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A general formalism is presented for the analysis of production and decay distributions of meson-baryon

Gnal states resulting from interactions of polarized photons and nucleons. Particular emphas1s 1s given to
high-energy 1cact1ons and Rcggc-pole cxchangc models, Circular polarization is shown to p«»de «cst
for the presence of taro or more exchanges. Linear polarization parallel or perpendicular to the pr«uct1on
plane allows the contributions of opposite J-parity exchanges to be separated. This formalism enables onc

to make use of data at all angles, rather than limit consideration to discrete points. App»ca«ns»elude
the separation of diBractive and pion-exchange contributions to vector-meson production, and tests for

non-pole-type exchanges in baryon-resonance production. Examination of pion photoproduction reveals

that no simple test exists for the discrimination between pion conspiracy and evasion models

I. INTRODUCTIOH

~ 'HK successes of the Regge-pole model for elastic
scattering and quasi-two-body processes in

meson-nucleon and nucleon-nucleon interactions have
led to its application in high-energy photoproduction
reactions. ' ' Soon experiments with high-energy polar-
ized. photons will be possible. '8 It has been known for
some time that in pion photoproduction by linearly
polarized photons the J parity of the crossed-channel
exchanges is closely related to the azimuthal angular
dependence of the cross section. ' Recent papers'~'4
have suggested. that this mechanism may be useful in
examining ambiguous features of the Regge-pole
model, such as the importance of cuts, conspiracy and
evasion, and relative strength of diffractive versus
pion-exchange mechanisms. The purpose of this paper
is to examine the general case of the two-body inelastic
reaction y+X ~ V+X*, where the photon is linearly
or circularly polarized, the nucleon is unpolarized, and
V and E*are mesons and baryons with arbitrary spins.
In Sec. II the formalism for the diGerential cross section,
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individual decay distributions, and joint; decay corre-

lations is presented, and expressions arc given for

production by unpolarized, circularly polarized, and

llnc8, I'ly polarized photoDS. Applications to spcclic
reactions are given in Sec. III, and Sec. IV contains

general conclusions and. discussion.

II. FORMALISM

A, Joint Decay Distribtttion

Consid. er the s-channel reaction

y+X-+ V+&*, (1)

whcl cE ls a nuclcony V 1s 8, xIlcson of splD J1y aDd E ls a
baryon of spin J~. For simplicity, only the case in

which V decays into two ol thI'cc spinlcss partlclcs and
E* decays into one spin-0 and one spin-~ particle is

treated. Then parity conservation reduces the number

of independent decay amplitudes to one for each

process, which may bc absorbed into the normali-

zation. '5 Let the direction of the decay particles from

V be specified by Qi ——(8i, 9 i) with respect to some axis

in the rest frame of V (in the case of three-particle

decay, 01 is the direction of the norma, l to the decay

plane), and the direction of the decay particles from
S*in its rest frame by Qs= (8s, q s). The angular distri-

bution of thc decay ploducts IIlay bc wl'lttcn

W(8iyi, 8sys) = constX Q pm'', nn' y

mm'use'

)(st(sl ts )rfcl(tl —1l )(Pld zl(8 )d ~ 'rl(8i)f p~~(8s) (2)

where the dJ's are the usual rotation COCKcients, and

f-'(8)= Zd-~'(8)d- i—'(8)

The joint correlation codFicients p .,„„depend, only

on the production mechanism, and have a particularly
simple form in the t-channel frame of Gottfried and

1'For decays into higher-spin particles, the same type of
analysis may be carried out, but the subsequent decay of the
intermediate decay particles must also be studied in some cases
in order to extract all of the information.

'«K. Gottfried and J. D. Jackson, Nuovo Cimento 33 309,
(1964);H. Pilkuhn and B.E. Y. Svensson, i'. 88, 518 (1965).
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initial spins all spins

Jackson. "The result for unpolarized target and beam is

Pmm', nn' = 2 Fan nmFln' nm'*l 2 I Fan nml ~ (4)

zation we use only Ia=+1(—1), and for linear polari-

zation the appropriate combination of p, =+1. Since

the rotation coef5cients have the symmetry properties

where Ii&,„ is the c.m. helicity amplitude for the
crossed t-channel reaction which imply

f,g f j ( 1)n n'f— ,J

(6a)

(6b)

with helicities p, nz, ), and e, respectively.
For polarized reactions, Eq. (4) would in general

need some modification. However, since the photon has
zero mass, the crossing matrix from reaction (1) to (5)
is diagonal in photon helicity. "The summation over
initial spins can be dropped and the index p set to the
values appropriate for the initial polarization state
in the s channel. Hence for right- (left-) circular polari-

only certain linear combinations of the joint corre-

lation coefficients are measurable. One can express the

angular distribution in terms of these combinations,

making use of (6a), (6b), and the Hermiticity property

Pm'm~ n' n Pmm'y nn'

If the normalization constant is adjusted so that the
integrated distribution is unity, one obtains the result

(2J1+1)(2Jt,+1) J2

II (01'P1,02+2)— smom-I m'
I dm 0 (81)dm'0 (81) 2 sn —In' If nn' (f)2)

7r' my [m'l n) )n'l

X I cos(tts m')—ool cos(ts —I') 022 Re(Z„„""'+Z„""')—sin(m —tts') Ipl sin(ts —ts') &p2 Re(Z ""'—Z ~ ""')

—cos(tts —222') &pl sin(ts —ts') 912 Im(Z ""'+Z„""')—sin(t22 —tts') 221 cos(22 —ts )202 Illl(Z ""' —Z " )$ (8)

where

Zmm' =pmm', nn'+ ( 1) p m' m, nn'— —

+(—1)" "'I:p-.----+(—1)" "'p----,-"-.j, (9)

relations for the t-channel helicity amplitudes"

F &. .. „„(phase f——actor)

X(—1)n-"-&"-"&F&.
,„, (11)

along with (7) to show that

~ =1, for m&0
for ted=0. It follows that10

,0 f q ~m—m'+n —n', ,0

In the following expressions, the state of photon
polarization will be denoted by superscripts on the

joint correlation coeScients p and the angular distri-

bution O'. The notation is 0 for unpolarized, & for
right- or left-circular polarization, and L for linear

polarization.
For unpolarized reactions, one may use the parity

ImZ "'=0

ReZ
=2 Rel:p-.-'+(—1)" -'p= .-'j (1-4)

The joint decay angular distribution for unpolarized

reactions is

2(2J1+1)(2J2+1) zi
J4'(el( 1Psq 2) = &mom Im'Idmo ( 1—)I)d' m0'(I)1) 2 sn In'Ifnn' (0—2)

m& fm'J n& I
n'/

X(Cos(t22 —tlt') Otl COS(ts —ts') 222 Re[pmm~, nn '+p ~ , mm'+nn( —1)" "'(p—m' —m, nn' +p—m—m', nn' )j
—Sln(tls —tts ) 011 Sln(22 tS ) 222 Re&pmm', nn' pm'm, nn' + ( 1) (p—m, '—m, nn' P m ', )mg}—nyn—(15)

2 IF1-,1 I'=2 IF1.. 1 I',
and the measurable elements are the combinations From (11),we find

given in (14).
For circular polarization one sets p= +1, so that (4) Xnm

becomes

(17)

which expresses the equality of the spin-averaged cross

pmm, nn +=+ Fln +lmFln *1 */g IF&„+1 I'. (16) section for right- or left-circularly polarized photons
)knm on unpolarized targets. Use of the same relations in

"T.I . Trueman and G. C. Wick, Ann. Phys. (N. Y.} 26, 322
(1964). 12 M. Jacob and G. C. Wick, Ann. Phys. (N. Y.) 7, 404 (1959).
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(16) yields

pm'', ne' g +J p—m—tn', —n—e'

which leads to

Rep, „„+Rep .„„=2Rep„. „„.0

imp~~~, ~~ —~mp~~, ~~ =p~~, ~~« C

where we have de6ned

Pmm', nn' = Im P (Fang 1@IFXn', lm' Fln, -lmFln', -Im' )/
X

2 Z IFl., l-l' (21)

about the s axis brings it into the production plane),
tllc polRI'IzRtloll vcctol ls

»(C )= (« le '-—«,e' )/V2 (26)

This is the appropriate combination of t-channel
helicity amplitudes to use in (4) to get the joint corre-
lation coefiicients pz. The result is

o Z (Fln, —ImFXn, —lm' +Fin, lmFXn', Im'
X

FI—„I„F,),„l„.e,
"o Fl—„I„F,l„. l.,

*e" ), (27)

Using this notation, one can write the joint angular
distribution in the form

W+(QI, Q«) =W'(QI, Q«) +W (QI,Qo), (22) This may be rewritten in the form

(2g)

where lV is the unpolarized distribution given by
(15). Wo has the same form as Wo, with the sub-
stitutions po~ pc, cos(n —n')yo-+sin(n —n')ooo, and
sin(n —n') yo ~ —cos(n —n') Ipo. This form is useful for
partially polarized beams, where the 5'~ term is to be
multiplied by the degree of circular polarization.

The measurable elements of p~ occur in combina-
tions p„, „.o+(—1) "'p „„,„o,for nI& lm'1 and
n)

1
n'1, and multiply terms proportional to

ol
sin(«n —n» ) yl cos(n —n )po

sin(n —n') yo cos(nI —nI') pl.

«~I ——W («,ai«„)/W2

This may be inverted to give

(23)

A simple test for the presence of the 8'~ terms is to
look for asymmetry in the distribution about
(or go) =0 correlated with a symmetric distribution in
qo (or ql). To guard against accidental cancellations,
one may project out the various mm', Ne' components
of 8'~ in the usual Inanner by examination of the 8j82
dependence. In general, there will be Jl(J1+1)(Jo+-', )'
independent terms in the jolt decay distribution.
Since p~ is made of imaginary parts of products of
helicity amplitudes, 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 de6nite helicity and plane-polarized states.
Let the photon momentum be along the s axis and the
production plane be the x-s plane. Then the helicity
polarization vectors are'

P 1

Fl
1
op, ,z I P 1

Fo
1
o(p, ,o

—cos2C'pmmi nn~ +$ sln2C'pmm', nn' ) q (29)
where we have de6ned

Pmm nn"—=P(FXn lePXn'--lm' +Fin, lmFXn';Im' )/
X

ZIF'I' (30)

Z lF'I'= Z 1'-..-l' ~

yXnm

Note that doz/dt=lI. +1F~1' and doo/dh= ',K +1P-'1',
with E a kinematic factor, so that the elements p and
p~ always occur weighted by their respective differential
cross sections. The joint decay distribution may now be
written in the form

$~0
Wi(QI, Q«) =

1 Wo(QI, Q«) —cos2C WI(QI, Q«)

—sin2C' W'(QI, Qo) j, (32)

wllcl'c W ls again thc llllpolarlzcd dlstrlbutlon (15)~8' ' have the same form as 8"' with the replacement
of p' by p", and the substitutions cos(n n')goo +--
sin(n —n') q o and sin(n —n') yo ~ —cos(n —n') rpo are to
be made ie 8"' Only. For partially polarized beams, 8"
and 8"' are multiplied by the degree of linear polari-
zation. The measurable elements again occur in
combinations like (14).

To extract the p' from the decay distribution, one may
separate the 8" by weighting each event by a 4-
dependent factor and forming new distributions from
(32):

(doo)-I 1 on do, l
Wo=

1 1

— Wi(C)dc,
"=( ——)/~2

«„=i (» I+»I)/V2. (25)
(doo) '1 'ndoz

W'= —
l l

— Wz(C) cos2C dC, (34)
5 d~ i ~ , dr

For a photon polarized at an angle 4 with respect to
the production plane (in such a sense that a clockwise
rotation of the polarization plane through an angle C

(doo)-I 1 on doz
Wo= —

l l

— W~(C) sin2C d@. (35)(d3) Il'
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These distributions may be analyzed by the usual
methods, i.e., maximum likelihood, least squares, or
method of moments, " to project out the in|hvidual
p' s. OQc lntcrcstlDg comblnatioQ of IDcasurablc
elements 18

RcL{p-,-'+ (—1)" "'p----.-')
~(, ,I+ ( 1)m-m'p, ,l)]

Re Z E(F1.,-1-+F1..l-)
ZIP'l'

X (Flnr -Im'+Fin', lm')

+(—1)" ™(Fl.-I- +F1.,l- }
X(Fl» I +F1,l )*j. (36)

Note from (27) that this is equal to a combination of
the total joint correlation codFicicnts for linearly

polarized photons at angles 4 =0 or C=—',x from the
reaction plane. This formalism, haloeoer, enables one to

make nse of data at all angles, rather than t&w't considera

tion to discrete points.
It ls showll in thc Appendix thRt. fol thc exchange

of R dcfln1tc J parity LJ pal'lty=parltyXslgllatlllc,
o =F{—1)sj, one of the combinations FI„, ID+Fin, lo

is either identically zero (when ll =n) or is much smaller

than the opposite combination at high energy (when

XWn). The cxaznination of expressions such as (36) for
m or m' zero and arbitrary e and e' @rill enable one to
separate the contributions of exchanges vrith diferent
J parity.

Another possibility is to consider the element

Rep Re& L(F1,-1 +F), ,l )

X {Fln',-Im' Fln', Im') {Fln,—Im Fln, lm)

X(FI. , I +F1. .l )j. (3&)

This will also vanish (exactly or asymptotically with

energy, as before) for de6nite j-parity exchanges when

both m aed m' Rrc zero, and vril1 be useful to separate
opposite J-parity exchanges (except when n=n', in
which case the element is identically zero)

pmm'=Z pm»". nn ~

I
(39)

Rc(p„'+p„„')= Re g(Fg„, I„+F), , I )

X(F1.,-1 +F1,l )*, (43)

@which separate diferent J-parity exchanges for m or m'

zero. There is no useful expression involving p ' for
meson decay, since Rcpool—=0 from {30)and (39).

Thc same type of manipulations Rs ln the prcvlou8

part yield the following results.
For unpolarized photons,

2JI+1
W'(8lq I)= — p e e i„ id„os&(81)d Os'(8l)

m& lm't

Xcos(m —m') yl Rep '. (40)

For cll cular polarization

W+(Ql) =Wo(QI) +Wo(QI),

vrhcrc 8'~ has the same form as 8'0 except

cos(m —m )yl ~ sH1(m —m )pl

and p„„'is replaced by p„o.Just as in the joint decay
distribution, the sin(m —m ) q I terms detect interference
terms between amplitudes vrith diferent phases. This is
also Rn lndlcatloD of t%'0 or morc cxchaDgc coDtrl"

butions, but is less reliable because of the possibility of
canccllations in the sum over S*helicities.

Fol llDcR1 polarlzRtloD,

do d00
W~(QI) = LW'(QI) —cos24 W'(Ql)

Ch df, —sin2C W'(Ql) j, (42)

vrherc 8'l and W~ have the same form as 8'0 saith the re-
placclllcllts p ~p '

~ and cos(m —m )pl~sin(m —m )+I
in 5' only. One can form the combination of measurable

elements

B. Meson Decay

The meson decay distribution may be obtained by
integrating thc joint decay distribution over the baryon
decay angles. The result is

C. BaryOn Decay

Cancelations similar to those in the previous section
give the baryon distribution

X{cos(n—n')ylLRep „.+(—1)"-""Rep „
—sin(n —n'}alLImp —(—1) "' Imp „.j}, (44)

2XI+1
W(t 1'PI) g &m&m-im'idmo (el)dm'0 (el)

2x' & j 'j

X (cos(m —m') yIPRep„„.+ (—1)
'

Rep

—sin(m —m') yl LImp„.—(—1)~m' I'mp „.1},
whcre

aoN. Schmitz in Proceedings of the 1965 Easter School for
Physicists, CERN 65-24, Vol. I (unpubHshed).

pnn' P pmm, nn' ~
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For unpolarized photons,

2Jo+1 &o

W'(~ioo I)= 2 o.-i"if ""(eo)
2g n& ln'(

Xcos (I—e') ooo Rep„.'. (46)

For circular polarization,

parity relations in the Appendix, one can write

Ell ol'(u o'+ vpoo')

=81~8,Io I +2IG'y-„» +&&~y,» I, (53)

2 I~'I'(poo' —ov poo')

=8l~v, »'I'+2I&G~-~, »'+G:—:,I 'I' (54)

W+(Qo) =Wo(Qo)+Wc(Qo), (47) A. Neutral Mesons vrith Odd C

where

do.~ do'
(I—p cos24),

dI, d$
(49)

p=Zu-'=R Z ~.-.—op.-. */Zl&. -. I' (5O)

The parameter p may be projected out by weighting
each event by cos2C and forming a new differential
cross scctlon:

fdo ) 11 ' do~
cos2C' dC'.

k d] i s , dh

The combinations 1&p separate opposite J'-parity
exchange contributions.

III. ANALYSIS OF SPECIFIC REACTIONS

First consider the case in which the S~ is a nucleon.
Then there are only two independent couplings at the
nucleon vertex for a Regge-pole exchange. The "re-
duced" spin-Qip amplitudes G~ g,~~o are defined by the
relation

P) ),p»=-', (fax)G~),p», (52)

where s 1s thc cosine of thc 3-channel c.m. scattering
angle. Consider the contribution of two opposite
J-parity exchanges A and 8 (op=+1, os=-1) to the
production of a meson with J panty 0~. Using the

where 8"~ has the same form as 8"o with the replace-
lllcnts p ~ io alld cos(N —1$ )yo ~ sill(N I—) rpo T.ills
also provides a test for interference terms between
amplitudes with diferent phases, but now the possi-
bility of cancellation comes from the sum over meson
helicities.

For linear polarization,

do~ do
W~(Q, )=—

I Wo(Qo) —cos2C Wl(Qo)
dI, dh —sin24 W'(Qo) j (48)

with the same replacements for 8" and 8" as in the
Ineson-decay case. However, in this case the Rep'"
involve sums over meson helicities, so that the m=o
states cannot be projected out. The baryon decay is
useful in selecting J-parity exchanges only when the
meson has spin J~=O. In this case the differential
cross section may be used. directly. If (48) is integrated
over all baryon decay angles, one obtains

The exchanges in this case are limited to those
associated with diffractive production (I' and I'I) and
pion exchange. Consider photoproduction of po and mo

as examples. "Since the pion couples only to nucleons
with equal helicity in the t channel, (53) and (54)
become

ZI&'I'(i oo'+~oo')=8I~H» I'+2I&~-s,»"I', (55)

Z I&'I'(i oo'—I oo')

=81~- » 'I'+»'IG~- " 'I' (56)

There are three features of these equations which offer
tests of present theoretical ideas.

(a) The energy dependence of (poo'+ poo')/(pooo —poo')
should be =s ', since the difference of the Pomeranchuk.
and pion trajectories is approximately one unit. If the
energy dependence is slower, this vrould indicate a
contribution to ioooo+poo' not corresponding to the
exchange of a de6nite parity, e.g., a Regge cut or
absorptive corrections to pion exchange.

(b) Ollc Illay sepal'Rtc tile ploll colltl'lbllt1011 fl'0111

the diffractive part exactly, with the use of additional
information from Regge-pole fits in elastic scattering.
Note that even though the diGractive part G~~ ~o~
~ s~~' and the pion part Fyy, ~+~ s~, they may still be
of the same order of magnitude over a large energy
range, since o.g—0. =1. However, one can relate
P~ g, ~o~ to Jig', m~ from the fits to pion-nucleon elastic
scattering" by using the factorization theorem. The
result is expressed in terms of the ratio of pion exchange
to the total helicify-sero cross section:

(dol«) ~oo'+~«' (I oo' uoo')/—*'(&+—V')
(5&)

2poo

where y is de6ned by

~);,~o" ~'=
g&Vz,s &~;,co~ ~', (58)

and the de'erence in x values for mX and yX reactions
at high energies is neglected. The values of y~, ~. are
shown in Fig. 1, as obtained from 6t 1 of Ref. 20. Note
that y in (5'I) is actually some linear combination of
yI and yI, depending on the (unknown) relative
coupllngs of I Rnd I Rt the pp oi 'yes vertex Since
x' is large at high energy (away from the forward
direction), it is possible that this uncertainty will not
have much effect on the ratio (57). Justification of this
procedure must await the experimental values.

'0 W. Rarita, R. J. Riddell, C. 3. Chiu, and R. J. ¹ Phillips,
Phys. Rev. 165, 1615 (1968).
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where y„ is defined as in (58). The values are deter-
mined from Regge-pole fits to nucleon-nucleon elastic
scattering~ and are presented in Fig. 1.

One may also verite

(d(r/dh)" ~ 2(1+p)
(d~/dh)(r s&))r

Even when x' is not large, however, the combination
1+p receives contributions only from the or. It may be
used to study the details of co exchange, such as thc
nonsense zero and crossover zero."

0.2 0.3

FIG, 1.Ratios of non-spin-Qlp to spin-Alp coUpllngs of Regge
trajectories to nucleons from parameters of Ref. 20.

One may also use (57) for both p' and oro production
to determine thc ratio of pion coupling constants.
Neglecting the p-~ mass di6crence, one can write

This ratio is predicted to be =-', from SU(6) and also
has an upper limit of =3 from experimental decay
widths.

(c) At nonforward angles and high energies where

x'))1, one can 6nd the relative contribution of diGrac-

tive processes. Prom (55) and (56) one has

C. Charged Mesons

FOI' charged mcsons thc diffractive pI'occsscs RI'c

absent, but both even and odd C exchanges are allowed.
Thc most interesting reaction at present is pion photo-
production, where a sharp forward peak at high
energies" indicates that the exchange of a single set of
de6nite quantum numbers cannot be the dominant
mechanism. "Two models have been suggested to 6t
the data. One is the conspiracy model, in which a pion
and its parity doublet partner act in a cooperative
Inanncr to plodUcc thc forward pcRk. Thc othcl 18 R

pion-exchange contribution interfering destructively
with a background term of nonde6nite parity coming
from a Regge cut, 6xcd pole, absorption correction, or
some other mechanism. ' Both models 6t the high-
cnergy forward-direction data~ Rnd knowledge of thc
lndivldual spin amplitudes ls necdcd to distinguish
between them. It would seem reasonable that polarized
photon interactions may be able to provide such a test.

The pion-conspiracy model predicts the following
form for the measurable quantities:

(d(r/dh) ~ ~'

2pooo *'»' (d~/dh)0

poo
—poo

1

(«)

Onc can determine the ratio of diGractive production
of po and oro and compare with the predictions of SU {3),

uark modelr vcctoi domlnanccy ctc~

8. Neutral Mesons vrith Even C

Herc thc cRDdidRtcs foI' cxchangc Rl'c thc vector
mesons p, or, Q and also axial vector mesons with odd C.
Thc two opposltc J-parity contribUtlons may bc
scpaI'atcd by Using llncRI'ly polallzcd photons )Ust Rs ln

the previous case. Consider the case of pro photo-
production. Here pop' ——1 and, poo'=p Lace Eq. (51)j.
The two dominant contributions are assumed to be e
and 8 exchange, due to small pr(y and pÃÃ coupiings.
The analogous result to {57)is

(d0/dh) s 1+P=- 1 P—
(d /dk)' 2 8(&+v.'))

The nonconsplYlng-pion model predicts a, change in (63)

The essential difference is that the leading-order pion-
conspirator contribution to 1—P vanishes, leaving only
a term ~ s~—', while the background term contributes
full strengtll, slncc lt has no de6nitc pRllty. Coopcl.
has suggested that the energy dependence of a quantity
like 1—P could distinguish between these models. In
practice, however, this di8crcnce in energy behavior
would be mcasurablc only outside the forward peak,
for momentum transfers in the range —0.5 to —I.o
(GeV/o)'. In this region the restrictions on the models
are not as stringent. For example, there may be non-
consplHng ncgatlvc J-pRI'lty contributions to P~&,1o

~~ A. M. Soyarski 4 a/. , Phys. Rev. Letters 20, 300 (1968).
~' S. D. Drell and J. D. Sulbvan, Phys. Rev. Letters 19, 268

{1967).
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which become large at large momentum transfers and
are approximately energy-independent (an At with a
flat trajectory). Alternatively, the combination of
background terms Fw, la~ —F ~ g, ~0~ may be very small
at large momentum transfers, with the main energy-
independent contribution coming from the opposite
combination in 1+P. These possibilities make the
interpretation of large-momentum-transfer data some-
what ambiguous. Conversely, if one considers only
small momentum transfers it is fairly certain that the
dominent contributions are the pion-exchange term in
combination with some additional term to form the
forward peak.

One essential feature of the conspiracy model is a
zero in the pion residue function at f=—0.03 (GCV/c)'.
An obvious test is to look for a dip in 1—P, since the
leading-order contribution from the conspirator is
abse11t. US111g tllc amphtudcs of Rcf. 3, onc CRI1 wl'ltc

E1-)(1+y)j'+(Os-')
—;(1-~)= (66)

E1-) (1+y)3'+E(1—) )(1+y)j'
where y=——f/i', ir is the pion mass, and ), is an adjust-
able parameter which determines the position of the
pion residue zero. The result for X=0.4 is shown in
Flg. 2, and indeed shows a pronounced dip at $= —1.5p, .

One might expect that the interference model would
not exhibit such a dip, since the pion residue function
does not need a zero, and also the background term
contributes full strength. However, this is not true. An
examination of the 6t of Ref. 4 shows that a cancel-
lation between the pion and background terms occurs
at approximately the same place as the zero in the
conspiracy model. Values for two energies are shown
for comparison in I'ig. 2. Although the position of the
minimum moves with energy, the curves are quali-
tatively the same as in the conspiracy model, so that
no clear distinction is possible. In the notation of
Rcf. 4, the curves arc values of the expression

{~1'+9/(»—
f '8+2 & &'

l(1-e)= (6&)
&A '+E&/(~ —~')j& 5 )'+(~ ')'

It has also been shown by Donohue" in an absorption-
model calculation that the corresponding term also has a
minimum at about the same point. In general, it is
evident that any model which 6ts thc sharp peak in the
differential cross section and includes pion exchange
will predict such a structure. Thc pion amplitude alone
is too large for momentum transfer greater than
(3-4)p', so that there must either be a zero in the
residue function, or else a cancellation with some other
contribution.

One other possibility is to examine the energy
dependence of 1—p Rt thc positron of thc dip. Thc
conspiracy model predicts a s dependence while the

~ J.T. Donohue (private communication).

Fxc. 2. Predicted ratio of pion-photoproduction cross section for
photons polarized in the reaction plane to that for unpolarized
photons. I',a) Pion conspiracy model of Rev. 3. (b) Interference
model of Ref. 4 at 5 GeV/c. (c) Interference model of Ref. 4at j.6 GeVjr.

other models predict essentially no energy dependence.
However, the same uncertainties present themselves
here as in the large-momentum-transfer case. The
addition of some small term which would not aGect the
Qts to the cross section could greatly modify the pre-
dictions at the dip. It seems that the use of polarized
photons alone cannot clearly distinguish between
conspiracy versus interference models of pion photo-
production.

D. Bar/oQ Resonances

Tlm most common baryon resonance production ls
the &(1238). Since it has I=2, the exchsnge contrt
bu. tions with I=o are ruled out. However since it has=3J=-„ there are twice as many independent amplitudes
for each exchange as in the nucleon case. In addition,
since there are no G-parity restrictions in the I, channel
for the gd state, the exchanges with s or 8 type
quantum numbers will couple to all four independent,
helicity combinations, rather than just to the equal
helicities as in NX. Consequently there will always be
amphtudes with nonzero spin Sip, so that J-parity
separation will be only approximate for all exchanges.

The reaction y+ p ~ rr'+6+ is of particular interest,
since only J3 exchange is expected to be important.
Its leading-order term may be eliminated by using
linearly polarized photons, so that the remainder must
come from either lower-lying poles or non-pole-type
contributions. It has been suggested that the energy
dependcncc of this rcactlon ls a good test fol the presence
of Regge cuts."It is not likely that this will be done in
the near fnture, due to experimental de.culties in
identifying two neutrals in the Anal state. An easier
reaction to examine is y+p ~s-+d~. The exchange
of ~, g', p, Ag, and A2 are aB allowed. However, if the 3g
term is assumed small, the pion-exchange term may bc
approximately separated from the others due to its
diGcrcnt J parity. An experiment to look for the



pion-exchange term has been done at low energms, "
and essentiaHy R DuO result obtained. It vnll be intcrest-
iIlg to Bcc if this result persists Rt high energies.

The reactions y+P~ (p'cv')+5~ differ from the
ordinary vector-DMSQD photoproductioD I'cactions» slQce
the (48ractlvc tcrIDB Rx'c Dot present. TIlc Only UQ-

portant exchange 18 thought to be thc ploD. This tcrIQ
may be isolated as usual with the study of prado/dh for
hncarly polarized photoDB» RQd agRln R test for
pI'esencc Gf QQD-pole-type tcx'Hls ls possible.

E. StfRQg8-PBXtiCI8 PEOQQCtJOI1

For reactiQDS which produce R strRQgc IQcsoD» RDd

hence also R BtraDgc baryoD» thc GDly posslMc exchanges
are K and Z~ types. The reactions y+P ~E++{g',A')
Ilavc becD 6ttcd %3.th R E parity doublet CGQspll'Rcy RDd
g+ exchange. Linearly polRrizcd photons cRQ scpRI'Rte
the E exchange to leading GI'dcx', RDd possibly provide a,

check on the relative magmtudes of the ZSZ and XgA
coupling CQDStants. S1IQllax' analyses RI'c possible fox
reactions such as y+P ~K*+F*.

The t-channel c.m. helicity RIDplitudcs for Rcgge-
pole exchange in the process y+0 +8+—D may be
Volt tCD

P&.,„(~,*)=E, „„(~)d„., & ..(*), (A1)

where A.» %» p» fs RI"e the hellcltlcs of 8» D» p» Rnd Cq
respectively, 8 is the residue function, 0. is the trajec-
tory vRluc, $ ls t4e squRrc of tlat. c total encl'gy, Rnd g 18
the cosine Gf thc scattermg- RQgle. FIQID parity I'clatlons
for helicity RIDplitudes, "it may be showD that

'0 ills{~) 0 so g)0 sag~ p~(f)

An. I ~(&) =—ac(rsRg„,„„(]),
where 0'~= +~(—1)si (&i &l&&o—r fsrmions) is the y par t
E, refexs to the exchanged trajectory. We use the
properties"

Dt. CONCI. USION

analysis of quasi-t%'0-body GQRI States for
polarized photons has bccD shoal to provide two IDRiD

tests of tIlcorctlcal Inodels. For circular polarlzatloD»
RQ analysis of thc azimuthal Rsy~ctry 1D lndlvldual
Qr joint decay RDgular distributions foI' Rny two-bodv
reaction cRD glvc lnforIQRtloD QD thc pI'csencc Qf two
or IDorc exchange tcI'IDB %6th (Mcrent pllascs,
interference tcrIQB of &c RDlplitudc Inay bc deterIQined
explicitly froIQ RQ cxtI'RctloD Qf ac smfsy dependence
of the decay distribution.

por llncRI' polRIlzatloQ» a leading"order separatloD
(exact if there is no spin flip) of opposite J-parity

chRDge cGQtribg, tioDS is possible. This occurs iD tIlcexc RDgc
d@ereDtlRI cxoss ScctlOQ f01 the production Q spin
gcro DMBQHS» QI' lD IDCBGD decay angular distributioDB
via tIlc elcIQcnts Repro RDd iQ joint decay distributions
via thc elenMDts Repro, »». Tllc IDRiD RppllcRtlons arc
the separation Gf ploQ exchange RDd the ~ractjve
Incchanisln iD vector mcSQD px'oductiQD» tests fox' thc
px'cscDcc of DGD-pole-type CQDtrlbg. tions 1D baryoD
resoDRDce production» RDd separatloD Gf kaon exchange
frolQ positive J-parity exchanges iQ strange-partide

h toproductloD, AD apphcatloD to pion photo-
fPX'0 UC lQDoduction reveals that there exist Qo s~mple tests

the prescncc ox' absence of ploD. parity doublet

conspiracy.
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for m& 1, ~here C(J',m) is independent of e and s is the
square Qf thc C.IQ. energy fox' the s-chaDDcl x'cactioD7=8~C+D.'5 For no spin fHp at the baryon vertex
(X=e), we can combine (A1), (A3), and (A4) and write

%hen ) We, we use (AS) and write

Thus the lcadHlg-Order terIQ ls IDlsslng 1D ODc colnblDR-
tion, Note that the parameter is x, Dot s. Away from the
forward direction x=s, so that at high energies the
ratio {AS) is very smalL In the forward direction the
ratio approaches unity for all energies, but for hnearly
polarized photons this region 18 Dot useful» slncc thc
angle between reaction and polarizatioD planes is Dot
weH dc6Ded. ID practice this region is very small»
typically less than 0.01 {GeV/c)' in the multi-GeV
x'Rnge of encl glcs. .

~~ YIM expansion parameter ln the terms of dynamical, originhas been changed from x to s to satisfy the ~yticity require-ments of ine1astic scattering amputudes, See D. Z, Freedmanand J.-M. %'ang, Phys. Rev. I.etters I7, 5 (I966).


