Vol. 33 (2002) ACTA PHYSICA POLONICA B No 11
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We present Run I results on hard diffraction obtained by the CDF Col-
laboration in proton-antiproton collisions at the Fermilab Tevatron. They
are compared with results from the DESY ep collider HERA and/or theo-
retical predictions to test factorization in hard diffraction. In addition, the
CDF program for diffractive studies in Run II is presented briefly.

PACS numbers: 13.87.Ce, 12.38.Qk, 12.40.Nn

1. Introduction

Diffractive events in pp collisions are characterized by a leading pro-
ton or antiproton which remains intact and/or a rapidity gap, defined as
a pseudo-rapidity' region devoid of particles. Diffractive events with hard
processes (“hard diffraction”), such as production of high Pr jets in diffrac-
tive interactions (see Fig 1), have been studied to understand the nature
of the exchanged “Pomeron”, which is a color singlet object with vacuum
quantum numbers. One of the most interesting questions in hard diffractive
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Fig. 1. Diagrams and event topologies of dijet production in single diffraction (left),
double diffraction (middle) and double Pomeron exchange (right).

* Presented at the X International Workshop on Deep Inelastic Scattering (DIS2002)
Cracow, Poland, 30 April-4 May, 2002.

! The pseudo-rapidity 5 is defined as = — In (tan 6/2), where 6 is the polar angle of
a particle with respect to the proton beam direction.
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processes is whether they obey QCD factorization, in other words, whether
the Pomeron has a universal (process independent) structure function. Var-
ious hard diffractive processes have been studied in CDF by measuring
the diffractive production rates and/or diffractive structure function of the
(anti)proton, and results will be presented below.

2. Hard diffraction with rapidity gaps

Using forward rapidity gaps to tag single diffractive events, we have
measured the ratio of Single Diffractive (SD) to inclusive rates for W bo-
son [1], dijet [2], b-quark [3] and J/% [4] production at /s = 1800 GeV. We
have also measured the rates for events with Double Diffractive (DD) dijet
(central rapidity gap between jets) at /s = 1800 GeV [5] and 630 GeV [6].
The measured SD rates were corrected for “rapidity gap acceptance”, de-
fined as the ratio of events with a rapidity gap in the forward detectors to
all diffractive events with £ (momentum fraction of the (anti)proton carried
by the Pomeron) less than 0.1. The measured diffractive to inclusive rates
for £ < 0.1 are listed in Table I. Since the measured SD processes have dif-
ferent sensitivity to the quark and gluon content of the Pomeron, the gluon
fraction in the Pomeron f, can be determined by comparing the ratio D of
measured to predicted SD rates for different processes with varying f, from
0 to 1. By using the POMPYT simulation [7], f, was determined to be
0.54701% and D was found to be 0.19 + 0.04. The discrepancy of D from
unity indicates a breakdown of factorization. The value of D is approxi-
mately the same as that observed in the soft SD cross section, as predicted
in the Ref. [§].

TABLE 1

Measured ratio of diffractive (¢ < 0.1) to inclusive production rates.

Hard process Vs RRIEF (%) Kinematical region

W(— ew.) + G 1800 1.15+£0.55  E$, Br > 20 GeV, |n°| < 1.1

Jet + Jet + G 1800 0.754+0.10 Ep®>20 GeV, 1.8 < "2 < 3.5

b(—eX) + G 1800 0.62+0.25 pS > 9.5 GeV/e, [n°| < 1.1
J/Yp(= ptp™) + G 1800 1.45+0.25 P > 2.0 GeV/e, |n*| < 1.0

Jet + G + Jet 1800 1.134+0.16 Er*>20 GeV, 1.8 < [ < 3.5
Jet + G + Jet 630 27409 By’ >8GeV,1.8<n"? <35
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3. Hard diffraction with a leading antiproton

Detecting a leading antiproton with the Roman Pot spectrometer, CDF
has studied single diffractive dijet production at /s = 1800 GeV [9] and
630 GeV [10]. In leading order QCD, the ratio RYY of SD to Non-Diffractive
(ND) dijet production rates is equal to the ratio of diffractive to ND struc-
ture functions of the antiproton. The diffractive structure function in terms
of dijet production, F]%(x, Q?,¢), integrated over four momentum transfer
squared t, is given by Fjg(x, Q%,¢) = z[gP (2, Q% &)+ 3¢° (z, Q2. €)), where z
is the momentum fraction of the struck parton in the antiproton and g (¢")
the diffractive gluon (quark) density function. The ¢ is multiplied by 4/9
to account for color factors. F;? was obtained by multiplying the measured

RYY by the known ND structure function of the antiproton Fj;(z,Q?). The
diffractive structure function was then expressed as a function of 8 (inte-
grated over Q2 and ¢) by using z = B¢, where f3 is interpreted as the mo-
mentum fraction of the Pomeron carried by the struck parton. Fig. 2 shows
the measured diffractive structure function Fj?(ﬁ) for the kinematic region

[t] <1 GeVZ, 0.035 < ¢ < 0.095 and Eﬂth > 7 GeV. Comparison between
the measured F]D. and expectations from the parton densities of the proton

extracted from diffractive DIS shows a discrepancy in both normalization
and shape of 8 dependence of the diffractive structure function, which in-
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Fig.2. Data § distribution (points) compared with expectations from diffractive
DIS by the H1 Collaboration (dashed and dotted lines). The straight line is a fit to
the data of the form $~". The lower (upper) boundary of the filled band represents
the data distribution obtained by using only the two leading jets (up to four jets
of Er > 5 GeV) in evaluating 3. The systematic uncertainty in the normalization
of the data is £25 %.
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dicates a breakdown of factorization. The ¢ dependence of the diffractive
structure function has also been studied. The results (Fig. 3) show that
the measured F]% is well represented by the form F;? =C(1/p")(1/e™)
for B < 0.5, where the powers n and m are given by n = 1.0 £ 0.1 and
m = 0.9 & 0.1, respectively. The observed ¢ dependence of F;? is much
steeper than that of the dN/d¢ distribution of the inclusive SD sample, in-
dicating that the diffractive dijet sample in our analysis is dominated by
Pomeron exchange.
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Fig.3. (a) ¢ dependence of the parameter n (circles) of a fit to the F}? of the form
CB~™ at fixed &€ for 8 < 0.5 with a one parameter straight line fit (dashed line);
(b) & dependence of F;? (circle points) at g = 0.1 fitted to the form C{™™ (curve),
and the inclusive SD distribution (triangles). The errors shown are statistical only.

The diffractive structure function has also been measured at /s =630 GeV
and compared with that at 4/s = 1800 GeV [10]. In the kinematic region
[t| < 0.2 GeVZ, 0.035 < ¢ < 0.095 and 0.1 < B < 0.5, the ratio of the
630 to 1800 GeV diffractive structure functions was found to be R{39, =
1.3 £ O.2(stat)f8:§(syst). The ratio R%39, is consistent with factorization
(R$30, = 1), but also consistent with the value of 1.55 predicted by the
renormalized Pomeron flux model [8] and with the value of 1.8 of the rapidity
gap survival model of Ref [11].

4. Hard double Pomeron exchange with a leading antiproton

CDF has studied events with a double Pomeron exchange (DPE) topol-
ogy (Fig. 1) using a data sample with a leading antiproton at /s = 1800 GeV
and reported the first conclusive observation of dijet production in DPE [12].
The diffractive structure function of the antiproton was evaluated from the
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ratio RIS\I% of SD to ND dijet rates as a function of z; (Bjorken-z of the parton
in the antiproton). Similarly, the diffractive structure function of the proton
can be obtained from the ratio RIL™ of DPE to SD dijet rates as a function
of z, (Bjorken-z of the parton in the proton). In leading order QCD, fac-
torization demands that the two ratios Rls\I and RDPE be equal at fixed z
and £. Therefore, comparing the two ratios prov1des another factorization
test at the Tevatron Fig. 4 shows ROPE(z,) and RYD (z;5) (normalized per
unit ¢) at z, = 25 = z as a function of « for the klnematlc region denoted in
the figure. The weighted average of the RUDY (RYD) data points in the range
10728 < 2 < 0.01 (within dashed lines) at & = 0.02 is RES® = 0.80 % 0.26
(RS = 0.15 £ 0.02, evaluated from a straight line fit to the R I points
shown in the inset), which yields the ratio D = R RDPE = 0.19 =+ 0.07.
The discrepancy of D from unity represents a breakdown of factorization.
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Fig.4. Ratios of DPE to SD (SD to ND) dijet event rates per unit &, (£5), shown
as open (filled) circles, as a function of z;, (z5). The errors are statistical only. The
inset shows R(x) per unit £ versus &, where R is the weighted average of the R(z)
points within the vertical dashed lines, which mark the DPE kinematic boundary
(left) and the value of z = £™ (right) in the main figure.

The absolute DPE dijet cross section was measured to be 0” =43.6+t
4.4 (stat) + 21.6 (syst) [3.4 £ 1.0(stat) £ 2.0(syst)]nb for the region
lts] < 1 GeVZ2, 0.035 < & < 0.095, 0.01 < &, < 0.03 and jets of By > 7
[ET > 10] GeV confined within —4.2 < n < 2.4. We also measured the
95% C.L. upper bound for events in which the dijet energies could account
for the total energy of the central system (p 4+ p — p' + jetl + jet2 + p')
to be 3.7 nb for 0.035 < & < 0.095 and EX"* > 7 GeV confined within
—4.2 <n<24.
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5. Run II diffraction in CDF

In Run II being currently under way, CDF is planning to study various
topics on diffraction. These include detailed studies of FP, as process de-
pendence of FP and Q? dependence of F]].:J). in SD, and dependence of FJD.
on the gap width in DPE. In addition, the production of exclusive dijets,
bb and low mass state in DPE will be studied. With two recently installed
“Miniplug” calorimeters covering the region 3.5 < |n| < 5.5, we will also
study events with a large rapidity gap in-between jets in DD to test the
BFKL model.
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