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With the DO detector, we have investigated events produced in pp col-
lisions with large rapidity gaps and with jet production. We present the
result of study at two center-of-mass energies, 630 GeV and 1800 GeV. The
fractions of forward and central jet events associated with such rapidity
gaps are measured and compared to predictions from Monte Carlo models
with various structure functions of Pomeron. Hard diffractive events with
production of intermediate vector bosons W, Z have been investigated.

PACS numbers: 13.85.Hd, 13.87.—a

Inelastic diffractive collisions are responsible for 10-15% of the pp total
cross section. Diffractive events are characterized by the absence of signif-
icant hadronic particle activity over a large region of rapidity or pseudora-
pidity n = — lntan(g) where 6 is the angle of particles or jets relative to
the beam. Those interactions are described as Pomeron exchange processes,
where the Pomeron represents the virtual exchange of a particle with vac-
uum quantum numbers. Rapidity gaps signify small transverse momenta ¢
between initial and final states of interacting particles [1]. The kinematic
variables are summarized in Fig. 1. The fractional momentum loss of the
proton &, is defined as € = ﬁ >; Er,e" where the summation is over all

observed particles. The mass of diffractive system M = /s is thus sensitive
to the primary energy.

In this report we present measurements of the characteristics of diffrac-
tive jet events, and of the fraction of central and forward jet events that
contain forward rapidity gaps at center of mass energies /s = 630 and
1800 GeV [2-4|. The results are complementary to results obtained in the
experiment CDF [5-7]. We also present new result on diffractive produc-
tion of intermediate bosons W and Z. In the DO detector [8], jets are
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Fig. 1. Kinematics of diffractive processes in pp collisions.

measured using the uranium /liquid-argon calorimeters with an electromag-
netic section extending to |n| < 4.1 and coverage for hadrons to |n| < 5.2
(Fig. 2). Jets are reconstructed using a fixed-cone algorithm with radius

R = \/An?2 + A¢? = 0.7 where ¢ is the azimuthal angle.

For determination of rapidity gaps, we measure the number of tiles
containing a signal in the L0 forward scintillator arrays (nrg), and tow-
ers (An x A¢ = 0.1 x 0.1) above threshold in the calorimeters (ncar,). The
L0 arrays provide partial coverage in the region 2.3 < |n| < 4.3. A portion
of the two forward calorimeters (3.0 < |n| < 5.2) is used to measure the
calorimeter multiplicity, with a particle tagged by the deposition of more
than 150 (500) MeV of energy in an electromagnetic (hadronic) calorime-
ter tower [9]. The events are selected with the standard criteria of the DO
experiment [10].

To study diffractive two jet production at y/s = 630 and 1800 GeV, we
use two jets with transverse energy ET > 12 or 15 GeV and the dependence
of the gap fraction on jet location. The forward jet triggers required the two
leading jets to both have n > 1.6 (or n < —1.6), while the central jet triggers
had an offline requirement of |n| < 1.0. At each /s, we also implemented
the single veto trigger (SV), a dijet trigger that required a rapidity gap on
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Fig. 2. DO calorimeter and a scheme of L0 scintillator arrays. Lego plots of examples
of diffractive production of jets.

one side (using the L0 detector). The SV trigger was used to obtain large
samples of single diffractive candidate events. The number of events in each
of the final data samples and the integrated luminosities (£) are given in
Table 1.

TABLE I
Data samples.
Data Sample Jet |n| Jet Ex(GeV) L (nb™!) Events
1800 GeV Forward | > 1.6 > 12 62.9 50852
1800 GeV Central | < 1.0 > 15 4.55 16567
630 GeV Forward > 1.6 > 12 16.9 28421
630 GeV Central < 1.0 > 12 8.06 48123
1800 GeV SV - > 15 5700 170393
630 GeV SV - > 12 529 64772

We compare the data to Monte Carlo (MC) simulations using the hard
diffractive event generator POMPYT [11], which is based on the non diffrac-
tive PYTHIA program. In POMPYT, a Pomeron is emitted from the proton
with a certain probability (flux factor), and has a structure functions s(x),
where z is the fractional momentum of the Pomeron carried by the hard
parton.
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In this analysis we compare our data with four structure functions:
(i) ‘hard gluon’, a Pomeron consisting of two gluons, s(x) «x z(1 — z);
(ii) ‘flat gluon’; s(x) o constant;

(iii) ‘soft gluon’, s(x) o (1 — z)°; and
(iv) ‘quark’, the two-quark analog of (7).

In each case, the gap fraction is defined as the cross section for jet events
with a rapidity gap based on POMPYT divided by the jet cross section from
PYTHIA.

Monte Carlo fits of gap fractions and ratios of gap fractions for the two
studied energies are shown in Fig. 3. The hard gluons and flat gluon rates
are higher than experimental data. The energy rates of forward jets is lower
then for central jets. This seems to be more compatible with combination
of soft and hard gluon structure functions.

Gap Fraction Results

Data Sample Measured Gap Fraction

(#Diffractive Dijet / #41l Dijets) ~ Data Sample Gap Fraction Ratios
1800 Forward Jets  0.65% +0.04% - 0.04% 630/1800 Forward Jets  1.8+0.2-0.2
1800 Certral Jets  0.22% +0.05% - 0.04% 63071600 Central Jets 4.1 +08-10
630 ForwardJets  1.19% +0.08% - 0.08% 1800 FwidsCent Jets 30+07-07
630 Certral Jets  0.90% +0.06% - 0.06% 630 FwoiCent Jets 1.3+0.1-01

-Forward Jets Gap Fraction » Central Jets Gap Fraction-630GeY  -Gap Fraction » 1800GeY Gap Fraction

Event Sample Hard Glu Flat Glu Quark
*Hard Gluon & Flat Gluon forward

63011800 FWD 1704 14+£03 27+086 (et rate is Tower fhan central et rate

630/1800 CEN 21204 1.8+£03 32x05
1800 FWD/CEN 09 =+0.2 0601 1603 _ o
630 FWDJ/CEN 08=x02 0501 1.4 +03  “Quarkrates and ratios are similar

--and lower than observed in data

Event Sample  Soft Glu DATA to observed

630/1800 FWD 14+03 1.8+ 0.2 *Combination of Soft Gluon and
630/1800 CEN 3111 4.1+0.9 harder gluon structure is also possible
1800 FWD/CEN  30.+ 8. 3.0+0.7 for pomeron dructure

630 FWD/CEN 13.+ 4. 1.3+ 041

Fig. 3. Results of jet productions in pp diffractive processes.

A hard gluonic Pomeron is capable of describing previous measurements
in experiments Zeus,H1,CDF [12-14], which require a significant amount
of soft gluon as well. A comparison of jet properties for diffractive and
non-diffractive cases is presented in Fig. 4. The diffractive jets have less
radiation, smaller width and are more balanced in azimuthal angle.
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Event Characteristics(1800GeV)
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Fig.4. Properties of diffractively produced jets (full lines) compared with inclusive
jets dashed lines).

The multiplicity distributions of events with hard double Pomeron ex-
change (with two rapidity gaps and central jet productions) at 1800 GeV
are presented in Fig. 5. The distributions are compared with the central jet
production with one rapidity gap and with inclusive jets. The distributions
at both energies /s = 630 and 1800 GeVare similar. A clear peak at the low
multiplicities is observed, as expected from Hard Double Pomeron exchange.

Diffractively produced W and Z bosons are important for understanding
the structure of the Pomeron. The production of intermediate bosons is due
to annihilation of quark—antiquark pairs and therefore a good probe of the
quark content of the Pomeron. In Fig. 6. the ¢ distribution and typical
lego-plots for W-boson sample are also shown. The distributions of decay
variables of diffrative W-boson sample are similar to the inclusive W-boson
distributions (Fig. 7).

We have selected 12622 event of W sample with electrons/positrons and
with Er > 25 GeV. There are 8724 events in the central region |n| <1.1 and
3898 in the forward regions |n| < 1.1. The total number of Z bosons decaying
into electrons and positrons Er > 25 GeV is 811. From those samples the
diffractively produced intermediate bosons have been selected [16]. The
results are summarized in Fig. 8.

The percentage of diffractively produced W and Z bosons are compared
with Monte Carlo calculation for different structure function. Jets with
associated W are also investigated. The ratio of the diffractive W and Z
bosons production is not significantly different from 10, which is the ratio
for the inclusive sample.



3456 V. SIMAK

Double Gaps at 1800 GeV
|Jet | <= 1.0, Er=15 Geb

=]

¢ (Ciap) - '- (€iap) Gap Region
O e 2.5<|n<5.2

= m

ol

Demand gap on one side, measure multiplicity on opposite side

ovaHgsE

cuBTBlEHES

N
EELNES 50
400 - A 500 |
Bl | 70 1, anrlr'I
300 | |—| a0 "|J‘|.|—|-|_
250 [ a0 -
2o :'“_‘ Ao
150 EL
100 20 &
=00 I_L,, 1o
ol L L L I o L L L L
o 1o 13 20 o 10 E E) Ao
L) Near

Fig. 5. Double Pomeron exchange and multiplicities distributions in calorimeter.
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Fig. 6. Mechanisms and examples of W-boson production via pomeron exchange.
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Central W Event Characteristics
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Fig.7. Comparison of kinematic quantities distributions for normal and

diffractively produced W.

Sample Diffractive /All

Central W (108 +0.21-0.19)% R - (al W/all Z) = 10.34 + 0.15+ 0.20 + 0.10
Forward W (0.64 + 0.19 - 0.16)% o
AllW (0.89 +0.20 — 0_19)% (lefractwe W/AIl W) = (0.89 +0.20—0.19)%

z (144 +0.62- 0.54)% (Diffractive Z/All Z) = (1.44 +0.62-0.54)%
Diffractive W 0.89 3.14
—_— = — x 1043 =645+
Diffractive Z 1.44 2.79

FINAL GAP FRACTION and STRUCTURE FUNCTIONS

Sample Data Quark Hard Gluon
CenW (1.08+0.21-0.19% (4.1 +0.8)% (0.15+0.02)%
For W (0.64 +0.19-0.16)% (7.2+1.3)% (0.25 + 0.04)%
Z (1.44 +0.62- 0.54)% (3.8 +0.7)% (0.16 £ 0.02)%

Jet E; Data Quark  Hard Gluon
>8GeV (10£3)%  14-20% 89%
Wrlet Rates .1 5Gey (9£3)%  4-9% 53%
>25GeV (8+3)% 1-3% 25%

Fig.8. Result of W and Z boson production in diffractive events and comparison
with structure functions of Pomeron.
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For Run IT of the D0 experiment we have installed Roman pots to de-
tect outgoing protons and anti-antiprotons after the interaction, which will
enable us to trigger more effectively on diffreactive processes (Fig. 9). Also
shown is a projected number of diffractive events, and couple of representa-
tive plots of results from 1 fm~! of data.
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Fig.9. Layout of the DO experiment for Run I, and a projection of observed events
and tests of Pomeron structure.
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