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DO TWO LARGE GAPS SIGNIFY DOUBLE-POMERON EXCHANGE?*
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We investigate in what sense the Pomeron can occur more than once in a single process by estimating the single-
Pomeron contribution to the double-Pomeron-exchange-like processes and comparing with the experimental data.
From this comparison, we find that the double-Pomeron contribution may be much smaller than the previous theo-
retical estimates. Further theoretical investigation and experimental tests are suggested and discussed.

How the Pomeron can occur more than once in a
single process is a crucial question in understanding
the structure of the Pomeron and has received much
theoretical attention in recent years [1—3] . This ques-
tion also has led to several experimental searches [4—
7] for the existence of the double-Pomeron exchange
(DPE) in reactions of the type

A+B—>A+B+X, )]

as illustrated in fig. 1a. In refs. [4—7], events in pp
scattering characterized by two large rapidity gaps sep-
arating the leading particles and X are observed with a
cross section of approximately 20 ub for X =n"n~
and two units of rapidity as the minimum gap size.
The crucial thing to keep in mind is that the signal of
order of 20 ub is very small. That is why it is impor-
tant to study the meaning of DPE, what processes
could simulate it, and how to interpret the results if
DPE were several times smaller than expected. Al-
though the existence of DPE in reaction (1) implies
the existence of such events, as we shall discuss, the
converse is not true. Whether the results of refs. [4—
7] are evidence for the existence of DPE should be
more carefully studied. In this work, we investigate
other mechanisms for producing events with two large
rapidity gaps, look into the possibility of explaining
the data of refs. [4—7] without the DPE, and suggest
further tests of the existence of the DPE [8].
Inelastic diffractive events with a large rapidity gap
separating one of the leading particles and the rest of
the final state particles are observed with a cross sec-
tion of approximately 4 ~ 8 mb for pp scattering in
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Fig. 1(a) Mustration of the double-Pomeron-exchange and the
relevant variables. (b) Illustration of the inelastic single diffrac-
tive processes.

the FNAL and ISR energy range. If we assume that
such inelastic processes are dominated by the Pomeron
exchange, as illustrated in fig. 1b, the question is in
what sense another Pomeron can be exchanged in the
Pomeron-proton inelastic vertex to make a DPE pro-
cess shown in fig. 1a. If the Pomeron is a simple factor-
izable pole, as in the usual scheme for the recurrance
of the Pomeron, it will give rise to a two-particle inclu-
sive cross section [3,9, 10]

A B
__dfﬁi_ ~ _1_ dOAB doAB (2)
dr, dZ, drg dZg otoL dty dZ, drg dZp
for an approximately factorizable Pomeron, where
Zpp =h(s/ME, ). 3)

oﬁgﬁ is the total cross section, and the differential cross
sections on the right hand side of eq. (2) are the corre-
sponding inclusive cross sections. Eq. (2) is supposed
to be valid in the kinematical region with small 7 p,
large Z 5 p and large Mx. In this region, the leading
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particles are separated from the others by large rapid-
ity gaps. Although the sizes of the gaps cannot be de-
termined by ‘A B and ZA,B alone, they are statistical-
ly equal to Z, g. Thus, the integration limits of Z, g
can be replaced by the observed limits of the rapidity
gaps in a given measurement. Noticing that for A =B,
as in pp scattering, the integral of the single-particle
inclusive cross section in eq. (2) over the large Z region
gives half of the single diffractive cross section, we ob-
tain the total DPE cross section

gh
FPP o~ 5pp
9 prE 400t 9sp> 4)
PP

where the tilde indicates the truncation of the cross
sections due to the constraints on the sizes of the ra-
pidity gaps. If we impose a minimum size of A for
each gap, the integration limits of Z, p are given by
the triangle withZ, p <AandZ, + ZB <Insfs,,
where s is the minimum value of MX For s = 1000
GeV? and A=2, aIS’]% is approx1mate1y 4 mb and eq.
(4) gives G P ~ 76 0 &P # 100 ub. This is a straight-
forward way to see why the total DPE signal should
be about 100 ub; it is essentially the procedure of ref.
[3].

Because of the fact that both the observed gap
sizes and the total rapidity range are always finite,
there is a finite probability of producing large gaps
without the Pomeron exchange. Thus events with two
large gaps can arise from single diffractive processes
with one of the gaps not generated by the Pomeron.
Such non-Pomeron backgrounds are mainly due to
the meson-Pomeron exchange (MPE), with one of the
Pomerons in the DPE process replaced by a meson tra-
jectory, and possible interference between MPE and
DPE. In terms of Mueller regge analysis, the DPE like
cross section can be directly related to the triple regge
parameters. For small 7 and z, the triple Regge formu-

la for the single-particle inclusive cross section gives
[11-13]

a2 o
9B _ GAB—»AX(t )
Aty dZ, ryk=mp MK A (5)

X exp{ley(ta) +ay(1y) — 2] Z, H (Mg KO

where a(f) represents the regge trajectory. The assump-
tion of short range correlation, which leads to eq. (2)
at large rapidity gaps, predicts that the DPE like cross
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section is given by

d4 AB
. AB o L GAB—»AX(t )
Xexp{[og(ta) +oy(rp) —21Z4} (6)
dogy
2 a0 -1 _ _
XMy )P drgdzs, +(A<B)(1~8.p8p).

From fits to the single particle cross section (5) [12,
13], we know that Gypp is consistent with zero and
therefore the interference effects between DPE and
MPE can be neglected. The background is thus given
by the integrated results of egs. (5) and (6) as

Pp M_MMP FPP ~ zj,MMﬁgpp %)
MPE D or 95D T oy DREY
Ypp Isp

where G y\p represents the total MMP contribution

to the single-particle inclusive cross section in the given
kinematical region. Since @ yyyp is not directly meas-
urable, we must rely on the triple regge fits to the
single-particle cross sections {13—14]. From ref. [14]
we obtam G p = 1.5 mb for A =2 and therefore
OfbE = 5 PP or about 80 ub. The different fits of
ref. [13] give somewhat different results but all with
the same order of magnitude.

Independent of the triple Regge fits, we can also es-
timate the background from the inclusive rapidity gap
distribution observed in hadronic reactions [14]. Let
us denote the probability of producing a nondiffrac-
tive gap larger than or equal to A by P(4). Neglecting
the interference effects mentioned above, we can then
write the single Pomeron exchange (SPE) contribution
to the DPE like cross section as

BB ~ P(A) BB, (8)

Similarly, there is also a nondiffractive contribution
given by [P(A)] 2 times the nondiffractive cross section.
The size of P(A) can be estimated from the observed
single-gap inclusive distribution in pp reactions [14].
In ref. [14], end gaps have been excluded from the
data to minimize the effects of the diffractive
(Pomeron) contribution. There may be some remain-
ing Pomeron contribution from the double diffractive
processes, in which the gap generated by the Pomeron
does not occur at either end. However, since the esti-
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mated double diffractive cross section is small (~1
mb) while both the average gap multiplicity (~10)
and the nondiffractive cross section are relatively large
in the FNAL and ISR energy range, this Pomeron con-
tribution to the inclusive gap distribution should be
suppressed by a factor of 300 to 400 compared with
the total gap distribution. Furthermore, the fact that
the observed gap distributions are rapidly decreasing
functions of the gap size [11] also assures us that,
after the end gaps are excluded, the Pomeron contribu-
tion to the gap distribution is negligible.

From ref. [14], we can see that the probability,
P(A), for zero charge transfer gaps A 2 2 is about
1/70. Although neutral particles may be present in
the gap distributions of ref. [14], we expect that,
given no charged particles in two units of rapidity or
more, the probability of finding neutral particles in
the same region is very small. In particular, this is
true if particles are emitted in clusters with two
charged particles per cluster on the average, as ob-
served in ref. [14]. For P(A) ~ 1/70, we obtain Ggpp
=~ 60 ub.

Although the triple Regge parameters can not be
accurately determined by the fits on the one hand,
and we have to assume that the non-Pomeron end gap
distribution is approximately the same as the non-end
gap distribution on the other. The above two esti-
mates of G gpr come remarkably close to each other.
We conclude that a background signal of 60 ~ 80 ub
is to be expected. This is comparable to the expected
signal for Gppg-

The important feature of the above analysis is that
the background is comparable with the expected sig-
nal and that it is possible for the background alone to
account for most of the observed cross section. To
compare with the ISR data {7}, we have to go from
our estimates of the total cross section of reaction (1)
with two large end gaps to the exclusive cross section
with X = rt7—. The invariant mass of the system X,
My, is given by

ML =sexp{—(Z, +Zy)}. )

In the FNAL and ISR energy range, 100 GeV2 <

< 3000 GeV?2, My can be at most several GeV for A
=2 and its average value is even smaller, perhaps 1

GeV or less [3]. With a small My, the average multi-
plicity of X should be very low and therefore X = a7 7~
should account for a sizeable fraction of the total
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cross section. The multiplicity distribution of X in ref.
[7] indeed shows such a feature that about 80% of
the DPE like events only have observed charged multi-
plicities of 2 or less. The existence of neutrals in the
central region should decrease the fraction of X

= *7~ exclusive events relative to the total. But even
if the exclusive cross section is only as small as 25% of
the total cross section, the observed 15 to 20 ub exclu-
sive cross section can only correspond to a total DPE
like cross section of 60 to 80 ub, which is comparable
to the background alone.

On the other hand, since the exclusive cross section
of ref. {7] corresponds to the events with two fast
leading particles and two charged secondaries in the
central region balancing the angles of the momentum
vectors, it may be different from the exclusive cross
section with ppn™ 7~ satisfying the overall energy mo-
mentum conservation. A study of the selection of
events and the angular distribution of the charged sec-
ondaries lead us to speculate that the total number of
inclusive DPE like events may be S to 10 times that of
the selected exclusive events. If this the case, the total
DPE like cross section may be as large as 75 to 200 ub.
Even with such a large uncertainty, only the upper end
of this range can accommodate the expected signal
plus background.

Our analysis indicates that the observed DPE like
cross section may be much smaller than what is ex-
pected and that, due to the large background, no con-
clusive evidence for the existence of the DPE process
has yet been established. But, there are sizeable uncer-
tainties in both the estimates of the background and
the data. We interpret our results as strongly suggesting
that one should ask (1) whether the present under-
standing of the inclusive theory is really adequate to
make these estimates, (2) what is the minimum size of
the DPE contribution, and (3) what could be the im-
plications of an experimental DPE signal much smaller
than what is expected?

Since there are as yet no clear signals of DPE pro-
cess, the DPE contribution may be much smaller than
the theoretical estimates of refs. [2, 3] and eq. (2).
Such estimates are based on the assumptions that long
range correlations are absent and that the Pomeron-
Pomeron total cross section shown in fig. 1a itself is
dominated by an effectively factorizable Pomeron.
The least dramatic possibility for the failure of eq. (2)
is that My is too small, while the Pomeron dominance
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is valid only at large My . Although the Pomeron dom-
inance seems to work reasonably well for the
Pomeron-particle cross section even at low values of
My [15], the behavior of the Pomeron-Pomeron cross
section may be quite different. But, the estimated
MPE contribution, which requires the Pomeron domi-
nance of the Pomeron-M total cross section may still
not be overestimated, since the Pomeron-M cross sec-
tion should behave like the Pomeron-particle cross sec-
tion.

The second possibility is that the Pomeron is not a
simple factorizable pole and therefore the Pomeron-
Pomeron cross section is not factorizable even though
the particle-particle and particle-Pomeron cross sec-
tions approximately are. In these two cases, the back-
ground can still be as large but the DPE signal may be-
come smaller. A third possibility is the gross failure of
the application of the short range correlation ideas to
the DPE like processes. Although the #-dependences
of the fast leading particles appears to be uncorrelated,
the charged multiplicity distribution in the central re-
gion for the DPE like events is quite different from

that for the events without large gaps at both ends [7] .

{(On the other hand, the multiplicity distributions for
the diffractive dissociation and nondiffractive pro-
cesses are similar to each other.) This difference may
indicate the presence of long range correlations. In
this case, both the signal and the background may be
substantially different from the above theoretical es-
timates.

For many years it has been believed that a DPE
would be present due to the exclusive process P + P
— nta~ with 7 exchange, where P are the r-channel
Pomerons of fig. 1a. Then factorization of the pion
pole gives 7N scattering at each side and thus two
Pomerons. Even those who feel intuitively that a
Pomeron is a shadow of inelastic processes and conse-
quently can only be present once in a given process
have not been able to give an analytic argument
against the above point. Thus, this process represents
in a sense the minimal DPE signal acceptable to pres-
ent theory without serious consequences. It has been
estimated by Henyey and Pumplin [16] to be about

10 pb, which is not inconsistent with existing numbers.

It is not clear why the rest of the total DPE should be
so small. It would be appropriate for theorists with
definite Pomeron models to make estimates of the
DPE signal in their theory.
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To clarify the picture of the recurrence of the
Pomeron, we need both a better theoretical estimate
of the cross sections and more definitive experimental
tests. For the latter, we need to discuss some more de-
tailed features of the DPE and SPE contributions. For
a fixed minimum gap size 4, both contributions
should approximately scale. In fact, since both depend
on gy, which is increasing with s in the FNAL and
ISR energy range, they should also increase slowly.
But such an increase may be offset by the decrease of
some entirely non-Pomeron contribution and the cross
section may be constant, or even decreasing with s, as
observed in refs. [4—7] . The azimuthal correlation of
the leading particles [10] can only test whether the
Pomeron-Pomeron or meson-Pomeron cross section is
dominated by a simple pole but can not test whether
the DPE or SPE process is dominant. The factorization
property of the £, p-dependence can in principle deter-
mine whether the DPE contribution dominates, but
the MPE contribution only causes a small deviation
from factorization over the limited range of 75 g meas-
ured in ref. [7].

Probably, the most decisive test for DPE processes
is the behavior of the gap size (A) dependence of the
cross sections. The DPE contribution to the differential
cross section is independent of Z, g and the total
cross changes slowly with the available kinematical
range, opypg © (Ins/s, — A)2. On the other hand, the
MPE contribution decreases exponentially in Z,
and the total cross section behaves like exp { [2a,;(0)
—2)] A} (Ins/s, — A)2. Thus a measurement of the
Z 5 p-dependence of the differential cross section or
the A-dependence of the total cross section should be
able to determine the size of the DPE contribution. In
particular, we can see whether the total cross section
divided by the phase space (Ins/s, — A)2 has a con-
stant term, which is the DPE contribution. If the esti-
mate of Gyp is correct, namely, 6gpp = Oppg, the
leading meson trajectories with ay(0) = 1/2 are the
leading contributions to ogpg and we should have
Ospr < e 2(Ins/s, — A)?. Varying fromA=2to A
= 3 should make EDPE/asPE increase by a factor of
three.

If a clear signal of the DPE processes can be estab-
lished, one may further ask whether the Pomeron-
Pomeron cross section can be dominated by an approx-
imately factorizable Pomeron at large My . Unfortu-
nately, large A and large Mx cannot be simultaneously
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achieved at the presently available energies but may
be at ISABELLE energies in the future.

We have tried to emphasize the following points:

1) The existence and size of a double Pomeron ex-
change contribution are important aspects of our en-
tire view of the nature of the Pomeron.

2) The experimental signal appears to be compar-
able with a “background” from single Pomeron ex-
change and a sizeable second rapidity gap of small but
finite probability. Thus a true double Pomeron signal
has not yet been established.

3) Considerable clarification of the situation could
come from a study of the behavior of the cross section
with changes in the rapidity gap (at fixed s and large
gap size). A true double Pomeron signal would be con-
stant as the gap size increased (apart from phase space)
while the single Pomeron background will fall expo-
nentially with increasing gap size.

We appreciate stimulating discussions with G.F.
Chew, D.M. Chew, J.W. Dash, F. Henyey, J. Pumplin,
H.I. Miettinen, and R.G. Roberts.
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