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INCLUSIVE EXPERIMENTS AND A DIFFRACTIVE POMERON BOOTSTRAP®

D. SILVERMAN, P.D.TING and H.J. YESIAN
Department of Physics, University of California, San Diego, La Jolla, Califoynia 92037, USA

Received 30 April 1971

A diffractive Pomeron pole is derived from a multiperipheral bootstrap where the Pomeron is
required to be exchanged only once. The predictions for inclusive experiments are presented and
are shown to provide tests for the nature of the Pomeranchuk singularity.

The ambiguous nature of the Pomeranchuk
singularity has been the object of considerable
theoretical and experimental concern. Within
the multiperipheral model, it has already been
noted that the repeated exchange of a Pomeron
pole will violate the unitarity bound [1] if ap(0) =
1. Consequently, recent multuperipheral boots-
trap attempts [2] have had to cope with the pros-
pect of asymptotically vanishing total cross sec-
tions.

In this paper, we unite the appealing physical
ideas of constant cross sections at high energies
as given by a diffractive Pomeron [e.g. 3], with
the multiperipheral models for particle produc-
tion and the determination of Regge singularities
by a bootstrap. We use the multiperipheral am-
plitudes containing the Pomeron exchange to gen-
erate an output Pomeranchuk singularity through
unitarity. Those production amplitudes not con-
taining the Pomeron exchange are considered to
generate and bootstrap the "ordinary", non-
leading Regge singularities (P, w,p...). If we
require the Pomeron to be a Regge pole with
ap(0) =1, then the consistency requirement that
the output singularity also be a pole with ap(0) =
1 excludes amplitudes with more than one Pom-~
eron exchange, since they give multiple poles or
cuts. It also excludes the single exchange of a
moving pole with ap(0) = 1 since this gives an
output cut at J = 1. Thus our assumptions re-
strict us to a bootstrap model in which the Pom-
eron is a fixed pole at J = 1 ** and can only be
exchanged once in the chain [5]. Thus the Pom-

* This work was supported in part by the US Atomic
Energy Commission.
** A fixed pole does not violate t-channel unitarity if
there exist appropriate "protective" cuts as con-
sidered by Oehme and Finkelstein and Tan [4].
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Fig. 1. Asymptotic unitarity equation for the diffrac-
tive Pomeron pole,

eron is considered a unique diffractive phenom-
enon which can occur at most once in the chain.
This feature of the model enjoys the support of
current experimental data which find no evidence
for multi-Pomeron exchange [6] (MPE).
Asymptotically, then, the unitarity equation
for the leading vacuum singularity is represented
pictorially in figs. 1a and 1b¥. Hence, in this
model, there is no triple Pomeranchuk coupling
[8]. The occurrence of a single Pomeron in the
chain can be interpreted as a diffraction scat~
tering with resulting multiperipheral fragmen-
tation of the beam and target into particles on
the left and right of the Pomeron respectively.
The coupling of a specific production model with
the diffractive scattering enables us to use the
results of multiperipheral dynamics to make

¥ The duality interpretation of Harari [7] is consistent
with this model in the sense that the s~channel struc:
ture associated with the {~channel Pomeron ex~
change is quite different from the s-channel struc-
ture associated with the non-leading {~channel
Regge trajectories.
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definite predictions on production cross sections,
multiplicity distributions, and inclusive experi-
ments in a diffraction model.

From unitarity, the contribution of the central
diagram (double diffraction dissociation) of fig.
la, to the absorptive part of the elastic scattering
amplitude is given by,

fdt LAt_B(t,)B(E.)
= A S Y
[-a(ht,,t)]1/2

fas;ds 4P'(s; ) (szs ) AP'spt ()

where A(t,t,,t_) = 12442 442 _o1(t, +1_)-2 ¢ _is
the usual triangle function, B(f.) are the Pomeron
residue functions, and Z/= s/s;s,. is the Regge
propagator for the fixed Pomeron pole. The fac-
tors AP'(s,t) represent the sum of all the multi-
peripheral graphs with only "ordinary" Regge or
meson exchanges which behave asymptotically as

AP'(s,0) ~ ypi(t) s (D) (2)

where by assumption, ap.(#) < 1, fort <0 .
The leading behavior of A(s,?) can be found by

substituting eq. (2) into eq. (1), to get
dsl ds, -
(s,6)~s |- i) (3)
s 2 ap.(t) Srz—apv(t)

where the integrations over £, and {_ have yielded
an s -independent result as a consequence of the
assumed rapid damping of 5(4,). Any s depen-
dence of the remaining integrals lies implicit in
the upper limits of s; and s,. However, since
ap+(t) < 1, the integrand is sufficiently conver-
gent in these variables to render the result in-
dependent of the upper limits of integration in
the limit s @ « so that A(s,f) ~ sf(f). Thus for
all values of #, the energy dependence of this
contribution is a fixed pole at J =1. A similar
result goes through for the elastic and end dia-
gram (single diffraction dissociation) contribu-
tions, yielding a successful bootstrap for the
fixed Pomeron pole at J = 1:

Als,t) = sB(¢#) . (4)

As a consequence of the diffractive Pomeron
the total cross section, op= (1/s)A(s,0) = (0),
and all partial cross sections, 0, become
asymptotically constant. In this model, the
average multiplicity, # = Encrn/orr, will ap-
proach a constant. This important consequence
of single Pomeron exchange differs from MPE
models which predict # ~ Ins. Present cosmic
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ray data [9] indicate that the multiplicity may be
rising very slowly. The constancy of the average
multiplicity together with the initial positive
charge excess of cosmic ray primaries predicts
that the ¥/~ ratio from cosmic rays will
asymptotically approach a constant greater than
1.

For illustration, we have examined a specific
"strongly ordered" multi-Regge model for the
fragmentation in p-p collisions, where the pro-
duced particles were taken to be p mesons. This
resulted in a nearly geometric multiplicity distri-
bution * with the cross-section for producing »
p's given by,

Oy =c(n+1)¥® n =20 , (5)
where
r= g2/(1-ap(0)+g2) <1 (6)

and g2 is the multi-Regge coupling constant.
This gives o) = ¢

gel/or = (1-7)2 (7a)

o = 2 Oy = c/(1-7)2 (7b)

Roharged = 2+3X2Xn=2+8/3(1-7)(2-7) . (Tc)
For reasonable bootstrap parameters ap: W(0) =
0.5 andg = 0.7, this gives 7 =0.58, O’el/UT =
0.17 and # gpappeq = 6.5 . All of these results
are in reasona%le agreement with current exper-
imental data [10].

We have proven that in the diffractive Pom-
eron model, the single particle spectrum satis-
fies the limiting fragmentation hypothesis of
Yang and colaborators [11]. The distribution of
the target (projectile) fragments

3
as/gp = JCE ) ®)

depends only on the nature of the target (projec~
tile) and the observed particle and its momenta
as measured in the target {projectile) rest frame.
For large k , we find that [51

2 apr(0)-1 9)

2
f(kl ’ kll) k -0
i
and hence there is no pionization asymptotically.
At present accelerator energies, there will be
slow particles in the center of mass system

* Wroblewski [10] has observed that the accelerator
data for ¢, appear to obey a geometric distribution,
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Fig. 2a) D}agram for single particle spectrum for
Ry~ 0O (s1/2y in the diffractive Pomeron model. b) Dia-
gram for pionization in the MPE model.

(R, ~ 0(s1/2)) represented by fig. 2a **, where
the particles produced to the left and right in the
c.m.s. are summed to give Regge behavior at a
subenergy ~ s1/2,

($1./2),QP'(0) s1/2

22k —~— (s79) 7P _
JRE R) b SO(s1/2) S
(s1/2y@p (01 (10)

This corresponds to the tail of the target (projec-
tile) fragmentation at 2, ~ O(s1/2), given by eq.
(9). The diffractive Pomeron model predicts that
the current observation of these slow particles

in the c.m.s. will decrease slowly as ~s-1

The existence of pionization as predicted by MPE
models [13] and the associated behavior 7o Ins
corresponds to fig. 2b. This does not exist in our
model, since we can only exchange the Pomeron
once in the chain.

The simplicity of the fixed pole solution allows
the s and ¢/ dependent aspects of the bootstrap to
decouple, yielding the following non-linear inte-
gral equation for the Pomeron residue in a single
channel problem t

de,d¢_p(z,)B(e)
[jA(tBt t)]1/2[1+2]?(t)+1‘2(t)]
T (11)

with T(8) = ypi()[7(1-ap()]"1 . At £ =0, the
left hand side is simply the total cross section,
while the terms on the right are respectively the
elastic, single diffraction and double diffraction
cross sections. If for simplicity we take I'(#) =
I' = constant, then one solution of this equation
is

1
f) =
B = g2 /

. 87R2 Jy(R (-0)1/2)
B =" 1Tr2 r (012

(12)

** This diagramatic representation was inspired by
Mueller [12].

T Detailed solutions to a multichannel Pomeron boots-
trap which exhibits factorization of the fixed pole
are presented in ref, [5].
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Fig. 3. A(s,f) = sOTeat and Ag| (s,?) from p-p elastic
scatfering at 21 GeV/c.

which corresponds to scattering from a totally
absorbing disk of arbitrary radius R.

From fig. 1 or eq. (11), we see that the in-
elastic contributions to unitarity, Aine (s,?) =
=A(s,t) - Ael(s,t), are proportional to the ab-
sorptive part of the P’ residue function yP,(t).
We expect that the ghost-killing mechanism in
Regge theory would give yp:(¢,} = 0, when
apt{?g) = 0. Experimentally /, ~ -0.6 GeV2, At
t =t, then, the elastic contribution should com-
pletely saturate unitarity. In fig. 3, we plot
A(s, ) and Ag(s,?) derived from an exponential
parameterization of p-p eleastic scattering at
21 GeV/c. The difference,

2
o
Ainer (s,t) = s[ o exp (at) - frﬁ exp (3 at)] (13)
vanishes when
t :agln (op/327a) . (14)

For the fitted parameters, op =39 mb and ¢ =
5 GeV-2 this gives £ = -0.65 GeVZ, in excellent
agreement with the above value for ¢.

To conclude, the study of the Pomeron boots-
trap and its relation to inclusive experiments
shows that the difference between MPE models
with ap(f) < 1 and a diffractive Pomeron with
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ap(?) = 1, yield very different qualitative features
for inclusive experiments. In particular, the a-
symptotically constant behavior of # and ¢, and
the absence of pionization are general conse-
quences of eq. (2), and do not depend on any de-
tailed structure for AP'(s,#). These experiments
should therefore play an important role in un-
ravelling the nature of the Pomeranchuk singular-
ity.

Discussions with W. R. Frazer, C. H. Poon,
C-1. Tan and D. Y. Wong are gratefully acknow-
ledged.
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