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In a Drell-Deck-model description of high-energy nucleon diffraction dissociation, aN ~ a(Ne), we study
the contributions which the baryon-exchange and direct-baryon-pole Deck graphs make to the production and
decay distributions of the low-mass Nm system. %e treat spin efFects explicitly. Because the two baryon
amplitudes cancel each other to a remarkable degree, their sum has only a small effect (-20%) on the overall
cross section, which is dominated by the pion-exchange Deck amplitude. Nevertheless, the baryon terms have
an important influence on the decay angular distributions of the Nm system, particularly in that region of
phase space in which the pion-exchange term is suppressed. They also provide a pronounced increase in the
slope of the production-momentum-transfer (t) distribution near the Ne threshold. Both of these results
improve the agreement of the unabsorbed Deck model with recent data on NN~ N(Nm) from Fermilab and
the CERN ISR. Discrepancies remain in the description of certain correlations between structure in the t
distribution and selections on the decay angles. Vfe speculate that this failure suggests the presence of a
second non-Deck, perhaps resonant, component in the data and the necessity for a coupled analysis in which
final-state interactions are included.

1. INTRODUCTION

Our perception of diffraction in hadronic pro-
cesses has been enriched considerably as a result
of very-high-energy elastic and inelastic scatter-
ing experiments at Serpukhov, Fermilab, and
the CERN Intersecting Storage Rings (ISR). In par-
ticular, studies of the exclusive nucleon (N) dis-
sociation process NN-N(Nv) have provided evi-
dence for the diffractive excitation of a broad,
low-mass ¹ continuum with fine structure in mass
of a resonance nature. "' While both resonant and
continuum coxnponents are visible in lower-energy
data, the high-energy experiments at the ISR and
at Fermilab have shown that both survive asymp-
totically (i.e., are "diffractive"). As a result of
the precision of these investigations, new remark-
able properties of the production and decay dis-
tributions of the Nm system were also dis-
covered. " In this article we discuss a dynamical
interpretation of the diffractive continuum in terms
of the DreD-Deck model. We also consider briefly
the addition of resonance effects.

The Drell-Deck model"' has been used in at-
tempts to describe the nonresonant diffractive con-
tinuum in Np-(Nv)p and in other similar proces-
ses.' In most calculations, attention is restricted
to a computation of the unabsorbed m-exchange
Deck graph illustrated in Fig. 1(a). This term
alone provides an adequate average description of
many aspects of the data, including a high degree
of correlation between the production and decay
systematics. It was argued, "however, that spe-
cific features of the data, such as structure in de-
cay angular distributions of the type since ob-

served' ' and crossover properties of f, distribu-
tions, may serve as qualitative evidence that other
exchange terms are important. In a study' of g'p
-v'(v 4"), such evidence supports the need for a
baryon-exchange term in addition to the m-exchange
contribution. The baryon-exchange Deck graphs
are illustrated in Figs. 1(b) and 1(c) for the dif-
fractive reaction ap-a(Nv), where n is any had-
ron. These graphs have been treated previously in
various approximations. "'" It is our intention
here to demonstrate the extent to which inclusion of
the baryon terms improves the quantitative descrip-
tion of the high-energy data, emphasizing the de-
cay angular distributions.

Baryon exchange is notoriously difficult to para-
metrize even. in high-energy elastic processes
and our expectations for success in an inelastic
process must be correspondingly modest. We will
examine in detail three theoxetical aspects of N-
exchange Deck models including an explicit treat-
ment of spin: (1) We show how N-exchange [Fig.
1(b)] and direct-production [Fig. 1(c)] amplitudes
tend to cancel, 8+6=0, and we explore how this
cancellation affects various observables. (2) We
consider two possible helicity structures (s-chan-
nel and I-channel helicity conservation) for the Nu
-Na diffractive amplitude which is a component of
the Deck model, and we show that neither is ex-
cluded by the inelastic data. (3) We show how form
factors in the baryon propagator can be chosen
judiciously to alter the spin-parity content of the
virtue/ nucleon, and we observe that certain ver-
sions of the model are insensitive to the relative
amounts of Z" = ~" and 2 (parity doublet) compo-
nents in the propagator. We employ high-energy



1904 ROGER T. CUTLER AND EDMOND L. BERGER 15

Pl

P2

Pl

I

t P2
2

0

iSl

is =M

)

l2

N Q2
1a

--r
U2

(b)

S2

S2

FIG. 1. The three Deck-model diagrams for aN
a(n'N). Kinematic variables are indicated in (a) and

(b).

assumptions throughout; for example, we do not
distinguish between the diffractive amplitudes for
m'a -m'a and 7l a —m a. In this sense we calculate
a Deck model for the process aN-a(vN), where
only isospin zero is exchanged at the aa vertex.
However, there are identical-particle counting fac-
tors and isospin coupling coefficients which differ
for different realizations of this reaction. Unless
otherwise specified, all cross sections we present
are for the process Pn —P(v P) at 100 GeV/c.
Other cross sections can be obtained from our re-
sults by multiplying by suitable factors: a counting
factor of 2 if there are identical particles in the
initial state [e.g. , PP -P(v'n)], an isospin factor of
q if the pion is neutral [e.g. , np-n(v p)]. o

In Sec. II we will present our simple version of
the m-exchange Deck-model amplitude, II. The
baryon-exchange amplitude, B, and a direct-pro-
duction amplitude, D, are presented in Sec. III,
and the s-channel (model s} and t-channel (model
f) helicity-conserving diffractive amplitudes are
introduced. In Sec. IV we discuss technical aspects
of the computation, notably the evaluation of the
spin sums. The remarkable cancellation of B and

D, (B+D~'—= 0, is explored in Sec. V. In Sec. VI

we present some comparisons with data. We show
that the baryon terms improve substantially the
agreement of the model with data on the decay an-
gular distributions of the Nw system in that region
of phase space in which the II amplitude is sup-
pressed. In model s the baryon terms also pro-
vide a pronounced increase in the logarithmic slope
of the production-momentum-transfer t, distribu-
tion do/dt, dM„, for M„, near threshold, in fair
agreement with data. Discrepancies which remain
with absolute normalization and in the description
of certain correlations between structure in do/dt,
and selections on the Nm decay angles are also dis-
cussed. Conclusions and our outlook are summa-
rized in Sec. VII. In the Appendix, we discuss how

form factors can be chosen in such a way as to
modify the spin parity of the virtual baryon. For
the remainder of the introduction, we provide a
summary of the experimental situation and a quali-
tative description of our approach.

The CERN-Hamburg-Orsay-Vienna group' has
investigated the process pp -p(nw') at the ISR Split-
Field Magnet Facility, and a Rochester-Fermilab-
SLAC-Northwestern group' has studied nP - (Pw )P
at Fermilab. In addition to the broad, low-mass
Nw continuum with resonant fine structure men-
tioned above, both groups demonstrate that the
production-momentum-transfer distribution do/dt,
for NN-N(Nv} has sharp structure near ~t, ~=0.2
GeV' for small values of M„, (&1.5 GeV). The in-
terpretation of this structure is of substantial in-
terest from several points of view. If one assumes
that the structure corresponds to a zero near ~t,

~

=0.2 GeV' in one dominant non-spin-flip exchange
amplitude, then the structure is direct evidence for
the "peripheral" character of inelastic diffraction.
This conclusion is remarkable in that elastic dif-
fraction is by contrast a "central" process in im-
pact-parameter space, an inference drawn from
the nearly exponential behavior of the elastic dif-
ferential cross section out to ~t, ~= 1 GeV'. It is
essential to verify these significant conclusions by
extracting from data the behavior in impact param-
eter of the different spin amplitudes using, for ex-
ample, the Argonne polarized-beam facility.

The apparently peripheral character of inelastic
diffraction is suggestive of a constituent interpre-
tation of the nucleon. In the Deck model, the nu-
cleon "constituents" in ap-a(Nw) are the (off-
shell) final N and v themselves. From this per-
spective, a reproduction of the diffractive struc-
ture near ~t, ~= 0.2 GeV' may be sought in terms of
rescattering (absorptive) corrections to the Deck
amplitudes. " While the absorbed-Deck-model ap-
proach provides a qualitative interpretation of
some aspects of the data, " the structure generated
is generally at larger ~t,

~

(-0.3 GeV') and/or is
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II. PION EXCHANGE

We take an entirely conventional, albeit some-
what unsophisticated, approach to the n -exchange
graph shown in Fig. 1(a,) for the reaction aN
-a(mN), where a is a hadron. The ingredients of
the model are as follows: (1) a Feynman propaga-
tor for the exchanged pion, (2) a vs vertex factor
igy„where g is the wN coupling constant, g»,0'

=4v(14.5), (3) a form factor, F,(t,), which we take
to be an exponential, (4) an invariant amplitude,

%„, for the diffractive process ma -na, with the
initial-state pion off the mass shell.

The p-exchange invariant amplitude for an
—a(Ps ) is then

iv2 F (t)
2 t ~2

F.(t.) = exp(--'b.
I t. —t 'I »

(2.1)

(2.2)

where p. is the pion mass. An additional isospin-
related factor of v 2 appears on the right-hand side
of Eq. (2.1) for the dissociations p-ns' or n- pv .
In general, the amplitude 9R„depends not only on

s, and t„but also on the spin projections of par-

less pronounced than in the data.
Within the context of the Deck model, absorptive

corrections may well not be the proper interpreta-
tion of the structure near It, I=0.2 GeV'. In this
regard, one additional systematic feature of the
data deserves emphasis here and will be treated
further in the text. For fixed excitation mass, M,
the diffractive structure in It, I

is shown to be
most pronounced for values of the t-channel polar
angle 8, =v/2 in the Nv rest frame. For forward
(8, =0) and backward (8, = v) decay angles, struc-
ture is notably absent, and the unabsorbed Deck
model is entirely adequate (c.f., Sec. VI). In a
theoretical context, this may suggest that, instead
of absorption, there is an additional non-Deck
(e.g. , resonant) contribution which is particularly
significant for 8, = v/2, where the Deck terms are
relatively less important. If these hypothetical
"resonance" waves are produced peripherally, the
structure in It, I

follows. It may also be true that
both the Deck and resonant components are fea-
tureless in It, I

and that the observed structure
arises from interference of the two components.
One can construct models of either variety. If the
structure in It, I

is a Deck-non-Deck interference,
the idea that inelastic diffraction is peripheral
might be seriously undermined. In an attempt to
separate the components and to determine their
production characteristics, a partial-wave analysis
of the data is essential. Obviously, data obtained
from the dissociation of a polarized beam or target
are required.

ticle a and the mass, t„of the virtual pion. How-
ever, in the usual spirit of the Deck model, we
make simplifying assumptions about this ampli-
tude. In the diffractive limit of large s, and small
t„ the scattering angle of the a in the mN rest
frame is small (of order t,/s, ), and hence the de-
tailed spin structure of the aa vertex contributes
only nonasymptotic correction terms to the ampli-
tude. We may thus use a spin-averaged approxi-
mation for %„in the large-s limit. Considering
only Pomeron exchange, we write

%„(s,) = is,cr„e xp( ,'b„ t—,), (2.3)

(2.4)

This approach to the n-exchange Deck model is
virtually identical to that used in the early work by
Drell and Hiida' and by Deck. ' We have not inclu-
ded such refinements of the model as pion Reggei-
zation' or final-state rescattering (absorption). "
We may expect this simple model to suffer to some
extent from the diseases which these refinements
are designed to cure, e.g. , threshold enhance-
ments which are too broad, and mass-slope cor-
relations and total cross sections which are quan-
titatively incorrect. The virtue of our present ap-
proach is, of course, its relative simplicity. Our
emphasis will be on the structure of the amplitude
as a function of the decay angles, Q(8, P), in the
wN rest frame. The angular distributions in the mN

rest frame are relatively insensitive to absorp-
tion" when an average is made over It, I. Rather
more significant changes in the decay angular dis-
tributions would be expected if we were to include
resonance-production amplitudes and modify our
Deck amplitudes by final-state interactions. " Both
alter the phases and the proportion of different
partial waves in the Nm system and thereby modify
do(M, t,)/dA. In this article we focus on the un-
modified Deck "background, " leaving to a possible
later publication the inclusion of resonances and
final-s tate interactions.

III. BARYON EXCHANGE

In addition to the w-exchange Deck term dis-
cussed in Sec. II, it has been recognized for some
time that baryon exchange and direct terms"' "
[Figs. 1(b) and 1(c)] are present in principle. They
have been ignored for a combination of reasons,
all largely pragmatic: II alone seemed to work ra-

and, assuming the off-mass-shell corrections to be
small, we take a„and b„ to be the total cross sec-
tion and elastic slope of the on-shell wa interaction.
The spin sums are easily performed. We obtain
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ther well on the average, the B and D terms in-
volve off-shell baryons and their attendant am-
biguities, spin effects may no longer be ignored,
and, finally, the sum of B and D is small because
their amplitudes tend to cancel. Detailed informa-
tion on the decay angular distribution of the Nw

system from the Fermilab' and ISR' data on aN
-a(Nv) demonstrates, however, that the pion-ex-
change term alone is inadequate. The data suggest
that discrepancies may be due to the baryon-ex-
change terms. ' We address this possibility here.

There are two Deck-model contributions to the
process aN-a(nN) whic'h involve virtual nucleons;
they are shown in Figs. 1(b) and 1(c). From a
Feynman-graph point of view, it is clear that one
should calculate both these diagrams and add the
amplitudes. The direct-channel nucleon N in Fig.
1(c) is an off-shell nucleon, not a baryon reso-
nance.

The ingredients of the N-exchange amplitude Fig.
1(b) are the following: (1) a propagator for the
virtual nucleon which we generalize slightly from
the Feynman propagator, (g, —m) ', by allowing an
additional term, (I(),+m) ', which has zero residue
at the nucleon pole, (2) a svN vertex factor i g y„
(3) two form factors, E,(u2) and E (u, ), one for
each term in the propagator, (4) an invariant am-
plitude SR~, for the diffractive process Na -Na,
with the initial nucleon off the mass shell. The
baryon-exchange contribution to aN -a(vN ), then,
has invariant amplitude

E.(s,) =exp(=,'bD»ls, —m'I),

Eo(s,) =0.
(3.4)

3K „,(s) = A (s, t,) +B(s, t,) P,
with

E = (t&&+i&&)/2.

(3.5)

We consider in detail two special cases of the spin
structure of the amplitude for aN(offshell) to aN
scattering. If it is s-channel helicity conserving
(model s),

and

B,(s& t,) =io»» exp(&b»»t, )& (3.6)

A, (s, t,) =mB, . (3.7)

If it is t-channel helicity conserving (model t),

The invariant amplitude 9R„, is constructed using
the same simplifying assumptions as in Sec. II.
The spin of a is considered an unnecessary com-
plication at large s, and the off-mass-shell cor-
rections are assumed to be small. However, the
structure of the amplitude in the nucleon (N} spin
is a crucial issue, since we wish to study angular
distributions in the low-mass nN rest frame, which
is moving slowly with respect to the incident and
final nucleons in the reaction. Since we ignore the
quantum numbers of a, considering only Pomeron
exchange, we may use the familiar formalism of
wN scattering and write

, Es(u, )(l(), + m) +Es(u, )((tf, m)
"2—

B,(s& t,) =0,

and

(3.8)

xi&2gr, u(p, ), (3.1)

E. (u, ) = exp(- —,'b „lu, —m'
I ),

Es(u, ) = 0.
(3.2)

In the Appendix we discuss how F, and F may be
chosen differently so as to control the spin-parity
content of the propagator.

The amplitude for the direct graph, Fig. 1(c),
can be constructed in the same way:

E~(s,)(g, + m) +Eo(s,)($, —m)
2—

x 3R», (s) u(p, ) . (3.3)

The form factors for this graph, F. and F, may
be different from F, and F, since the nucleon is
now timelike instead of spacelike. For the cal-
culations with a Feynman propagator, we use

with m the nucleon mass. In most of the calcula-
tions to be presented, we use the simple Feynman
propagator, (g, —m) '. For this case the form fac-
tors are

A&(s t&) =I o» exp(sb» t&).2m
(3.9)

At t, = 0, both of these assumptions provide identi-
cal results. For lt, I&0, differences arise which
are reflected in the decay angular distributions in
the wN rest frame. Our normalizations in Eqs.
(3.6) and (3.9) are fixed by the requirement that
both choices lead to the same spin-averaged aN to-
tal cross section, o„„atlarge s.

IV. SPIN SUMS

The amplitudes for w exchange (II), baryon ex-
change (B), and direct production (D) expressed
by (2.1), (3.1), and (3.3) must be added coherently,
squared, summed over spins, and integrated over
suitable kinematic variables. We use trace tech-
niques to evaluate the spin sums associated with
the six contributions to the squared amplitude,

I
II+B+BI'=

I
II I'+ IB I'+ ID I'+2(BD+ II B+BII).

(4.1}
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If, for both B and D, we define cross sections:

F,=F,+F )

F -F
(4.2}

(4.3)

(4 9)

and denote the arguments of the form factors and
of the invariant amplitudes by a superscript [e.g. ,
Fs? =F,(u, ), As =—A(s„, t,)], then the appropriate
traces are

Ts =-Tr[(p",+m)(As+B p)(F, (tt, +F,m)y,

x (p', +m)y, (F, I(} 2F+m2)(A +B p)],
(4.4)

1 2g2
2 (s —m2}'

2 2

2BD= 2 2
Z'

(u, —m')(s, —m')

2g nD2II D =
( 2}( 2}

Re(T 3IIra)?2-
2g aII2BII=( )(t )

Re(T SK"}

(4.10)

(4.11)

(4.12)

(4.13}

Tn=-Tr[(p,'+m)y, (F,?f, +E,m}(A +B p)

x (P, +m)(An +Bn P}(Fs?g,+F,m)y, ],
(4.5)

Tss=-Tr[(P,'+m)(As+B P)(F,Q, +E,m)y,

x (p, +m)(As +B p)(Fs?/, +E2sm)y, ],
(4.6)

T" = -Tr [(p,'+ m)y, (p, + m)(An*+Be*p)

x (E', g, +F,'m)y, ],
T "=-Tr[(P,'+m)(A +B P)(F,Q, +F,m)y,

x (p', +m)y, ].

(4.7)

(4.8)

These traces must be multiplied by suitable propa-
gators and vertex factors in order to calculate

The traces may be evaluated on a computer using
the algebraic manipulation program ASHMEDAI. "
The resulting expressions involve many terms in
general. We have used these lengthy complete ex-
pressions for computation because, as we remark
shortly, there is a large cancellation between B
and D. We conjectured that nonasymptotic terms
in these amplitudes might become anomalously im-
portant due to this cancellation. In fact, however,
the leading-order terms in s and s» yield angular
distributions and total cross sections accurate to
10%%uo at 10 GeV/c laboratory momentum and to 3%
at 100 GeV/c. The asymptotic expressions below
are entirely adequate.

For s-channel helicity-conserving diffractive
amplitudes (model s), the traces yield the following
asymptotic forms:

Ts = ~B, ~'{[2s»(u, —m')(s» —s) —2t?'s»'](Es+Fs)'+8m's» [(s„—s) Es+s»Es]Es'I,

T, = ~B, ~

'{[2s(s, —m')(s —s») —2 t?'s'](En+En)'+ Sm's [(s —s „)Fs+ sEs ]En),

T, =~BJ'({(s'+s»')(t, —4m') —2ss»(t, —m') —(s+s„)[s(u, —m')+s„(s, —m')])EsEs

+4m'(s2F E +s' E E ) —2m'ss F E' )

(4.14)

(4.15)

(4.16)

T,"n = ImB, {[(s,—m')(s —s») —s(t, + t?') + s» t? ](Fn yFs) + 4m'(s —s») Fs),

T,"= Im B,{[(u, —m')(s» —s) —s»(t, + p, ') + st, ](Fs +Es) + 4m'(s» —s) Fs ].
(4.17}

(4.18)

Note that the mass of the a does not appear in these asymptotic expressions; the nonasymptotic terms
(which we will not display) do depend on m, .

The traces for model t are

T =~A ~'{2[t?'(t,—4m') —(s —m')(u —m')](F +F )'+8m'(t + p,
' —t,)F F —8m'(t —t?')(F )'J (4.19)

T =~A ~'{2[I?'(t 4m') —(s —m')(u —m')](F +F )'+8m'(t +t?' —t,)E E 8m'(t„—p')(F )') (4.20)

Ts?s=ReA A {2[t,t?' —(u —m')(s —m')]F En+4m'(t —t?' —t )(F F +F F ) —8m'(t F F +t?'F Fs)j,
(4.21)

T" =ImA'[2n?(t +4'-t, )(F'-F')+4m(t, F' I'F )]-
Ts" =ImAs [2m(t, + p,

' —t,)(Fs -Es) +4m(t, Fs —t?'F, )]

(4.22)

(4.23)
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V. CANCELLATION

We present most of our computations for the re-
action Pn —P(v P) at P„~=100 GeV/c. Cross sec-
tions for pp —p(nx') may be obtained by multiplying
our results by a factor of two. In model s and
model t we specify parameters by the nN and NN
total cross sections and elastic slopes,

(o,„,b,„)= (24 mb, 8 GeV '), (5.1)

(o», b») =(40 mb, 10 GeV '), (5.2)

and the form-factor parameters b„b„, and bN.

We tried various values for b, and found that the
data are reproduced adequately with b, =4 GeV '.
Although presently we will allow b~~ to differ from
bD, for simplicity we now set both to the same val-
ue, b~ =b„=2 GeV ', and denote both by b~.

A basic observation about the amplitudes of Sec.
III is that the two diagrams, baryon exchange (B)
and direct production (D), tend to cancel~'" so that

%~+3RD-O. (5.3)

If spin factors are ignored, the amplitudes have
the form

Expressions (4.19)-(4.23) are exactly equal to the
traces defined in (4.4) through (4.8}. There are no

terms of lower power in s for model t. It is a sim-
ple matter to verify that, when t, -0, T, (s, =m')
=TD(s2=m'), as should be the case. Likewise,
when t, -0, Ts(u2=m') =Ts(u, =m'). However,
when the nucleons are off the mass shell (s, &m' or
u, &m') and/or t, g0, there are important differ-
ences between the t- and s-channel sets of ampli-
tudes.

To calculate the cross section we include ap-
propriate flux and phase-space factors:

1 d'p'd'p'd'k
0'= 2

4P„~m(2v)' (2 E',) (2 E,')(2 E,)
"6'(q} Ill+B+D I' (4 24)

where Q = P, + P, —P,' —P,' —k. Standard Monte Car-
lo techniques are used to evaluate the phase-space
integral.

plitudes cancel in pairs; e.g. , for small t, and u,
near m', the w-exchange and direct graph D cancel.

Because the spin factors are not the same for B
and D and because we must average over t, and t„
the cancellations are not exact. In Fig. 2 we show
the contributions of the component amplitudes to
do/dt, for model t Th. e cancellation of B and D is
shown, as well as how (B+D) combines with II to

give the total result. The extent of the cancellation
is extraordinary at small ~t, ~. The coherent sum
~B+D ~' is less than 5% of the peak value of the in-
coherent sum (~B ~'+~D ~'), and the contribution
from these graphs to the. cross section is a small
correction to the dominant w-exchange diagram.
The pion-exchange term ~II ~' is important even in

that part of phase space closest to the baryon-ex-
change pole. For example, at u, =+0.4 GeV',
where do/du2 has its maximum, we find that the
ratio ~II ~'/total is approximately 0.65 in both mod-
el t and model s. For many purposes the tradi-
tional m-exchange Deck model is adequate.

The contribution from (B +D) is concentrated in a
specific kinematic region and materially affects the
angular dis tributions in the mN rest frame in spite of
the cancellation. We may def ine the decay angles of
the 71N system with respect to either the s-channel or
the t-channel axes, as shown in Fig. 3. If the reaction
proceeds in such a way that the helicity of the out-
going wN system is the same as that of the in-
coming N in the s channel (I channel}, then the an-
gular distribution do/dQ, (do/dP, ) will be iso-
tropic. This is the usual sense of the terms s-

MODEL

(b)

0.6

CV

O
CD

—0.4E

CV

b

exp [,'b„(u, —m')]-

Q, —m
(5.4)

0.2

exp [,'b„(m'- s,)]-
D m —s,2 (5.5)

However, u, and s, are related kinematically by

0
0.4 0.8 0

—
t2 (GeV )

0.4 0.8

(u, —m ') = (m' —s,) —(f, —p') + f,. (5.6)

Since the diffractive amplitude, 3R „„constrains t,
to be small, it is clear that (5.4) and (5.5) are
identical for small I, . The same equation (5.6)
shows, more generally, that the II, B, and D am-

FIG. 2. Model-t cross section do/dt2 for np (pn. )p
at p&,&

=100 GeV/c, M &1.4 GeV, 0.02& —tt &1.0 GeV .
Shown in (a) is the net result ("total" ) as well as the
three components which are added to obtain the total.
In (b) the cancellation between the direct- and baryon-
exchange terms is illustrated.
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FIG. 3. Definition of the s-channel and t-channel
decay angles of the ~N system. The angles are all de-
fined in the nN rest frame. Note that our conventions
for defining these angles differ from those of Ref. 1.

2

I -I
cos e,

(c)

channel and t-channel helicity conservation in dif-
fraction dissociation. We belabor this point be-
cause we use these terms here in a different
sense. When we speak of s-channel or t-channel
helicity conservation, we refer to the helicity
structure of the aN elastic diffractive amplitude
Eq. (3.5), which is a component of the model.

We display in Figs. 4-6 the distributions in

cos8„p„and p, for model t and model s. We

select the region M~ 1.35 GeV, where no strong
resonance signals are seen in the experimental
mass spectra. In Fig. 4 we compare IB I', IDI',
and the coherent sum IB+D I'. It is interestiny
that the two models are very different for IB I' and

ID I' separately, but are quite similar for IB+D I'.
For model t we show in Fig. 5 how (B+D) com-
bines with II to form the net cross section. Com-
paring the total to III I', one sees that the new

graphs have sharpened the forward peak and have
added a backward peak in the cos8, distribution.
An enhancement has also appeared for Q, near w.

The sharpened forward peak in cose, is in better
agreement with data than that provided by m ex-
change alone, as is described in more detail in

Sec. VI. While this may be regarded as a success
of the inclusion of baryon exchange, we accept the
improved agreement with some reservation. It
would perhaps be preferable not to depend on the

influence of the baryon contributions in that part of
phase space (cos8, -+1), where the pion term
should be and is dominant.

It has been pointed out on general grounds" that

peaks in the distribution do/dP, near Q, =v are a
signal of baryon exchange. Our explicit calcula-
tions here provide a numerical demonstration of
how important such effects may be.

The modifications resulting from the addition of
(B+D) are much stronger for model s, as shown in

Fig. 6; do/d cos8, becomes strongly peaked back-
ward, and do/dP, is almost as large at P, =v as at

O.I5— O. I 5

O.IO—

b

0.10

0.05— 0.05

2

0
0

O. I 5—

I

(e) 0.20—

E
O. I 0

O.I5—

0.10—

0.05

IB4DI
Q
0

I

7l 0

I B+

Q, =O. We will show in Sec. VI that model s does
not agree with data as well as model t. Figures 5

and 6 show that the differences between model s
and model t are due primarily to the interference
term, 2II(B+D) In model s .this term is negative
for cos8, = 1 and positive for cose, = -1, producing
the large backward peak in this angular distribu-
tion. The origin of this behavior can be identified
if we examine the approximate forms of (4.12) and

FIG. 4. Model-t and model-s distributions in cose&,
III)&, and p~, showing the cancellation of B and D. The
models are calculated for np (p~ )p at p&,b =100 GeV/c.
M &1.4 GeV, and 0.02&-t~ &1.0 GeV .
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FIG. 5. Model-t distributions in cos&&, it)t, and Q~, showing how (8 +D) combines with H. The model is calculated
for gp (p7rgp at p&b =100 GeV/e, M &1.4 GeV, 0.02&-t~&1.0 GeV .

(4.13). If bs„=bg =b„, then (5.6) implies that

For cose, =-i and t, small, (t, —t,) is negative and

E~&E~ cos8 =-1. (5.8)
)

(s„-s)(t,+f,)

(5.10)

Es [(s„-s)(u,—m')+st, ]
(I,—m')t,

vrhich is positive for small t, .

(5.9)

'Thus, the BII term is favored over HB, and drop-
ping terms proportional to p.2, me derive which is negative.

This discussion suggests that the unwanted posi-
tive interference contribution near cos8, =-1 may
not occur if the form-factor slope b~ is larger than
b~. In fact, the agreement of model s with data is

MODEL 5

O. IG

I

0
COS 8(

PIG. 6. Model-8 distributions in cos8t„(QI)&, and g~, showing how (B +D) combines with H. The model is calculated
for np-(p~-y at p» =100 GeV/~, M &14 Gev, 0.02&-t, &1.0 GeV'.
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MODIFIED MODEL s

Q.IO O.lO

b

0
cos et

T O

FIG. 7. Modified-model-8 distributions in cosa&, p&, and p~, showing how (8 +D) combines with H. The model is
calculated for np (p~ )p at p&,&=100 GeV/c, M &1.4 GeV, 0.02&-t& &1.0 GeV .

improved greatly if we set (bg, bg) = (2 GeV ', 2

GeV '). We denote this choice of form factors
"modified Inodel s" and show in Fig. V how the in-
terference term, which is now entirely negative,
affects the angular distributions.

VI. COMPARISON KITH DATA

%e compare model t, model s, and modified
model s to the data of Ref. 1 on ps - p(pv ). The
ISR data on pP - Pnn' are qua, litatively similar. '
We fix P,~= 100 GeV/c for most of our computa-
tions. In order to avoid as much as possible the
obvious resonancelike effects in the data, the pm

mass is restricted to M&1.35 QeV. The total
cx'oss sections fox' M&1,35 GeV and 0.02&-t &I.o
GeV', calculated from the models (s, f, modified
s), are (190 pb, 160 itb, 100 itb). These cross sec-
tions are a factor of two to three larger than the
experimental value of 59 +6 pb. Similar overesti-
mates are encountered in other Deck-model cal-
culations of nucleon dissociation. '7 The contribu-
tion from Ill I' alone is 140 pb. ln Fig. 8 we dis-
play the energy dependence of our model-s cross
section for M&1.4 GeV and 0.02& jt, ~&1.0 GeV'.
Qur full model f and the term ~II ~' representing
the pion-exchange term alone provide essentially
the same 8 dependence as the model s shown in
Fig. 8. Even though oux' amplitude is purely dif-
fractive, we compute a decrease of o' by a factor
of 2 as P,~ increases from 8 to 100 GeV/c. At

least half of this decrease is purely kinematic in
origin. The amplitude si/(it —f2) is proportional
to s/(M'-rn') at small f,. Thus, o~s'x (phase
space)/flux-(s/P„~)'. The energy dependence of
(s/P, ~)2 is also shown in Fig. 8. Above P,~= 100
GeV/c, our calculated cross sections are essen-
tially constant.

The t~ dependence of models I; and 8 ls compared
with data in Fig. 9. The theoretical curves are
normalized to the integrated data for all cose, in
Fig. 9(a). The normalizations in Figs. V(b)-7(d)
are then predicted. %hen no selections are made

10 100 1000

p&,& (Ge V/c)

FIG. 8. Calculated cross section as a function of lab-
oratory momentum for model 8 (solid CUrve) for 8p

(pm )P with M&1.4 GeV and 0.02&-t& &1.0 GeV2.
For comparison we show as a dashed curve the energy
dependence of the ratio (8/ph, h) . The energy dependences
are essentially identical for model t and for the pion-
exchange term I lII .
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FIG. 10. Logarithmic slope b of the momentum-
transfer distribution der/dt& is shown as a function of
the decay angle cos0, . The mass range selected is
1.30 ~M ~ 1.35 GeV. The data are from Ref. 2.
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FIG. 9. Distributions in t& for np —(p~ )p at.p&b
=100 GeV/c and M &1.35 GeV. The solid theoretical
curves are computed from model t and are multiplied
by 0.32 in order to make the integrated cross section
agree with data. Dashed lines show results of model s
scaled by 0.37. The data are from Ref. 1.

on cos&„Fig. 9(a}, the models are at variance
with the data. The data fall off more steeply than

theory for small t, and display a break at about t,
= -0.2 GeV'. These experimental features are en-
hanced in the central region of cos8„Fig. 9(b),
where our present unabsorbed model fails badly.
The t, dependence of model t is in adequate agree-
ment with data for cos8, near both the forward and
backward kinematic boundaries, as shown in Fig.
9(c) and Fig. 9(d). Results for model s are not
plotted in Figs. 9(c}and 9(d); they are almost iden-
tical to those of model t in these regions of cos8, .
The forward turnover evident in Fig. 9(d) for cos8,
&0.9 and ~t, ~&0.2 GeV' is reproduced well. It
originates from the ( t,}'~' fac-tor in the pion-ex-
change Deck amplitude Eq. (2.4). For cos8, & -0.9,
a sharpening of the t, distribution is evident below

~t, ~

—0.2 GeV' in Fig. 9(c). A consequence of our
baryon-exchange term, this low- ~t, ~

feature ap-
pears naturally in our model without absorption.

We may define the logarithmic slope, b, of our
calculated spectra by fitting our results to the

form dojdf,'=A exp(bt,'), where A is a constant
(which depends on cos8, ). In Fig. 10 we compare
our values of b with those published by the CHQV
ISR group. ' The values of b were obtained from a
fit over the ra. nge 0&~t', ~&0.2 GeV'. Our model s
agrees quite well with the ISR data for cos8, ~0.4.
The discrepancy for cos8, = 0 was mentioned
above. For cos8, --1, our comparison with Fer-
milab data in Fig. 9(c) shows good agreement,
whereas we appear to fall below the ISR results in
Fig. 10. Because of experimental acceptance limi-
tations, the ISR data are not altogether reliable
near cos8, = -1.

The failure of the unabsorbed Deck model to re-
produce the experimental structure near ~t, ~=0.2
GeV' for the central decay angles, ~cos8, ~&0.3,
has no clear interpretation as yet. As remarked
in the Introduction, one view is that absorptive ef-
fects are required. While these lead naturally to
peripheral structure in t, distributions, it is usual-
ly difficult to produce dips at t, values as small as
0.2 GeV' without an increase (perhaps artificial) of
the strength of the absorption. Fortunately, ab-
sorption should cause little change in Fig. 9(d),
leaving the agreement with data unaffected, be-
cause its strength is usually small whenever the
unabsorbed pole term vanishes near t, =0. By con-
trast, absorption strong enough to reproduce Fig.
9(b) would tend to create a dip in Fig. 9(c) where
none is observed. Instead of absorption, one may
imagine that a second component, perhaps reso-
nancelike, is involved in addition to the unabsorbed
Deck contribution. If this second component is
postulated to be of peripheral character in impact
parameter and to dominate the mN decay angular
distribution for

~
cos8,

~

&0.3, the data could be "ex-
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plained" in at least qualitative terms. In this lat-
ter viewpoint, the success of the Deck model for
~cos8, ~a 0.5 is attributed to the dominance of the
Deck component in these kinematic regions, and

absorption, if any, is assigned a minor role. Sep-
arating the postulated two components is opera-
tionally difficult since they populate overlapping
regions of phase space. Nevertheless, it is un-
deniable that resonancelike signals are visible in
the data, and these are not incorporated in the
Deck model. %e shall return to this point in Sec.
VII.

In Fig. 11 we compare our calculated slopes with
data as a function of mass M. All models provide
a "mass-slope correlation, " such that b decreases
as M increases, in qualitative agreement with the
data '8 A relatively mild decxease of b with M is
present for ~II ~' alone, and its origin is well un-
derstood theoretically. ' The magnitude of b near
threshold (M = 1.08 GeV) is increased markedly by
the inclusion of the baryon terms in model s and in
modified model s, whereas little change from ~II~'
results in model t. The slope b computed from
model s agrees with the data at threshold, but is
roughly 5 units too small near M =1.3 GeV. %e
showed above that this shortage is associated with
the central decay angles, cos8, = 0.

In Fig. 12 we show two-dimensional contour plots
of the distribution der/d cos8, dg, for the three
models and for ~II ~' alone. All models show a
large m-exchange peak near (cos8„P,) =(1,0) and
a depleted region near (0.5, w). These features are
also strongly visible in scatter plots of the da-
ta."' Model s provides a greater population than

Yr EXCHANGE MODEL s

—IQ

the other models for cos8, near -1, with a large
peak near (-1,0). This latter structure is not pre-
sent in the data, as we shall see. Modified model
s also shows an enhancement near (-1,0), but it is
less strong than that of model s. The depleted re-
gion centered on (0.5, w) is larger in modified mod-
el s than in the other models.

%e remark in passing that it is also possible to
modify model s in a second way with the result that
the angular distributions are virtually identical to
those of model f [Fig. 12(a)]. This is done by
choosing b~=b~=2 GeV ', as in model t, but re-
ducing the total cross section for virtual NN scat-
tering to a» = 23 mb. The cross section for M
& 1.35 GeV and 0.02 & -t, & 1.0 GeV' becomes 140 p.b
for this version of model s, somewhat less than
the cross sections for model f (190 pb) or model s
(160 pb).

Predicted decay spectra in the mN decay angles
cos8„ fIgb„cos8„and Q, are shown in Figs. 13-15
for three ranges of I, Since we have already
shown in Fig. 9 that our models do not reproduce
do/dt, correctly for all cos8„we normalize the in-
tegrated cross section of each curve to the data in
Figs. 13-15. In Fig. 13 model t reproduces the ex-
perimental spectra to excellent accuracy in all
four angular distributions and at both large and
small ~If, ~. In Fig. 14 we see that the expectations
of model s for cos8, and Q, are in some disagree-

do bt'
dt, ,
—,cx: e

0

cos 8,
MODEL t

cos 8

MODIFIED MODEL s

10—
20

1.4 O-i

cos 8 cos 8t

FIG. 11. Logarithmic slope 5 of the momentum-
transfer t& dependence of model t, calculated for
np (pr )p at p» =100 GeV/e as a function of I, the
pn mass. The curves are obtained by fitting der/dt&dM

=A(M) exp[b(M)t&] over the range 0& —t&&0.2 GeV at
various values of M. The data are from Ref. 1.

FIG. 12. Taro-dimensional distributions in the vari-
ables Qt and cos8& for n p (pm' )p at p&,b

=100 GeV/c,
M & 1.35 GeV, and 0.02 & -t& & 1.0 GeV ~ The contours
are labeled in percentage of the maxi. mum value of
der/d cos8t dft) ~. Our convention for defining fly) t differs
from that in Ref. 1; thus, our Q& =m corresponds to gt
=0 in Ref. 1.
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FIG. 13. Model-t distributions in t -channel and
8-channel decay angles compared with Fermilab data
{Ref. 1) for the reaction nP {P~ )P at Phb =100 GeV/e,
M &1.35 GeV for three ranges of t&. Each curve is nor-
malized to the data.

ment with the data. The deviations are most ap-
parent for ~t, ~&0.1 GeV', but are also visible for

ferences should be the least significant.
In Fig. 15 the modification to the form factors in

model s reduces these discrepancies to modest
proportions. The cos8, distribution, Fig. 15(a), is
still too small near cos8, =0, but the ratio between
forward Rnd bRckw'Rrd cross sections ls Rpproxi-
mately correct. These features are seen in both
ranges of t,.

As is clear in Fig. 12, model s differs most
strikingly from model I; and from modified model 8
in the region cos8, =-1. Accordingly, for cose,
&-0.8, we compare the Q, spectra of these three
Inodels with data in Fig. 16, using the same nor-
malizatione for the theoretical curves as in Fige.
13-15. Model t is in reasonable accord with the
data, but both versions of model s are too large
near Q, =0. The data may suggest some peaking
towards Q, = m when -t, &0.1 GeV', an effect not

7T' 0

O. l &- fI & I.0
I

FIG. 14. Model-s distributions in t -channel and s-
channel decay angles compared with Fermilab data
{Ref. 1) for the reaction nP {P~gP at p&,b =100 GeV/e,I&1.35 GeV, for three ranges of t&, Each curve is
normalized to the data.

present in the theory. For reasons discussed in
Sec. VII, we do not consider this discrepancy to be
terribly serious.

A few general comments are in order regarding
Figs. 12-15. First, the baryon terms improve
agreement with the data substantially. Second, it
is evident that the spin-related effects are non-
trivial in the model. Indeed, from a model for np
-(Pv )P in which the spin of the dissociating sys-
tem is ignored, ' a baryon-exchange peak is pro-
duced in the scatter plot Fig. 12 near (cos8„$,)
=(-1,w). No such peak is present in our models,
and none is visible experimentally. Another tech-
nical aspect of spin dependence is discussed in the
Appendix. Third, it would appear superficially that
the data shown in Figs. 13-15 favor the assumption
of t-channel helicity conservation for the off-shell
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MODIFIED MODEL s s- or t-channel helicity conservation in the aN
elastic amplitudes inbedded in Figs. 1(b) and 1(c).
The slope values in Fig. 11 would suggest that s-
channel helicity conservation is preferred. How-
ever, our inability to reproduce do/dt, for cos8,
=0 weakens any conclusion to be drawn from
slopes.
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FIG. 15. Modified-model-s distributions in t-channel
and s-channel decay angles compared with Fermilab
data (Ref. 1) for the reaction nP (P7r )p at P„~
= 100 GeV/c, M & 1.35 GeV, for three ranges of t &. Each
curve is normalized to the data.

to on-shell aN elastic scattering amplitude, rather
than the usual preference for s-channel conserva-
tion in elastic scattering. " We believe this con-
clusion cannot be drawn for various reasons, in-
cluding the uncertainties of off-shell extrapolation.
We note that merely scaling down the size of the
baryon-exchange amplitude in model s by approxi-
mately a factor of two is sufficient to restore
agreement with data as good as is obtained with
model t. We recall in this connection the notorious
problems encountered with pole extrapolation (nor-
malization) in vN backward elastic scattering" (al-
so mediated by baryon exchange). Furthermore,
minor adjustments to the form factor associated
with a spacelike virtual nucleon (cf. , modified
model s) can have a large effect on these angular
distributions. From the angular distributions
alone, then, we can conclude nothing for or against

VII. CONCLUSIONS AND DISCUSSION

In a Drell-Deck-model description of high- energy
nuclear diffraction dissociation, aN-a(N )v, we
have studied in detail the contributions which the
baryon-exchange and direct-baryon-pole Deck
graphs make to the production and decay distribu-
tions of the low-mass Nn system. Adopting rea-
sonable parametrizations of these baryon terms,
we show that their inclusion improves substantially
the agreement of the model with the data on the Nm

decay angular distributions do/dQ(8, P), pa. rticu-
larly in that region of phase space where the domi-
nant m-exchange term is suppressed. In our para-
metrizations we considered both s- and t-channel
conserving forms for the off-shell elastic NN am-
plitudes embedded in the inelastic Deck amplitudes.
In part because of theoretical freedom in the treat-
ment of off-shell baryons (including form factors},
we are unable to conclude that the data favor either
the s- or the t-channel version. Both are consis-
tent with the data on do/dQ. The s-channel model
is significantly better in one respect. It provides
correctly the very large value (-25 GeV ') of the
logarithmic slope b of do/dt, dM„, f'or M„, near
threshold (M„,= 1.08 GeV). How'ever, in both
models, b is 25 to 40 /g below the experimental
value for M-1.3 GeV (Fig. 11). This slope discre-
pancy is associated with a failure of the model to
reproduce the dip in the experimental do/dt, dM'
near t,, = -0.2 GeV', a feature of the data pro-
nounced only near cos8, =0. The model does well
for ~cos8, ~&0.5 (Fig. 9).

When structure is observed in a differential
cross section do/dt, near ~'t,

~

= 0.2 GeV', it is nat-
ural to postulate that absorptive effects are called
for." In this picture the structure is a property of
one dominant non-spin-flip amPlitude, a contro-
versial hypothesis by no means obvious from the
data. Moreover, on purely technical grounds, it
is hard to imagine that absorption strong enough to
produce the pronounced dip in do/dt, for cos8, —0
would not also distort doldt, for ~cos8, ~&0.9,
where, as shown in Figs. 9(c}and 9(d}, the unab-
sorbed model does well enough.

In our view there are several inadequacies of the
model in addition to the problem with do/dt, which
should not be ignored and whose effects are poten-
tially more significant than those of absorption. In
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FIG. 16. The distribution do/dP& for cose& &-0.8 for model s, model t, and modified model s compared with Fermi-
lab data (Ref. 1) in three t& ranges. The reaction is np —(pw )p at p„b =100 GeV/c, M &1.35 GeV.

comparison with data, the shape of do/dM is woe-
fully inadequate (e.g. , no resonance peaks), and we
predict too much cross section. Qn the theoretical
side, as the model stands it does not have the cor-
rect unitarity and phase structure" as a function of
the Nm mass. If we were to make a partial-wave
decomposition of our Deck amplitudes in the final-
state Nw channel, we would obtain essentially real
partial-wave amplitudes f~~„„(M,t,). However,
according to the Watson final-state-interaction
theorem, "each wave should carry the phase 0 (M)
of mN elastic scattering. Furthermore, in addition
to the Deck term, each resonant wave may be pro-
duced by a direct coupling to the exchanged Pomer-
on. The t, dependence of the direct-coupling term
need bear no simple relationship to that of
f~~„„(M,t,). It is not inconceivable that inter-
ference effects between the two would provide
structure in do/dt, near ~t, ~=0.2 GeV' and/or that
the peripheral structure seen in the data is a prop-
erty of the direct coupling itself. It is reasonable
to conjecture the final-state interactions and the
addition of direct production will provide substan-
tially modified differential angular distributions
do/dQ in the Nw rest frame. This may be true even
for values of M in the region M =1.2 to 1.4 QeV,
where no obvious resonance signals are visible in
da/dM. We conclude that the discrepancies be-
tween our models and the data can reasonably be
ascribed to our omission of final-state interac-
tions, and that, given this limitation, we have done
as well with our baryon-exchange terms as is rea-
sonable to expect. While further gymnastics with
the off-shell baryon propagators may appear se-
ductive in attempts to improve agreement with se-
lected features of the data, we consider the final-

state-interaction approach more compelling.
Our work has features in common with calcula-

tions presented by Babaev et al. ' and by Minaka,
Sumiyoshi, and Uehara. " In both of these articles,
baryon-exchange Deck models are presented and
comparisons are made with recent data. Babaev et
al. use an s-channel helicity-conserving diffractive
amplitude and differ from our model s primarily
in their choice of form factors. They claim that
the Serphukov data' on nP - (pv )p are in substantial
agreement with their model, although they feel that
absorptive corrections to the model are indicated.
Minaka et al. consider both s-channel and t-chan-
nel helicity-conserving diffractive amplitudes and
briefly discuss the possibility of modifying the
baryon propagator with the form factor we call F .
They treat the process vN-v(Nv) and conclude that
baryon-exchange Deck models cannot reproduce the
angular dependence of the Fermilab-Rochester-
Northwestern data. ' We believe that our more de-
tailed analysis of the model shows this conclusion
to be incorrect. The sensitive nature of the can-
cellation between baryon-exchange and direct am-
plitudes leads to a situation where minor changes
in the parametrizations of these amplitudes can
have large effects on these angular distributions.
The angular behavior of the data can be well re-
produced with a suitable choice of parameters.
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variant amplitudes A and 3,
3g,„=&7(Pl)(A+BE,) u(P,).

Comparing (A3) and (A4) one sees that

(A4)

APPENDIX: MODIFIED BARYON PROPAGATOR

%e considered various modifications to the off-
shell bax yon propagatox" in an attempt to estimate
the sensitivity of our x'esults to the parametriza-
tions used. We report on one such exercise in this
Appendix.

The form factors Il, and I' in the bax'yon propa-
gator, introduced in Sec. III, allow the spin-parity
content of the vll tuRl bRx'yon to be modified. To be
specific, ere consider the direct-channel graph,
Fig. 1(c). (The form factors we find can then be
used for the ba. ryon-exchange graph as well). The
baryon px'opRgatox' ls pule cJ = g Rt the QucleoQ
pole. Were it to remain a pure spin-parity state
off the pole, the helicity-consex'ving model t, for
example, %'Guld produce lsotloplc contributions ln
the sf' decay angles (cos8„$,). However, as is
shown in Fig. 4(a), the contribution from the direct
graph ~D ~' to the cos8, distribution is not isotro-
pic. The Feynman baryon propagator [F =0 in Eq.
(3.1)] contains a mixture of J~ = &' and 2 which in-
terfere to give an angular dependence,

do/d cos8, ~Q ~[1+a(-1)"'] d„„,'~'(8, ) ~'

=(1+e')+~ cos8„(A1)

vrhere & is the ratio of & to &' in the pxopagator at
a given M, X is the incoming helicity.

To illustrate this matter in more detail, we con-
sider the direct-channel graph for mN- mX shown
in Fig. 17. Allo@ring the nucleon propagator the
mox'e genex'Rl fox'm iQvolvlng E Rnd E we %rite
the amplitude for this reaction Rs

F,(g+m)+F (g m) .
N Pl g75 5 ZY5 1

(A3)

,rV{P',) [(F.+F )P,+F 3.m']M(p,.)

The amplitude can be x'ecast in terms of the in-

2

A =2mE
8 —tie

(A5)

B={F,+F ) ~ (A6)

Anlplltudes of definite spin Rnd pRX'lty cRD be
fol xned Rs

f,),-= [A+(Ms-m)B],
2

E —mf,g,.= [-A +(v s +tn)B],
2M'

vrhere E is the enex'gy of the pxoton in the gN cen-
ter-of-mass system. In texms of the foxm factors,
ere find

fl g 5p 55
5 [MsF l + mF 5 ]q

fly 5-~ — 5[WsF l —mF5]q8 (Alo)

(All)

(A12)

These amplitudes, of coux"se, 8Rtlsfy the MRc-
Dowell symmetry relation

f,g,.(Ws) = f,(, (-v s ).
The coDdltlon8 GD E» Rnd E2 Qece88Rx'y ln oldex' to
have a propagator arith a single spin parity are

f.i5- =0-F5 =
m

(A15)

These equations demonstxate that the analyticity in
s of the invariant amplitudes A and 8 vrould have to
be sRcx'lf iced ln ox'dex' to hRve R vlrtURl bRryon ln R

pure spin-parity state fox' all s. Hovrever, one can
arxange that the pxopagator reduce to a single spin
parity at. one speclflc value of s, say 8,=I,', with-
out damage to analyticity. Since the propagator is
pure —,"at the pole, if we chose F,(s) and E,(s) so
that

FIG. 17. Direct-ch8nnel grRph for xN ~KV used. RS R

yrotobjpe for the Pomeron-nucleon interaction of P»g.
1(c), PN ~ n'K.

F.(m') =-,' [F,(m')+F, (m')] =1, F (m') =0,

(Ala)
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E,(s) = exp(-~~b»
i
s —m'

i ),

F,(s) = exp( ——,'b„, is —m-' i),

(A18)

(A18)

with

2 v~s,
b„,=b~,+, ln

so —m rn
(A20)

To arrange that JP = &' be dominant in the low-M
region, we select

Mo=v s 0=1.3 GeV.

Choosing

b„2=2 GeV

we obtain

(A21)

(A22)

b„,=2.8 GeV '. (A28)

then the unnatural-parity contribution, f,&,-, will
be zero at s =s,. Moreover, it will be small for s
not too different from so.

Thus motivated, we parametrize

Our choice of form factors yields a propagator
which is primarily natural parity, J = &', for M
& 1.4 GeV. As expected, when model t and model s
are calculated, the contributions of iD i' to the
contributions in cosa, and in cose, are found to be
almost isotropic for M» 1.35 GeV and our usual
selections on it, i. The nucleon-exchange ampli-
tude, B, is calculated using the same form fac-
tors, and it is also markedly affected. However,
when the direct and exchange amplitudes are added
coherently in the natural-parity model t, the re-
sult is virtually identical to our previous model t.
Differential cross sections differ by less than 5%
in magnitude and imperceptibly in shape. The
shapes of spectra resulting from the natural-parity
version of model s are also similar to those of
model s, although the depleted region near
(cos8„$,) = (0.5, n') has been partially filled in and
the total cross section is five times greater. Mod-
el s is considerably more sensitive than is model
t to changes in the spin-parity content of the propa-
gator.
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States Energy Research and Development Adminis-
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