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We report the observation and measurement of the rate of diffractive dijet production at the Fermilab
Tevatronpp collider at

p
s ­ 1.8 TeV. In events with two jets ofET . 20 GeV,1.8 , jhj , 3.5, and

h1h2 . 0, we find that the diffractive to nondiffractive production ratio isRJJ ­ f0.75 6 0.05sstatd 6

0.09ssystdg%. By comparing this result, in combination with our measured rate for diffractiveW
boson production reported previously, with predictions based on a hard partonic pomeron structure, we
determine the pomeron gluon fraction to befg ­ 0.7 6 0.2. [S0031-9007(97)04193-8]

PACS numbers: 13.87.Ce, 12.38.Qk, 12.40.Nn
2637
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As part of a program to probe the partonic struc
ture of the pomeron [1] at the Collider Detector a
Fermilab (CDF), we have measured the rate of pro
duction of two-jet (dijet) events inpp single diffrac-
tion dissociation,p 1 p ! pspd 1 Xs! Jet1 1 Jet2 1

X 0d, at
p

s ­ 1.8 TeV. Diffractive events are identified
by the characteristic signature of a large rapidity [2] ga
(region of rapidity devoid of particles) between the out
going recoilpspd and the particles inX. The recoil nu-
cleon escapes at high rapidity retaining a large fractio
x (typically x . 0.95) of its initial longitudinal momen-
tum. The rapidity gap arises from the colorless nature
the pomeronsP d, which is presumed to be exchanged in
diffractive processes [1,3]. It has been proposed [4] th
the production rate and kinematics of diffractively pro
duced dijet events can be used to probe the partonic str
ture of the pomeron.

Diffractive dijets were first observed by the UA8 ex-
periment at CERN inpp collisions at

p
s ­ 630 GeV

[5]. The topology of the UA8 events is consistent with
a dominant hard partonic pomeron structure of the for
bGsbd , bs1 2 bd, where b is the momentum frac-
tion of the parton in the pomeron. However, the even
topology alone cannot distinguish between a hard-qua
or a hard-gluon structure, while the dijet production rate
which is sensitive to the quarkygluon ratio, is model de-
pendent. The quarkygluon ratio may be determined in a
model-independent way by performing two experimen
with different sensitivity to the quark and gluon pomero
content. This was done by the ZEUS Collaboration a
HERA by measuring diffractive deep inelastic scattering
which probes quarks directly, and diffractive jet photo
production, which probes both quarks and gluons. Fro
these measurements, ZEUS determined [6] that the glu
fraction of the hard partonic component of the pomero
fg, is in the range0.3 , fg , 0.8. This fraction can also
be determined inpp collisions at the Tevatron from the
rate of diffractiveW production, which is sensitive to the
quark component, and that of dijets, which is sensitive
both the quark and gluon components of the pomeron.
a previous paper [7] we reported the results of a measu
ment of diffractiveW production. Here, we report results
on diffractive dijet production and combine them with ou
W results to extract the quarkygluon ratio of the pomeron
structure.

The present measurement is based on2.2 pb21 of data
collected during 1994–1995 using a trigger requiring tw
high transverse energysET d forward jets. In our analy-
sis, the two most energetic (leading) jets in an eve
were required to have transverse energyET . 20 GeV
within an h 2 f cone of radius 0.7 around the jet axis
pseudorapidity1.8 , jhj , 3.5, and h1h2 . 0. No re-
quirement was imposed on additional jets in an even
Because of the high instantaneous luminosity during da
collection, it is estimated that about 73% of the dije
events have superimposed one or more “minimum bia
2638
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events produced by additional interactions occurring
the same beam crossing. A data sample enriched
single-interaction events was obtained by rejecting even
with two or more reconstructed vertices. The remainin
sample contains 30 352 single vertex events.

The CDF detector is described in detail elsewhe
[8]. In the rapidity gap analysis we use the “beam
beam counters” (BBC) and the calorimeters. The BB
consist of a square array of eight vertical and eigh
horizontal scintillation counters perpendicular to the bea
line, placed at az position of 6 m from the center
of the detector and covering approximately the regio
3.2 , jhj , 5.9. The calorimeters have projective towe
geometry and cover the regionsjhj , 1.1 (central),1.1 ,

jhj , 2.4 (plug), and2.2 , jhj , 4.2 (forward). The
Dh 3 Df tower size is0.1 3 15± in the central and
0.1 3 5± in the plug and forward calorimeters.

Figure 1 shows the distributions ofE
s1d
T and h1 of the

leading jet, and ofDET ­ E
s1d
T 2 E

s2d
T andDf ­ f1 2

f2 of the two leading jets for the single vertex even
sample. The two leading jets tend to be balanced bo
in ET and f. The ET and h distributions of the third
most energetic jet withE

s3d
T . 5 GeV are also shown.

Our analysis is based on counting BBC multiplicity
(hits), within 3.2 , jhj , 5.9, and calorimeter towers
with energy above 1.5 GeV, within2.4 , jhj , 4.2, in
the h region opposite the dijet side. The tower energ
threshold of 1.5 GeV is used to suppress calorimet

FIG. 1. (top) Leading jet transverse energy and pseudorap
ity; (middle) difference between the transverse energies a
azimuthal angles of the two leading jets; (bottom) third je
sEs3d

T . 5 GeV) transverse energy and pseudorapidity [soli
(dashed) line for events with the two leading jets at positiv
(negative)h].
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noise. Figure 2 shows the BBC multiplicity,NBBC,
versus forward calorimeter tower multiplicity opposite i
h to the dijet system,NT , for all single vertex events.
The distinct peak in the “0-0” bin,NBBC ­ NT ­ 0,
is attributed to diffractive dijet events with a forward
rapidity gap. The number of diffractively produced
events in the total event sample is determined from t
number of events above background in this peak, taki
into account the single vertex cut efficiency, the live-tim
acceptance of the BBC and forward calorimeter trigge
and the acceptance of diffractive events by our rapid
gap requirement, as explained below.

The single vertex requirement we used, in additio
to rejecting events with multiple interactions, rejecte
a substantial fraction of single interaction dijet even
because of multiple reconstructed (fake) vertices. Th
fraction is different for rapidity gap (RG) events than fo
non-gap (NG) events, the latter being defined as eve
with no rapidity gap in the regionjhj . 2.4. Noting
that RG events that end up in the more-than-one ver
sample due to fake vertices retain their RG, the sing
vertex cut efficiency for retaining RG events is simpl
the ratio of the number of RG events in the single verte
sample to that in the entire event sample. This ratio
0.86 6 0.03. For NG events, the efficiency of the verte
cut was measured to be0.58 6 0.05ssystd from the ratio
of the number of single vertex events to that expect
from the calculated probability of having no overlay
of any minimum bias events with a vertex. This rati
was determined as a function of instantaneous luminos
and the results were averaged; the assigned system
uncertainty represents the spread of the measured va
over ten instantaneous luminosity bins. Combining th

FIG. 2. Beam-beam counter multiplicity (BBC hits) versu
forward calorimeter tower multiplicity in the pseudorapidity re
gions 3.2 , jhsBBCdj , 5.9 and2.4 , jhsTOWERdj , 4.2 oppo-
site the dijet system.
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RG and NG efficiencies, the relative NG to RG sing
vertex cut efficiency iss0.58 6 0.05dys0.86 6 0.03d ­
0.67 6 0.06.

The BBC and calorimeter live-time acceptance wa
measured using a sample of 98 000 events collected w
the detector triggered on beam crossings only. It w
found that a fraction of0.15 6 0.02 of the events with no
vertex in this sample have one or more calorimeter towe
with energy above 1.5 GeV and/or one or more BB
counts. This occupancy level, which includes calorimet
noise as well as any beam-associated calorimeter ene
or BBC hits, corresponds to a live-time acceptance
0.85 6 0.02, which is used to correct the data for th
resulting 15% loss of RG events.

The RG acceptance, defined as the number of diffra
tive events with a rapidity gap to the number of all diffrac
tive events, is calculated using thePOMPYT[9] andPYTHIA

[10] Monte Carlo (MC) programs. All our MC simu-
lations are followed by a simulation of the CDF detec
tor. POMPYT is based on the Ingelman-Schlein model [4
in which a flux of pomerons carried by thepspd inter-
acts with thepspd in a manner prescribed byPYTHIA.
We use a hard pomeron structure function of the for
bGsbd ­ 6bs1 2 bd and the standard pomeron flux
factor of Regge theory,fP ypsj, td ­ Kj122astd F2std,
where j is the fraction of the beam momentum carrie
by the pomeron,astd ­ 1.115 1 0.26t is the pomeron
Regge trajectory,Fstd the proton form factor, andK ­
0.73 GeV22 (for the numerical values of the parameter
see [11]). Under these assumptions, and forj , 0.1,
we obtain for the 0-0 bin of Fig. 2 a diffractive gap
acceptance of0.70 6 0.03.

The nondiffractive background under the diffractiv
peak is evaluated by a smooth two dimensional extrap
lation from the adjacent BBC and calorimeter bins, takin
into account the diffractive acceptance of these bin
There are 247 events in the 0-0 bin, within whic
we estimate a nondiffractive contribution of45 6 10
events, leaving202 6 14sstatd 6 10ssystd events above
background (see Table I). The ratio,RJJ , of all diffractive
to nondiffractive dijet events is obtained by dividing thi
number by the live-time and gap acceptances and
the total number of the NG single vertex events, an
multiplying by the single vertex relative efficiency. The
final result is

RJJ ­ f0.75 6 0.05sstatd 6 0.09ssystdg% .

Figure 3 shows the MC generated pomeronj distri-
bution for diffractive dijets with jetET . 20 GeV and
1.8 , jhj , 3.5. The shaded area represents events w
a BBC and forward calorimeter rapidity gap as used
this analysis. The events are concentrated at0.005 ,

j , 0.015.
The ratio of diffractive to nondiffractive dijets cal-

culated with POMPYT using the standard pomeron flux
2639
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TABLE I. Number of events with 0, 1, or 2 BBC and/or tower hits for data, for diffractive
Monte Carlo events normalized to 202 in the 0-0 bin, and for nondiffractive (non-diff.
background.

BIN Data Diff. (MC) Non-Diff.
BBC- + yTower ) 0 1 2 0 1 2 0 1 2

2 42 52 45 0 0 0 42 52 45
1 58 45 41 6 6 3 52 39 39
0 247 58 37 202 33 9 45 25 28
y

t

d

x,

d

n
d.
d

ct
d

and a hard-gluon (quark) pomeron structure of the for
bGsbd , bs1 2 bd is 5% (2%). Assuming that only
hard partons carrying a fractionD of the total pomeron
momentum participate in dijet production, this fractio
can be evaluated as a function of the gluon fractio
fg, of the hard component of the pomeron by com
paring the experimental value ofRJJ with the MC
predictions. Figure 4 shows curves forD versusfg cor-
responding to the61s values ofRJJ . Also shown are
curves obtained from our measured diffractiveW frac-
tion [7], RW ­ s1.15 6 0.55d%, and the corresponding
standard flux predictions. The61s limits from the W
measurement are shown as dotted (solid) lines for tw
(three) quark flavors in the pomeron (u, d, or u, d, s).
The dashed lines show the UA8 result [12] and the das
dotted lines the ZEUS result [6]. The UA8 result is in
agreement with our more precise measurement. Fro
the diamond-shaped region in Fig. 4, enclosed by our d
jet curves on top and bottom and ourW curves for two
(three) quark flavors on the left (right), we determine th
gluon fraction to befg ­ 0.7 6 0.2 and the momentum
fraction D ­ 0.18 6 0.04. The gluon fraction, which
does not depend on the pomeron flux normalization or
the validity of the momentum sum rule for the pomeron
agrees with the ZEUS result of0.3 , fg , 0.8. How-
ever, the momentum fraction we measure is well belo
the range of0.4 , D , 1.6 reported by ZEUS. TheQ2

FIG. 3. Monte Carlo pomeronj distributions for diffractive
dijet events with jetET . 20 GeV and1.8 , jhj , 3.5 gen-
erated byPOMPYT using a hard-gluon pomeron structure. Th
shaded area represents the subset of Monte Carlo events
zero BBC and forward calorimeter multiplicities, correspondin
to the data in the (0, 0) bin of Fig. 2.
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difference in theD factors cannot be explained by the
evolution of the pomeron structure function. From theQ2

dependence of the quark and gluon fractions obtained b
the H1 Collaboration from a QCD analysis of diffractive
DIS data collected at HERA [13], we estimate the effec
of theQ2 evolution onD to be ofO s10%d. The observed
discrepancy implies a breakdown of factorization as use
in Ref. [4] and in POMPYT. Since the diffractive rates
depend on the product of the factorD times the pomeron
flux (luminosity), the apparent decrease ofD at the
Tevatron could be due to a decrease in the pomeron flu
as suggested in Ref. [11].

A check of the gluon fraction of the pomeron is
provided by the third-jet activity in diffractive events.

FIG. 4. Momentum fraction versus gluon fraction of hard
partons in the pomeron evaluated by comparing measure
diffractive rates with Monte Carlo predictions based on the
standard pomeron flux and assuming that only hard pomero
partons participate in the diffractive processes considere
Results are shown for ZEUS (dash-dotted), UA8 (dashed), an
the CDF-dijet and CDF-W measurements. The CDF-W result
is shown for two (dotted) or three (solid) light quark flavors in
the pomeron. The shaded region is used in the text to extra
the quark to gluon fraction of the pomeron and the standar
flux discrepancy factor.
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Monte Carlo simulations, usingPOMPYT with a full gluon
(quark) pomeron structure to simulate diffractive an
PYTHIA to simulate nondiffractive events, predict a value
of 0.89 (0.38) for the ratio of diffractive to nondiffractive
fractions of events with a third jet ofE

s3d
T . 5 GeV.

Using our measured gluon fraction, the predicted rati
is 0.73 6 0.11. This value is consistent with the ratio
of 0.62 6 0.05sstatd derived by dividing the measured
fractions of 45% and 73% of events with a third jet o
E

s3d
T . 5 GeV in the diffractive and nondiffractive event

samples, respectively.
In conclusion, in a sample of events with two jets o

ET . 20 GeV,1.8 , jhj , 3.5, andh1h2 . 0, we have
measured the ratio of diffractive to nondiffractive dijet pro
duction to beRJJ ­ f0.75 6 0.05sstatd 6 0.09ssystdg%.
Assuming a hard gluon and quark pomeron structure of th
form bGsbd , bs1 2 bd, and by comparing this result
with our diffractive W production rate and Monte Carlo
predictions, we determine the hard-gluon pomeron conte
to be fg ­ 0.7 6 0.2. This result is independent of the
pomeron flux normalization or of the validity of the mo-
mentum sum rule for the pomeron. Based on dijet andW
rate predictions using the standard pomeron flux, we fu
ther determine the fraction of the total pomeron momentu
carried by its partons to beD ­ 0.18 6 0.04. If the mo-
mentum sum rule is assumed to hold, the deviation of th
value ofD from unity may be interpreted as a discrepanc
in the pomeron flux normalization [11].
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