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We report the observation and measurement of the rate of diffractive dijet production at the Fermilab
Tevatronpp collider at\/s = 1.8 TeV. In events with two jets of; > 20 GeV, 1.8 < |5| < 3.5, and
nmn, > 0, we find that the diffractive to nondiffractive production ratioRg;, = [0.75 * 0.05(sta) =
0.09(sys)|%. By comparing this result, in combination with our measured rate for diffracive
boson production reported previously, with predictions based on a hard partonic pomeron structure, we
determine the pomeron gluon fraction to ie= 0.7 = 0.2. [S0031-9007(97)04193-8]

PACS numbers: 13.87.Ce, 12.38.Qk, 12.40.Nn
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As part of a program to probe the partonic struc-events produced by additional interactions occurring in
ture of the pomeron [1] at the Collider Detector atthe same beam crossing. A data sample enriched in
Fermilab (CDF), we have measured the rate of prosingle-interaction events was obtained by rejecting events
duction of two-jet (dijet) events irpp single diffrac- with two or more reconstructed vertices. The remaining
tion dissociationp + p — p(p) + X(— Jefl + JeR +  sample contains 30352 single vertex events.

X'), at /s = 1.8 TeV. Diffractive events are identified = The CDF detector is described in detail elsewhere
by the characteristic signature of a large rapidity [2] gag8]. In the rapidity gap analysis we use the “beam-
(region of rapidity devoid of particles) between the out-beam counters” (BBC) and the calorimeters. The BBC
going recoil p(p) and the particles itX. The recoil nu- consist of a square array of eight vertical and eight
cleon escapes at high rapidity retaining a large fractiorhorizontal scintillation counters perpendicular to the beam
x (typically x > 0.95) of its initial longitudinal momen- line, placed at az position of 6 m from the center
tum. The rapidity gap arises from the colorless nature obf the detector and covering approximately the region
the pomeron?), which is presumed to be exchanged in3.2 < [n| < 5.9. The calorimeters have projective tower
diffractive processes [1,3]. It has been proposed [4] thageometry and cover the regiohg| < 1.1 (central),1.1 <

the production rate and kinematics of diffractively pro-|n| < 2.4 (plug), and2.2 < || < 4.2 (forward). The
duced dijet events can be used to probe the partonic struaxn X A¢ tower size is0.1 X 15° in the central and
ture of the pomeron. 0.1 X 5°in the plug and forward calorimeters.

Diffractive dijets were first observed by the UA8 ex-  Figure 1 shows the distributions @v;” and 7, of the
periment at CERN inpp collisions at./s = 630 GeV leading jet, and oA E; = E(Tl) _ E<T2) andA¢ = ¢, —

¢, of the two leading jets for the single vertex event

: Msample. The two leading jets tend to be balanced both
BG(B) ~ B(1 — B), where B is the momentum frac- iy 'k "and 4. The E; and n distributions of the third

tion of the parton in the pomeron. However, the event o L (3)

topology alone cannot distinguish between a hard-quar ost en?rg_etlc_ Jelg W'thT >3 va arngé:Iso SP.O\I’\.m.'
or a hard-gluon structure, while the dijet production rate, hL.Jtr ana_t)r/?ls 3'; <a|se| <05n9 cou?jtlngl . tmuttlp Icity
which is sensitive to the quafgluon ratio, is model de- \(/vi'ltf)énvglrg)llnaﬁove 1775 GeV ’W?t?m iafrl';nlef; Z()V\ilr?rs
pendent. The quaykgluon ratio may be determined in a he 7 region opposite the dijet side. The tower energy

. . . t
model-independent way by performing two experiment . .
with different sensitivity to the quark and gluon pomeron%hreShOId of 1.5GeV is used to suppress calorimeter

content. This was done by the ZEUS Collaboration at
HERA by measuring diffractive deep inelastic scattering,
which probes quarks directly, and diffractive jet photo-
production, which probes both quarks and gluons. From & 75%°F
these measurements, ZEUS determined [6] that the gluon 00"
fraction of the hard partonic component of the pomeron, 25001 :
fq,isinthe rang®.3 < f, < 0.8. This fraction can also % 20 20 60 Cra—
be determined irpp collisions at the Tevatron from the E(Tl) (GeV) n,
rate of diffractiveW production, which is sensitive to the
quark component, and that of dijets, which is sensitive to ,30%0f
both the quark and gluon components of the pomeron. In %2000;
a previous paper [7] we reported the results of a measure-z 1000f
ment of diffractiveW production. Here, we report results obe i
on diffractive dijet production and combine them with our o 10
W results to extract the quafgluon ratio of the pomeron
structure. :
The present measurement is based®@npb ! of data EZOOOT
collected during 1994—1995 using a trigger requiring two Ewoo’
high transverse energytr) forward jets. In our analy- i
sis, the two most energetic (leading) jets in an event T
were required to have transverse enefgyy > 20 GeV E{ (Gev)
within an n — ¢ cone of radius 0.7 around the jet axis,
pseudorapidityl.8 < |n| < 3.5, and;7%, > 0. No re-

quirement was imposed on additional jets in an eventy;imyihal angles of the two leading jets: (bottom) third jet

Becau_se of. the high instantaneous luminosity during @at@E(TM > 5 GeV) transverse energy and pseudorapidity [solid
collection, it is estimated that about 73% of the dijet(dashed) line for events with the two leading jets at positive

events have superimposed one or more “minimum bias{negative)n].

0000F

I\D—
of
Y=
I

20 30 40 2 25 3 3.5 4
EQ-ED (GeV)

T

FIG. 1. (top) Leading jet transverse energy and pseudorapid-
ity; (middle) difference between the transverse energies and
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noise. Figure 2 shows the BBC multiplicityVggc, = RG and NG efficiencies, the relative NG to RG single
versus forward calorimeter tower multiplicity opposite in vertex cut efficiency is(0.58 = 0.05)/(0.86 = 0.03) =
n to the dijet systemN7, for all single vertex events. 0.67 = 0.06.
The distinct peak in the “0-0" binNggc = Ny = 0, The BBC and calorimeter live-time acceptance was
is attributed to diffractive dijet events with a forward measured using a sample of 98 000 events collected with
rapidity gap. The number of diffractively produced the detector triggered on beam crossings only. It was
events in the total event sample is determined from théound that a fraction 00.15 = 0.02 of the events with no
number of events above background in this peak, takingertex in this sample have one or more calorimeter towers
into account the single vertex cut efficiency, the live-timewith energy above 1.5 GeV and/or one or more BBC
acceptance of the BBC and forward calorimeter triggerscounts. This occupancy level, which includes calorimeter
and the acceptance of diffractive events by our rapiditynoise as well as any beam-associated calorimeter energy
gap requirement, as explained below. or BBC hits, corresponds to a live-time acceptance of
The single vertex requirement we used, in addition0.85 + 0.02, which is used to correct the data for the
to rejecting events with multiple interactions, rejectedresulting 15% loss of RG events.
a substantial fraction of single interaction dijet events The RG acceptance, defined as the number of diffrac-
because of multiple reconstructed (fake) vertices. Thigive events with a rapidity gap to the number of all diffrac-
fraction is different for rapidity gap (RG) events than for tive events, is calculated using thempyT[9] andPYTHIA
non-gap (NG) events, the latter being defined as even{d0] Monte Carlo (MC) programs. All our MC simu-
with no rapidity gap in the regiodn| > 2.4. Noting lations are followed by a simulation of the CDF detec-
that RG events that end up in the more-than-one vertetor. POMPYTis based on the Ingelman-Schlein model [4],
sample due to fake vertices retain their RG, the singlén which a flux of pomerons carried by th&(p) inter-
vertex cut efficiency for retaining RG events is simply acts with thep(p) in a manner prescribed byyTHIA.
the ratio of the number of RG events in the single vertedVe use a hard pomeron structure function of the form
sample to that in the entire event sample. This ratio iS3G(B8) = 68(1 — B) and the standard pomeron flux
0.86 = 0.03. For NG events, the efficiency of the vertex factor of Regge theoryfp/,(£,1) = K& 7220 F2(z),
cut was measured to 58 *= 0.05(sys) from the ratio where ¢ is the fraction of the beam momentum carried
of the number of single vertex events to that expectedy the pomerona(r) = 1.115 + 0.26¢ is the pomeron
from the calculated probability of having no overlays Regge trajectoryF(z) the proton form factor, an& =
of any minimum bias events with a vertex. This ratio0.73 GeV 2 (for the numerical values of the parameters
was determined as a function of instantaneous luminositysee [11]). Under these assumptions, and §o« 0.1,
and the results were averaged; the assigned systemati@ obtain for the 0-0 bin of Fig. 2 a diffractive gap-
uncertainty represents the spread of the measured valuasceptance 09.70 + 0.03.
over ten instantaneous luminosity bins. Combining the The nondiffractive background under the diffractive
peak is evaluated by a smooth two dimensional extrapo-
lation from the adjacent BBC and calorimeter bins, taking
into account the diffractive acceptance of these bins.
There are 247 events in the 0-0 bin, within which
we estimate a nondiffractive contribution @b = 10
events, leaving202 * 14(stad + 10(sys) events above

Esso— background (see Table I). The ratiyy, of all diffractive
E to nondiffractive dijet events is obtained by dividing this
W, - , number by the live-time and gap acceptances and by
52007 ﬁ the total number of the NG single vertex events, and
o Yoz multiplying by the single vertex relative efficiency. The
Wyen o o N i .
§150 ;}!,- final result is
5100 7 !;;,}:'f
Z 50 5 20 Ry; =[0.75 + 0.05(stad + 0.09(sysh]% .
'!:, 18
01 i“gi’ 1425
0 ;\‘%;é 12 \3\\/\ Figure 3 shows the MC generated pomerdrdistri-

1
A

8 ngc’ bution for diffractive dijets with jetEy > 20 GeV and
1.8 < |n| < 3.5. The shaded area represents events with
a BBC and forward calorimeter rapidity gap as used in
FIG. 2. Beam-beam counter multiplicity (BBC hits) versus this analysis. The events are concentrated.a05 <
forward calorimeter tower multiplicity in the pseudorapidity re- § < 0'015: . . i . .
gions3.2 < |n@eey| < 5.9 and2.4 < |nrower)| < 4.2 oppo- The ratio of diffractive to nondiffractive dijets cal-
site the dijet system. culated with POMPYT using the standard pomeron flux

227
AR
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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-O bin, and for nondiffractive (non-diff.)
background.
BIN Data Diff. (MC) Non-Diff.

BBC- || /Tower= 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

and a hard-gluon (quark) pomeron structure of the fornmdifference in theD factors cannot be explained by the
BG(B) ~ B(1 — B) is 5% (2%). Assuming that only evolution of the pomeron structure function. From (e
hard partons carrying a fractiob of the total pomeron dependence of the quark and gluon fractions obtained by
momentum participate in dijet production, this fractionthe H1 Collaboration from a QCD analysis of diffractive
can be evaluated as a function of the gluon fractionDIS data collected at HERA [13], we estimate the effect
f¢, Of the hard component of the pomeron by com-of the 92 evolution onD to be of © (10%). The observed
paring the experimental value oR;; with the MC
predictions. Figure 4 shows curves fbrversusf, cor-

responding to the-1¢ values ofR;;. Also shown are

curves obtained from our measured diffractié frac-

tion [7], Rw = (1.15 = 0.55)%, and the corresponding

standard flux predictions. Thelo limits from the W
measurement are shown as dotted (solid) lines for two A check of the gluon fraction of the pomeron is
(three) quark flavors in the pomeron, (d, or u, d, s).

discrepancy implies a breakdown of factorization as used
in Ref. [4] and inPOMPYT. Since the diffractive rates
depend on the product of the factbrtimes the pomeron
flux (luminosity), the apparent decrease Df at the
Tevatron could be due to a decrease in the pomeron flux,
as suggested in Ref. [11].

provided by the third-jet activity in diffractive events.

The dashed lines show the UAS8 result [12] and the dash-
dotted lines the ZEUS result [6]. The UAS8 result is in
agreement with our more precise measurement. From
the diamond-shaped region in Fig. 4, enclosed by our di-
jet curves on top and bottom and oW curves for two
(three) quark flavors on the left (right), we determine the
gluon fraction to bef, = 0.7 £ 0.2 and the momentum
fraction D = 0.18 = 0.04. The gluon fraction, which
does not depend on the pomeron flux normalization or on
the validity of the momentum sum rule for the pomeron,

1.2

0.8

agrees with the ZEUS result &3 < f, < 0.8. How-

ever, the momentum fraction we measure is well below

the range 00.4 < D < 1.6 reported by ZEUS. Thg?

EVENTS

100

75

50

25

TTT T[T T T T TTTT

0 0.02

0.08

0.04  0.06

& OF POMERON

S bbbl

FIG. 3. Monte Carlo pomerog distributions for diffractive
dijet events with jetE; > 20 GeV and1.8 < |»| < 3.5 gen-
erated byrpoMPYT using a hard-gluon pomeron structure. Theis shown for two (dotted) or three (solid) light quark flavors in

shaded area represents the subset of Monte Carlo events witiie pomeron. The shaded region is used in the text to extract
zero BBC and forward calorimeter multiplicities, correspondingthe quark to gluon fraction of the pomeron and the standard
to the data in the (0, 0) bin of Fig. 2.
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FIG. 4. Momentum fraction versus gluon fraction of hard

partons in the pomeron evaluated by comparing measured
diffractive rates with Monte Carlo predictions based on the
standard pomeron flux and assuming that only hard pomeron
partons participate in the diffractive processes considered.
Results are shown for ZEUS (dash-dotted), UA8 (dashed), and
the CDF-dijet and CDR¥ measurements. The CDWF-result

flux discrepancy factor.
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Monte Carlo simulations, usingomMpPYTwith a full gluon  Sciences and Engineering Research Council of Canada;
(quark) pomeron structure to simulate diffractive andthe National Science Council of the Republic of China;
PYTHIA to simulate nondiffractive events, predict a valueand the A. P. Sloan Foundation.

of 0.89 (0.38) for the ratio of diffractive to nondiffractive

fractions of events with a third jet oEr?) > 5 GeV. o
Using our measured gluon fraction, the predicted ratio _*Visitor. , ,
is 0.73 = 0.11. This value is consistent with the ratio [t See P.D.B. CollinsAn Introduction to Regge Theory
of 0.62 * 0.05(sta) derived by dividing the measured and High Energy Physic¢Cambridge University Press,
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