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ABSTRACT

A generél formalism is presented'for the analysis of production
and.decay distributions of meson—barydn final states resulting from
ihteractions of polafized'photons and nucleons. Pafticular emphasgis
is given to high energy reactions and Regge pole exéhange models.
Cifcular polarizafiqn is shown to provide.a test for the presence of
two or more exchangesg. Linear polarization parallel or perpendicular
to the production plane allows the contributions of opposite J-parity
exchanggs fo be separated. This formalism enables one to make use of
dafa at all éngles, ratler'than limit.consideration to discreet voints.
Applications include the.sépératioh of diffractive and pion exchange
contrivuticns to vector meson production, and tests for non-pole-type
exchanges in baryon resonance production. Examination of pion photo-
nroductioi reveals that no sinmple test existe for the diserimination

betucen nion couyspiracy and evasion nodels.
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I. INTRODUCTION

The successes of the.ﬁegge polé model for elastic scatteriqg
and quasi-two-body processes in meson-nucleon and nucleon-nucleon
interactiéns have led to its application in high energy photoproduction
reactions.l-6 Sbon experiments with high enérgy polarized photons will

8

be possible.7’ It has been known for some time that in pion photo-

production by linearly polarized photons the J-parity of the crossed-
channel exchanges is closely related to the azimuthal angular dependence

9

of ‘the cross gsection.” Recent paperslo‘lu have suggested that this

mechanism may be useful in eXamining ambigﬁous features of the Regge

pole model, such as the imporﬁance.of cuts, conspiracy and evasioh,
énd relativé strength.of diffractive vs plon-exchange mechanisms.

The purpose of this paper is to examine the general case of the two-
body inelastic reaction v + N -V + N*, where the photon is linearly
or circularly polarized, the nﬁcleon is unpolarized, and V and N*
are mesons and baryons with arbitrary spins. In Section II the formalism
for the differential cross SeétiOn, individﬁal decay distributions,
and joint'decay correlations is presented, and expressions are}given
for préduction by unpolarized, circularly polarized, and lineafly
polarized photons.  Applications to specific reactions are given in
SectionvIII, and Section IV contains géneral cénclusionS'and

discussion.
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ITI. FORMALISM

A. Joint Decey Distribution

Consider the s-channel reaction
* .
Y+ N->V+N s - (1)

o ‘ %
where N 1is a nucleon, V 1is a meson of spin Jl, and N is a

baryon of spin J For simplicity, only the case in which V decays

20
. %
into two or three spinless particles and N  decays into one spin zero
and one spin one-half particle is treated. Then parity conservation
reduces the number of independent decay amplitudes to one for each

process, which may be absorbed into the normalizationa15 Let the -

direction of the decay particles from V be specified by Ql = (Ql, @l)

with respect to some axis in the rest frame of V (in the case of

three-particle decay,

4 is the direction of the normal to the decay

v . _ %
"~ plane), and the direction of the decay particles from N in its

rest frame by Q2 = (92, @2). The angular distribution of the decay
16

products may be written

w(el P 9, @2) = constant X‘E: —
mrnl
- nn'

i(menm )al i(n-n )@2 J, Jy J

- . aie) aloe) 1200 L, (@)
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where the 'dJ's are the usual rotation coefficients, and

en’@ 5 Y e f@a @ o (5)
xii% ' o

The joint correlation éoéfficients Cpm’ .rm' depend only on the
. . - 4

perudtion'mecHénism,‘and have a particularly simple form in the

t-channel frame of Gottfried and Jackson°l6 The result for unpolarized

t:::> . F F*

" 1 1
initial spins AL A, P

| target and béam is

S , , (1)
,FXn 2
all spins sHI
where 'F%‘m un is the center-of-mass helicity amplitude for the crossed
s .
t-channel reaction -
- fves *
Y+V - N+N ’ (5)

with helicities. p, m, A, and n, respectively.

For.polarized reactions, Eq. (4) would in genérél need some
modification. However, since the photon has zero‘mass, theVCréssing
matrix from reaction (1) to (5) is diagonal in photon heiicity.l7 The
summation over initial spins can be dropped and the index vp set to

the values appropriate'for the initial polarization state in the
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0

channel. Hence for right (left) circulaf polarization we use only

+1(-1), and for linearvpolariéation the appropriate combination of

=
[l

+1. Since the rotation coefficients have the symmetry properties

J J NI J :
a,’ = a = (e T (5)

which imply

"

AP )" g ?T, | (6)

only certain linear combinations of the joint correlation coefficients
_are.meésurable° One can express the angulaf diétribution in terms of
these combinations, making use of (5), (6), and the hermiticity
property | |

*

P Dmm:’nn'

. ,: | ' (7)

m'm,n'n

- If the normalization constant is adjusted so that the intégrated

distribution is unity, one obtains the result
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c : C J
- . {23, +1)(2g3, + 1) . Iy Jq
W8, 9, 6, ) = —% - nn-|m’ ,dmO(el)dm’O(gl)
T m>|m' |
2 . : ‘ f ey - - 1
X E : en_ ,nv , fn.n’ (92) X (COS(m - m )cpl .cos(n n)(P2
n>n'| Ao o
X RelZ oy Zm,mnn ] - sin(m - m' )_cPl sin(n - 1&')(@-2
. ' T .
X Re&.m,@' - Zm,mml ] - cos(m - m' )q)'l'sin(n - n')cp2
x ‘Im[zm,m + Zm‘,mnn ] - sin(m - m' )(pl cos(n = n' )q>2
B nn' on' .. o ‘
X Im [mev . vavm ] } ) o (8)
where
nn' A m-m' o !
me" = Ppm' nn’ + ;(-l) P ~m,nn’
n-n' : m-m'
+ ('l) [Dmmv n'-n + (_l) p_mv -m, -n' _n) ’ (9)
and
1 40 -
€ = . (lo)

N~
Il
o
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in the followingéxpressi0n5,thé state of photon polarization will be
denoted by superscripts on the joint correlation coefficients o and
the angular distribution W.. The notation is 0 for unpolarized,
+ for riéht-'or left;cifcular polarization, and ﬁ for linear
polarization. | |

For ﬁnpolarized reactions,_one may use the parity relafions_for

the t-channel helicity a.mplitudesl8

F-x-n,-p-m = (phase fachr)‘x (—lju-m-(x-n).Fxn,um ,  (11)
along with (7) to shcw_that
.pl?u.n, ’nn.= (_i)mf-m’+n-r.1' .p"c-)m-m',-n-n'. . ' (12)
It follows that
Im zmm,nn" =0 o o (}5)
and
Rez ™ . eaecpgm{,m,-_ﬂu DS AS B 1)

The Joint decay angﬁlar distribution for unpolarized reatétions 18

»
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J

RS 2(25, +1)(27, + 1) = 5o |
W65 6,9,) = 5 Z € |m' |40 (81) 4o (8y)
| S =y
- J. ' , _
2 J .
—m! !
X »E | n-|n’ ] ,(9 ) x {cos(m-m )wl cos(n n )¢2
’nzln'! S . :
o m-m', O 0 '
X Re[Qmm ,nn' vamnn +v(_l) (p_mv_m,nnv + p-m’-m',nn')]
- 51n(m -m')o 51n(n - n')o, Re[ - o0
1 2 pmm ,nn' Om' m,nn*
+ (- l)’“‘m (2 -00 ) (15)
-m'—m,nn' p-m—m',nn’ ?

and the measurable elements are the combinations given in (14).
'For circular polarization one sets u = t1, so that (4)
 becomes

*
. L Fan,sm P, el
+ = = lg - . (16)

SR W
A, Tlm

From (11), we find

. , o . : |
E:,Fxn,lm - E:IFXn,Flm' ’ (7)
anm . anm '
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which expresses the equality of the spin-sveraged cross section for
right or left circularly polarizedphiotons on unpolarized targets. Use

of the same relations in (16) yields

m-m'+n-n' ¥
pl;!:m' ,nn’ = ("l) o p_m_mv ,-n-n' s - (18)

which leads to

Re prf]m',nn' + Re p;;m,,nn, = 2 Re pzm,’nn, (19)
and-
o p:;m‘,nn' = pim‘,nn? - pI(:Im',nn' ? (20)
where we have defined
o Im % (%nﬂmF;fﬂm’-medmﬁ;fth)
Pym' jont = - | . (21)

g 2
2 F
3 , An,1lm

bUsing this notation, one can write the joint angular distribution in the

form

ok 0 - C
W (0,,0,) = W(Q,0,) Fw(e,%) , - v (22)

where W° is the unpolarized distribution given by (15). W’ has the

same form as WO, with the substitutions po —apc,
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cos{n - n"‘)cp2 - sin(n - n‘)¢2, and sin(n - n')cp2 - -cos(n - n')mz. '

This~f0rm is useful for partially polarized beams, where the WC‘

term is to be multiplied by the degree of -circular polarization.
The measurable elements of pc occur in combinations

. ‘ n-m' C
‘ + (= : :
8] 1 s 1 ( l) p_m1 _m,nnr)

for m > |m']| and n> [n'], and
multiply terms proportional to sin(m - m')@l_COS(n - n"_)CP2 or

sin(n - n')®2‘cos(m - m')@i. A simple test for the presence of the

WC ﬁerms is to look forasymmetry in the distribution about

@l(br wg) = 0 correlated with a symmetric distribution in @2‘(or @l).

To guard égainst accidental cancellations, one may project out the
variﬁus mn' ,nn' componeﬁts of WC in the usual manner by examination
‘of the 6, 6, dependence. In general, there will be

Jl(Jl + l)(J2.+ %)2 independent terms in the joint decay distribution.
Since pC is made of imaginary'parts of products of helicity aﬁplitudes,
a nonzero value implies unequal phases, which is an indication of two.

or more exchanges in the Regge pole model.

For linear polarization, one uses the relations between states
of definite helicity and plane polarized states. Let the photon
momentum bekalong the 2z axis and the production plane be the x-z
plane. Then the helicity ﬁolarization.vectors arel
s

%(ex,iw . o (23)

Gﬂ = +
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This may be inverted to give

e, = i—}; (e, =€) @)
and
€, = ;%; (e_l + el) . : (25)

For a photon polarized at an angle. ® with respect to the production
plane (in such a sense that a clockwise rofation of the polarization
plane through an angle & about the 2z axis brings it into the

productioﬁ plane), the polarization vector is
v-'@ ‘@I
e(o) = 1 (e_l e Y - € ey . (26)
SR ng .

"This is the appropriate combination of t-channel helicity amplitudes

to use in (4) to get the joint correlation coefficients p;e The

result is
1 ~X- *
~Z\:IF | Pmm’ ,nn' T 2 an,-1m Fan,-1m' ¥ Fon,im Frnr,1m
A ' '
'21® P F* 21®)
an,=-lm “an',1lm’ a,lm “an',~1m

(27)
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where

ZIFL,Q

m

i . =id id 2 58
-2_ Z IF)\II,-lm © F)\Il,lm © ’ ‘ . ( )
an ' '
This may be rewritten in the form
2 L _ 1 S°.02,0 _ 1
Z IF ’ pmmv ’nnv = E ZIF l (pmmv ,I]Il' cos 20 Qmmv ,nnv
+ i sin 20 p2" } (29)
, mm' ,on’ " '

where we have defined

* %
' . T F Foo '
1.0 - Z;- (Fxn,-lm.Fxn s1m A,1m “an',-1m )
2 = "

mmr.nnv - . - .
’ | | Z IFOIE

, (30

o)

and
o .02 | 2 '
LI = Z\—_ Pon,ml BN CON
pAnm -
e e L2 4?1 02 .
~ Note that == = K j: |F*|% and- % = 5K Y IF’|5, with X a

kinematic factor, so that the elements pO and pL always occur
- wéighted by their respective differential cross sections. The Jjoint

decay distribution may now be written in the form
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L . L0 _ S
do do -0
T _v'@(nl’ 0,) = §3 (0, ) - cos 20 W(ay, 9,)

- sin 20 W (Ql} 9,)] ., (2)

vhere W° is again.the unpolarized distribution (15), W2 have the
same form as W' with the replacement of  §0 by pl’g,‘ end the
' substitutipns cos(n -'n')¢2 -aéin(n - n")cp2 and |
sin(n - n’)tp2 —i;cos(ﬁ - ﬁ‘)@e are to be made in. ﬂE  2211; For
partially polarized beams, Wl and W are muifiplied byﬁthe dégreé
of lineéf polarizétion, 'The megsurable elements again océur’in cqmbina#
 tions like .(lh')'.‘- | o T

o extréét_the bi lfrom.thé decay_distribtﬁiph, one méy
separate the: W by'weighting éachvevent‘ﬁy'él -0-dependent factor

and forming new distributions from (32):

2n

W =E§5"%;f”% Ww(e) a0, IR 2
K b |
2 - N | .
wl' = ;la . % Jf %% WL(Q)‘cos 20 40 s ' - (34)
dat 0 .
‘21r VL : ' o :
1 1 do™ '
WP - -2 Jf & Wh(o) sin 20 a0 . INC

&
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These distributions may be analyzed by the usual methods,
i.e., maximum'likelihood; least squares, or method of moments,l9 to
project out the individual pl’s.' One interesting combination of

measurable elements is

m-m' O m-m' 1
Re[(pmm oot + (F1) ‘emynnt) E o e+ (-1) P! -m,nn

o —— . + + .

TP e Y [P 1 * Fopan) B, 1w * Fogr,1mr)

v A : ) ‘
m-m' - Ty *
- h +

* { l) (Fon, -1em * Fan,1em ) Fontciem * By j1em) 1+ (36)

Note from (27) that this is equal to a combination of the total joint
correlation coefficients for linearly polarized photons at angles
®=0 or &= g from the reaction plane. This formelism, however,

enables one to make use of data at all angles,'rather than limit

consideration to discreet points.

It is shOwnvin the Appendix that for the exchange of a definite
J-parity [J-parity = parity x .signature, o = P(-l)J],'one of the
| s . + . . ° o o h
combinations Fxn,-lo % FXn,lO ;s either 1dent1qally zero (when
A = n) or is much smaller than the opposite combination at high energy
(wvhen A # n). The examination of expressions such as (36) for m or

m' zero and arbitrary n and n' will enable one to separate the

contributions of exchdnges with different J-parity.

)]
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V:Ahother'fossibilit& is.to.eonsider therelement
‘e pim,nn ] Z IF = Z [Fon, -1 * .hn)
X. (Fm',-hn' -' .F

(37)

" This w1ll also vanlsh (exactly or asymptotlcally w1th energy, as before)
for definite J-parlty exchanges when both m and 'm' . are zero, and
‘will be useful to separate‘opp081te J-parity exchanges (exeept when

n =n', in which case the element is identically'zero).

B. Meson Decazh*

The meson'decay distribution mey be obtained by integrating

the joint decay distribution over the baryon deCay.angles} The nesult

is - , ,
3 | |
| 23, +1 o L
wiep @) = —&; Z n Sa-|w' | Gno (81) dpio T(87)
L o[ ‘ .

X feos(m - w)oy (Re py + (L) Re o 1)

-m=-m

- sin(n - w)e, (I oy, - (-1 m N e

-m-m

.'Lm' ) ( )\Il lm )\Il,lm)(F)\n' ,'-lm' + F)\.n' ,_1111, )] K

e ——— | S T | e S e, TR R

e iy 5 ipmenm ATy e
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where

B ot = ) Purym S -9

n
The same type of manipulations as in the previous part yield the

following results.

For unpolarized photons

dJd

A g
“n em-]@'l 4o .(91) 4o

27 +1 < -
L (o))

0 .

X co§(m - m')¢i Re'pzm, " l (ko) °

For circular polarization

P | £, 00, = O

: | | - W(e) = W(n) FW _(91) , . (W)
where W' has the same form as W° except cos(m - m*)@l - sin(m - m')cpl

end- pgm, is replaced by pgm,. Just as in the joint decay distribution,
the sin(m - m')cPl terms detect interference terms between amplitudes

with different phases. This is also an indication of two or more
ekchange contributions, but is less relisble due to the possibility of

cancellations in the sum over N* helicities.
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For linear polarizetion,

o T
ot Wwia,) = §5 0(a)) = cos 20 WH(ay) - sin 20 W(a)} ., (42)

where Wl and W2 have the same form as W ' w1th the replacements
o 1, 2
o~ =p and cos(m - m')cpl —asin(m - m')cpl in W2 nly. One can

form the combinstion of'meaSurable elements

Re(pmm.. x p v) ) Re Z (Fm,-lm tF m,lm) '

- §:|F dJ

¥

X (Fon i iFﬁhhw);.,, N

» which;sepaf&te different J-parity‘exchahges for m - or m' 2zero. There
is no useful expréssion involving pim; for meson decay;'since‘

' Re'pgo'E:O from. (30) and‘(39).

'C. Baryon Decay

Cancellations similar to'those in the previdus section give the

'baryon-distrihution

v~ a——o b

1 e e e

aat s T F
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:x {cos(n - n')CP-2 [Re Popt * (-1)"™ Re P pon'’

. . : : n-n'
f{Sln(n - n')o, [Im Pt = (1) Imo_ 1}, (k)
where -
o = Y. Pumm (45)
, | =
For unpolarized phdtons,
J
o 25, +1  F I,
W (92 ¢2) = - en—ln’l £ (92) cos(n - n )$2
" n2n'|
- 0
XRe ol - (46)
Fof circular polarization,
t,) 0 - .C
wi(a,) = wia,) +wi(e,) , (b7)

UCRL-18295
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where WC haé the same form as WO with the replacementsv po‘—apc

-and cos(n - n')cp2 - sin(n - n')mg. This also provides a test for

interference terms between amplitudes with different phases, but now
. the possibility of cancellétion comes from the sum over meson
helicities.

For linear polarization,

%% WL(QQ) = g% {WO(Qz) - cos 20 w.'(s_'zé) - sin 20 wz(;ze)} Ly (AB) =

with the same replacements for Wl and W2 as in the meson decay case.
'However, in this case the Re 00?1,2
so that the m =0 states cannot be prbjected out. The bafyoh'decay

 is useful in selecting J-parity exchanges only when the meson has spin

Jl = 0. In this case the differential cross section mﬁy be used

directly. If (48) is integrated over all baryon decay angles, one

obtains
L 0. ‘ ‘ ‘
do do .
. af = E‘E (l - g cos 2‘[’) ' : ) (’4‘9)
where

: *

Faa,-10 Fan, 10

)3
| g 1P, 10/2

L 6o

involve sums over meson helicities,

B R s T SN

S N ST b g s

cea ¥ enEem e se

I
¥
g.

AL T sy

PR

v AmmaETR -

g e
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The parameter £ may be projected out by weighting eaéh eVent by

cos 20 and forming a new differential cross section:

2x 1 v .
5:‘—%-3‘ 40 o5 20 a0 . (51)
do n dt '
a9 0
ax |

The combinations 1 * 3 separate oppdsite J-parity exchange

contributions.
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III. ANALYSIS OF SPECIFIC REACTIONS
First consider the caseinwhmﬂ1the N is & nucleon. Then

"there are only two independent couplings at the nucleon vertex for a

Regge pole exchange. The "reduced" spin flip amplitudes G%_% 110 are
. . . -’_-
defined by the relation &
l+x> | o
' 2
%% ( %%ﬂo’ | | o (32)

where x 1is the cosine of the rt-channel center-of-mass scattering angle.

Consider the contribution of two opposite J-parity‘exchanges A and B

B v’

(0, =+, o = -1) to the production of a meson with J-parity o
Using the parity relations in the Appendix, one can write

2 : ‘ 2
(o) ;. O . ;L - ) ;
2:[? | (Poo.+ vaoo) _.8_|F%%)10|

) (53)
: A B :
o+ 2 IG%_%310’+ X G%_% lOl .
LIrl (0 - opl) =6 IFA N
: ',poo _ Voo’ = 33,10
o '2 (54)
A B
+ 2 |x % %,lo + G%-%)loi .

Neutral Mesons with 0ad ¢

The exchanges in this case are limited to those associated with

- diffractive production (P end P ) and pion exchange. Consider photo-"

13

production of p and o’ as examples. Since the pion.couples only to

_ nucleons with equal helicity in the t channel,'(55) end (54) become
2 | | 2 2

v O . o l- .— N ﬂ . , ,' } .

LIs (g, + 05) = 8 IFfy 1ol +2 el ol (55)
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- T L, 2 .
01,0 1y _ P, P 2 (PP ‘
LIFl (ogy - pgo) = 8 IFii ol +2x7 leyi g (56)

There are three features of these equations which offer tests of present

theoreticalrideas. o 1
: - Poo T Poo 1
A. The energy dependence of T should be = 5 » since

- S
00 pOO :

the difference of the Pomeranchuk and pion trajectories is approximately

one unit. If the energy dependence is slower, this would indicate a

contribution to . pgo + pi§ not corresponding to the exchange of a defin-

ite parity, e.g., a Regge cut or absorptive corrections to pion exchange.

B. One may separate the pion contribution from the diffractive

part exactly, with the use of additional information from Regge pole fits

in elastic scattering.  Note that even though the diffractive part Gi.l

a-1 o . 5-%,10

oc S P and the pion part Fgl 10 (s S n’ they may still be of the
22s :

same order of magnitude over a large energy range, since aP - aﬂ ~ 1,

However, 1€ can relate F£ 1 to F?l from the fits to pion-nucleon

2-3, 10 22,10 o
elastic scatteringeo by using the factorization theorem. The result is
expressed in terms of the ratio of pion exchange to the total helicity

zero cross section:

0 1
P - P
a © ° 4 pl _ 00 00
- 00 00 2 2
at _ x (1 +97) (
- _ - 57)
ag 2p :
3T 00
vhere 7 1is defined by
BP 1 P, P! , .
"0 T 3% 7pp G0 | (56)
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and the difference in x vaiueslfor N and ‘7N 'reections at high"
energies is neglected. The.yaluee of 7p,pt oTe shown in Figure 1,
as obtained from Fit 1 of Reference 20.' Note:that ¥ in (57)'is‘actually ,
some lineer combihation of 7p and Tprs depending on the (unknoun)
relative couplings of P and P' ~at the 7p or 7w vertex Since
x2 is 1arge at high energy (away from the forward direction), it is possi-
ble that this uncertainty will not have much effect on the ratio (57) Jus-'f
tification of this procedure must await the experimental values.

One may also use (5T) for both p and o production to determine
the ratio of pion COupiing CQHSténtst _Neglecting.the p-w mass difference,

one can write

(QE T S
at/ . 2 o
R g v v .
2 Sd A _ Py : : I
T = .7 e 59)
é_q) : Sy ' '
Tt . 4
7p—>0p
This ratio is predlcted to be R=% from SU(6) and also has an upper
limit of ==£ from experimental decay Widths

3

' C. At nonforward angles and high energies'where x2 >>1, one
can find the relative‘contribution of diffractive processes. From (55)

and (56) one has

R : H
o 1 do P’P : -
Poo = Poo dt - . 6
0 : 2 ‘ o : - (60)
: 2poo x >>1 gg v . '
dt

One can determine the ratio of diffractive production of po and o and_,

compare with the predictions of 8SU(3), quark model, vector dominance, ete.
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Neutral Mesons with Even C

Here the candidates for exchange are the vector mesons p, ¢
and also axial vector mesons with odd C. The two opposite J-parity contri-
butions may be separated by using linearly polarized photong just as in

the previous case, Consider the case of ﬂo photoproduction. Here

e}

pOO

l .
= 1 and pbo = B. (see Eq. 51). The two dominant cpntributions are
assumed to be ®w and B - exchange, due to small oY and ¢Nﬁ' couplings.

The analagous result to (57) is

ao o |
& 1 1480
o = é'Q'B'g 2y) 7 (61
do . X(l+7'_zb - :
It

where 7, 1is defined as in (58). The values are determined from Regge
pole fits to nucleon-nucleon elastic scatteringEO and are presented in Fig-
ure 1,

One may also write

dc'.(n

T
do
dat

1 .
> =(1 +8). - (62)
© X2 > 1 2

Even when- x2 is not large,however, the combination 1 + B receives
contributions only from the w. It may be used to study the details of

20
® exchange, such as the nonsense zero and crossover zero.

Charged Mesons

For charged mesons the diffractive processes are absént, but both
even and odd C exchanges are allowed. The most interesting reaction at

present is pion photoproduction, where a sharp forward peak at high

R R |
energies . indicates that the exchange of a single set of definite
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guantum numbers cannot be the dominant mechanism.22 Two models have
been suggested to fit the data;vOne is the conspiracy model, in Which
a pion and its parity doublet paftner act in a coopérative manner
to produce»the forward peak..5 . The other is a pion-exchange contriﬁution
interfering destructively with a background term of nondefinite parity
coming from a Regge cut, fixed pole, absorption correction, or some other
mechanism.LL Both models fit the high energy forward direction data, and |
khowledge of the individual spin amplitudes is needed to distinguish between
them, It would seem reasonéble that polarized photon interactions may
be able.to pfovide such a‘test.

The pion conspiracy model bredicts thé‘following form fbr the

measurable quantities:

2 | 2 ' ¢
LIFL @) = By ol w2 el ol )
§:|F°f2(1 +8) =8 |5} I2 r2 % |of '2 (64)
= 1110 35100

The nonconspiring pion model predicts a change in (63):

2 .
LIl - =8 IF v (P

+2 73 300 - Fagn0l - (€)

The essential difference is that the leading-order pion-conspirator

202
, while

contribution to (1 -~ B) vanishes, leaving only a term o €

the background term contributes full strength, since it has no definite
. 1l |

rarity. Cooper has suggested that the energy dependence of a quantity

like (1 - pB) could distinguish between these models. In practice,
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however, this difference in energy behavior would be measureable only
outside the'forward peak, for mbmentum transfers in the range
-0.5 to -1.0 (Ge‘v/c)2. In this region the restrictions on the models
are not as stringent. For example, there may be noneconspiring - nega-

tive J-parity contributions to Fy 1 which become large at large

_ 22,10
momentum transfers and are’approximately energy-independent (an Al

with a flat trajectory). Alternatively, the combination of background

terms F:? F:?

5%310 - -5-%5i0 may be very small gt large momentum transfers,
with the maiﬁvénergy-independent contribution coming from thé opposite
combination in' (1 + B). These possibilities make the interpretation
of large momentum transfer data édmewhat ambiguous. Conversely, if one
conspiresAoniy small momentum transfers it is fairly certain that the
dominantvcontributions are the pion-exchangé term‘in combination with
some addiﬁionél term to form the forward peak. |

| ‘One eséentiél feature of the conspiracy model is a zero in the pion
residue function at +© = -OJDB(GeV/é)E. An obvious test is to look for

a dip in (1 - B), since the leading-order contribution from the conspir-

ator is absent. Using the amplitudes of‘Reference 3%, one can write

[1 - A1+ 3)17 + o(Z5)

1, . S .
=1 -8)= . ’ (66)
2 QSN CRFE) i R S TC R

where y & -t/pg, Loois the prion mass, and A\ is an adjustable parameter
which determines the position of the pion residue zero. The result for

N =0.4 is shown in Figure 2, and indeed shows a pronounced dip at

o
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One might expect that the interference model'would not exhibit

| such & dip, since the pion residue function does not need a zero,-and‘also
:fhe background term contributes full strength. However, this is not true.
An exanination of the.fit of Reference 4 shows that a cancellationbetween
the pion and background terms occurs at approximately the same place

as the Zero in the conspiracy model. Values for two energies are shown-
vfor comparison in Figure 2. Although the position of -the minimum moves
w1th energy, the curves are qualitatively the same as in the conspiracy'
model, SO tnat no clear distinction,is possible. In the notation of '

ReferenCe'h, the curves are values of the expression

s R T | I ¢

T+ a, §& SR
La-8) = (- {Al b 2'} . - (67)
\L-8B = oD T RS T 2 " 7

" Tt has also been shown by Dohdhue23 in an absorption-model calewlation
“that the,correSpondingIterm’eleo has a minimun at about the same point.
In general, it is evident that any model which fits the sharp peak in
the differential cross'sectiOn and.includes pionueXChange will predict
Sucn a structure. The pion amplitune elone is too large for momentum fransF
fer greater than 3 - h ue, 50 that there must either be a zero in the res-
idue function, or else a cancellation with some other contribution.

One other possibility is to examine the energy dependence of (l 6)
at the position of the dip. The conspiracy model_predictsla —&5
dependence while the other models predict essentially no energysdependence.

.~ However, the same‘uncertainties present themselves here as in the large

‘momentum transfer case, The addition of some small termIWhich would not
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affect the fits to the cross section could greatly modify the predictions
at the dip. It seems that the use of polarized photons alone cannot
clearly distinquish between conspiracy vs. interference models of

pion photoproduction.

Baryon Resonances

The most common baryon fesonance production is the A(1238).
Since it has I = g) the exghangé contributioﬁs with I =0 are ruled
6ut. However, sihée it has J\= 23 there are twige as many‘independent
amplitudeSQfOr each exchange as in the nﬁcledn case., In addition, since
there are ho>.G;parity restrictions in the t channel for the NA
statg the exchanges ﬁith N or FB type quantum numbers will couple to
all four independent héliéity.combinations, father than just to the equal
helicities as in NN. Consequently there will'aiways be amplitudes With
nonzero spin fliﬁ, so that J-parity separation will be only approximate
for all'exchanges. |

The reaction 7 + p —9ﬂ° + Aﬁ' is of»particular interést, since
only B exchangevis expected:to be important. Its leading—brder term
may be eliminatéd by usiné. linearly polarized phofons, so that the
remainder must come from éither lower lying poles or ﬁonpion-type
éontributions. It has been suggested that the energy dependenée of this
reaction is a good test for the presence of Regge cu.ts.12 It is hot
likely that this will be done in the neér future, due to experimental
difficulties in identifying tﬁo neutrals in the final state. An
easier reaction to examine is ¥y + p -3+ Af+. The exchanéerf

n, wn', p, A and A2 are all allowed. However, if the .Al term

l’
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is ‘assumed smell, the pion-exchange term may be approiimatelyvseparated i
from the.othersbdne to its different J—parity. An -experiment to look
for the pion-exchange term has‘heen done at low energies,eu and essentially
a null result obtained. It will be 1nteresting to see if this result
persists at high energies 9'

The reactlons | 7 +p - (p ) + NG differ from the ordina.ry
vector -meson photoproduction reactions,since the diffractive terms are
'not present._ The only important exchange is thought to be the pion.
This term may be isolated as usual with the study of po gz -for:
lineerly polarlged photons, and again a test for-the presence of nonpole;

typevtermS;is possible,

Strange Particle Production

;-For reactionsfwhich produce a strange meson, and hence‘elso a
strange barYon; the only possible exchanées are ‘K 'and K¥* types;
The reactions 7 + p =K + (X° A°) have been Pitted. vith & K parity
' doublet conspiracy and K* exchange. vLinearly polarized photons can .
separate the X exchange to leading order, . and possibl& provide a
check on‘the relative magnitudes of“the KN and Kﬁh - coupling
constants. Similar analyses erelpossible for reections such<as

Y +p —oK¥ + Y¥,
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IV, CONCLUSTON

The analysis of quesi-nwo;body final states for polariZed photonsv
nas been1snown to provide tﬁo me;n tests of theoretical models.i For
cifculefvpolarizatien, an analysis of the azimuthal asymmetry in
individual er'joint decay angular distributions for any nwo-body reaction
can give information on the presence ef-two or more exchange terms with
different:pnasee. The interference terms. of the amplitude may be deter-‘
'mined explicitiy from an extraction of the sin m® dependence of the
decay distribution.

" For linear polarizetion, a leading-order éeparatibn (exact if there
is novepin'flip) of oppdsite J-paritj eichenge contribufions is possible,
This occurs in the differential erbss section for the production of
spin zero mesons, or in meson deeay angulaf distributions via the
elementez Re;pmo and in joint decay distributipns via the elements

Re p

o on' The main applications are the separation of pion exchange
, . ; v ,

and the diffractive mechanism.in vector meson production,‘tests for the
presence of nonpole-type contributions in . baryon resonance production,

and separation‘of kaon exchange from positive J-parity exchanges‘in strange
berticle photoproduction. An application to pion photop:oduction reveals
that there exist“no\simple tests'fof the presence or absence of pion

parity doublet conspiracy.
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' APPENDIX
The t-channel center ~of-mass helicity amplitudes for Regge

pole exchange in the process‘ Y+ C »B + D may be written

Fon, (&%) = Fyy ()

N (x)_,' N

um)s.n
where An um are the helic1ties of B, D, 7 and G, respectively,
R is the residue function, ‘q the trajectory value, t"thé équare of
the total energy, and x the cosine of‘the.scattering anglé.~ From -

parity relations for helicity amplitudes,l8 it may bevshown'that

and .
Rhn -u—m( ) = g Rxn,um(t)’ | - ' (A3)

v ' l(-% for fermions) I ‘
where o, P ( l) : is the J-parity and E vrefers

to the exchanged tragectory. We use the properties;8

'dfx;u(x) = (-1 ag (x) | . )
and E . o @:&
' 2N 2 : ,
2 - oom CEIEE) T o)
| O (ay)

for mz 1, where C(J,m) is independent of x and s is the square

- of the center-of-mass energy for the g -channel reaction

25

7+ B =C +D. For no spin.flip at the baryon vertex (A =n), we

can combine (Al), (A3), and (A4) and write

. - ) m?u _
FM, —pem = ¢ cE( 1) _FM.’ u? (A6)
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so that when m = O, the combination

Fou-10 Y% % a,10= 00 (A7)
When A # n, we use (A5) and write |
F +0,0,F 1+ 0(5)
Nfl, "'lo C E )\.n-, lO — S ) (A8)
X o

Fan, 10 ~ % %% Pan, 10

Thus the leading -order term is missing in one combination. Note that the
parameter is X, mnot s. Away from the forward direction x =~ 8, soO that
at high energies the ratio (AB) is very small. Iﬁ the forward direction
the ratio approaches unity for all enérgies, but fof linearly polafized
photons this region is not useful, since the angle between reaction and po-

larization planes is not well defined. In practice this region is very

small, typically less than O.Ol(GeV'/c)2 in the multi-GeV range of

energies.
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Figure.l

Figure 2.
. photons polarized in the reaction Plane to that for unpolarizedfﬁ;-

| " FIGURE CAPI'IONS RSN S
Ratios of non spin-flip to spin-flip couplings of Regge
trajectories to nucleons from parameters of Reference 20,

Predicted ratio of pion photoproduction cross section for

'_ photons.

(a)- Plon conspiracy mode?® of Reference-3 v
(b) Interference model of Reference iy at 5 Gev/e

(c) Interference model of Reference L at 16 GeV/c
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