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Diffraction

Diffractive events are characterised by a large rapidity gap, i.e a 
large region in the detector devoid of particle activity.

Diffractive events occur due to a t-channel exchange of an object 
that is colour singlet and has the quantum numbers of the vacuum 
(the Pomeron).

e.g. elastic scattering; single diffractive dissociation (below).

the diagrams and final state event topologies of the processes studied by CDF
in Run I.

In Run II, the CDF diffractive program was enhanced by extending the
kinematic range of the measurements of hard diffractive processes and by ad-
ditional studies of exclusive production processes.

All Run I results have been published. These results are briefly summa-
rized. The Run II results are discussed in more detail. Recent results on the
x-Bjorken and Q2 dependence of the diffractive structure function and on the t-
dependence of diffractive cross sections are reported and characterized in terms
of their physics content. In addition, results on exclusive dijet, e+e−, and γγ
production are presented and their significance in calibrating predictions for
exclusive Higgs boson production at the LHC is discussed.

Figure 1: Schematic diagrams and event topologies in azimuthal angle φ vs.
pseudorapidity η for (a) elastic and total cross sections, and (b) single diffrac-
tion (SD), double diffraction (DD), double Pomeron exchange (DPE), and dou-
ble plus single diffraction cross sections (SDD=SD+DD). The hatched areas
represent regions in which there is particle production.

1.2 Run IØ Results

In Run IØ , CDF measured the elastic, soft single diffractive, and total pp̄ cross
sections at

√
s =630 and 1800 GeV. The measurement was performed with the

CDF I detector, which during run IØ had tracking coverage out to |η| ∼ 7
and Roman Pot Spectrometers on both sides of the Interaction Point (IP). The
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Diffraction at CDF

Typical set-up for a diffractive experiment.

Search for rapidity gaps in:

Calorimeters (PCAL, MPCAL) - i.e. little energy deposited.

Scintillation counters (BSC) - i.e. no hits.

Forward proton tagger to tag/measure outgoing anti-proton (RPS).

6

CDF II

QUADsDIPOLEs

2m

57m to CDF

p p

DIPOLEsQUADs

TRACKING SYSTEM CCAL PCAL MPCAL CLC BSC RPS

FIG. 3: Schematic drawing (not to scale) of the CDF II detector.
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FIG. 4: Schematic cross sectional view of one of the two for-
ward MiniPlug Calorimeters installed in CDF II.

the range 5.4 < |η| < 5.9 is the BSC1 system, which
is closest to the interaction point (IP) and is used for
measuring beam losses and for triggering on events with
forward rapidity gaps. Lead plates of thickness 1.7 ra-
diation lengths precede each BSC1 counter to convert γ
rays to e+e− pairs to be detected by the scintillators.
The RPS, located at ∼ 57 m downstream in the antipro-
ton beam direction, consists of three Roman pot stations,
each containing a scintillation counter used for triggering
on the p̄, and a scintillation fiber tracking detector for
measuring the position and angle of the detected p̄. The
CLC [18], covering the range 3.7 < |η| < 4.7, which sub-
stantially overlaps the MiniPlug coverage, are normally
used in CDF to measure the number of inelastic p̄p colli-
sions per bunch crossing and thereby the luminosity. In
this analysis, they are also used to refine the rapidity gap
definition by detecting charged particles that might pen-
etrate a MiniPlug without interacting and thus produce
too small a pulse height to be detected over the MiniPlug

tower thresholds used.

IV. DATA SAMPLES AND EVENT SELECTION

Three data samples are used in this analysis, referred
to as the DPE, SD, and non-diffractive (ND) event sam-
ples. The exclusive signal is derived from the DPE event
sample, while the SD and ND samples are used for eval-
uating backgrounds. The total integrated luminosity of
the DPE sample is 312.5± 18.7 pb−1.

The following trigger definitions are used:
J5: a single CCAL or PCAL calorimeter trigger tower

of ET > 5 GeV.
RPS: a triple coincidence among the three RPS trigger

counters in time with a p̄ gate.
BSC1p: a BSC1 veto on the outgoing proton side.

The three event samples were collected with the following
triggers:
ND≡J5, SD≡J5 · RPS, DPE≡J5 · RPS ·BSC1p.

The DPE events, from which cross sections are calcu-
lated, were sampled at a rate of one out of five events to
accommodate the trigger bandwidth. In the above sam-
ple definition, ND events include SD and DPE contribu-
tions, and SD events include DPE ones. This results in
a “contamination” of background distributions by signal
events, which is taken into account in the data analysis.

The selection cuts used in the data analysis include:
VTX cut (ND, SD, and DPE): no more than one re-

constructed primary vertex within |z| < 60 cm, imposed
to reduce the number of overlap events occurring during
the same beam-beam crossing at the IP.

RPST cut (SD and DPE): RPS trigger counter pulse
height cut, imposed to reject “splash” triggers caused
by particles hitting the beam pipe in the vicinity of the
RPS and spraying the RPST counters with secondary
particles.

JET cut (ND, SD, and DPE): events are required
to have at least two jets with transverse energy Ejet

T >
10 GeV within |η| < 2.5. The transverse energy of a jet is
defined as the sum Ejet

T ≡ ΣiEi sin(θi) of all calorimeter
towers at polar angles θi within the jet cone. Jets are



Diffraction at D0

Forward proton detectors fully installed in Jan 2004 on both 
sides of the IP.

Trigger took another 18 months to get working - built from 
scratch.

Forward Proton Detector (FPD)

• Nine momentum spectrometers, each comprised of 2
scintillating fiber detectors

• Detectors (scintillating fibers and scintillators used for
triggering) housed inside roman pots: UP, DOWN, IN,
OUT for “quadrupole” detectors (both outgoing p and
p̄), IN for “dipole” detectors (only outgoing p̄)

• Detectors operate a few mm from beam



Partonic Nature of the Diffractive 
Exchange



Confirmed by UA8 at the 
SppS.
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I. INTRODUCTION

Exclusive dijet production in p̄p collisions is a process
in which both the antiproton and proton escape the in-
teraction point intact and a two-jet system is centrally
produced:

p̄ + p → p̄′ + (jet1 + jet2) + p′. (1)

This process is a particular case of dijet production in
double Pomeron exchange (DPE), a diffractive process in
which the antiproton and proton suffer a small fractional
momentum loss, and a system X containing the jets is
produced,

p̄ + p → [p̄′ + IPp̄] + [p′ + IPp] → p̄′ + X + p′, (2)

where IP designates a Pomeron, defined as an exchange
consisting of a colorless combination of gluons and/or
quarks carrying the quantum numbers of the vacuum.

In a particle-like Pomeron picture (e.g. see [1]), the
system X may be thought of as being produced by the
collision of two Pomerons, IPp̄ and IPp,

IPp̄ + IPp → X ⇒ YIP/p̄ + (jet1 + jet2) + YIP/p, (3)

where in addition to the jets the final state generally con-
tains Pomeron remnants designated by YIP/p̄ and YIP/p.
Dijet production in DPE is a sub-process to dijet produc-
tion in single diffraction (SD) dissociation, where only the
antiproton (proton) survives while the proton (antipro-
ton) dissociates. Schematic diagrams for SD and DPE
dijet production are shown in Fig. 1 along with event
topologies in pseudorapidity space (from Ref. [2]). In
SD, the escaping p̄ is adjacent to a rapidity gap, defined
as a region of pseudorapidity devoid of particles [3]. A
rapidity gap arises because the Pomeron exchanged in a
diffractive process is a colorless object of effective spin
J ≥ 1 and carries the quantum numbers of the vacuum.
In DPE, two such rapidity gaps are present.

Dijet production in DPE may occur as an exclusive
process [4] with only the jets in the final state and no
Pomeron remnants, either due to a fluctuation of the
Pomeron remnants down to zero or with a much higher
cross section in models in which the Pomeron is treated
as a parton and the dijet system is produced in a 2 → 2
process analogous to γγ → jet + jet [5].

In a special case exclusive dijets may be produced
through an intermediate state of a Higgs boson decay-
ing into b̄b:

IPp̄ + IPp → H0 → (b̄ → jet1) + (b → jet2). (4)

burgh EH9 3JZ, United Kingdom, kUniversity of Heidelberg, D-
69120 Heidelberg, Germany, lUniversidad Iberoamericana, Mexico
D.F., Mexico, mUniversity of Manchester, Manchester M13 9PL,
England, nNagasaki Institute of Applied Science, Nagasaki, Japan,
oUniversity de Oviedo, E-33007 Oviedo, Spain, pQueen Mary, Uni-
versity of London, London, E1 4NS, England, qTexas Tech Univer-
sity, Lubbock, TX 79409, rIFIC(CSIC-Universitat de Valencia),
46071 Valencia, Spain,
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FIG. 1: Illustration of event topologies in pseudorapidity,
η, and associated Pomeron exchange diagrams for dijet pro-
duction in (a) single diffraction and (b) double Pomeron ex-
change. The shaded areas on the left side represent “underly-
ing event” particles not associated with the jets [from Ref. [2]].
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FIG. 2: Leading order diagrams for (a) exclusive dijet and
(b) exclusive Higgs boson production in p̄p collisions.

Exclusive production may also occur through a t-
channel color-singlet two gluon exchange at leading order
(LO) in perturbative quantum chromo-dynamics (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 [6]. A simi-
lar diagram, Fig. 2 (b), is used in [6] to calculate exclusive
Higgs boson production.

Exclusive dijet production has never previously been
observed in hadronic collisions. In addition to providing
information on QCD aspects of vacuum quantum num-
ber exchange, there is currently intense interest in using
measured exclusive dijet production cross sections to cal-
ibrate theoretical predictions for exclusive Higgs boson
production at the Large Hadron Collider (LHC). Such
predictions are generally hampered by large uncertain-
ties due to non-perturbative suppression effects associ-
ated with the rapidity gap survival probability. As these
effects are common to exclusive dijet and Higgs boson
production mechanisms, dijet production potentially pro-
vides a “standard candle” process against which to cali-
brate the theoretical models [6, 7].

In Run I (1992-96) of the Fermilab Tevatron p̄p col-
lider operating at 1.8 TeV, the Collider Detector at Fer-
milab (CDF) collaboration made the first observation of
dijet production by DPE using an inclusive sample of

→ η

Diffraction + Hard Scatter



Diffractive PDFs

Di-jet production in single diffraction can be written in a way consistent 
with QCD factorisation using a diffractive PDF:

The                     is the diffractive PDF.

   is the longitudinal momentum loss of the anti-proton

   is the momentum transfer

   is the fraction of pomeron momentum that enters the hard scatter

ξ

t
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FPD alignment and measurement of dσ/dt

• Use elastic events to align quadrupole detectors

• Measurement of elastic cross section dσ/dt using special
runs in progress

Factorisation breaking at CDF

CDF also performed successful searches for single diffractive 
production of W, b-quark and J/psi.

But, the SD/ND ratios were much smaller than the ratios predicted 
from dPDFs measured at HERA (factor of 3-10).
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RATIO (SD/ND) %

W J/Psi di-jets b-quark

1.51 ± 0.71 1.45 ± 0.24 0.75 ± 0.14 0.62 ± 0.35

dPDFs measured at H1 and ZEUS in 
diffractive DIS.

Predicted SD di-jet structure function at 
Tevatron does not match measured 
structure function at CDF.

Indicates a breakdown of QCD factorisation.



Soft-survival probability

The observed cross section, for diffractive processes, is given by

The soft-survival, S2, is the probability that, during the proton-
antiproton interaction, the are no additional scatters between spectator 
partons in the colliding hadrons. 

Hence the ratio of SD to ND events will be given by

The soft survival probability is dependent on the centre-of-mass energy 
of the collision and must be measured. S2 is approx 0.1 at the Tevatron.

σobs = S2 σfact

RSD
ND =

S2σSD
fact

σND
fact



FPD alignment and measurement of dσ/dt

• Use elastic events to align quadrupole detectors

• Measurement of elastic cross section dσ/dt using special
runs in progress

DPE di-jet observation at CDF

xxxx

10
-3

10
-2

10
-1

1

10

10
-3

10
-2

10
-1

0 0.1

R!
(x

) 
/ 
"
#

#
0

0.5

1

xx

R
(x

) 
p

e
r 

u
n

it
 #

RSDR
DPE

RNDR
SD

7 < E
Jet1, 2

 < 10 GeVET

0.035 < #- p < 0.095

0.01 < #p < 0.03

| t- p | < 1.0 GeV
2

p

p

IP

(a) jetjet

p

0

p

p

IP

IP

(b)
jetjet

p p

!0!
p
_ !

p

In double pomeron exchange (DPE), both partons entering the hard scatter 
come from a diffracted proton.

RDPE
SD =

S2 σDPE
fact

S2 σSD
fact



Use of diffractive PDFs at the LHC

Investigate soft-survival dynamics at 14 TeV.

SD/DPE production of W, Z, J/Psi, b-quark, top quark.

Using rapidity gaps in analyses is only possible up to a 
luminosity of 1033 cm-2 s-1 due to pile-up.



An exclusive component to diffraction



Central Exclusive Production
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I. INTRODUCTION

Exclusive dijet production in p̄p collisions is a process
in which both the antiproton and proton escape the in-
teraction point intact and a two-jet system is centrally
produced:

p̄ + p → p̄′ + (jet1 + jet2) + p′. (1)

This process is a particular case of dijet production in
double Pomeron exchange (DPE), a diffractive process in
which the antiproton and proton suffer a small fractional
momentum loss, and a system X containing the jets is
produced,

p̄ + p → [p̄′ + IPp̄] + [p′ + IPp] → p̄′ + X + p′, (2)

where IP designates a Pomeron, defined as an exchange
consisting of a colorless combination of gluons and/or
quarks carrying the quantum numbers of the vacuum.

In a particle-like Pomeron picture (e.g. see [1]), the
system X may be thought of as being produced by the
collision of two Pomerons, IPp̄ and IPp,

IPp̄ + IPp → X ⇒ YIP/p̄ + (jet1 + jet2) + YIP/p, (3)

where in addition to the jets the final state generally con-
tains Pomeron remnants designated by YIP/p̄ and YIP/p.
Dijet production in DPE is a sub-process to dijet produc-
tion in single diffraction (SD) dissociation, where only the
antiproton (proton) survives while the proton (antipro-
ton) dissociates. Schematic diagrams for SD and DPE
dijet production are shown in Fig. 1 along with event
topologies in pseudorapidity space (from Ref. [2]). In
SD, the escaping p̄ is adjacent to a rapidity gap, defined
as a region of pseudorapidity devoid of particles [3]. A
rapidity gap arises because the Pomeron exchanged in a
diffractive process is a colorless object of effective spin
J ≥ 1 and carries the quantum numbers of the vacuum.
In DPE, two such rapidity gaps are present.

Dijet production in DPE may occur as an exclusive
process [4] with only the jets in the final state and no
Pomeron remnants, either due to a fluctuation of the
Pomeron remnants down to zero or with a much higher
cross section in models in which the Pomeron is treated
as a parton and the dijet system is produced in a 2 → 2
process analogous to γγ → jet + jet [5].

In a special case exclusive dijets may be produced
through an intermediate state of a Higgs boson decay-
ing into b̄b:

IPp̄ + IPp → H0 → (b̄ → jet1) + (b → jet2). (4)
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D.F., Mexico, mUniversity of Manchester, Manchester M13 9PL,
England, nNagasaki Institute of Applied Science, Nagasaki, Japan,
oUniversity de Oviedo, E-33007 Oviedo, Spain, pQueen Mary, Uni-
versity of London, London, E1 4NS, England, qTexas Tech Univer-
sity, Lubbock, TX 79409, rIFIC(CSIC-Universitat de Valencia),
46071 Valencia, Spain,
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FIG. 1: Illustration of event topologies in pseudorapidity,
η, and associated Pomeron exchange diagrams for dijet pro-
duction in (a) single diffraction and (b) double Pomeron ex-
change. The shaded areas on the left side represent “underly-
ing event” particles not associated with the jets [from Ref. [2]].
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FIG. 2: Leading order diagrams for (a) exclusive dijet and
(b) exclusive Higgs boson production in p̄p collisions.

Exclusive production may also occur through a t-
channel color-singlet two gluon exchange at leading order
(LO) in perturbative quantum chromo-dynamics (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 [6]. A simi-
lar diagram, Fig. 2 (b), is used in [6] to calculate exclusive
Higgs boson production.

Exclusive dijet production has never previously been
observed in hadronic collisions. In addition to providing
information on QCD aspects of vacuum quantum num-
ber exchange, there is currently intense interest in using
measured exclusive dijet production cross sections to cal-
ibrate theoretical predictions for exclusive Higgs boson
production at the Large Hadron Collider (LHC). Such
predictions are generally hampered by large uncertain-
ties due to non-perturbative suppression effects associ-
ated with the rapidity gap survival probability. As these
effects are common to exclusive dijet and Higgs boson
production mechanisms, dijet production potentially pro-
vides a “standard candle” process against which to cali-
brate the theoretical models [6, 7].

In Run I (1992-96) of the Fermilab Tevatron p̄p col-
lider operating at 1.8 TeV, the Collider Detector at Fer-
milab (CDF) collaboration made the first observation of
dijet production by DPE using an inclusive sample of

proton and antiproton remain 
intact (as in DPE).

All of energy/momentum lost by 
protons goes into the production 
of a hard scatter (no pomeron 
remnants).

A perturbative calculation of a hard diffractive process. 

Could obtain mass of central system from the outgoing protons 
(four-momentum conservation).

At CDF, can tag outgoing anti-proton and measure momentum, but 
no forward proton detector.
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Figure 10: 5σ discovery contours (upper plot) and contours of 3σ statistical significance
(lower plot) for the H → bb̄ channel in CED production in the MA–tanβ plane of the MSSM
within the no-mixing benchmark scenario (with µ = +200 GeV). The results are shown
for assumed effective luminosities (see text, combining ATLAS and CMS) of 60 fb−1, 60
fb−1 eff×2, 600 fb−1 and 600 fb−1 eff×2. The values of the mass of the heavier CP-even Higgs
boson, MH , are indicated by contour lines. The dark shaded (blue) region corresponds to the
parameter region that is excluded by the LEP Higgs searches in the channel e+e− → Z∗ →
Zh, H [51, 52].
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Observation of CEP at CDF Run II
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distributions exhibit a long tail extending toward small
Rjj values due to gluon radiation. For comparison with
data, the MC generated events are processed through a
detector simulation.

D. Comparison of data with combinations of
inclusive and exclusive simulated events

We first fit the Rjj distribution of inclusive DPE di-
jet events satisfying the additional cuts (a) and (b) of
Sec. VI B, but not requiring the ηjet-cut. Results are
shown in Fig. 14. In plots (a) and (b) the two highest
ET jets in an event are required to have Ejet1,2

T > 10 GeV
and in plots (c) and (d) > 25 GeV. The solid histogram in
each plot is obtained from a binned maximum likelihood
fit of the data with a combination of (i) pomwig DPE
plus SD and ND background events (dashed histograms)
and (ii) exclusive signal events (shaded histograms) gen-
erated by ExHuME for plots (a) and (c) or ExclDPE

for plots (b) and (d) satisfying the same cuts as the data.
In each fit, the normalizations of the inclusive POMWIG
and of the exclusive MC events are introduced as free pa-
rameters. The Rjj data distribution is well reproduced
within statistical uncertainties with both ExHuME and
ExclDPE based exclusive contributions, yielding exclu-
sive fractions of Fexcl = 15.0 ± 1.2 (stat.)% and Fexcl =
15.8 ± 1.3 (stat.)%, respectively, for Ejet1,2

T > 10 GeV.
As a control check, we add the requirement of the
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FIG. 12: Comparison of IDPE data distributions of (a) E∗

T ,
(b) η∗, (c) Mjj , and (d) MX for the background-rich region B
with corresponding pomwig distributions obtained using the
CDF⊕H1 DSF; the events plotted are those used in plots (a)
and (b) of Fig. 11.

Created a DPE sample by tagging the outgoing antiproton and requiring a 
large rapidity gap on the proton side.

Examined the ratio (Rjj) of the mass of the di-jets compared to the mass of 
everything in the calorimeters. 25
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FIG. 23: ExHuME exclusive dijet differential cross section at
the hadron level vs. dijet mass Mjj . The filled points show
cross sections derived from the measured σexcl

jj values shown in
Fig. 20 (top) using the procedure described in the text. The
vertical error bars on the points and the shaded band rep-
resent statistical and systematic uncertainties, respectively,
obtained by propagating the corresponding uncertainties to
the measured values of σexcl

jj . The solid curve is the cross
section predicted by ExHuME using the default settings.

A. Mjj distribution

The measured exclusive dijet cross section presented
in Fig. 20 vs. jet Emin

T is converted to a cross section vs.
dijet mass Mjj using the ExHuME Monte Carlo simu-
lation with Mjj reconstructed at the hadron level. From
the measured values of σexcl

jj for the Ejet1,2
T thresholds

given in Table. III, we obtain the cross section for each
of the following Ejet2

T intervals; 10-15 GeV, 15-20 GeV,
20-25 GeV, 25-35 GeV, and 35 GeV or higher. After
applying a hadron level Ejet2

T cut, the ExHuME Mjj

distribution for each Ejet2
T interval is normalized to the

cross section for that interval. Summing up over all the
normalized Mjj distributions yields the ExHuME-based
exclusive dijet differential cross section as a function of
Mjj , dσexcl

jj /dMjj . The values obtained are corrected
for a possible bias caused by the minimum threshold re-
quirement of Ejet2

T > 10 GeV by comparing the Mjj

distributions with and without the Ejet2
T cut. The de-

rived dσexcl
jj /dMjj distribution is shown for Mjj > 30

GeV/c2 in Fig. 23 (solid circles). This distribution
falls slightly faster than the default ExHuME prediction
(solid curve), as one would expect from the fact that the
measured σexcl

jj (Emin
T ) falls somewhat more steeply with

Emin
T than that of ExHuME (Fig.20), but overall there

is reasonable agreement. This result supports the Ex-

HuME prediction, and thereby the perturbative QCD
calculation of Ref. [6] on which ExHuME is based.

B. Higgs boson cross section

From the ExHuME resulting values of dσexcl
jj /dMjj ,

we obtain σexcl
jj ≈ 360 fb for the range 115 < Mjj <

145 GeV/c2, which corresponds to a ±12 % mass window
around Mjj = 130 GeV/c2 for jets within the kinematic
region defined by the cuts denoted in Fig. 23. For SM
Higgs boson production at the Tevatron, perturbative
calculations [6] predict σexcl

H ∼ 0.2 fb with a factor of 2-3
uncertainty for a Higgs boson mass of mH = 120 GeV/c2,
which leads to a ratio of exclusive Higgs signal to dijet
background of RH/jj ∼ 6 × 10−4. This value is in agree-
ment with the estimate of RH/jj = 6 × 10−4 given in
Ref. [6, 40] for mH = 120 GeV/c2 using an experimen-
tal missing mass resolution of ∆Mmissing = 3 GeV/c2 at
the LHC, rendering support to the prediction of the SM
Higgs exclusive production cross section of 3 fb (with a
factor of 3 uncertainty) presented in Ref. [6]. Measure-
ments of exclusive dijet production rates in the Higgs
mass range at the LHC could further constrain σexcl

H
through RH/jj .

Models of exclusive Higgs production may also be
tested using measured cross sections for exclusive γγ pro-
duction, p+p → p+γγ+p, a process similar to exclusive
dijet production. In the model of Ref. [48], the γγ pro-
duction is represented by the diagrams of Fig. 2 in which
“jet” is replaced by “γ”. A recent CDF measurement
yielded a cross section upper limit close to the predicted
value, providing further support for this exclusive pro-
duction model [49].

X. SUMMARY AND CONCLUSION

We have presented results from studies of dijet produc-
tion in p̄p collisions at

√
s = 1.96 TeV using events with

a leading antiproton detected in a Roman Pot Spectrom-
eter and a forward rapidity gap on the outgoing proton
side, collected by the CDF II detector during Fermilab
Tevatron Run II. These events, presumed to be produced
by double Pomeron exchange (DPE), were extracted from
a data sample of integrated luminosity 310 pb−1. In par-
ticular, we have demonstrated the presence of exclusively
produced dijets, p̄ + p → p̄ + dijet + p, by means of de-
tailed studies of distributions of the dijet mass fraction
Rjj , defined as the dijet mass divided by the DPE sys-
tem mass. In comparisons of data Rjj distributions with
inclusive pomwig [22] Monte Carlo simulations, we ob-
serve an excess of events in the data over the Monte Carlo
predictions at high Rjj , which is consistent in terms of
kinematic distribution shapes with the presence of an ex-
clusive dijet signal as modeled by the ExHuME [33] and
exclusive DPE in dpemc [34] Monte Carlo simulations.
To facilitate comparison with theoretical predictions, the
exclusive dijet cross section, σexcl

jj , and the ratio of ex-
clusive dijet to inclusive DPE dijet cross sections have
been measured as a function of minimum ET threshold
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FIG. 15: Dijet mass fraction for IDPE data (points)
and for pomwig generated events (dashed histogram) com-
posed of pomwig DPE plus SD and ND background
events, and for ExHuME generated exclusive dijet events
(shaded histograms). The solid histogram is the sum of
pomwig⊕ExHuME events. Plot (a) shows distributions for
event sample B, and plot (b) for event sample A. The events
plotted pass all other selection cuts. The MC events are nor-
malized using the results of the fits shown in Fig. 14 (a),
scaled according to the actual number of events that pass the
ηjet-cut requirement.

eling of the underlying event.

1. Jet energy scale

The uncertainty in Ejet
T associated with the jet en-

ergy scale (JES) is evaluated by varying the uncertainties
on the relative and absolute energy scale corrections by
±1σ in estimating the efficiency for triggering on a single
calorimeter tower of ET > 5 GeV, while simultaneously
monitoring the number of jets with Ejet

T above the de-

sired threshold. Due to the steeply falling Ejet
T spectrum,

the change in trigger efficiency increases with decreasing
Ejet

T from −26
+34 % for 10 < Ejet

T < 15 GeV to −11
+11 % for
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FIG. 16: Dijet mass fraction for IDPE data (points) and best
fit (solid histogram) to the data obtained from a combination
of pomwig events (dashed histogram) composed of pomwig

DPE plus SD and ND background events, and exclusive dijet
MC events (shaded histogram) generated using (a) ExclDPE

or (b) ExHuME. The data and the MC events are from sam-
ple A and are required to pass all other selection cuts.

25 < Ejet
T < 35 GeV, resulting in a variation of the num-

ber of IDPE dijet events accepted of ±21 % (+32
−27 %) for

Ejet2
T > 10 GeV (Ejet2

T > 25 GeV). This is the dominant
uncertainty in both the inclusive and exclusive dijet cross
section measurements

2. Unclustered calorimeter energy

Uncertainties on the unclustered calorimeter energy
scale affect the ξX

p̄ measurement, which in turn leads to
uncertainties not only on the number of observed events,
but also potentially on Rjj distribution shapes. However,
the CCAL and PCAL energy scale uncertainties tend to
cancel out in the Rjj ratio.

Changing the energy scale of CCAL and PCAL by
±5 % in calculating ξX

p̄ leads to a variation of ±1 % in the

inclusive DPE dijet cross sections for Ejet1,2
T > 10 GeV.

Excess observed, which is consistent with a central exclusive component (6σ).



CEP at the LHC

CEP offers an additional way to measure new physics, e.g Higgs 
boson production (SM,MSSM,NMSSM), long-lived gluinos,........

Forward proton detectors: FP420: Proposal to upgrade CMS/ATLAS to 
have forward proton detectors 420m either side of the interaction 
point. At 220m: TOTEM detectors around CMS, RP220 upgrade 
proposed at ATLAS.  

Mass of centrally produced resonance measured with a resolution of 
approximately 2GeV. e.g H->bb in MSSM observable (below).
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I. INTRODUCTION

Exclusive dijet production in p̄p collisions is a process
in which both the antiproton and proton escape the in-
teraction point intact and a two-jet system is centrally
produced:

p̄ + p → p̄′ + (jet1 + jet2) + p′. (1)

This process is a particular case of dijet production in
double Pomeron exchange (DPE), a diffractive process in
which the antiproton and proton suffer a small fractional
momentum loss, and a system X containing the jets is
produced,

p̄ + p → [p̄′ + IPp̄] + [p′ + IPp] → p̄′ + X + p′, (2)

where IP designates a Pomeron, defined as an exchange
consisting of a colorless combination of gluons and/or
quarks carrying the quantum numbers of the vacuum.

In a particle-like Pomeron picture (e.g. see [1]), the
system X may be thought of as being produced by the
collision of two Pomerons, IPp̄ and IPp,

IPp̄ + IPp → X ⇒ YIP/p̄ + (jet1 + jet2) + YIP/p, (3)

where in addition to the jets the final state generally con-
tains Pomeron remnants designated by YIP/p̄ and YIP/p.
Dijet production in DPE is a sub-process to dijet produc-
tion in single diffraction (SD) dissociation, where only the
antiproton (proton) survives while the proton (antipro-
ton) dissociates. Schematic diagrams for SD and DPE
dijet production are shown in Fig. 1 along with event
topologies in pseudorapidity space (from Ref. [2]). In
SD, the escaping p̄ is adjacent to a rapidity gap, defined
as a region of pseudorapidity devoid of particles [3]. A
rapidity gap arises because the Pomeron exchanged in a
diffractive process is a colorless object of effective spin
J ≥ 1 and carries the quantum numbers of the vacuum.
In DPE, two such rapidity gaps are present.

Dijet production in DPE may occur as an exclusive
process [4] with only the jets in the final state and no
Pomeron remnants, either due to a fluctuation of the
Pomeron remnants down to zero or with a much higher
cross section in models in which the Pomeron is treated
as a parton and the dijet system is produced in a 2 → 2
process analogous to γγ → jet + jet [5].

In a special case exclusive dijets may be produced
through an intermediate state of a Higgs boson decay-
ing into b̄b:

IPp̄ + IPp → H0 → (b̄ → jet1) + (b → jet2). (4)
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FIG. 1: Illustration of event topologies in pseudorapidity,
η, and associated Pomeron exchange diagrams for dijet pro-
duction in (a) single diffraction and (b) double Pomeron ex-
change. The shaded areas on the left side represent “underly-
ing event” particles not associated with the jets [from Ref. [2]].
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FIG. 2: Leading order diagrams for (a) exclusive dijet and
(b) exclusive Higgs boson production in p̄p collisions.

Exclusive production may also occur through a t-
channel color-singlet two gluon exchange at leading order
(LO) in perturbative quantum chromo-dynamics (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 [6]. A simi-
lar diagram, Fig. 2 (b), is used in [6] to calculate exclusive
Higgs boson production.

Exclusive dijet production has never previously been
observed in hadronic collisions. In addition to providing
information on QCD aspects of vacuum quantum num-
ber exchange, there is currently intense interest in using
measured exclusive dijet production cross sections to cal-
ibrate theoretical predictions for exclusive Higgs boson
production at the Large Hadron Collider (LHC). Such
predictions are generally hampered by large uncertain-
ties due to non-perturbative suppression effects associ-
ated with the rapidity gap survival probability. As these
effects are common to exclusive dijet and Higgs boson
production mechanisms, dijet production potentially pro-
vides a “standard candle” process against which to cali-
brate the theoretical models [6, 7].

In Run I (1992-96) of the Fermilab Tevatron p̄p col-
lider operating at 1.8 TeV, the Collider Detector at Fer-
milab (CDF) collaboration made the first observation of
dijet production by DPE using an inclusive sample of
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Figure 10: 5σ discovery contours (upper plot) and contours of 3σ statistical significance
(lower plot) for the H → bb̄ channel in CED production in the MA–tanβ plane of the MSSM
within the no-mixing benchmark scenario (with µ = +200 GeV). The results are shown
for assumed effective luminosities (see text, combining ATLAS and CMS) of 60 fb−1, 60
fb−1 eff×2, 600 fb−1 and 600 fb−1 eff×2. The values of the mass of the heavier CP-even Higgs
boson, MH , are indicated by contour lines. The dark shaded (blue) region corresponds to the
parameter region that is excluded by the LEP Higgs searches in the channel e+e− → Z∗ →
Zh, H [51, 52].
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The perturbative pomeron



Gaps between jets at D0

Hard colour singlet exchange between partons in the proton.

Scattered partons produce high transverse energy jets - expect the 
BFKL perturbative pomeron (gluon ladder) as it is high-t process.

!

"! """

#"c

Jet

R

Jet

BFKL predicts a rise in 
(partonic) cross section as 
a function of ∆η.



Gaps between jets at the LHC

Higher centre-of-mass energy at LHC opens up more phase 
space for the gaps-between-jets process - measure larger 
gaps.

Possibly provide further evidence for BFKL exchange.

Another method to measure soft-survival probability.



Conclusions

Diffraction has been extensively measured at the Tevatron and 
will be further measured at the LHC.

The diffractive exchange can be described by using a partonic 
picture. 

Central exclusive production, recently measured by CDF, offers 
a unique way to discover new physics at the LHC.


