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I describe possible ways to discover hard double Pomeron exchange (HDPE) with the existing
detectors at the Fermilab Tevatron, by using the small-angle “luminosity” counters as a veto. Es-
timates of the cross sections and backgrounds are made. In addition to the intrinsic importance of
HDPE, its observation would be useful for calibrating the detectors, and for estimating the “survival

probability” of rapidity gaps.

PACS number(s): 13.85.Ni; 12.40.Gg; 13.87.Ce; 14.40.Gx

I. INTRODUCTION

Typical pp interactions at /s = 1.8 TeV pro-
duce a large number of particles, which are distributed
rather uniformly in pseudorapidity n = —Ilntan g, with
dN/dn ~ 6 for |n| < 4. There can nevertheless exist
final states with one or more “rapidity gaps,” defined
as intervals of length An > 2 to 3 containing zero parti-
cles. Long rapidity gaps are by definition governed by the
Pomeron, which is believed related to the s-channel uni-
tarity phenomenon of shadow scattering. A QCD-based
understanding of the Pomeron remains elusive, although
a qualitative description as a two-gluon system with vac-
uum quantum numbers is promising [1-4].

The “granddaddy” of rapidity gap processes is elastic
scattering, which makes up ~ 20% of oot. Inelastic sin-
gle diffraction, defined by a gap with a leading p or p
at one end, is also responsible for a sizable fraction of
otot, and has been seen to exhibit hard-scattering effects
[5]. Double Pomeron exchange (DPE), defined by two
rapidity gaps, has been observed using special detectors
for small-angle quasielastic protons at /s = 0.063 TeV
[6] and /s = 0.63TeV [7]. DPE has been proposed as
a source of Higgs-boson production with an attractively
clean signature [8].

A complete study of rapidity gap physics demands de-
tectors that cover a long range in 7 to establish the ab-
sence of particles in one or more gap regions while de-
tecting particles outside the gaps. Such detectors have
been proposed for the Superconducting Super Collider
(SSC) (v's = 40TeV) [9] and the Fermilab Tevatron
(vs = 1.8TeV) [10]. The point of the present paper,
however, is to consider some hard double-pomeron ez-
change (HDPE) processes that can be studied at the
Tevatron in the working Collider Detector at Fermilab
(CDF) [11] and DO detector [12], which cover roughly
—4 < < 4. The processes are defined by rapidity gaps
of -4 < p < —2 and 2 < 1 < 4, with an experimen-
tally clean high-Q? object in the central region. That
object should be producible from two Pomerons, which
are assumed to have vacuum quantum numbers.
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Promising candidates for the central object are (1)
pairs of bb_bound states T(15)Y(1S) or Y(25)Y(29),
(2) single bb bound states x50(1P), xp0(2P), xp2(1P), or
x»2(2P), or (3) two jets separated by An < 1. The odd-
C bb states can be detected by T — ete™ or uTu~. The
even-C states can be detected by x — 4T followed by
T —ete” or ptu~ [13].

If any of these T or x; final states are observed, the
DPE nature of their production can be demonstrated by
showing that the cross section does not decrease drasti-
cally when the required rapidity gaps are extended into
the central rapidity region. There is plenty of room for
this in the case of the bb states. For the 2-jet final states,
the requirement An < 1 also leaves some room for ex-
tending the rapidity gaps into the central region to make
this test. One can also check that single T states are
strongly suppressed relative to x3, since they cannot be
made from two Pomerons according to charge conjuga-
tion [14].

I will show that the above processes offer a reason-
able opportunity to observe the hard scattering of two
pomerons (HDPE). The T and x; states are especially
attractive because their bb wave functions are relatively
well understood, which will facilitate attempts to com-
pute the production. Because of their low multiplicity
and accurately known masses, these states will also be
valuable experimentally for calibrating the energy reso-
lution and noise level of the detector.

II. TRIGGER AND BACKGROUNDS

At current Tevatron luminosities, interactions occur
at a rate of a few x 10° per second, while events can
be recorded at a rate of a few per second. Background
events must therefore be rejected by ~ 10~5. The trig-
ger decision is made in a series of stages, with the initial
rejection of 102 to 102 based on rather incomplete in-
formation. I propose to cope with this trigger challenge
as follows.

A minor part of the DO detector consists of scintilla-
tion counters that cover approximately —4 < 7 < —2 and
2 < 1 < 4. Similar counters cover 3.24 < |n| < 5.90 in the
CDF. Normal triggers require a coincidence between hits
in these “luminosity” (D0) or “beam-beam” (CDF) coun-
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ters to make a first estimate of the interaction vertex
by timing, and to discriminate against beam-+gas inter-
actions. The crucial experimental proposal I make is to
use the luminosity counters instead as a veto. A trigger
defined by an absence of hits in these counters, in co-
incidence with some indication of hard scattering in the
central region |n| < 2, will eliminate a large fraction of
“ordinary” events to look for HDPE.

To study the trigger, I use the QCD Monte Carlo pro-
gram HERWIGS.5 [15] to simulate events. Events that con-
tain no charged particles in the veto regions —4 < n < —2
and 2 < 7 < 4 are analyzed in a simple model of a
calorimeter detector, consisting of cells 0.20 x 0.20 in
n % azimuthal angle ¢. Requiring a transverse energy
Er > 2.5GeV or an electromagnetic transverse energy
EEM > 1.5GeV in at least one of the cells in the cen-
tral region, and no electromagnetic or hadronic energy
above 0.1 GeV in the veto regions, I find a cross section
of ~ 1 ub according to the “minimum bias” mode of HER-
WIG.

A second opinion on the minimum bias physics can be
obtained from the 2 — 2 QCD hard scattering mode of
HERWIG, with the the minimum transverse momentum
in hard scattering set to a small value (2.2 GeV) chosen
to produce the entire inelastic cross section. This “mini-
jet” model predicts a somewhat smaller rate ~ 0.03 ub
for the single hot cell trigger described in the preceding
paragraph.

It will be better to trigger on coincidences between two
cells above an Er threshold in the central region. This
will reduce the trigger rate from minimum bias physics,
and at the same time suppress nonphysics backgrounds
from detector noise, beam halo, and beam-gas collisions.
According to HERWIG, the trigger rate for two cells above
Ebxd > 25GeV or EEM > 1.5GeV with a veto for
2 < |n| < 4 is given by ~ 0.04 ub (“minimum-bias” pre-
diction) or ~ 0.01 ub (“minijet” prediction). These are
small enough that it will be possible to look for HDPE
processes, which are of course not simulated by HERWIG,
down to the smallest cross sections visible at the Teva-
tron luminosity.

III. ESTIMATES OF SIGNALS

I estimate diffractive TT production by a pole-
dominance model, used long ago to calculate DPE nt 7~
production [16]. The amplitude from Fig. 1 is

M =T(p1q— psps) (¢° — MF)™*
x[1— A(g®? — M3)| ™  T(p2 —¢—peps) (1)

An exchanged graph is obtained by ps < ps. The two-
body Yp elastic amplitudes are

T(p1q — p3ps) = is3sor,eltrs/? (2)

where s34 = (p3 + p4)? and t13 = (p1 — p3)2. Reasonable
guesses for the Tp total cross section and forward elastic
slope are oy, = 2mb and B = 6GeV~2. Equation (1)
includes an off-shell suppression factor controlled by the
parameter A, which is hard to guess but expected to be ~

RAPID COMMUNICATIONS

R4821

P1 P3
ZZ_____,,_ P4
|
|
]
A q
1
I
|

@——_—»__ *
P2 Pg

FIG. 1. Pole model for DPE production of YT or JAapJAp.
The blobs represent elastic scattering, which is dominated by
pomeron exchange.

1GeV ™2, For A = 1GeV~2, this model gives 4nb for TYT
production. Allowing for the branching fractions T —
ete™ or utu~ for both of two Y (9460)’s, and making
the rapidity and Er cuts above reduces the estimate to
4pb. At the anticipated Tevatron integrated luminosity of
50 pb~1, this will lead to 200 events and be clearly visible.
This estimate could of course be wildly optimistic, since
it is based on a rather large off-shell extrapolation.

The pole-dominance model predicts that DPE pro-
duction of Jip JAp will also be observable. Assuming
ogpp = 3mb and again using A = 1GeV~2 leads to
20nb for JAp Jhp production. When both JA) decay
to ete™ or utu~, at least one of the four leptons has
Er > 3GeV more than half of the time. This relatively
large E arises because the individual J/) transverse mo-
menta are comparable to M j;,, even though their sum is
small. The DPE JApJfp leptonic final states will there-
fore also generally pass our proposed trigger.

I next attempt to estimate the diffractive production
of single xp states. First note that these states can be
formed by gluon+gluon fusion with a coupling strength
that is measured by their hadronic width:

Ggg—x = (M? Dxmgg /16My) 6(3 — M2) (3)

which includes a factor 1/256 from spin and color av-
eraging. The state xp0(2P) has M, = 10.23GeV and
Chadronic = 400keV [13]. According to a simple parton-
model calculation, it is formed by g+ g fusion, with a pro-
duction cross section integrated over |n| < 1.5 of ~20nb.
Including the poorly known branching ratios to ¥Y fol-
lowed by T — ete™ or utu~ reduces the observable
cross section for this non-Pomeron process to ~ 30 pb.

One can imagine a second gluon exchange that modifies
the g + g fusion process and makes the overall exchange
between beam and target a color singlet. This color sin-
glet exchange does not necessarily produce a large av-
erage number of particles per unit of rapidity. It can
occasionally produce zero particles in the veto regions
—4 <n < —2and 2 < n < 4. If the price for the two
gaps is less than a factor ~ 1/300, the DPE production
rate of the xp state will be observable. For a discussion
of this idea, see Ref. [17].

A similar estimate can be made for g + g — jet + jet.
From HERWIG, the cross section for two jets with Ep >
10GeV, |n| < 1.3, and |91 — m2| < 1.0is ~ 3 x 107 pb.
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If a second gluon exchange can produce rapidity gaps as
suggested above, the corresponding HDPE process will
be observable even if the gap requirement suppresses this
huge cross section by 1078, B

A recent prediction of open bb production in double
pomeron exchange gives ~ 3nb [18]. If this estimate is
correct, the resulting b-mesons should be easy to detect
using the rapidity gap trigger.

IV. CONCLUSION

I have shown that a trigger based on two rapidity gaps
can be used to look for hard double pomeron interactions
in the existing detectors at the Tevatron. Trigger rates
and nondiffractive backgrounds are small enough to look
for these processes down to ~ 0.1 pb.

Crude estimates suggest that several HDPE processes
will be observable. I have emphasized processes with one
or two bb states, because they have experimentally very
clean ete™ and yete™ decay modes with sufficient trans-
verse energy to satisfy the trigger. The bb states are also
attractive theoretically because one can use their known
wave functions in attempting to calculate the produc-
tion. Final states involving two JA) instead of two T,
with nothing else visible in the detector, are also worth
looking for.

Final states with two jets nearby in rapidity, with gaps
on either side, will allow the most sensitive search for
HDPE, since two-jet production must have a relatively
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large cross section compared to the other processes I con-
sider. Requiring |n; — 2] < 1.0 for the jet axes, with jets
defined by cones 1/ An? + A¢? < 0.7, leaves an average of
2.8 units in 7 on either side of the jj system to define the
rapidity gaps. Assuming one observes HDPE candidates,
in which no particles (or no calorimeter cells above the
noise level) appear in the gap regions, it will be impor-
tant to study the distribution in the number of particles
in the gap regions. One must see if there is a peak at 0
particles which signals HDPE; or if the O-particle events
appear to be simply fluctuations of normal hard scatter-
ing. According to a HERWIG simulation, the background
due to fluctuation has a cross section less than ~ 10pb
for jets defined by Er > 10GeV. The multiplicity dis-
tribution of the background, for small multiplicity, cor-
responds roughly to a Poisson distribution of “clusters,”
where each cluster decays to an average of ~ 2 particles
according to an independent Poisson distribution.

Observing HDPE processes would also establish the
survival of rapidity gaps, which offer important possibil-
ities for Higgs boson and WW scattering physics at the
SSC [19].
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