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ABSTRACT

We suggest that high-pt jets may emerge from
diffractively produced high mass states.
Experimental measurements of such high-pt
structure would give new and valuable insight
about the nature of the exchanged pomeron,
or pomeron-like object. With the assumption of
an effective gluon distribution for the pomeron
structure, we estimate the cross-section for
the process p * p = p + X, where X contains
two high-p,c jets. Observable rates are found
at SPS and Fermilab collider energies.
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In hadronic interactions " it is possible to produce quite massive
systems via diffractive excitation. In the diffractive process

P*p—-B*X (1)

the mass, MX’ of the system X is r;elated to Feynman-xF of the recoil

antiproton by Mi = (1—xF)-s. Bozzo et al. [1] have recently shown

that the gross features of this process, namely scaling of the invariant
cross-section and dc/dMi - 1/M‘>2( at fixed t, are valid up vs = 540
GeV at the CERN SPS collider. However, very little is known about
the stucture of the system X.

For large Xgp the reaction (1) is believed to proceed via the
exchange of a pomeron, as depicted in Fig. 1a. Although this
phenomenclogical description agrees rather well with existing data
[2,3], the true nature of the pomeron is still mysterious. [t has been
suggested [4] that the pomeron may be a system of two or more
gluons, but there is no direct experimental evidence for a partonic
structure. One might expect the pomeron to have typical hadronic
properties so that the system X, produced in a pomeron-proton
collision, would resemble normal minimum bias events in hadron-hadron
scattering at the corresponding invariant mass, MX‘

It may be possible to probe the exchanged pomeron (or pomeron-
like object}) in a hard scattering process as, for exampie, between a
gluon in the pomeron and a parton in the proton (Fig. 1b}. This
would give rise to a very characteristic event topology, as illustrated
in Fig. J1c, with a gquasi-elastically scattered antiproton and an
opposite (in rapidity) system having two high-pt jets (pt with respect
to the beam axis) and two Iow-pt spectator jets from the non-
interacting partons in the pomeron and proton respectively.

The process we have in mind thus proceeds in two steps as shown
in Fig. la. First, a pomeron is emitted from the antiproton at the
upper vertex with a momentum transfer, t. In the second step this
pomeron interacts with the proton in a large momentum transfer
process between constituent partons. Based on the success of
pomeron phenomenology for diffractive dissociation and elastic
scattering, we assume this type of factorisation to be a good
approximation. Although the pomeron is thought to interact éoherently
in the dominant low momentum transfer processes, in the present
calculation we assume an individual coupling of its gluon constituent to



a quark or gluon in the proton at the lower vertex. This should be
justified because of the large momentum transfer at that vertex.

In order to make cross-section estimates for this process, we
assume in this Letter that such high—pt events are mediated by the
same exchange as in ordinary diffractive events. Factorisation allows
us to express the cross-section for the diffractive two-jet events in

terms of the observed single diffractive cross-section, Oed’
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We first discuss the proton-pomercn hard scattering cross-section,
I,_.“, and then the proton-pomeron total cross-section, o© pP—X"
with the assumption that the pomeron has a gluonic substructure,
the cross-section © (Fig. tb) can be calculated as

TP ij (M, ) fa(x dx, oLE Z ,e(,(’ O)G("z) J (3)

pP=jj

where G(x) is the effective pomeron structure function, dcik/d% are
standard QCD matrix elements [b] and the summations go over all
possible parton-parton scattering subprocesses. We use a standard

Q2-dependent parametrisation [6] for the proton structure functions,

fi.

Eqg. (3) is evaluated for the following two structure functions

xG(x) = 6:x-(1-x)] (4)
xG{x) = 6.(1-x)° (5)
which represent two extreme possibilities. The first distribution,

which is based on counting-rule ideas assuming that two gluons share
the pomeron momentum (hence the symmetry under x-T1-x, and
<x> = 1/2), may be unrealistically hard if QCD Q2-evolution occurs or
if the pomeron were a many-gluon system. This latter case is better
represented by Eq. (5), which has <x> = 1/7 and resembles the gluon
structure of the proton. In both cases the distributions are
normalised such that the whole pomeron momentum is carried by
gluons, i.e. j':xG(x)dx = 1. One could argue +that a quark-



antiquark sea should be present also but this would only make small
quantitative changes in the results below and we therefore choose to
neglect this possibility in order not introduce further complications at
this stage. We also neglect for the time being any Q2 dependence of
the pomeron structure function. Such a logarithmic dependence should
in any case be much smaller than the difference between the two
assumed structure functions.

We further assume that the gluon distribution does not depend on
t, the pomeron invariant mass. There is no a priori knowledge on this
point, but in analogy with the structure function of the photon [7}
one may expect logarithmic variations only (or even no dependence for
jt] £ AzQCD)‘ With the limited experimentally accessible range in t,
this should be a reasonable first approximation.

The evaluation of Eq. (3) vields the o (Mx) shown in Fig. 2a

for the above two gluon distributions and ‘FF)oPr* !cjwo values of a minimum
jet transverse momentum of 8 and 16 GeV. To illustrate the expected
distribution of jets in the laboratory frame when Vs = 630 GeV, we
note that the boost from the cms of system X to the laboratory is
completely specified by the mass, M,,. Results of a Monte Carlo event
simulation according to Egs. (3,4} are shown in Fig. 3, which is a
scatter-plot of laboratory angle versus energy of jets with Py 2 8 GeV.
Due to the boost involved, the gluon jet from the slow pomeron
emerges at large laboratory angles in a typical configuration, whereas
the parton jet from the fast proton emerges at small angles, as

ilflustrated in Fig. lc.

The gluon distribution in the pomeron is experimentally measurable
because a change in its shape shifts the parton-parton cms with
respect to the X cms. To illustrate this, we show as the solid curve
in Fig. 4, the longitudinal momentum distribution for the jets in Fig.
3b, transformed to the X cms. The dashed curve shows the
corresponding distribution for the soft structure function of Eq. (5).
In particular we note that since the softer function more nearly
resembles the average structure function of the proton, there is a
near coincidence of these two centers-of-mass and hence an almost
symmetric distribution in Fig. 4. As expected, the hard structure
function gives an asymmetric distribution in this frame. Experimental
data can be plotted in this way for bins in My and t in order to
determine the effective structure function. Alternatively, the variable
X, = 2~pt/MX can be used for this study.



fn order to evaluate Eq. (2) we approximate the high energy
single diffractive cross-section measured at the SPS collider [1] by
d?ag/dM2dt = 6.8/M2-{e5'6't + 0.04-e2't} mb/GeV?, where the constant
6.8 inciudes both reaction (1') and its charge conjugate. Introducing
an experimental acceptance funtion A(Mx,t) for the quasi-elastically
scattered B(p), Eg. (2) becomes

2
do. 6.8 56t 227 Topaii
i - .{e +0.04 € }..._PLJJ_.A(*)MX) (6)

The concept of a proton-pomeron total cross-section, cpl’-X’ can
be defined and extracted from a Regge analysis of elastic scattering
and single diffractive dissociation [8]. Although O p—X depends
somewhat on the variables M>< and t, we approximate it below with a
constant, cpl’-'X =1 mb.

Using Eq. (3) for O b P—jj and integrating over all t, Eq. (6) yields
the mass dependence shown in Fig. 2b for the two structure functions
of Egqs. (4,5). The upper curves show the predicted cross-sections
assuming complete experimental acceptance, i.e. A(Mx,t) =1, while

the lower curves are calculated using a typical acceptance funtion*).
The MX‘ dependence shown in Fig. 2b reflects the fact that the
decrease in diffractive production with increasing MX is compensated
by the M, dependence of the hard scattering cross-section O b P—ijj-
Table | contains the total cross-sections at SPS collider and Fermilab
Tevatron energies. As is usual with high-p,c processes, the cross-
sections depend strongly on the lower Py cutoff.

We note that there may be other types of diffractive processes that
yield high-pt jets. In the model of ref. [9], the two gluons in the
pomeron are both absorbed in a hard interaction giving rise to two
jets that may appear at large angles, but without spectator jets along
the beam direction. This mechanism also results in a different MX
dependence. A coherent excitation of heavy flavours [10] with weak
decays into lighter quark jets could have a cross-section with
magnitude similar to ours, but would typically give more than two jets
at large Py- The semileptonic decay mode could be used to identify
this heavy flavour process.

*
) We approximate this acceptance by A(t)=0.2-e0'5t

lower cut-offs in t at -0.6 and -2.0 GeV? respectively.

with upper and



It should also be possible to study pomeron-pomeron collisions
producing a central hadronic system if both the p and P are tagged
as being quasi-elastically scattered. This will be particularly
interesting at a future TeV collider where large mass central systems
are possible. One could further speculate whether there is a pomeron
component in the proton, given by an effective structure function. If
so, it can conceivably be probed in other interactions as well. One
interesting possibility would be with an electromagnetic current as
e.g. in electron scattering at HERA energies where the photon-giuon
fusion process could occur. Of course, the photon could also directly
couple to a quark sea in the pomeron. The advantage would be to
have a well understood probe to study the point-like structure of the
pomeron with very high resolving power, Q2. Again, the experimental
signature would be clear; a quasi-elastically scattered proton “(going
down the beam pipe) well separated from the remaining hadronic

system.

We are grateful to P.V. Landshoff and G. Veneziano- for several
helpful discussions.
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FIGURE CAPTIONS

a) Single pomeron exchange producing a heavy
hadronic system, X, in the interaction
ptp—-p* X b) The hard parton-parton
scattering subprocess in the pomeron-proton system,
i.e. the lower vertex (or "blob") in a). ¢} The
topology of the scattering process as seen in the
overall pp cms; Py is the quasi-elastically scattered
antiproton, J denotes the jets from the hard
scattering and S denotes the spectator jets. Double
arrows are the jets originating from the pomeron,
while simple arrows are those from the proton.

a) Cross-section of the hard proton-pomeron
scattering as a function of its invariant mass, MX’
for two values of the minimum Py required for the
jets, using the hard (full lines) and soft {dashed
lines) giuon distributions of the pomeron, eq. (4) and
(5) respectively. b) Dependence on MX for the
complete process p + p = p * X, where X contains
two jets with P > 8 GeV. The upper curves are for
full acceptance in t while the lower curves are for a
typical experimental acceptance of the quasi-elastic
B5(p). Dashed and full lines as in a).

Scatterplot of angle versus energy for jets with
Py > 8 GeV in the laboratory frame (pp cms) for two
values of the diffractive mass, M., using the hard

%
gluon structure funtion of eq. (4). & is the angle
with respect to the pomeron momentum in the proton-

pomeron cms.

Distributgiton in scaled longitudinal momentum,
Xp = Z'Pu/Mx' of the two jets in the proton-pomeron
cms for the hard (full line) and soft (dashed tine)
gluon distribution in the pomeron.



TABLE I

Total cross-sections (cm?)

Structure function Ys = 630 GeV ¥Ys = 2 TeV
xG(x) p > 8 GeV P > 16 GeV P > 16 Gev p; > 32 Gev
6x(1-x)1 610722 2+10730 3+10™29 11029

(5+10731)x  (2.10732)%*

6(1-x)°> 4+10-29 610731 2410729 6+10730
(3.10—31)* (5.10—33)*

* These cross-sections include a typical experimental acceptance of the recoil
p(p) as discussed in the text.
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