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Abstract

We report the observation and measurement of the rate of di�ractive dijet

production at the Fermilab Tevatron �pp collider at
p
s=1.8 TeV. In events

with two jets of ET > 20 GeV, 1:8 < j�j < 3:5 and �1�2 > 0, we �nd that the

di�ractive to non-di�ractive production ratio is RJJ = [0:75 � 0:05(stat) �

0:09(syst)]%. By comparing this result, in combination with our measured

rate for di�ractive W boson production reported previously, with predictions

based on a hard partonic pomeron structure, we determine the pomeron gluon

fraction to be fg = 0:7� 0:2.

PACS number(s): 13.87.Ce, 12.38.Qk, 12.40.Nn

Typeset using REVTEX
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As part of a program to probe the partonic structure of the pomeron [1] at the Collider

Detector at Fermilab (CDF), we have measured the rate of production of two-jet (dijet)

events in p�p single di�raction dissociation, p+�p! p(�p)+X(! Jet1+Jet2+X 0), at
p
s = 1:8

TeV. Di�ractive events are identi�ed by the characteristic signature of a large rapidity [2] gap

(region of rapidity devoid of particles) between the outgoing recoil p(�p) and the particles

in X. The recoil nucleon escapes at high rapidity retaining a large fraction x (typically

x > 0:95) of its initial longitudinal momentum. The rapidity gap arises from the colorless

nature of the pomeron (P), which is presumed to be exchanged in di�ractive processes [1,3].

It has been proposed [4] that the production rate and kinematics of di�ractively produced

dijet events can be used to probe the partonic structure of the pomeron.

Di�ractive dijets were �rst observed by the UA8 experiment at CERN in p�p collisions

at
p
s = 630 GeV [5]. The topology of the UA8 events is consistent with a dominant hard

partonic pomeron structure of the form �G(�) � �(1��), where � is the momentum fraction

of the parton in the pomeron. However, the event topology alone cannot distinguish between

a hard-quark or a hard-gluon structure, while the dijet production rate, which is sensitive

to the quark/gluon ratio, is model dependent. The quark/gluon ratio may be determined

in a model-independent way by performing two experiments with di�erent sensitivity to the

quark and gluon pomeron content. This was done by the ZEUS collaboration at HERA by

measuring di�ractive deep inelastic scattering, which probes quarks directly, and di�ractive

jet photoproduction, which probes both quarks and gluons. From these measurements,

ZEUS determined [6] that the gluon fraction of the hard partonic component of the pomeron,

fg, is in the range 0:3 < fg < 0:8. This fraction can also be determined in p�p collisions at

the Tevatron from the rate of di�ractive W production, which is sensitive to the quark

component, and that of dijets, which is sensitive to both the quark and gluon components of

the pomeron. In a previous paper [7] we reported the results of a measurement of di�ractive

W production. Here, we report results on di�ractive dijet production and combine them

with our W results to extract the quark/gluon ratio of the pomeron structure.

The present measurement is based on 2.2 pb�1 of data collected during 1994-95 using
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a trigger requiring two high transverse energy (ET ) forward jets. In our analysis, the two

most energetic (leading) jets in an event were required to have transverse energy ET > 20

GeV within an � � � cone of radius 0.7 around the jet axis, pseudorapidity 1:8 < j�j < 3:5

and �1�2 > 0. No requirement was imposed on additional jets in an event. Because of

the high instantaneous luminosity during data collection, about 73% of the dijet events

have superimposed one or more \minimum bias" events produced by additional interactions

occurring in the same beam crossing. Since the overlay of extra events would most likely

obscure a di�ractive rapidity gap, events with two or more reconstructed vertices were

removed from the data sample, leaving 30352 single vertex events.

The CDF detector is described in detail elsewhere [8]. In the rapidity gap analysis we use

the \Beam-Beam Counters" (BBC) and the calorimeters. The BBC consist of a square array

of eight vertical and eight horizontal scintillation counters perpendicular to the beam line,

placed at a z-position of 6 m from the center of the detector and covering approximately

the region 3:2 < j�j < 5:9. The calorimeters have projective tower geometry and cover

the regions j�j < 1:1 (central), 1:1 < j�j < 2:4 (plug), and 2:2 < j�j < 4:2 (forward).

The �� � �� tower size is 0:1 � 15� in the central and 0:1 � 5� in the plug and forward

calorimeters.

Figure 1 shows the distributions of E
(1)
T and �1 of the leading jet, and of �ET = E

(1)
T �E(2)

T

and �� = �1��2 of the two leading jets for the single vertex event sample. The two leading
jets tend to be balanced both in ET and �. The ET and � distributions of the third most

energetic jet with E
(3)

T > 5 GeV are also shown. Our analysis is based on counting BBC

multiplicity (hits), within 3:2 < j�j < 5:9, and calorimeter towers with energy above 1.5 GeV,

within 2:4 < j�j < 4:2, in the �-region opposite the dijet side. The tower energy threshold of

1.5 GeV is used to suppress calorimeter noise. Figure 2 shows the BBC multiplicity, NBBC,

versus forward calorimeter tower multiplicity opposite in � to the dijet system, NT , for all

single vertex events. The distinct peak in the \0-0" bin, NBBC = NT = 0, is attributed to

di�ractive dijet events with a forward rapidity gap. The number of di�ractively produced

events in the total event sample is determined from the number of events above background
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in this peak, taking into account the single vertex cut e�ciency, the livetime acceptance of

the BBC and forward calorimeter triggers, and the acceptance for di�ractive events with a

rapidity gap, as explained below.

The single vertex cut e�ciency was determined from a study of the number of single

vertex events as a function of instantaneous luminosity. This study showed that the sin-

gle vertex requirement we used, in addition to rejecting events with multiple interactions,

rejected a substantial fraction of single interaction dijet events because of multiple recon-

structed vertices. The e�ciency in retaining single interaction dijet events was measured to

be 0:58�0:05(syst) for no-gap (NG) events, namely events with no rapidity gap in the region
j�j > 2:4 of our measurement. For rapidity gap (RG) events, the single vertex e�ciency was

determined to be 0:86 � 0:03 by comparing the number of RG events in the single vertex

sample with the number found in the entire sample of events. Thus, the ratio of RG to NG

events found in the single vertex sample must be multiplied by the single vertex e�ciency

ratio of (0:58 � 0:05)=(0:86 � 0:03) = 0:67 � 0:06 to take into account the single vertex

relative e�ciency between gap and no-gap events.

The BBC and calorimeter livetime acceptance was measured using a sample of 98000

events collected with the detector triggered on beam crossings only. It was found that a

fraction of 0:15�0:02 of the events with no vertex in this sample have one or more calorimeter
towers with energy above 1.5 GeV and/or one or more BBC counts. This occupancy level,

which includes calorimeter noise as well as any beam-associated calorimeter energy or BBC

hits, corresponds to a livetime acceptance of 0:85 � 0:02, which is used to correct the data

for the resulting 15% loss of RG events.

The expected RG acceptance is calculated using the POMPYT [9] and PYTHIA [10]

Monte Carlo (MC) programs. All our MC simulations are followed by a simulation of the

CDF detector. POMPYT is based on the Ingelman-Schlein model [4], in which a ux of

pomerons carried by the p(�p) interacts with the �p(p) in a manner prescribed by PYTHIA.

We use a hard pomeron structure function of the form �G(�) = 6�(1��) and the standard

[11] pomeron ux factor, fP=p(�; t) = K�1�2�(t) F 2(t), where � is the fraction of the beam
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momentum carried by the pomeron, �(t) = 1:115 + 0:26 t is the pomeron Regge trajectory,

F (t) the proton form factor, and K = 0:73 GeV�2. For the numerical values of the pa-

rameters used see Ref. [11]. Under these assumptions, we obtain for the 0-0 bin of Fig. 2 a

di�ractive gap-acceptance of 0:70� 0:03. The non-di�ractive background under the di�rac-

tive peak is evaluated by a smooth two dimensional extrapolation from the adjacent BBC

and calorimeter bins, taking into account the di�ractive acceptance of these bins. There

are 202 � 14(stat) � 10(syst) events above background. The ratio, RJJ , of all di�ractive

to non-di�ractive dijet events is obtained by dividing this number by the livetime and gap

acceptances and by the total number of the NG single vertex events, and multiplying by the

single vertex relative e�ciency. The �nal result is

RJJ = [0:75� 0:05(stat)� 0:09(syst)]%

We now compare some characteristics of the events in the 0-0 bin of Fig. 2, which we

refer to as \di�ractive" although they contain an estimated 20% non-di�ractive background,

to those of non-di�ractive events (outside the 0-0 bin). Figures 3a and 3b show the average

� and average ET distributions, respectively, of the two leading jets for di�ractive (solid)

and non-di�ractive (dashed) events. The corresponding distributions are very similar. The

di�erence �� = �1 � �2 between the azimuthal angles of the two leading jets in an event,

shown in Fig. 3c, appears to be more peaked for di�ractive than for non-di�ractive events.

About 45% of the di�ractive events have a third jet of E
(3)
T > 5 GeV, as compared to 73% of

the non-di�ractive sample. The di�ractive events have a softer E
(3)

T distribution (Fig. 3d),

as expected from their sharper �� distribution (Fig. 3c). Figure 4 shows the MC generated

pomeron � distribution for di�ractive dijets with jet ET > 20 GeV and 1:8 < j�j < 3:5. The

shaded area represents events with a BBC and forward calorimeter rapidity gap as used in

this analysis. The events are concentrated at 0:005 < � < 0:015.

The ratio of di�ractive to non-di�ractive dijets calculated with POMPYT using the

standard pomeron ux and a hard-gluon (quark) pomeron structure of the form �G(�) �
�(1 � �) is 5% (2%). Assuming that only hard partons carrying a fraction D of the total
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pomeron momentum participate in dijet production, D can be evaluated as a function of the

gluon fraction, fg, of the hard component of the pomeron by comparing the experimental

value of RJJ with the MC predictions. Figure 5 shows curves for D versus fg corresponding

to the �1� values of RJJ . Also shown are curves obtained from our measured di�ractive

W fraction [7], RW = (1:15 � 0:55)%, and the corresponding standard ux predictions.

The �1� limits from the W measurement are shown as dotted (solid) lines for two (three)

quark avors in the pomeron (u,d or u,d,s). The dashed lines show the UA8 result [12]

and the dashed-dotted lines the ZEUS result [6]. The UA8 result is in agreement with

our more precise measurement. From the diamond-shaped region in Fig. 5, enclosed by

our dijet curves on top and bottom and our W curves for two (three) quark avors on

the left (right), we determine the gluon fraction to be fg = 0:7 � 0:2 and the momentum

fraction D = 0:18 � 0:04. The gluon fraction, which does not depend on the pomeron ux

normalization or on the validity of the momentum sum rule for the pomeron, agrees with the

ZEUS result of 0:3 < fg < 0:8. However, the momentum fraction we measure is well below

the range of 0:4 < D < 1:6 reported by ZEUS. The di�erence in the D factors cannot be

explained by the Q2 evolution of the pomeron structure function. From the Q2 dependece

of the quark and gluon fractions obtained by the H1 Collaboration from a QCD analysis of

di�ractive DIS data collected at HERA [13], we estimate the e�ect of the Q2 evolution on

D to be of O(10%). The observed discrepancy implies a breakdown of factorization as used

in Ref. [4] and in POMPYT. Since the di�ractive rates depend on the product of the factor

D times the pomeron ux (luminosity), the apparent decrease of D at the Tevatron could

be due to a decrease in the pomeron ux.

The hard-quark content in the pomeron structure may be the reason for the observed

reduced third jet activity and the narrower �� distribution in di�ractive events (Figs. 3c,d).

Monte Carlo simulations, using POMPYT with a full gluon (quark) pomeron structure to

simulate di�ractive and PYTHIA to simulate non-di�ractive events, predict a value of 0.89

(0.38) for the ratio of di�ractive to non-di�ractive fractions of events with a third jet of

E
(3)
T > 5 GeV. Using our measured gluon fraction, the predicted ratio is 0:73 � 0:11. This
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value is consistent with the ratio of 0:62 � 0:05(stat) derived by dividing the measured

fractions of 45% and 73% of events with a third jet of E
(3)
T > 5 GeV in the di�ractive and

non-di�ractive event samples, respectively.

In conclusion, in a sample of events with two jets of ET > 20 GeV, 1:8 < j�j < 3:5 and

�1�2 > 0, we have measured the ratio of di�ractive to non-di�ractive dijet production to

be RJJ = [0:75 � 0:05(stat) � 0:09(syst)]%. Assuming a hard gluon and quark pomeron

structure of the form �G(�) � �(1� �), and by comparing this result with our di�ractive

W production rate and Monte Carlo predictions, we determine the hard-gluon pomeron

content to be fg = 0:7� 0:2. This result is independent of the pomeron ux normalization

or of the validity of the momentum sum rule for the pomeron. Based on dijet and W rate

predictions using the standard pomeron ux, we further determine the fraction of the total

pomeron momentum carried by its partons to be D = 0:18 � 0:04. If the momentum sum

rule is assumed to hold, the deviation of the value of D from unity may be interpreted as a

discrepancy on the pomeron ux normalization,, as suggested in Ref. [11].

We thank the Fermilab sta� and the technical sta�s of the participating institutions for

their vital contributions. This work was supported by the U.S. Department of Energy and

National Science Foundation; the Italian Istituto Nazionale di Fisica Nucleare; the Ministry

of Education, Science and Culture of Japan; the Natural Sciences and Engineering Research

Council of Canada; the National Science Council of the Republic of China; and the A. P.

Sloan Foundation.

11



REFERENCES

[1] See P.D.B. Collins, An Introduction to Regge Theory and High Energy Physics, Cam-

bridge University Press, Cambridge (1977).

[2] In this paper, we use rapidity pseudorapidity, �, interchangeably; � � � ln(tan �
2
), where

� is the polar angle of a particle with respect to the proton beam direction. The azimuthal

angle is denoted by �, and the transverse energy of a jet, ET , is de�ned as E sin �.

[3] K. Goulianos, Phys. Reports 101, 169 (1983).

[4] G. Ingelman and P. Schlein, Phys. Lett. B152, 256 (1985).

[5] A. Brandt et al., Phys. Lett. B297, 417 (1992).

[6] M. Derrick et al., Phys. Lett. B356, 129 (1995).

[7] F. Abe et al., CDF Collaboration, \Observation of Di�ractive W-Boson Production at

the Tevatron", submitted to Phys. Rev. Letters.

[8] F. Abe et al., Nucl. Instrum. Methods A271, 387 (1988).

[9] P. Bruni and G. Ingelman, Preprint DESY-93-187; Proceedings of the International

Europhysics Conference on High Energy Physics, Marseille, France, 22-28 July 1993,

Editions Fronti�eres (Eds. J. Carr and M. Perrottet).

[10] T. Sj�ostrand, Comput. Phys. Commun. 82, 74 (1994).

[11] K. Goulianos, Phys. Lett. B358, 379 (1995).

[12] P. Schlein, \Evidence for Partonic Behavior of the Pomeron", Proceedings of the Inter-

national Europhysics Conference on High Energy Physics, Marseille, France, 22-28 July

1993, Editions Fronti�eres (Eds. J. Carr and M. Perrottet).

[13] H1 Collaboration, \A Measurement and QCD Analysis of the Di�ractive Structure

Function F
D(3)
2 ", Submitted to the 28th International Conference on High Energy

12



Physics ICHEP'96, Warsaw, Poland, July 1996.

13



FIGURES

FIG. 1. (top) Leading jet transverse energy and pseudorapidity; (middle) di�erence between

the transverse energies and azimuthal angles of the two leading jets; (bottom) third jet (E
(3)

T > 5

GeV) transverse energy and pseudorapidity (solid/dashed line for events with the two leading jets

at positive/negative �).

FIG. 2. Beam-beam counter multiplicity (BBC hits) versus forward calorimeter tower multi-

plicity in the pseudorapidity regions 3:2 < j�(BBC)j < 5:9 and 2:4 < j�(TOWER)j < 4:2 opposite the

dijet system.

FIG. 3. Comparison of di�ractive (solid) with normalized non-di�ractive (dashed) event dis-

tributions: (a) average pseudorapidity, (b) average transverse energy and (c) azimuthal angle

di�erence of the two leading jets, and (d) transverse energy of the third jet. The di�ractive event

sample is from the 0-0 bin of Fig. 2, which contains approximately 20% non-di�ractive background.

FIG. 4. Pomeron � distribution for di�ractive dijet events with jet ET > 20 GeV and

1:8 < j�j < 3:5 generated by POMPYT using a hard-gluon pomeron structure. The shaded area

represents the subset of Monte Carlo events with zero BBC and forward calorimeter multiplicities,

corresponding to the data in the (0,0) bin of Fig. 2.

FIG. 5. Momentum fraction versus gluon fraction of hard partons in the pomeron evaluated

by comparing measured di�ractive rates with Monte Carlo predictions based on the standard

pomeron ux and assuming that only hard pomeron partons participate in the di�ractive processes

considered. Results are shown for ZEUS (dashed-dotted), UA8 (dashed) and the CDF-DIJET and

CDF-W measurements. The CDF W result is shown for two (dotted) or three (solid) light quark

avors in the pomeron . The shaded region is used in the text to extract the quark to gluon fraction

of the pomeron and the standard ux discrepancy factor.
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FIG. 1. (top) Leading jet transverse energy and pseudorapidity; (middle) di�erence between
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GeV) transverse energy and pseudorapidity (solid/dashed line for events with the two leading jets

at positive/negative �).
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FIG. 3. Comparison of di�ractive (solid) with normalized non-di�ractive (dashed) event dis-

tributions: (a) average pseudorapidity, (b) average transverse energy and (c) azimuthal angle

di�erence of the two leading jets, and (d) transverse energy of the third jet. The di�ractive event

sample is from the 0-0 bin of Fig. 2, which contains approximately 20% non-di�ractive background.
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GLUON FRACTION OF HARD PARTONS IN POMERON
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FIG. 5. Momentum fraction versus gluon fraction of hard partons in the pomeron evaluated

by comparing measured di�ractive rates with Monte Carlo predictions based on the standard

pomeron ux and assuming that only hard pomeron partons participate in the di�ractive processes

considered. Results are shown for ZEUS (dashed-dotted), UA8 (dashed) and the CDF-DIJET and

CDF-W measurements. The CDF W result is shown for two (dotted) or three (solid) light quark

avors in the pomeron . The shaded region is used in the text to extract the quark to gluon fraction

of the pomeron and the standard ux discrepancy factor.

19


