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The compatibility of s-channel helicity conservation and i'-channel exchanges in diGractive-type processes
is examined. It is found that compatibility exists only in the infinite-energy limit. This requires specification
of ratios of residue or vertex functions for t-channel helicity amplitudes. Assuming these conditions are
satisfied, finite-energy corrections for p' polarized photoproduction are calculated and found to be. con-
sistent with data at 2.8 and 4.7 GeV. Predicted values of spin-density matrix elements for other diffractive
processes are given for the usual t-channel analysis in unpolarized experiments.

I. INTRODUCTION

WO —BODY elastic and inelastic processes at high
energy (s) are conventionally analyzed in terms

of dynamics in the crossed (/) channel, i.e., Regge-pole
exchange. In particular, diffractive-type processes (both
elastic and inelastic) have been assumed due to the ex-
change of the Pomeranchukon or other trajectories with
quantum numbers of the vacuum in the crossed channel.
The distinguishing characteristic of these processes has
been lack of energy dependence of the cross section.
Recently, it has been discovered that p' production by
polarized photons seems to conserve helicity in the
direct (s) channel. ' An examination of Regge-pole-
model Q.ts to xÃ elastic scattering reveals that
Pomeranchukon exchange terms are consistent with s-
channel helicity conservation for nucleons also. ' If this
is a general feature of diffractive-type processes, then
the question of compatibility with t-channel dynamics
arises. For t-channel exchanges, only the residues and
trajectory function are adjustable, and helicity con-
straints are more natural to impose in the t channel.
Also, factorization imposes constraints among various
reaction channels with common external particles. '
Gilman et al.' have stated that s-channel helicity con-
servation and t-channel Pomeranchukon exchange can be
made compatible for the sets of reactions (2rlV, 2r2r, XÃ)
and (2rA2, 2r2r, A tAt). It iS the purpOSe here tO ezamine
the general case of a two-body reaction with arbitrary-
spin particles proceeding via factorizable Pomeran-
chukon exchange, and see if s-channel helicity con-
servation can be imposed.

II. FORMALISM

Consider the s-channel reaction A+8 —+ C+D. We
take as the t channel D+8 —+ C+A. The 3-channel
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f Present address: Physics Department, University of Arizona,
Tucson, Ariz. 85721.' J. Ballam et al. , Phys. Rev. Letters 24, 960 (1970);24, 1467(E)
(1970).' F. J. Gilman, J. Pumplin, A. Schwimmer, and L. Stodolsky,
Phys. Letters 31B, 387 (1970).' Here we restrict our consideration to factorizable Regge-pole
exchange. If the diffractive process is actually a nonfactorizable
mechanism such as a Regge cut, helicity conservation does not
lead directly to simp)& pp)afjgns between coupling strengths.
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hehclty amphtudes are

~c~A xDxB P~c~APADxB~AD xB,xc——xA (s) I

where the P's are residue functions for the Pomera, n-
chukon coupling to the external particles, d is the rota-
tion coefficient, n is the trajectory function, and s is the
cosine of the f-channel scattering angle. In the high-
energy limit (s —+Co) and outside the forward scattering
cone for unequal-mass particles, is i~co and we use4

d),„(s)=ay(n, s)a „(a,s)h)„(s),
where

I'(2n+1) (s/2)
a), ———i"-

I"(et+X+1)I'(n—X+1)

(2)

In this limit, the t-channel helicity amplitudes can be
written in factored form:

where
~ACTA, XDXB fXCXAf'ADKB( 1)

fax =Pox &z—x . (6)

To get the s-channel helicity amplitudes G),~),~, ),~),~, we
use the crossing relation of Cohen-Tannoudji et at. '

G~ x ~ x
—( 1)aAD+28B+2NDBrx(xB

—xc)
~t-. &a &a~a

Xg AA xA'"(&A)AB ~B*'(xa)Ac ~c"(&c)AD ~D' (xD)

X(-1)'"' "'f)c ~, f~n ~,' (7)

For s-channel helicity conservation, G),~) ~,) ~) ~ should
be proportional to b),~z~b), ~),D. The only possibility is to
have the amplitude factor into parts depending only on
the particles at each vertex. This factorization is ap-
parent in the crossing relation, and has been noted
before. ' The crossing angles X; in general have depen-
dence on all masses in the reaction. If one looks at the

' In practice, the restriction isi large at lab energies in the
multi-GeV range means momentum transfers 0.01—0.05 (GeVic)'
greater than the minimum transfer (forward scattering).' G. Cohen-Tannoudji, A. Morel, and H. Wavelet, Ann. Phys.
(K.Y.) 46, 239 (1968).

6 G. C. Fox and Elliot Leader, Phys. Rev. Letters 18, 628
(1967);t18, 766(E) (1967).
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high-energy limit, however, the dependence on masses at the opposite vertex disappears. For example,

(s+m~' mr—~') (t+m~' m—c')+2m~'(ma'+mc' m—a' m—n')
cosxg =—

~AB +CA.

3+mg —mg

~CA

where

r;,'= Lt —(m;+m, )')[& (—m; m—,)'j, (9)

with
X~ix oB /c)g— BDg ate (10)

gxDAB 2 AB xB ('xa)AD'AD (xD)f/n /, (11)

and. g the same with an additional factor of (—1)~"' ~~'.

Now helicity conservation can be imposed at each
vertex by adjusting the ratios of various f&, &, .'

The apparent difference in the restriction on the f's at
opposite vertices due to the diferent factors in g and g
is in fact not present. This factor is cancelled due to the
dependence of crossing angles on the ordering of the
particles in the s and t channels. For example, if A =8
and C=D, then &~ = —x —X~ and &~ ——x —XD. We then
use d&,„s(s —X) =(—1)s+"d&, „s(X) along with other
symmetry relations of the d functions, and the parity
relations

f xg /g=/r2&c( — 1—) fly/g r (12)

where 0. is the Jparity Lparity times (—1)s for bosons or
(—1) '" for fermions]. All of these factors combine to
cancel the original (—1)""' "~' in g, giving the result

G/, ~„r,),~,8:(phase factor) Xg/, ~/, ~" g„~„~ . (13)

Thus, the restrictions on the f's for s-channel helicity
conservation are identical at each vertex.

III. RESTRICTIONS ON VERTEX FUNCTIONS

In principle, all reactions in which isospin, strange-
ness, and 6 parity do not change at each vertex could
proceed via Pomeranchukon exchange. In practice, how-
ever, an additional restriction seems to apply (as
determined by the cross sections which do not decrease
with energy). ' It may be stated as AI'=( —1)~s, or

' Note that only the relative t dependence of the f's is adjust-
able, so that the high-energy limit is essential to eliminate s
dependence from the crossing angles as well as to gain indepen-
dence from the other particle masses. In other words, exact
s-channel helicity conservation is possible only in the infinite-en-
ergy limit.

8 V/e use the phase conventions of Ref. 5.
D. R. O. Morrison, Phys. Rev. 165, 1699 (1968).

$;, is the same with t replaced by s, and the phases are
chosen such that g~~ is positive and V ~~ is negative in
the s-channel physical region. Similar results hold for
the other crossing angles, so we may write

G/gÃz&. x&xa .( 1)

equivalently, 0~——a~, 0-~ ——0-D. In terms of helicity
amplitudes, this means that for mesons, a 0 —+ 0 transi-
tion is allowed (in terms of t-channel helicity). We
restrict ourselves to these cases.

The restriction of s-channel helicity conservation
gives a set of linear homogeneous equations for the f's.
The number of equations equals the number of inde-
pendent ratios of helicity-Qip to non-helicity-Qip vertex
functions in the t channel, so that all of these ratios are
determined. For the cases of interest there is only one
independent non-helicity-Qip vertex function, so that
spin-density matrix elements for the 6nal particles are
completely determined. The results for some common
cases are listed below.

(a) EX vertex:
f, ~ ( t 1/2

g;;=0m
f~; (4M'

This restriction when formulated in terms of invariant
amplitudes has been noted to be satisfied in xÃ elastic
scattering. '

(b) I' V vertex (I' is a 0 meson with mass p; V is a 1+
meson with mass m, e.g. ,

msgr,

EQ):

fl
g~

—0~—=—
f0

(—2t/m') '/'

1+(t —p')/m'

(c) PT vertex (T is a 2 meson with mass m):

C&=g2=0~

fg (—2t/m') '/'L1+(t —p')/m']—= —V3-

f0 L1+(t —p')/m'$'+2t/m'

(—2t/m')f2—= (v'5)
f, 51+(t—/ 2) tm'1'+2t/m2

(d) EEn* vertex (cV is a nucleon; Nrr' is a ~~+

resonance with mass M*):

where x= t/MM* y'=M*/M—and T= —
t x'+2x(y'

+~—2)+ (~2 ~
—2)2]1/2

(e) 1VN~q* vertex (1V~3* is a $ resonance with

0—4=0~

f 2x"'L(T+v' —--v ')(v —v ')+x(v+v ')j

f; i 4x x'+(T+7' y ')'— ——
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mass M*):

r:—;=a~; =a~--:=o,
f~ i sill(X++XD)+sn1X cosXDSln

Cos(X++XD) +COSX COSXDCOS

cos+ sin xD

cos(X++ Xz,)+cosx+ cosXD

Slnx+ SlnxDJg—)

f COS(X++XD)+COSX Cos ll

= —-',lS-

X+= 2 (Xll+Xll),

t+M*' M'— t+M' —M*'
7

+NN
COSX~ =— COSXg =

~NN

—2M*(—t) "'
Sln+D =— 2M( —t)'t'

Sln+gg = —- - —-
+NN

~2'

(f) V vertex (y is the photon; V
'

pVis a s in-1. "mesonV

of odd charge conjugation an mas

goi=g —ii=O,

fll m

T a spin-2 meson of odd charge(g) yT vertex 2' is a spin-
conjugation and mass III):

goi =g—li =g-2i =gal. ==0
fol (6x)"'(x—1)

fll 3x—1

f ll x(x—1)(x—3)
)

fll 3x—1

f gl 2x"'

fll 3x

f 2x"'

fll 3x—1

x= t/m'—
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IV. s-CHANNEL HELICITY CONSERVATION
IN yp —+ p'p

In po production by polarized photons, the analysis of
p' decay angular distributions in the s-channel frame at
2.8 and 4.7 GeV shows consistency with s-channel
helicity conservation. ' Here we assume the appropriate
couplings for helicity conservation at in6nite energy,
and then use the actual s dependence of crossing angles
and t-channel amplitudes to calculate 6nite-energy cor-
rections. Figure 1 shows the predicted values of the
spin-density matrix elements at 2.8 GeV, 4.7 GeV, and
in6nite energy, as well as the measured values at 2.8
GeV. The predictions at in6nite energy are py y = —0.5,
py g =0.5, and all other elements =0. It is seen that the
predicted energy variation falls within the error bars for
small momentum transfer. Thus, the results are con-
sistent with a factorizable Pomeranchukon exchange
whose residue functions obey conditions for exact
helicity conservation at in6nite energy. The dashed
curves are the predictions if only the pp' vertex obeys
helicity conservation, and the NN vertex ratio is 100
times that predicted for helicity conservation.
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FIG. 3. Spin-density matrix elements in the t-channel frame
for the reaction ES~ Qg.

V. f-CHANNEL PREDICTIONS FOR
UNPOLAMZED EXPERIMENTS

As mentioned previously, the assumption of s-channel
helicity conservation completely determines the spin-

FIG. 4. Spin-density matrix elements in the t-channel frame
for the reaction EE —+ $*(1520)Ã.

density matrix elements in the cases considered here.
These elements have been calculated in the t-channel
frame for some typical reactions. Residue function ratios
for s-channel helicity conservation at infinite energy
were used, but exact energy dependence of the total
amplitude was included Lthe function hz„ in Eq. (4)$. In
this case the energy variation is much less than that in
the s channel, since there is no additional energy de-
pendence from the crossing angles.

Figure 2 shows the p' photoproduction again, but this
time in the t-channel frame with only the elements
measurable in an unpolarized experiment. There is some
discrepancy in the predicted and measured values for
p», indicating that this element may be more sensitive
to s-channel helicity conservation with factorizable
t-channel exchange than the s-channel elements
themselves.

Figure 3 shows predictions for EX—+ Qi7, as well as'
measured poo values at 13 GeV/c. u There is an indication
that 3-channel helicity conservation rather than s-
channel holds, but this awaits more data at large mo-
mentum transfer and extraction of the off-diagonal
elements. Similar predictions hold for the reaction
xÃ —+ AgN.

Figure 4 shows predictions for the reaction NN —&

E*(1520)X. Note that the values are quite different
than those for the E*(1236) production in wX or IVX
reactions, which presumably goes by p or x exchange.

"M. S. Farber, T. Ferbel, P. F. Slattery, and H. Yuta, Phys.
Rev. D I, /8 (1970}.


