verzical length of about 1.3 cm at the bottom of the
glass stem. Condensation was produced by siowly
towering the sample tube through the sliding o-ring
seal at the top of the cryostat, first producing hquld

sion time necessary for a change of stope of 7! with
respect to conversion time®).

Four samples were used in the irradiation exper-
iments. For reasons telated to their histories, they are
denoted by 1, ¥, 17, 3°. The samples denoted by a
single prime superscript were irradiated at the Cornelt
electron synchrotron and those with double prime
superscripts were ircadiated at the AGS proton syn-
chrotron at Brookhaven National Laboratory (BNL).

At the Cornell electron synchrotron, a 10.38 GeV
external electron beam was defocussed to about a
2cm high by 1.5 cm wide beam, consisting of about
10° particles per 0.1 ms pulse and 60 pulses per second.
A fluorescent screen with cross-hairs denoting the
position of the center of the HD sample was fixed to
the dewar outer surface and monitored with a vidicon,
enabling the beam to be aimed properly at the HD
sample. 1n addition, a glass plate was positioned in the
beam and the darkening due to formation of radiation
induced centers was later monitored with an optical
densitometer to obtain the bsam profile. This result,
together with a count of the total num*.r of particles
determined with-a sccondar\ cmission counter which
intercepted the cnme beam, allowed the computation
of the average integrated tlux { on the sample
At Brookhaven National Laburalor\ IBNL)Y 1 28 (JeV
extracted proton beam about 2.2 cm high and 1.3 cm
wide ining 2 x 10! p:miclcs 0.7 s straggled pulse,

HD, and then solidification. Temperature indic:
carbon resistors facilitated momlonng the corden-
sation rates, which were “calibrated™ by condensing
the sample in a glass devar set whose interior was
visible. In this marmner, a reproducible condensation
procedure was formulated. This of sample
handling kept air and water vapor out of the cryostat,
allowed the sample to be annealed in the solid swate.
melted, or vaporized without removing it entirely
from the cryostat, and permitted rapid transfer from
one dewar to another: this latter feature was especiaily
useful when a large external storage dewar was used
for ortho to para H, conversion over long time periods.
The HD was prepared’®) by reacting LiAIH, with
D;0 and then double distilling'') the sample |n a

and 1 pulse 2.5s. traversed the sample. This was just
under the beam intensity at which the Nb-Ti super-
conducting solenoid quenches. The beam was aguin
aimed with the aid of a fluorescent screen monitored
by a vidicon. The total particle ilux was measured with
a secondary hamber in hard v and the
value was corroborated by measuring the activity of
polyethylene foils placed in the beam. The values agreed
well, and the latter also yielded the beam profile along
vertical and horizontal axes through the center of the
sample. This permitted computation of the average
integrated flux incident on the sample.

Proton relaxation times in the HD sumples, T, were
determined by fitting the N\IR signal amplitude after

liquid H, cooled cryostat'?) contai a

packing. Middle fractions were used to ‘minimize the
H,; and D, impurity concentrations. The fractions
tesulting from the first distillation were analyzed with a
commercial mass spectrometer, capable of discrimi-
nating parts per thousand of H; and D, in HD.
However, the resolution was no longer adequate for
the second distillate, and the initial normal H, and D,
(n~H; and n--D,) concentrations were estimated
respectively fcom the initial 74 value and the conver-
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sawration to an exp gm\\'(h function. By

intaining the sup gnet in the per-
sistent current mode, full amplnude NMR signals for
specimens with long T} values were obtained without
difficulty. Unless otherwise specified, 7' values in this
study are measured at 4.2 K. Because signal noise ratio
was compromised in favor of necessary features of the
apparatus, values of T} are generally reliable only to
+ 15%, which is, however, quite suflicient for the pur-
poses of these experiments,
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3. Experimenta! results
3.1, ELECTRON BEAM IRRADIATION EXPERIMENTS AT
CORNELL SYNCHROTRON
An objective of these experiments was to measure for
a known integrated beam flux the radiation induced
proton relaxation cate, (714, in two samples of HD:
a pure one {(sample 1°), and a pure sample doped with
1% 0D, (3'). The D, doped sample comparison was
jertaken b it is possible that D, doping
might be useful for producing an optimuin target. It
was also desired to establish that no spin-heating of the
polarized protons of the HD occurred from direct
({independent of the lartice) interaction with the high
energy beam. Furthermore, we wished to determine
whether the (T)7} was the result of radical formation,
such as atomic H and,or D, or the result of beam-

” -F?

1 t 1 L
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Fig. 2. Distribution of 10.38 GeV eclectron beam integrated

flun with respect to center position of HD sample 1°, Ordinate is

measured optical density of 0.9) mm thick glass plate which was

in beam path. Atrows represent physical extent of the sample
slong each dimension.

induced conversion from p~H; to o~H, (oro—D,
to p—D,;), a mechanism which had been suggested in
connection w*h S°Co irradiation of HD 2). For this
fatter purpose, the sample after irradiation was to be
melted and resolidified by raising it above the liquid
helium level for approximately a minute and then
reinserting it completely into the cryostat, a procedure
we denote as tes. perature cycling. If (T3] results from
para—ortho H, or ortho—para D, cvonversion. the
(T2 would be expected to remain unchanged after
temperature cycling, since temperature cycling com-
pleted in the order of minutes produces very little
conversion among symmetry species. However, if
radical or atomic species formation were responsible
for (T1);; 4. the temperature cycling would “unfrecze”
them, (T¥);;} would be markedly decreased®’). and
the observed T should return near to its value before
irradiation.

The 10.38 GeV extracted efectron beam from the
Cornell synchrotron appeaced on the vidicon to be
approximately oval in shape and about 2 cm high by
1.5¢m wide. The integrated particle flux incident on
the sample was determined by measuring the total
number of particles in the beam using a secondary
emission monitor. and determining the distriution of
integrated particle flux over the sample from the subse-
quently measured optical density as a function of
position on glass plates which were placed in the beam
path. It was assumed that the optical density was
linearly proportional to the incident particle deasity,
and by reneating oplical density measurements over a
period of severa) days after the high energy electron
beam exposure, it was ascertained that very little
bleaching occurred after the exposure. In fie. 2 a
typical pair of curves of the optical density xdy[2d,=1n
(fraction light transmission)) vs vertical and horizomal
displacement with respect to the sample, are shown,
The sample dimensional extent is indicated by the
arrows, From these curves, we were able to determine the
average integrated flux to which the sample was exposed
by calculating the time averaged beam flux, (Pa(x.5)).
integrating it over the sampfe area, and muitiplying
by the exposure time. For sample 1, this was 8.5 x 10*?
particles/cm?, and for sample 3', it was 8.4x10'?
particles/em?®, Despite the few millimeters separation
of the peak intensity position of the electron beam from
the geometric center of the HD sample, the inhomo-
geneity in sample beam exposure was less than 50%
from the mean valuc, and reasonably exponential
spin-lattice relaxation processes were observed.

The history of sample 1’ is illustrated in fig. 3. From
the initial T} value and small slope**) (0.14 In units;
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day) of the conversion curve prior to the electron
irradiation for all but the first Sve days of conversion,
the initial o—H, and p-D, com:enlratlons are

For the first 10'*/cm? integrated flux incident on the
sample, it was observed that no direct depolarization
was produced by the electron beam. After that dosage,

estimated as ~5x107%and ~4x 10”7 resp
It is noteworthy that at 4.2 K, a value of 1 d for T”

the nucl was d with rf power so
(hat proton relaxation could be subsequently observed.
ple 3, which d of a pure fraction of the

was easily hed for this with no evid

of another relaxation mechanism entering the picture.
Immediately prior to the electron irradiation, the

value of 7Y was sbout 3 x 10 s, somewhat shorter

distillate doped with 1% n—D, impurity, had an
initial T} of 30's and showed a complicatec 7% growth
behavior with ion time, a whose dis-
ion will be deferred for a fusthcoming publication

than its maximum value by of some fation;

of samples among dewars. This value is actually more
convenient than a longer one, because a full polar-
ization could have been established within about a day
if a cooling failure occurred before the scheduled
irmadiation time. After exposure to 8.5x10'3.cm?
electrons, it is seen in fig. 3 that T drops to 930,
yielding & (714 of (960)~* 574, or a (TH);4 per unit
electron integrated flux (i.e. per electron cm?) of
122107 '% 3", The was then temp

since it is not of central concern here. This sample
underwent H; and D, symmetry species conversion
for a length of time which brought its 7% prior to
irradiation to 1.5 x 10* 5. After exposure to an electron
integrated flux of 8.4 x IO” cm?, T was measured to
be 980s, yielding (THhn{ of (1050)~'s~!, and a
(That per unit electron integrated flux of 1.13x
10°"¢ 5%, within experimental error of the value for
le 1’. From this, we conclud: that very linle

cycled, alter which T% rose to 1.15x 10* 5, more than a
factor of ten larger than 7} immediately after the elec-
tron irradiation, From this. it can be concluded that at

ortho—para D, conversion is induced by the high
energy electron beam, since sample 3’ contained more
than 100 times the o— D, concentration of sample !’
| d of temp cychng this sample, (75155

least 95% of the decrease in TV after the el irra-
diation is due to defect centers produced by the irra-
diation and not to para—ortho H, conversion induced
by the efectron beam.

T
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Fig. 3. History of HD sample {*. Growth of T{ is due to con-

version from J =1 symmetry species of He and D2 to J=0

species. Irradiation is by 10.38 GeV clectrons. with integrated

flux averaged over samplc equal to 8,5 1012 electrons/cm?,
T=4.2K, H=28k0e.

was monitored while the sample remained at 4.2 K,
with the results scen in fig. 4. (7)) was computed
from the difference between the measured (7)1
and (T%)~* extrapolated as if no irradiation had taken
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Fig. 4. Annealing at 4.2 K of radiation-induced centers in sample
3’ after exposure to 10,38 GeV clectron integrated flux, averaged
over sample, of 8.4 x 1013 ¢lectrons/cm2 Tw 4.2 K, 4 = 2.8 kOe.
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place. This procedure should lead to very little error
for the first few days of the recovery period, and the
slope for that period is 0.31 In units dav, which is a

of the ling rate for damag at

42K.

3.2. PROTON BEAM IRRADIATION EXPERIMENTS AT
BNL-AGS SyNCHROTRON
The objectives of the experiments here were similar

was to observe the annealing rate of the defect centers
at two ditferent temperatures, in order to determine
at some the fing rate might
be sutficiently faster than the spin-lattive relaxation
eite so that the useful lifetime of a polarieed target
could be prolonged while in the patticle beam by
means of periodic short durativn annealing cpisodes.
The 28 GeV extracted proton beam was defocussed
and ppeared visually on the vidi to be appro.
) m skape and about 2.2cm high

hath

lo those discussed prcvxously in with the

beam exp We also wished to deter-
mine whether additional relaxation or depolarizing
processes particular to proton beams occurred. by
comparing quantitatively the relaxation time results
from minimum ionizing proton beams with those from
the minimum ioniziag clectron beams. Usage of a grea-
ter integrated flux was planned in order to obtain a
more hip between (T]),% and the

relati Ty
d particle i d flux. A further objective

o Catct) Leatd,

-rl 3110¢

4= Su10®

N ) . . ;
X 3 o 3 ) 33 Ix)
POSITION ALONG VERTICAL AR} (CM)

s

. <alc’)/emt Sye,

Fisun

2 L

by about 1.3 cm wide. The Farticle mlegmcd flus was
determined by measuring the to1al numtcr of partictes
in the beam with a fary C wiuch
intercepted the entire beam, together with determimng
the beam protile along vertival and horizontal axey
which intersected at the position corresponding (o the
center of the HD sample. This profile was measured by
placing square polyethylene tails of about 30 mm*
area and known weight on the two axev. and countung
the disintegrations of the **C atems which were pro-
duced by collisions of the high energs pratons with the
13C atoms in the polyethylenc. In the computation'*»,
the value 259 mb was used for the '°C acination
cross-section under 28 GeV protons, 0.639 was taken
as the countiag elliciency. and 20.334 min was used av
the halllife of ' C. The results for the beam exposute of
sample 1” are presented in fig. 8. The continuous profile
lines are construcied by taking intv account the fimte
dimensions of the foils. The horizontal profile is wcen to

© MLASUSEN
o 3 WLASUNENEN
TRM® CYCLED.

X}

=i O L) >3 .o
BOSITION ALONG HORIZONTAL ANIS [EN)

Fip. 5. Distrib of 28 GeV d proton beam integrated
flux with respect 10 center position of HD sample 1°. Ordinate is
averape number of YIC atoms per square cm of 4 mil. thik
polyethylene foil, nlrapol:led b.\:l( feom 1ime sount was made

]
tOAYS)

Fsg. 6. History of HD sample 1. ARee growth of T7 due to 1
and D symmetry 4pecics comeruon, a temperature syuhing 1
shown as a <ontrol. The ifradiation consists of an it
proton flux. aseraged over the sample, equal to 1.0 » 13 ¢

The during and after irradiation are shown in

to time at which irradi; 1. Arrows
physical extent of sample along cach dimension.

detail in figs. 7 and A, respectively. # = 2.8 &UO¢.
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be faisly conant over the region acvupeed by the
sample, 50 that the averape integrated flus incident on
the sample iv obtained (rom an average over the serikat
profile. As with the chextren bram caposures, the
inhomogencity of the capaute aver the sampic o lew
than 0%, of the mean value, amd obwerved relanation
processes were faitly eapenenial in fuem.

The history of sample 17 15 vhown in fig. 6. Thb way
o of the purest feactivms ubtained, with smtial o= M,
and p=0; concentrations eimaled av 45407
and 33 107* gespectively  Prior 10 the wradaaton, a

signat growth oaee o 1 rain perund. This proccture was
repeated ar WHs afier the commwmement of the
itradation amd 3t the end of the srradistion, aith iz
sesulis showme in g 7. The hineatity of (T71,5 with
Maon cpewre conSims that anceeawd o= M,
concentrateon tewiting frem 3 deam imded pata=e
oitho #F; recemetian ptovcss i Aot an applakie
mechannm, uinde 1 wuch a cave the o =B conventrs-
U wouhd be capected (o e propostienal o the o
poture but (729" Sepends ot 3 quadiang vr higher
power of the 0 = H; comantration’ ) The (705 pee
unit p wiegrated flur e per protos emt

aphd wwmperature cycting was o S out to &

strate that oaly a smail change sn 1% cosults feem such
an operation, as ha been peeviowly atated. The
measurements during the wradiation, the rubneguon!
wcreawe of T, and a final teeperatute oycling whxh
resuls in an increase in 7%, ds with the elestion beam
eapetiments, are abwo ilustrarsd o Bg T of¥e5) o
shonn a detail fur the petron of tme i abgh the
aradiation way actually 10 progren, For the fint S0y
of irradiation Juring which aboul ¥ protor o
were incident on the sample, the HD proten tewnance
signal correpunding t equilidniuem palarzatirn e
maintd comtant, imwhing that the beam Joes st
directly denolariie the protons. The rewotanie wasthen
aturated and 79 was meswred by monitening the

o3
L
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] X
we

Fig 2. Measutement of o250 duneg enztianon sis an
approvimatel)y constamt flun IV GicV prion Beam, up o an
(nlegrated ur of DO« M2 prstuns cm’ T o d K, # = 280K

eapaier i BF 2 11" 070, 5 calue which mug Be
el by abaul H0e to sachd the averape sali
ahtaintd under cicstton Sumlardmens. Though at the
hmting edpe of ihe esperimental erron, the dnfeenie
o peohabds teal. A Eizhes salue v about HI%a s iadoad
cvpected for elections due o BhE peretation of sden.
Qary clodvrons i the mezal curprianp the supeicans
desting magnct and Jue to e Jitferenioal sclalinntes
e of tonzalian low fut clovtfons compared with
proteas 3t ihe cnergis we emplosed
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Aftee the irradiation, the decrease of (7M7) was
monitored as in the electron irradiation case, but this
time at two different temperatures. The higher T value,
4.7 K, was maintained for a period of days by means of
& pressure release salve set at 0.5 kg em®. When die
annealing was carried out a1 4.7 K, the 7 values were
nevertheless measured at 4.2 K, as scen in fig. 8. A
steeper anneal rate is indeed observed at 4.7 K, but
the ratio of the 4.7 K rate 1o the 4.2 K rate does not
exceed the ratio of the (71)~* values at the two tem-
peratures, so that the extension of the lifetime of a

is due to paramagnetic centers formed in the glass
sample container in this most strongly irradiated
sample. The annealing behavior at 4.2K and 4.7 K.
as seen in fig. 10, is ble to that of sample 1”.

4. Discussion

The values of (TH);} per unit particle integrated
flux have been shown to be in reasonable agreement
for eleciron and proton beams. It is of interest to
compare the value obtained under proton bombard-
ment for sample 1%, 0.9x10"**s~!, with the result

polarized target by ling at above
4.2 K does not sezm practical. A single measurement
right after the irradiation. at 1.7 K, is also shown in
Big. 8, indicating that (7%);,{ is an order of magnitude
smalier at 1.7K than at 4.2 K. A measurement at
Hw L BkOe amd 7= 4.2 K was afso tuken soon after
the irradiation, yielding a 7Y value farger than that a

brained by Hardy and Gaines from irradiation of
solid HD with Co®® gamma rays?). They reported a
(T} value, for a sadiation dose cf 4x10% Rad,
of 3.7x107"s™*. Since a minimum ionizing particle
integrated ﬂux ol‘ 2.25 x 10" particles em? produces
dosnge of l Rad in HD. we see that the dosage from a
g proton i d flux of 9x 10"

2.8 kOe and 4.2K. This held depend is

10 that observed®) when the o-H, relaxation mecha-
mism dominates, and again supports the damage
center mechanism for (7{,.4.

{n figs. 9 and [0, results for sample 3° analogous to
those in figs. 7 and B for sample 1” are preseniad.
Sample 37 is slightly richer in initial o~H, concen-
tration than sample i* and also underwent very little
consersion from its initiat n -~ H, constitution (only
2d at liquid helium temp prios to irradi
In addition it was subjected 10 a higher proton mle-
grated flux than sample 17, The value abtained for
(T4 per unit proton flux is 0.8 x 10~ s~ in close
agreement witt the result in sample t*. The leveling
off of T} growth following the temperature cycling
16:d afier irradiation i> not understood, but possibly

10%

b o MEAJUREMENT aT @ 2a
3 WEASUREMENT AT & 7u

Teme
£} creLen . ° %

L
Hoary)

em? s 1 to 4x10°Rad.
Using lhns equaluv combmed with the wvalue of
0.9%10°*s~" for (Th;,} per unit proton intezrated
flux, one obtains S.lxw"s" for (T} corre.
sponding 10 a 34x10® “Rad” proton beam dose,
about a factor of two greater than the result for *“Co
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Fig. 10. Annealing of radiation-induced centers in HD sample
3°, after to a 28 GeV proton imegrated Aux, averuged

Fig. 9. History of HD sample 3°. | d proton flux
over the sampie equals- 7.2x 10!2 protony..m?2, The n:cuwzry
after irradiation is shown in fig. 10. & = 2.8 kOe.

over the sampie, of 7.2 x 1037 protons.cm?. 4.2 K and 4.7 K
g regions wre i d by the arrows. H = 2.8 kOe,
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irradiation. The details of the *°Co experiments, such
as the method of determing dose, were not given, 5o it
is not clear if this difference has a physical significance.
The excess of the (7%)"' value measured after
temperature cycling over the (T%)~! value measured
prior to the irradiation amounted in sample |’ to
S4x107%s"! (see fig. 3), while for sample 1°, the
excess of the (T4)~* value d after temp
cycling over the (T%)"* value extrapolated (according
to the known T¥ growth rate) from the time prior to
irradiation to the time the temperature cycling was
carried out, yielded 1.1 x107*s™! (refer to fig. 6).
The ratio of these excess (T4)~* values is about 0.50
compared with a ratio of 0.38 for the effective particle
radiation doses applied to samples 1 and 1", respec-
tively. In this case, the slightly p of
the excess (75)" on beara dose Joes not preclude as
its cause the formation of o—H; and p~ D,, which
can occur by recombination of atomic H or D, subse-
quent to the temperature cycling. The argument that
the latter would lead to a quadratic or higher depen-
dence on beam dose holds only i” the generated p—~D,
and o~H, concentrations exceed the p-D; and
o= H; concentrations present prior to the irradiation,
which from the magnitudes of the excess (71!
observed here, could not be the case. In fact, if the
beam-generatcd p-D, concentration were only a
small fraction of the existent p—D;, concentration.
experiments have indicated®) that a1 4.2 K a sublinear
dependence of (T%)~* on added o -H . concentration
would be expected. A rough estimate of the atomic H
and D production under the irradiation is instructive
at this point, and can be made from reference to the
work of Sharnoff and Pound'®). They deduce an
effective energy per molecular dissociation in solid D of
~2 x 10? eV molecule, or ~10? eV per atom formed.
Using this same value for HD, the proton integrated
flux of 3 x 10'%,cm? to which sample 1" was subjected
should result in 6 x 10'* H and 6x10'® D atoms per
cm? of solid HD. Assuming that } of the recombination
products will be H, {as opposed to D, or HD) and
that 3 of the H; formed will be of the ortho variety, we
can expect about | x10'® o—~H, molecules to be so
formed upon warm-up for each cm*® of irradiated solid
HD, yielding an additional o—H; <oncentration of
3% 10™7, The increment of p~ D, mole fraction should
be about three times smaller, indeed much less than
~-1%10-% p—~D; concentration expected on the basis
of the initial p—D, concentration estimate and the
para—ortho D; conversion rate®) (0.048d~")at 4.2 K
in solid HD. The 3 x 10~ 7 added o-- H; concentration
for the essentially unchanged p—D; concentration is

shown in ref. 5 to produce an excess (T3)"! of
=1 x10745"", in agreement with the experimental
observation. Thus, these experiments tend to suppornt
the estimate of Sharnoff 2nd Pound for the energy
required to dissociate D,, which was subject to some
controversy in that it is at least a factor of 5 iower than
values deduced from other experiments. This discussion
also serves to draw attention to the almost unique
sensitivity of HD relaxation measurements for detec-
ting very smatl amounts of 0 = H; or p~ D;. There may
be other important applications for this property.

We now examine the results of the experiments in the
context of employing solid HD as a polarized target for
high energy particle experiments. Using 0.9 x 10~ 1% s~
for (T1);,4 per unit proton integrated flux, we caiculate
that under a typical particle flux of 10* cm?s, (T4
would be about (1.3)"* d~! at the end of ) d for an
HD target maintained at 7 = 4.2 K, with self-annealing
neglected. For this situation, the proton polarization
wolld have degraded to about 70% of its original
value in the | d period. If the sample were maintained
at 1.7 K, however, the proton polarization would drop
to 70% of its original value under these irradiation
conditions only at the end of 3.0d. Since (7{);,d has a
stronger thaa linear T dependence near L7K for
dosapes comparable to that received by sample |7,
easily maintained temperatures down to 1.2 K should
be considerably more favorable. HD samples can be
directly produced, using double distillation, with very
low p—D, and o~H, concentrations such that 7% at
1.2 K and 3kCs is about 10*s. Under these circum-
stances, at 20 mK and 150 kOe. 7% should be in the
neighborhood®?) of 1d. Depending on the p-D,
concentration, in a period of 1-2 weeks, enough
conversion should take place so that T% at 1.2 K and
3kQe exceeds several days®). The one week estimate
holds in the limit of very low p—D; concentration,
where the doubling time of 7% is ~1.3d a1 1.2K.
The o~ H, concentration for this typical sample is less
than 10~*, and the conversion heat should not strain a
dilution refrigerator operating at about 20 mK. For
lower temperatures and higher polarizations, less
o~H, concentration must be used and the sample
probably would have to be doped with p~ D, to keep
the relaxation time short enough at the millidegree

p and high ic fields for equilibrium
polarization to be established within a 12 week period.
For the same concentration, the p— D, conversion heat
power is about a factor of seven smaller than that of
o~H,, but. of course, the waiting time at low 7 and
high H would have t- be extended in order to obtain a
long enough 7% at 1.2 K, because of the longer 7,
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doubling time at higher p~D; concentrations. Il is
hoped that these brief remarks sugpest the flenibility
ia this system for oplimizing samples for pasticular
imadiation situations. Some additional cxperimens at
very high magnetic fickds and miftidegree temperatures
with accurately known o-H, and p-D. concen-
trations wilt be useful for more precise polarired
target design.

In conclusion, we believe that it has been demon-
strated that polarized solid HD targets are ready to be
employed in high energy experiments.- amd that iheir
great advantages more thao make up for the prepara-
tion time and limited usage time between preparations.
Preliminary results on deuteron relaxation in HD
indicate that highly polarized deuterons are also readily
achievable with the same methods. The technalogy of

with members of the high energy expenimental group.
Special thanks ate alo due to Mr R. McCoy and Mr
P. Vanier of our laboratory at Syracuse for generously
taking time off from their own doctoral work whenextra
hands wers aeeded in symple preparation. apparatuy
comtruction, ard for the actuai experiments at Cornell
and BNL.
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