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We present a review of central exclusive dijet production in p̄p collisions, where the
proton and antiproton emerge intact, and only two jets of transverse energy above a
certain threshold are present in the final state. The results are published in two papers
by the Collider Detector at Fermilab (CDF) Collaboration, a PRL (2000) and a PRD
√
(2008), based on data collected at s = 1.8 TeV and 1.96 TeV, respectively, and a
D0 Collaboration paper from studies at 1.96 TeV. In all three cases predictions for the
cross-section of Higgs boson production are discussed, a process that proceeds via a similar mechanism as dijet production. Roman Pot Spectrometers equipped with tracking
detectors are used to measure the outgoing antiproton (CDF and D0) and proton (D0),
and special forward detectors are employed to help reduce backgrounds and enrich the
data in diffractive and exclusive dijet events.
Keywords: Exclusive; dijet; Tevatron.
PACS numbers: 13.87.Ce, 12.38.Qk, 12.40.Nn

1. Introduction
We present a review of results on central exclusive dijet production in p̄p collisions
at the Tevatron. In this process, both the antiproton and proton survive and a
two-jet system (dijet) is centrally produced: p̄ + p → p̄′ + (jet1 + jet2 ) + p′ . Exclusive
dijet production is a special case of diffractive dijet production in double Pomeron
exchange (DPE), p̄ + p → [p̄′ + Pp̄ ] + [p′ + Pp ] → p̄′ + X + p′ , where P designates a
Pomeron, defined as an exchange of a colorless combination of gluons and/or quarks
carrying the quantum numbers of the vacuum, and X is a system that includes the
jets. We cover two Collider Detector at Fermilab (CDF) papers, a PRL (2000)1 and
√
a PRD (2008),2 which are based on data collected at s = 1.8 TeV and 1.96 TeV,
√
respectively, as well as a D0 Collaboration study at s = 1.96 TeV.3 The CDF
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Fig. 1. Illustration of event topologies in pseudorapidity, η, and associated Pomeron-exchange
diagrams for dijet production in (a) single diffraction and (b) DPE; the shaded areas at left
represent underlying-event particles not associated with the jets (from Ref. 1).

PRD (2008) reports the first observation of the exclusive dijet production process,
while in the CDF PRL (2000) an upper limit is set, which was important at the
time of publication as it excluded models that predicted much larger cross-sections,
see e.g. Ref. 4. The D0 paper reports results for a high dijet invariant mass, which
are complimentary to those of CDF.
In a particle-like Pomeron picture,5 the system X is produced by the collision
of two Pomerons, Pp̄ + Pp → X, where in addition to the two jets the final state
generally contains Pomeron remnants: X ≡ YP/p̄ + (jet1 + jet2 )+ YP/p . In this figure,
exclusivity is defined as the absence of Pomeron remnants.
Dijet production in DPE is a sub-process to dijet production in single diffractive
(SD) dissociation, where only the antiproton (proton) survives while the proton
(antiproton) dissociates. Figure 1 shows schematic diagrams for SD and DPE dijet
production along with the event topology in pseudorapidity space (from Ref. 1). In
SD, the escaping p̄ is adjacent to a rapidity gap, defined as a region of pseudorapidity
devoid of particles.a In DPE, two such rapidity gaps are present.
Dijet production may occur exclusively in DPEb via a fluctuation of the
Pomeron remnants down to zero, or with a much higher cross-section in models
in which the Pomerons are treated as partons and the dijet system is produced in
a 2 → 2 process analogous to γγ → jet + jet.6 In a special case, exclusive dijets
may be produced through an intermediate state of a Higgs boson decaying into b̄b,
Pp̄ + Pp → H 0 → (b̄ → jet1 ) + (b → jet2 ).
E+pL
y = 21 ln E−p
, and pseudorapidity, η = − ln tan 2θ , are used interchangeably for partiL
cles detected in the calorimeters, since in the kinematic range of interest in this analysis they are
approximately equal.
b While the exclusive DPE process is part of the inclusive, it has become traditional to refer to
the processes with and without Pomeron remnants as “inclusive” and “exclusive,” respectively. In
this paper, we will follow this tradition.
a Rapidity,
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LO diagrams for exclusive production of (a) dijet and (b) Higgs in p̄p collisions.

Finally, exclusive production may also occur through a t-channel color singlet two-gluon exchange at leading order (LO) in perturbative quantum chromodynamics (QCD), as shown schematically in Fig. 2(a), where one of the two gluons
takes part in the hard scattering that produces the jets, while the other neutralizes
the color flow.7 A similar diagram, Fig. 2(b), is used in Ref. 7 to calculate exclusive
Higgs boson production.
Predictions for dijet production are generally hampered by large uncertainties
due to nonperturbative suppression effects associated with the rapidity gap survival
probability. As these effects are common to exclusive dijet and Higgs production
mechanisms, the measurement of exclusive dijet production could provide a benchmark against which to calibrate the available theoretical models.7,8
2. CDF Results
Measurement strategy. The exclusive signal is extracted using the “dijet mass
fraction” method to minimize detector-dependent effects.1 From the energies and
momenta of the jets in an event, the ratio Rjj ≡ Mjj /MX of the dijet mass Mjj to
the total mass MX of the final state system (excluding the p̄ and p) is formed and
used to discriminate between the signal from an exclusive dijet system, expected to
appear at Rjj ∼ 1, and the background from inclusive DPE dijets, expected to have
a continuous distribution concentrated at lower Rjj values. Because of smearing
effects in the measurement of ETjet and η jet and gluon radiation from the jets, the
exclusive dijet peak is broadened and shifted to lower Rjj values. Therefore, the
exclusive signal is obtained by a fit of the Rjj distribution to expected signal and
background shapes generated by Monte Carlo (MC) simulations.
In the PRD (2008) analysis,2 the background shape is checked with an event
sample of heavy quark flavor dijets, for which exclusive production is expected to
be suppressed in LO QCD by the Jz = 0 selection rule of the hard scattered digluon
system, where Jz is the projection of the total angular momentum of the system
along the beam direction.9
The CDF detector relevant to the PRL (2000) analysis is described in Ref. 10.
It was upgraded to accommodate the much higher instantaneous luminosities of
the run in which the data for PRD (2008) were collected. The upgraded detector is
shown in Fig. 3.11 The main changes relevant to diffractive physics are the replacement of the beam–beam counter (BBC) scintillation-counter array (3.2 < |η| < 5.9,
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Schematic drawing of the CDF II detector and beam layout (Ref. 11).

not shown in Fig. 3), by the Cherenkov Luminosity Counters (CLC, 3.7 < |η| < 4.7),
and the addition of the MiniPlug calorimeters (MPCAL, 3.6 < |η| < 5.2).12 The
MPCALs were designed to measure the energy and lateral position of particles,
and provide discrimination between hadron- and electron-induced showers. For a
detailed description of the forward detector components relevant to the PRD (2008)
data analysis, see Ref. 13.
PRL (2000) results. The absolute DPE dijet cross-section is obtained by multiplying the DPE/SD event ratio by the SD dijet cross-section, which is normalized by
scaling to the measured16 inclusive (soft) cross-section of 0.78±0.16 mb. For 0.035 <
ξp̄ < 0.095, 0.01 < ξp < 0.03, |tp̄ | < 1 GeV2 and jets of ET > 7 [ET > 10] GeV
confined within −4.2 < η < 2.4, we obtain σ DPE = 43.6 ± 4.4(stat) ± 21.6(syst)
[3.4 ± 1.0(stat) ± 2.0(syst)] nb, where the systematic errors are dominated by the
uncertainties in normalization (20%) and jet energy calibration (40%). In terms of
an absolute cross-section, the 95% C.L. upper bound for events in which the jet
energies could account for the total energy of the central system (exclusive candidates) corresponds to 3.7 nb. Theoretical estimates of this cross-section range from
∼ 103 times larger4 to a few times smaller17 values than the measured upper bound.
PRD (2008) results. Three data samples are used in the analysis, referred to
as the DPE, SD and nondiffractive (ND) event samples. The exclusive dijet signal
is extracted from the DPE event sample, while the SD and ND samples are used
for evaluating backgrounds. The total integrated luminosity of the DPE sample is
312 ± 19 pb−1 .
Heavy flavor quark jets. At high energies the dijet mass fraction is dominated by
the parton level process gg → gg, as contributions from gg → q q̄ are suppressed.
Born level cross-sections for exclusive production of a color-singlet dijet system of
mass M are suppressed by a factor (m2q /M 2 )(1 − 4m2q /M 2 ),14 which vanishes as
m2q /M 2 → 0 (Jz = 0 selection rule9 ). Exclusive gg → q q̄ contributions are also
strongly suppressed in NLO and NNLO QCD, and in certain higher orders.15
To ensure a quark origin, CDF selected jets from heavy flavor (HF) b- or cquarks, identified from secondary vertexes produced from the decay of intermediate
B- or D-mesons using the SVX II detector. Both b- and c-quark jets are used, since
the suppression mechanism holds for all quark flavors.
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Fig. 4. (a) Measured ratio FHF/incl of HF to inclusive jets of ETjet > 10 GeV and |ηjet | < 1.5 as
a function of dijet mass fraction Rjj , normalized to the weighted average value within Rjj < 0.4;
(b) values of Fexcl←HF = 1 − F1 (filled circles) and Fexcl←MC = 1 − F2 (open squares) versus
Rjj , where F1 = FHF/incl / < FHF/incl > |Rjj <0.4 , which is plotted in (a) versus Rjj , and F2 is
the ratio of pomwig MC to inclusive dijet events.
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Results. Selected results are summarized in Figs. 4 and 5 for events with jets of
ETjet > 10 GeV and |ηjet | < 1.5. Figure 4 shows the evidence for a suppression
of the HF component in the inclusive jet event sample as predicted in Ref. 14.
Figure 5 (left) presents the measured total exclusive dijet cross-section versus the
minimum ETjet of the two jets compared to ExHuME and ExclDPE predictions.
The data clearly favor ExHuME. Using ExHuME to generate events, selecting a
generated event sample that maps the selection criteria of the events in Fig. 5 (left),
and reconstructing them exactly in the same way as the real events, the measured
cross-sections are converted to an exclusive dijet differential cross-section at the
hadron level,2 Fig. 5 (right). This distribution supports the ExHuME prediction,
and thereby the perturbative QCD calculation on which ExHuME is based.18 It
therefore constrains the predictions for exclusive Higgs boson production.
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Fig. 5. (Left) The total exclusive dijet cross-section for events with ETjet > 10 GeV and |ηjet | < 1.5
plotted versus the minimum ETjet of the two jets compared to ExHuME and ExclDPE predictions;
(Right) ExHuME exclusive dijet differential cross-section at the hadron level versus dijet
mass Mjj .
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3. D0 Results

Events / 20 GeV

The data used in this analysis were collected with the D0 detector in the period
between August 2002 and April 2006 at the Tevatron Collider at a center-of-mass
√
energy s = 1.96 TeV. The D0 detector is described in detail in Ref. 19. For this
analysis, the most relevant components are the central and forward calorimeters
used for jet reconstruction and the identification of a rapidity gap devoid of any energy (above noise) in the calorimeter, respectively. The D0 liquid argon and uranium
calorimeter is divided in three parts housed in independent cryostats covering the
following regions in pseudorapidity (see footnote a): |η| < 1.1 (central calorimeter)
and 1.6 < |η| < 4.2 (two forward calorimeters). Jets in Exclusive Double Pomeron
(EDP) events are expected to be more central than in other jet production processes, therefore both jets are required to be central with a rapidity |y| < 0.8, where
the rapidity is defined as y = 12 ln(E + pz )/(E − pz ) where E is the jet energy and
pz is the momentum component of the jet along the beam axis. The forward region
of the calorimeter is used to check for the presence of a rapidity gap on each side
of the dijet system. Leading protons were not detected, so diffraction dissociation
is included. D0 introduced a parameter ∆ (see Ref. 3) expected to be ∆ ∼ 0.85–1.0
for exclusive dijets.
Data were collected using a inclusive jet trigger requiring at least one jet in an
event to be above a pT threshold of 45 GeV in uncorrected energy, in order to select
exclusive diffractive events for dijet invariant mass above 100 GeV.
Pseudo experiments used to determine the significance of the EDP signal include
variations over each systematic uncertainty. The observed significance corresponds
to the fraction of outcomes that yield an EDP cross-section at least as large as
that measured in data. Seven bins are used as input for the significance calculation:
six bins for ∆ between 0.1 and 0.85, where the predominant region used in the
MC normalization is removed, and the ∆ ≥ 0.85 bin. Figure 6 displays the dijet
invariant mass distribution for ∆ ≥ 0.85.
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Fig. 6. Dijet invariant mass distribution for stacked MC (NDF, SD and IDP) and data after
applying the requirement on ∆ ≥ 0.85 (see text). The EDP distribution is shown without adding
the stacked background.
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In summary, the D0 PRL paper presents evidence at the 4.1 standard deviation
level for events consistent with the exclusive dijet production topology in pp̄ col√
lisions at a center-of-mass energy s = 1.96 TeV at high dijet invariant mass
(Mjj > 100 GeV). These were the highest mass states directly studied for exclusive
production in hadron colliders at the time of publication.
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