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Peripheral Model for =- —Associated Productions*
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A single-particle exchange model with absorptive corrections is developed for application to meson-baryon
inelastic scattering processes which are dominated by baryon exchange in the I channel. The model is ap-
plied to the process E +p —+ ™+X+, which appears to be a particularly clean example of a process in
which baryon exchange plays a dominant role. The complex initial- and Gnal-state elastic amplitudes
required by the absorption model are determined from the Regge model of X p scattering proposed by Rarita
and Phillips. The f/d ratio for baryon-pseudoscalar coupling, the only parameter in the model which is not
determined externally, is found to be f/d=0. 555 if the vertex functions involved are assumed to be com-
patible with unbroken SU3. The most interesting features of the production process are reproduced by
the model as a result of the interference between the spin--', A. and Z exchanges and the spin--,' Fq* (1385) ex-
change. Although many features of the process studied are qualitatively reproduced by the model, it is
concluded that this formulation of the peripheral model is not an adequate representation of a baryon
exchange process.

I. INTRODUCTION

'HE principal assumption of a peripheral model is
that singularities in the scattering amplitude

which correspond to long-range potentials or low-mass
intermediate states are responsible for strongly peaked
differential cross sections. The long-range forces associ-
ated with poles close to the physical region scatter
many partial waves; the sharp peaks observed in many
differential cross sections require the constructive inter-
ference of a large number of partial-wave amplitudes.
A pole in the t channel produces scattered partial-wave
amplitudes which are in phase with each other; this
type of singularity thus produces a forward. peak
(cosa=1), since at this angle the in-phase amplitudes
interfere constructively. Similarly, a I-channel pole
produces partial-wave amplitudes which alternate in
phase; since I'~(7r) = (—)', these amplitudes will inter-
fere constructively at cosg= —1, producing a backw'ard
peak.

The simplest peripheral model is that in which the
single-particle exchange terms are treated in Born
approximation. This approximation fails badly in the
majority of situations to which it is applied; the cross
sections predicted by the Horn approximation are often
orders of magnitude too large, and the angular distri-
butions are insufficiently sharply peaked. The partial-
wave amplitudes corresponding to small values of the
angular-momentum quantum number are overestimated
by this model; the requirements of unitarity are often
violated. This excess of. low partial waves accounts for
the failure of this approximation. One might attempt
to account for this by falling back on higher order
singularities or by the insertion of momentum-de-
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pendent form factors at the vertices. However, an
interesting alternative, known as the absorption model,
has been proposed by several authors. '

This model attempts to account for unitarity viola-
tions through the inclusion of initial- and final-state
interactions as corrections to the Born amplitude. If
the cross section for the inelastic process being con-
sidered is small, the absorption of Aux due to competing
inelastic channels is found to be well represented by the
elastic S-matrix elements for the initial- and final-state
scatterings. In the case where the range of the transition-
potential term is less than the range of the forces in
the entrance and exit channels, the modified amplitude
for the peripheral exchange is

An. , ~ —+A~= (Sr~)"'As„~(S ~)'" (1)

this result is independent of the initial- and final-state
interactions being strongly absorptive. '

The absorption model has been applied to several
reactions with mixed success. Gottfried and Jackson
studied the reaction m. +p —& p +p with a driving term
consisting of a single-pion exchange. The success of the
model in the case of this process is outstanding. In the
case of pion-nucleon charge exchange, Barger and Ebel'
found the model to be extremely poor as a representa-
tion for a process dominated by vector-meson exchange.
The majority of previous work with the absorption
model has dealt with processes dominated by poles in
the t channel.

The purpose of this paper is to study the conse-

quences of the inclusion of initial- and final-state ab-

sorptive corrections in a process which is dominated by
poles in the u channel. In order to choose a process for
study, we have established as a criterion the absence
of single-particle states in the t channel; such a process
has the desirable feature that the interference between
t- and I-channel effects should be minimized. In par-

~ L. Durand, III, and T. T. Chiu, Phys. Rev. 139, B646 (1965);
K. Gottfried and J. D. Jackson, Nuovo Cimento 34, 735 (1964).' L. Durand, III, and Y. T. Chiu, Ref. 1.

I P. Barger and M. E. Ebel, Phys. Rev. 138, B1148 (1965).
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ticular, we have chosen the associated production proc-
ess E +p-+ +E+ to be the cleanest example of a
two-body production process which has a stable final
state and which is dominated by I-channel singularities.
The quantum numbers of the t channel in production
are I= 1, S=+2, and Q=+2. The most recent experi-
mental evidence indicates that there is no resonance in
the E+E+ system and that the E+E+ cross section is
small in the region that was studied. 4 The absence of
t-channel terms is further confirmed by the very notice-
able lack of a forward peak in the ™production cross
section.

The -associated production process is amenable to
the absorption model. The ™production cross section
is at its largest only approximately 1/50 of the total
E p inelastic cross section. The E+ threshold is at a
relatively high energy; there are numerous inelastic
channels open at the ™E+ threshold, and the bulk of
the strong low-energy resonances lie well below the
threshold. The range of a single-particle exchange in
the I channel of an inelastic process involving scattering
of particles of unequal mass depends upon the energy
and the external masses. At high energies where, as we
shall presently show, the exchange of the I z*(1385) is
the dominant term in our model, the range in the
inelastic channel is simply the Compton wavelength of
the I"»*, 0.72 BeV '. At lower energies the range is
more complicated, and is found to be roughly 1 BeV '.
Since the ranges in the elastic channels are on the order
of the Compton wavelength of a p, 1.3 BeV ', it may be
seen that the assumption concerning ranges is roughly
satisfied for this process.

In addition to large amounts of differential and inte-
grated cross section data which exist for E beam
momenta below 3 BeV/c, the polarization of the
has been measured at several energies between threshold
and 2.5 BeV/c. Since for a short-range transition po-
tential one need not assume strongly absorptive initial-
and final-state interactions, we have used complex E p
amplitudes in this calculation. In order to compute the
necessary partial-wave amplitudes, we have used the
Regge parametrization of E p elastic scattering which
was proposed by Rarita and Phillips. ' Although the
forward E p amplitude is predicted to be nearly pure
imaginary, the partial-wave amplitudes computed from
this model display phases, as shown in Fig. 1. Present
evidence suggests that the predictions of the Rarita-
Phillips model are valid down to lab momenta of 2
BeV/c and below. ' We therefore feel that the phase
shifts computed from this model are as reliable as those
which could be obtained in other ways. We have used
Rarita and Phillips' solution 3 in this work.

Although we could have determined both the helicity-
Qip and helicity-nonflip elastic amplitudes from the
work of Rarita and Phillips, we have assumed for

4 A. R. Erwin et a/. , Phys. Rev. Letters 16, 1063 (1966}.
5 R. J. Phillips and W. Rarita, Phys. Rev. 139, 81336 (1965).' V. Barger (private communication).
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Pro. 1. The values of Ref& x~/Imf'& '„which a-re computed
from the Rarita-Phillips model are plotted as a function of (j+-,)
for lab momenta of (a) 2 BeV/c and (b) 6 BeV/c

calculational simplification that the helicity-nonQip
amplitude is the dominant term and have ignored the
Rip contribution. We have also assumed that the 5-
matrix elements for ™E+ scattering may be effectively
equated to those for E p scattering. This again is a
simplifying assumption and is nonessential, since pre-
sumably one could determine the E+ terms from the
Rarita-Phillips model through the use of SU3 invariance.
We do not think that these assumptions greatly in-
Quence the nature of our results.

The amplitudes produced by the single-particle ex-
change terms are discussed in Sec. II. Section III is
devoted to a discussion of the polarization of the ™~
in the final state of the reaction. In addition, Sec. III
deals with the f/d ratio for baryon-pseudoscalar scat-
tering, the one free parameter to be determined by the
theory. The results of the calculations are compared to
experiment in Sec. IV, and the model is analyzed with
respect to its predictions and to future modifications
suggested by the results.

II. AMPLITUDES OF SINGLE-PARTICLE
EXCHANGE TERMS

The invariant matrix element, denoted by 5K, is the
quantity which is derived directly from the single-
particle exchange approximation and the Feynman
rules. This matrix element is simply related to the
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gq
K amplitudes of Jacob and Wick. ' These amplitudes, ex-

pressed in terms of fq, f2, the scattering angle 8, and
the azimuthal angle P, are

j NP

p K+

Fxc. 2. The conventions adopted for particle momenta are de-
6ned in this diagram for the process E +p -+ +E+.Subscripts
1 (2) denote quantities in the initial (Gnal) state; the symbol tn
denotes the mean of the initial and 6nal state baryon masses,
—,
' (m1+mm). In the text, m refers to the mass of an external baryon,
p, to the mass of an external meson, and M to the mass of an ex-
changed particle.

transition matrix T,

m= N(p2) TN(p~), (2)

2'= —A QyB.— (4)

The quantities A and 8 are the invariant amplitudes;

Q is de6ned to be -', (/t~+q2).
In order to reduce the invariant matrix element to

the more familiar spin--, scattering amplitudes, it is
useful to introduce an additional amplitude M, which
is defined by

XmtMXg ———(Qmgm2/4z W)OR.

X2 and X» are the two component spinors representing
the final and initial spin states of the baryons. M is
directly related to the amplitudes f& and f2, which are
the usual spin--', —spin-0 scattering amplitudes.

which is itself related to the S matrix via the relation

S= 1—(2~)4ih'(p —p') T. (3)

The conventions used in labeling particle masses and
momenta are illustrated in Fig. 2. The T matrix for
this type of scattering process may be reduced to the
sum of two terms which transform as scalars with re-
spect to space time and to spin;

where the d~)„), functions are well known and are dis-
cussed extensively by Jacob and Wick and by text-
books such as Edmonds'. '

In Fig. 3 the locations of singularities close to the
physical region have been indicated. The lowest mass
intermediate states in the I channel are the h. and Z
hyperons. These states are both -',+ states; the inter-
action I.agrangian representing the space-time structure
of the vertices for these exchanges is therefore equal to

2= (4m)"'gB75BP. . (10)

The invariant amplitudes for the spin--', exchange terms
may be computed, therefore, from the Feynman rules;

kg»g2 4' g»g2
A s/g+= (M—m) ) Bc(s+= . (11)I—M' e—M'

The individual coupling constants, g» and gm, which

appear at the vertices are related to the internal sym-
metries and will be discussed later.

The partial-wave expansion of the helicity amplitudes
is given by

f»» = (1/~) Z(~+5)f'»»d'»~ (0)

~=6+ (~ 0~) (~ 02)f2 ~ (6)

It is therefore a matter of algebra to find the relations
between the spin amplitudes f~ and f2 and the invariant
amplitudes A and B.

L(Eg+mg) (E2+m,)]'"
LA+ (W—m)B], (7a)8"

and

L(Eg—mg) (E~—m, )]'/'
[—A+ (W+rn)B]. (7b)

It is desirable for our purposes to express the spin
dependence in our calculations in terms of the helicity

FlG. 3. The locations of important singularities of the cascade
production amplitude with respect to the physical region are in-
dicated in this Mandelstam diagram, which is drawn approxi-
mately to scale.

"M. Jacob and G. C. Wick, Ann. Phys. (¹Y.) 7, 404 (1959).
eb A. R. Edmonds, Angular Momentum in Quantum Mechanics

(Princeton, Princeton, ¹ J., 1957).
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The interaction between the spin-ss+Ft*(1385) reso-
nance state and the external meson and nucleon may be
represented by the interaction Lagrangian

Zsp+= (4n)"'g .'D [-IB B B—B Ij (12)

Adopting the form of the spin--,' propagator presented
bv Abers and Zemach, ' the invariant amplitudes corre-
sponding to the exchange of the state are found, after
much algebra, to be

W„, =[ 4~g,g—,/(I M') j—[(M+e)n+(M rn)P]—,

Bsis'=[4~gtgs/(I M') j—(~ &). — t'13)

The quantities n and P are related to the masses and
invariant four-vector products in the following manner:

=(p P)(P P)/M' (P P-) (14)

1 ms(Pt P)+mt(Ps P)

3 M
~

2
~

+Sl t5$s+ (14b)
3P

Z ty- ——(4m) "gBBI, .

and the amplitudes for this exchange are

A t)s- ——[—4s.gtgs/(ss —M')](M+rn),
Bps 4xgtg, /(ss M-——') . —

(15)

The various coupling constants required for our cal-
culation may be determined by SUB invariance from
experimentally determined parameters, the rvidth of
the E*(1238), the width of the Fe*(1405), and the
pion. -nucleon coupling constant, and. the f/d ratio for
baryon-pseudoscalar coupling, which is considered to
be an undetermined parameter in this model. This is
the only parameter in the model which is not externally
determined.

The validity of the couplings determined from SUS
symmetry is questionable at the present time. Gautam
and Ghose, in their discussioo of this question, indicate
that the couplings of the decuplet baryon-meson reso-
nances may deviate from the SU3 values by fairly large
amounts. Data from the above reference indicate that
the particular combination of coupling constants in
which we are interested, g» „~+g» ~- —,which is equal

7 K. Abers and C. Zemach, Phys. Rev; 131, 2305 (1963).' V. P. Gautam and P. Ghose, Phys. Rev. 145, 1166 (1966).

Evaluation of the quantities ts and P mith the F&* on
the mass shell affects only the s and p waves; since the
lowest partial waves are strongly absorbed, we have
evaluated n and P at p'=M' and taken advantage of
the resultant simplification of calculations.

The 6nal intermediate state considered, the Fs*(1405),
is a spin--, particle but of opposite parity to the A and
Z. The interaction Lagrangian for the vertices is

to 2.50 BeV from SUB analysis) ls rather weQ pre-
dicted by SUs. The value of the Fea(1405) couPling
derived from the width of the state into Zx is very
small9; this exchange term has only minor effects and
even fairly large deviations from SUS would not be
expected. to affect the calculations to a large extent.

The A. and Z' hyperons are very nearly degenerate in
mass; if the masses are assumed to be equal, the net
spin--', coupling deduced from SUS is

glgs= sgwN (1 2f 2f ) 1

where the parameter f is equal to the percentage of
f-type coupling present in the Lagrangian. Lusignoli
et a/. "have recently presented evidence for substantial
violations of SU3 by the couplings of E mesons. It is
therefore possible that one value of f will not ad.e-

quately describe the entire group of baryon-pseudo-
scalar couplings. However, the results of our work are
used to determine the effective coupling of the A. and.

Z, and this is expressed in terms of f, assuming SUs
invariance.

m. a- POLXR1ZXTroNraZD y/e RA.Tro

In terms of the helicity amplitudes, the polarization
of the in the Anal state may be expressed as

2 Imf++ 1 +
P(e) =

I f +I'+ I f+-+ Ij'

where the x, s plane has been chosen to be the scattering
plane and A, is the normal to this plane. An experi-
mentally measured quantity, the average polarization,
is dered by

I'~s dQ P(e)——d~/dQ.

Because of the phases introduced by the initial- and,
6nal-state interactions, the amplitudes computed with
this model, unlike the Born amplitudes, are compatible
with ~ polarization in the 6nal state, notwithstanding
unpolarized target protons.

The most interesting feature of the experimental
polarization data reviewed by Stevenson" is a zero of
the average polarization which occurs at K beam
momentum of 1.5 BeV/c. The zero is reproduced by
this model; here it is found to be a result of the effects
of the interference between the F~* and the AZ ex-

9A. %'. Martin and K. C. Wali, Nuovo Cimento Bl, 1325
(1965). However, a determination of this coupling from an ex-
trapolation of low energy E p scattering data to the Yp pole
indicates that the value of the coupling determined from the F0*
width may be too small by a factor of 5. Our results will not be
terribly sensitive to even a symmetry breaking of this magnitude.
On the other hand, the suppression of the backward peak in F'0~

production indicates that the coupling in question is actually very
small. We wish to thank. Dr. C. Goebel for discussions of this point.

"M. Lusignoli et al. , Phys. Letters 21, 229 (1966).
'~ M. L. Stevenson, Lawrence Radiation Laboratory Report No.

UCRL 11493, 1964 (unpublished).
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.008-
(a) If we assign to m the reasonable value of 1 BeV, it

is found that a zero of f++ will appear in the physical
region x&2 for values of n which correspond to values
of f such that

f&0 346. (25)
0

0
ih

Cl

0.

—.0 II

-I

change terms. In order to demonstrate the occurrence
of this zero, we temporarily simplify the model by the
assumption that all masses in the problem have a
common value, m.

The invariant amplitudes in the equal mass limit are
the following:

2 y/2+= 0,
4~gig2

(20a)

—4' gyg2
A I~g = (2m),I—PE

4&gsg2
~1/2 I—SP

(20b)

cose
FIG. 4. The differential polarization is shown in the vicinity of

the zero of the average polarization. The quantity plotted, E (cos8)
X (do./dQ)0&, &, is the polarization weighted by the angular dis-
tribution; hence, the integral of this curve is just —,7I.P . The
curves (a), (b), and (c) refer to different values of the f/d ratio,
or, alternatively of the energy; the variation from (a) to (c) may
be characterized by decreasing energy or by increasing f.

Therefore, although f + may have a zero of the same
origin as the one which has been discussed, this zero is
not relevant, since it may appear in the physical region
only for values of f less than 035.

By requiring that the zero P-. occur at —1.5 BeV/c
lab momentum, the value of f which is determined from
the model is

f=0.357. (27)

The value of lV for which the zero occurs increases as
the value of f is increased.

Because of the equality of the exchanged masses in
this limit, this zero of f++n"" will occur also for all
partial-wave helicity-nonAip amplitudes. The amplitude
modi6ed by the absorptive corrections will therefore
also contain this zero; and the polarization, which is
proportional to f++*, will have a zero at the same
energy. In this equal-mass case, P(8) will be identically
zero as a function of angle. When the equal-mass condi-
tion is relaxed, P(8) will not be identically zero at any
energy, but the average polarization will exhibit the
zero as P(8) varies with energy. This is demonstrated
by calculated polarizations in Fig. 4.

It has been determined in a previous paper that the
qualitative appearance of the differential cross section
for production may be compatible only with values
of f such that"

f&0 35. .

4' gg2
(2m mW ), By~2+=

2

—4~gag~
(gn/2) This value of f is in very close agreement with values

u —m' determined by other methods. If one assumes partially
(20c)

The helicity-nonfhp amplitude f++ is given in this
equal-mass limit by

f++ (1/Sn. )[WB——+ (2m/W) (A —mB)]. (21)

Therefore, the condition for the appearance of a zero
in f++ is found to be

A = (m- W2/2m)B. (22)

Deiining x= W/m, u= g~g2(-', +)/m'gIg2(-', +), and p
=g&g&(-,' )/m'gag~(2+), the condition of (22) reduces to
a quadratic equation in x',

0,5-

0.4-

oa-
E

Cg

b O.2-'a

I I I I

—1.0 -0.75 -0.5 -0,25 0
I I

0.25 Q5
l I

0.75 1.0

z' ~'L&+2(~+0)]+4( +P)+8P+6=0, (23)

which has the solution

*'=3+~+0+/(3+~+0)' (4(~+0)+gP—+6)]"' (24)

The other root of the quadratic has been discarded
because it does not lead to zeros of f++ in the physical
region 5'& 2m.

cose

FIG, 5. The differential cross sections computed from single-
particle exchange terms with no initial- and hnal-state absorptive
corrections included are plotted as a function of center-of-mass
scattering angle. The cross sections are given in mb/sr for (a) A
and Z exchange only and (b) A, Z, P'1*, and F0* exchanges at a
lab momentum of 1.75 BeV/c.

"M. E. Ebel and P. B. James, Phys. Rev. Letters 15, 805
(&965).
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conserved axial-vector current (PCAC) in weak. -inter-
action theory, the divergence of the axial-vector current
is proportional to the pseudoscalar field. The algebra
of the weak currents is, in the PCAC limit, the same as
the algebra of the baryon pseudoscalar couplings.
Willis ef aLts have determined a value of f=0 37 from.
weak interactions, while Courant et aI.' determined
f=0 37&0 04 H.arari h. as .determined a value for f by
use of the Gell-Mann current commutation relations;
this value is f=0 35 Finally, G. oe. bel's" strong-coupling
theory predicts a value of f=0.357, exactly equal to
ours. SU6 theory of strong interactions predicts a value
of f=0.40. On the other hand, Jarlskog and Pilkuhn"
have determined that f is equal to 0.29. This value is
incompatible with even the qualitative limit (26), and
this discrepancy remains unexplained, although it may
be a result of the SU3 symmetry breaking mentioned
previously.

IV. RESULTS

The most striking feature of the ™production proc-
ess, the pronounced backward peaking of the E+, is
reproduced by the model fairly well. It will be noted
from Fig. 5 that the greatest eRect in the production
of the sharp peak in our model is the inclusion of the

"W. Willis et al. , Phys. Rev. Letters 13, 291 (1964)."H. Courant et al. , Phys. Rev. 136, 81791 (1964)."C.Goebel, Phys. Rev. Letters 16, 1130 (1966).
ts C. Jarlskog and H. Pilkuhn, Phys. Letters 20, 428 (1966).

COS 8

Fro. 6. The computed differential cross section (in pb/sr) is
compared with the experimental data from Stevenson. The cross
section in this Ggure corresponds to a lab momentum of 1.5
BeV/c and to a value of f equal to 0.36.

spin--,' exchange term. As we mentioned in Sec. III and
discussed in Ref. 12, for values of f greater than 0.35
the interference between the spin--,'and spin--,' con-
tributions to the amplitude is constructive in the helicity
Rip amplitude and destructive in the nonQip amplitude.
It is this interference effect which enhances the sharp-
ness of the peak to such a degree. The spin--', exchange
term alone does not produce a peak as narrow as that
which should be obtained. The addition of the absorp-
tive corrections, while of the correct size to bring the
cross-section magnitudes into agreement with the data
at low energies, do not seem to have a very pronounced
effect on the angular distribution.

It is interesting to note that this spin--,'—spin--,' inter-
ference apparently plays an important role in the re-
action E +p ~ -Z +it+, as well as in the process which
is being discussed. Neutron and E* exchanges in this
process take the place of AZ and I'i~, I"0* exchanges in

production. In this case, however, the interference
between the e and S* terms is constructive in the Qip
amplitude for values of f greater than -', and destructive
for values of f less than —,'. If f is assumed to be of the
order of 0.37, one would expect that the backward
peaking of x mesons produced in this process would be
diminished at intermediate energies by the interference
effects. Experimentally, the peak is observed to become
less prominent at intermediate energies. "

Figures 6—8 display the differential cross sections ob-
tained from the model; Figs. 6 and 7 present the

70
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Fn. 7. The computed differential cross section (in yb/sr) is
compared with the experimental data of Stevenson. The lab mo-
mentum corresponding to this figure is 1.75 Beir'/c, and the value
of f is 0.36,
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FIG. 8. The differential cross section computed from the model
at lab momentum of 3.0 BeV/c is compared with the experimental
angular distribution of Badier. Since these data consisted of a
small number of events and were not converted to pb /sr, his data
have been normalized to 6t the model curve.

differential cross sections at E beam momenta of 1.5
and 1.75 BeV/c, respectively; these are compared with
the experimental data at those energies which were
summarized by Stevenson. " Figure 8 compares the
experimental distribution of Badier'~ with that of the
model at 3 BeV/c; in this case, the data of Badier have
been normalized to the theoretical curve.

The divergences which appear in the magnitude of
the cross section are most evident in the integrated
cross section displayed in Fig. 9. The very serious di-
vergence apparent in curves b and d is due to the
energy dependence of the I'&* exchange term. The
extra momentum factors present in the vertex functions
of a spin=,' particle, as well as the momentum depend-
ence of the projection operator appearing in the spin-~
propagator, account for this divergence. This is the
same difliculty which precludes renormalization of
spin-~3 interactions in 6eld theory.

The failure of the theory for energies above 1.5
BeV/c may be attributed to a breakdown of the single-
particle exchange approximation in the form imposed
by this model. It is possible that vertex form factors,
which are functions of invariant I in this case, are
needed in order to correctly describe the exchange of
such a state. Because we must project partial-wave
amplitudes from the total amplitude, contributions
from increasingly negative values of I are included in
our corrected amplitude at high energies. Vertex form
factors could therefore be expected to modify the
amplitudes substantially at high energies. As the energy
increases, the individual partial-wave amplitudes in-
crease and, even with the absorptive corrections, violate
unitarity at high energy. Therefore multiple exchanges
may be necessary to cancel the divergence at high
energies.

The cross sections computed in the absence of the
spin-$ exchange term (a and c) indicate that total sup-

"J.Badier, Proceedings of Argonne Accelerator User's Group
Meeting, 1965 (unpublished).

pression of the F~* term will not suKce to bring the
model into agreement with experiment. The energy
dependence of the spin-~ contribution to the amplitude
fails, although not as badly as that of the ~3 contribu-
tion, to agree with experiment.

Another possibility for removing the divergence is
Reggeization of the various exchange contributions.
The high-energy behavior of the integrated produc-
tion cross section is roughly proportional to p&,b '.
Gribov, "in his analysis of I-channel trajectories, found
that an energy dependence of do/dQ ~ s & "+8~ is possible,
where v=1, 2, . It is possible that a Regge theory
for this process would retain the desirable low-energy
features of this model while circumventing the dis-

agreeable energy dependence.
The agreement in magnitude between the cross sec-

tion predicted by the model and that deduced from
experiment is good at lab mornenta less than 1.5 BeV/c.
It is encouraging that this good agreement occurs for
a value of f equal to that deduced from the zero of Pg
(Sec. III).Although the discrepancy between the model
and experiment with respect to the integrated cross
section would seem to discredit a determination of f by
this means, one would expect the energy range below
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FIG. 9. The integrated cascade production cross section (in mb)
is plotted for the following cases: (a) h. and Z exchanges with no
absorption, f=0.40; (b) h., Z, Y'P, FP exchanges with no absorp-
tion; (c) h. and Z exchanges with absorptive corrections; (d) A,
Z, FI*, and Fo+ exchanges with absorption; and (e) the experi-
mental cross section from Stevenson.

"V. N. Gribov, Proceedings of the 1962 CERN Conference,
1962, p. 437 (unpublished).
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I"ro. 10. The computed average polarization of the hyperons
produced in E p ~ E+ is plotted as a function of beam mo-
mentum for a value of f=0.357. The experimental points shown
are from Stevenson. The value of the average polarization pre-
dicted by the model in the region around I'ls,b=2 BeVjc is 16/o.

1.5 BeV/c to offer the most sensitive test of the value
of f, since it is at these energies that the spin--, con-
tribution is most important.

Qualitatively, the energy dependence of the polariza-
tion predicted by the model agrees with that observed
experimentally (Fig. 10).This energy dependence is well
reproduced by the model for a value of f= 0 357, whi.ch

ls lcRsoQablc when coQ1pRlcd to othcl dctclGllQRtlons.
However, the polarizations predicted by the model are
smaller roughly by a factor of 3 than those determined
experimentally. This discrepancy could be attributed
to the omission of resonance states in the s channel of
the production process. %C have brieQy investigated
the cGccts of the spin-~+ recurrence of the I'~~ at lab
momentum of 1.6 BeV/c; the results of this calcula-
tion were negative in that this resonance led to cross
sections and polarizations which did not agree with
the data as well as did those of our model. It is also
possible that the use of elastic amplitudes computed
from the Rarita-Phillips model led to the error in the
magnitude of the polarization. Resonances in the elastic
channels will presumably modify certain partial-@rave
amplitudes and lead to a modi6ed polarization through
the change in the absorption parameters. It is interest-
ing to note the qualitative agreement of the behavior
of P(0) predicted by the model with the behavior re-
cently determined by Serge et al.'9

The qualitative predictions of this model indicate
that the peripheral model is at least partially applicable
to CRects in the backward direction in production
processes. The important contributions of the I"~* ex-
change term indicate that the spin-~ amplitudes should
not be neglected in favor of spin-~ contributions when
dealing with processes of this type. However, the
quantitative failure of the model at high energies with
or without the spin-~3 exchange term leads to the con-
clusion that the model, as formulated here, is an in-
su6icient description of a system of the type studied.
The quantitative agreement obtained at low energies
and the qualitative correctness of polarization and
angular distribution indicate that absorption is an
1QlportRnt cGcct ln this process.

"J.P. Serge et al. , Phys. Rev. 147, 945 (1966).


