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A brief overview of soft diffractive physics from colour singlet exchange
at ATLAS is presented. The use of an exclusive single-sided trigger and of
searches for large rapidity gaps in the final state are shown to be effective
methods for studying the diffractive component of the total inelastic cross
section in high energy pp collisions. Large rapidity gaps are spoiled by
soft gluon emission from multi parton interactions, it is shown that the
probability MPI in soft diffractive interactions is very small due to the
characteristic large impact parameter in such events.

On the scale of pertubative QCD, the study of a jet veto in the ra-
pidity interval bounded by a dijet system is presented. Colour singlet
exchange is expected to become increasingly important in the joint limit
that the rapidity separation of the bounding jets is large and that the
mean transverse momentum of the dijet system is large, compared to the
jet veto scale in the rapidity interval between them. In this regime the
disagreement between data and theory is most pronounced.
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1 Introduction

Typical charged particle yields in inelastic pp collisions at
√
s = 7 TeV are around 6

charged particles with transverse momentum∗ pT > 100 MeV per unit of pseudora-
pidity in the region |η| < 2.5 [1]. It therefore follows that the average particle-particle
separation is expected to be around ∆η = 0.16 with larger separations between neigh-
bouring particles occurring as the result of fluctuations in the hadronisation process.
The pythia Monte Carlo (MC) simulation utilises the Lund string model of hadro-
nisation [2] in which the production of large rapidity gap fluctuations are suppressed
by an exponential factor.

An alternate process which can result in large rapidity gaps in the final state is
the exchange of a propagator corresponding to the rightmost vacuum singularity in
the complex angular momentum plane, more commonly referred to as the Pomeron
(IP ). The IP is strongly interacting yet colour neutral, the lack of colour flow between
the two protons gives rise to the possibility for the formation of large rapidity gaps
(LRGs) and events involving the exchange of a IP are often termed diffractive.

2 Kinematic Variables

In pp→ XY events, classed as double diffractive (DD), both protons dissociate into
masses MX and MY with MY < MX by choice. In pp → pX or pp → Xp single
diffractive (SD) events, one of the protons dissociates into the diffractive mass MX .
The recoil proton remains intact so that MY = Mp.

We define ξX = MX/s where s is the square of the centre of mass energy of the
collision, ξX corresponds to the fractional momentum loss of the leading proton. At√
s = 7 TeV, ξX spans over seven orders of magnitude - starting from the low mass

limit of log10 (ξX) = −7.6 for MX = Mp + Mπ. Large diffractive masses are limited
by the coherence condition, ξX ≤ (MpR)−1, here R represents the interaction length.
Taking R = M−1

π , this gives an upper limit of log10 (ξX) <∼ −0.8 [3].
In the triple Regge model [4], the approximate behaviour of the cross section is

dσ/dM
2

X ∝ 1/M2
X . This dependence is implemented in the pythia 6, pythia 8 and

phojet MC generators and leads to the approximately constant cross section as a
function of log10 (ξX) as plotted in Figure 1(a). In pythia 6, proton dissociation
occurs through hadronisation of a longitudinally stretched string between either the
(valence) quark–di-quark or quark–gluon–di-quark system. pythia 8 improves upon
this model by including a modelling of hard diffraction for events with MX

>∼ 10 GeV.
This is based on a partonic treatment of the IP with Pomeron structure functions as
measured in ep collisions by the H1 experiment at the HERA collider [5]. This leads

∗Transverse momentum is with respect to the beam which runs along the z axis.
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to a harder pT spectrum within the diffractive system [6]. phojet also includes a
hard diffractive component though a dual-parton model [7].

In SD events, the size of the gap between the scattered proton and dissociated
system is defined ∆η = − ln(ξX). We define the edge of the diffractive system to
be the pseudorapidity of the particle closest to the scattered proton and label this
ηmin. Figure 1(b) plots ηmin as a function of log10 (ξX) for the pythia 8 MC, the
above relation is observed to hold on average though with some smearing due to
hadronisation effects.

The probability of Multi Parton Interactions (MPI) occurring in the soft inter-
actions described in this note are small, this is due to diffractive collisions being
highly peripheral in nature. The pp impact parameter b ∼ 1/t (t is the squared four-
momentum transfer) and the cross section for diffractive processes is vastly dominated
by modest values of |t| <∼ 1 GeV2 such that in the SD case, the intact proton is only
scattered through a very small angle. The same cannot be said for hard diffractive
scatters at the LHC with a smaller impact parameter, here the probability of soft
gluon radiation in the gap from MPI is expected to be large [8].
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(a) SD Cross Section
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(b) ηmin Distribution

Figure 1: (a) Cross section for SD events for different MC generators as a function of
log10 (ξX), normalised to 1. (b) Pseudorapidty of the particle which forms the edge of
the diffractive system in SD events for the pythia 8 generator where the dissociated
proton is always travelling in the negative z direction. Both from ATLAS note [9].

3 The ATLAS Detector

The ATLAS detector is described in detail elsewhere [10]. Systems important to this
discussion are the minimum bias trigger scintillators (MBTS), inner detector (ID),
liquid argon sampling calorimeter (LAr) and hadronic tile calorimeter systems. The
MBTS consists of 16 sensitive scintillator counters located either side of the interaction

2



point covering 2.09 < |η| < 3.84†, the MBTS is the primary physics trigger during low
luminosity data taking. The ID covers |η| < 2.5, it consists of three tracking detectors,
the silicon pixel detector, the silicon micro strip tracker and the transition radiation
tracker. The LAr calorimeter systems hermetically cover the region |η| < 4.9, the
scintillator/steel hadronic tile calorimeter covers the region |η| < 1.7.

The efficiency of the MBTS at triggering diffractive events is studied in MC. As
shown in Figure 2, the MBTS is expected to be 50% efficient at triggering events by
log10 (ξX) = −5.5 which corresponds to MX

∼
= 12.4 GeV.
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Figure 2: Efficiency of MBTS trigger in MC as a function of log10 (ξX). From ATLAS
note [9].

4 Diffractive Enhanced Measurements

The following is a summary of the preliminary result [11]. An enhanced diffraction
event sample was selected by requiring at least one MBTS counter above threshold
on one side of the detector and exactly zero counters above threshold on the opposite
side of the detector in z. This requirement preferentially selects intermediate mass
SD events as well as DD events in which a intermediate mass MX system occupies one
side of the MBTS trigger while the mass of the Y system, MY , is sufficiently small
that all particles escape at |η| > 3.84. Further, events are required to contain at least
one charged particle with pT > 500 MeV and |η| < 2.5. For such a selection the MBTS
trigger efficiency is above 97% for all inelastic processes. The tracking efficiency of
charged prompt hadrons is around 87% at central η, falling with increasing |η| to
around 65% at |η| = 2.5 [1]. The following distributions are plotted at the detector
level:

†The acceptance of the MBTS, ID and calorimeter systems is taken with respect to the nominal
z = 0 of the ATLAS detector. Track η is defined based on track perigee position.
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Here Nev is the number of events satisfying the single-sided trigger plus the one or
more charged particles requirement, pT is transverse momentum of a reconstructed
charged particle, η is the pseudorapidity of a reconstructed charged particle, Ntrk

is the number of reconstructed charged particles in an event (pT > 500 MeV) and
∆η is defined as the pseudorapidity gap between the edge of the MBTS detector
which had no counters above threshold and the charged particle so ∆η = |ηmbts −
η| where ηmbts = ±2.08 depending on which side of the detector did not have
any counters above threshold. This distribution is plotted where η > ηmbts (η <
ηmbts) for ηmbts < 0 (ηmbts > 0). We expect ∆η to be peaked to large values for
SD and DD events with a LRG which satisfies the single-sided trigger requirement.
Plots are presented in Figures 3, 4 and 5, systematics from tracking uncertainty
and MBTS response are included. We observe that pythia 6 underestimates the
particle multiplicity and pT spectrum as expected due to its lack of a hard diffractive
component. pythia 8 is observed to agree better with data and phojet to provide
the best agreement over the majority of the distributions.

5 Gaps Between Jets

The ATLAS publication [12] investigates the fraction of dijet events which survive
the veto of a third jet with pT > Q0 between the boundary jets (where Q0 = 20 GeV).
The fraction surviving this veto is presented for boundary jets separated by a rapidity
interval (∆y) up to 6 and with mean transverse momentum 50 < pT < 270 GeV. The
dijet system is taken to be the two leading pT-jets in the event and the fraction of
events surviving the veto is referred to as the gap fraction. As the veto scale, Q0,
is chosen to be much greater than Λqcd, this allows phenomena in pertubatative
QCD to be studied in regions of phase space which may not be adequately described
by MC. BFKL-like [13] dynamics are expected to become increasingly important for
large rapidity intervals while wide-angle soft-gluon radiation effects are studied in the
limit that pT of the dijet system is much larger than the veto scale. Colour singlet
exchange is expected to be important when both criteria are simultaneously met.

Jets were reconstructed using the anti-kt algorithm with distance parameter R =
0.6 and requirements pT > 20 GeV and rapidity |y| < 4.4. Data are corrected to
a hadron level definition where jets are reconstructed from all final state particles
(proper lifetime > 10 ps).

For large pT/Q0 or ∆y it is predicted that fixed order calculations are unlikely to
be able to describe the data, rather resummation to all orders in perturbation theory
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Figure 3: 1
Nev

dNtrk

d∆η
for the single-sided trigger requirement. MC normalised to default

generator predictions. The sum of the three MC predictions is in open circles, data
are in filled circles.
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is required. The hej [14] and powheg-box [15] generators are compared with data.
The hej generator provides an all-order description of wide-angle emission which is
of similar pT. In a BFKL-inspired limit, hej is expected to be especially suited to
events with a large rapidity separation. powheg-box provides a full next-to-leading
order dijet calculation, it is interfaced with pythia (tune ambt1) or herwig (tune
auet1) for all-order resummation of soft and collinear emissions under the parton
shower approximation. With both generators, the MSTW 2008 NLO PDF set was
used and the renormalisation scale in was set to the pT of the leading parton.

Data are compared to hej, powheg+pythia and powheg+herwig in Figure 6.
hej gives a good description of ∆y in the regime pT ∼ Q0 as per its design; discrep-
ancies are observed when the dijet scale is much larger than Q0. powheg+pythia
provides the best description but is also observed to deviate at large ∆y where the
NLO-plus-parton shower approximation becomes less valid. The spread of LO pre-
dictions from the pythia, alpgen and herwig++ generators is also large, this
demonstrates the large uncertainty in the theoretical predictions [16].

6 Conclusion

The selection of events containing LRGs is shown to be an effective method of expo-
nentially suppressing non-diffractive inelastic interactions allowing for the kinematics
of diffraction to be studied in detail. Precision measurements in ATLAS of diffractive
dominated quantities will allow for a better phenomenological description of these
non-perturbative QCD processes. At high pT, dijet systems with large rapidity sepa-
ration allow the study of another regime in which colour singlet exchange is expected
to be important.
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