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Abstract One of the first measurements that will be made at the LHC by ATLAS deals with the properties
of inelastic collisions, namely the central charged particle density and transverse momentum distributions.

Current predictions of these distributions have large uncertainties in the LHC energy range. We describe the

ATLAS minimum bias triggers, designed to select all kind of inelastic interactions, and the performance of

the track reconstruction software which was adapted to soft particle track reconstruction. The precision with

which the minimum bias distributions can be measured with early data is presented and the uncertainties on

the inelastic distributions due to trigger bias is discussed.
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1 Introduction

ATLAS is one of the four major experiments at
the Large Hadron Collider (LHC). The machine op-
eration has successfully re-started in November 2009,
providing proton-proton collisions to the four exper-
iments. A wide range of physics analyses is envis-
aged to exploit the physics potential when the ac-
celerator is operated at its nominal parameters of
energy +/s=14 TeV and high luminosities of L =
10%* em~2.s7!. Searches for Higgs bosons of masses
up to the electroweak energy scale of 1 TeV, pos-
sible deviations from the Standard Model and also
unknown signatures are the objectives of the ATLAS
physics program. Their studies and expectations can
be found in Ref. [1]. However, ATLAS has the po-
tential already at initial lower energies of 1/s=7 and
10 TeV and luminosities of L =103! cm~2-s7!, to im-
prove the knowledge of the inelastic scattering pro-
cesses and of the multi-parton interactions by per-
forming measurements of interactions with a small
momentum transfer.

Minimum Bias (MB) and Underlying Event (UE)
analyses are the main hadron studies of soft interac-
tions with early data. In both cases the motivation
is that soft interaction processes are yet not well un-
derstood. It is therefore important to quantify the
properties of the soft processes at all available cen-
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ter of mass energies. The best currently available de-
scriptions come from phenomenological models where
multiple parton interaction is one of the key ingredi-
ents to simulate charged particle multiplicities. With
data, we will be able to improve the descriptions,
which are used in Monte-Carlo event generators like
Pythia [2] or Phojet [3]. The ultimate goal is to de-
scribe soft interactions in the fundamental language
of QCD. Results of the analyses of soft processes will
have a crucial impact on all analysis of high-pt pro-
cesses, where e.g. the determination of the jet en-
ergy and missing transverse energy scale is needed.
Also lepton isolation or the direct Higgs-search in the
vector-boson-fusion channel require the understand-
ing of low-pr QCD analysis beforehand.

This paper focuses on early measurements of the
properties of inelastic interactions. In particular, the
studies of the kinematic spectra of charged particle
distributions d N, /dpr and dNg, /dn are presented.

2 Minimum bias analysis

Events associated with MB physics comprise
contributions from inelastic interactions. They can
be furthermore classified as events with diffractive
and non-diffractive dissociation of the nucleon. The
diffractive dissociation, short diffractives, can be sub-
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divided into single and double diffractives (sd, dd).
These events are characterized by the presence of the
so called rapidity gaps which are regions, where final
state particles are exponentially suppressed. In con-
trast, in a non-diffractive (nd) process a color field
over the whole range in rapidity is formed allowing
for mostly soft particle production. In former MB
analyses e.g. made by the CDF collaboration [4]
MB events were only associated to non-single diffrac-
tive events, excluding double-diffractive events. The
exact definition of MB events is given by the trig-
ger system. In ATLAS, the MB trigger systems are
sensitive to all kinds of diffractive events, in addi-
tion to the non-diffractive processes. To compare
also to previous results, ATLAS will measure also the
non-single-diffractive distributions. These studies are
shown here.

2.1 Monte Carlo predictions

Two different Monte Carlo generators were used
to compare predictions of cross-sections and kine-
matic spectra of charged particles, Pythia 6.420 and
Phojet 1.12. They have a different way of modelling
the soft QCD processes: while Pythia uses an ap-
proach combining Regge theory and an eikonalized
QCD model, the dual parton model is implemented
in Phojet. The cross-sections for 1/s=10 and 14 TeV
are shown in Table 1 for the single inelastic pro-
cesses. Ome can clearly see significant differences,
which reach about 50% for (dd) events.

Table 1. Cross-section predictions for /s=
10 TeV (14 TeV).
o/mb pythia 6.420 phojet 1.12
Cotal 96(101) 113(119)
inel 75(79) 81(84)
Ond 52(55) 65(68)
0ad 9.8(10.3) 4.0(4.1)
Osd 14.0(14.3) 10.9(11.0)

A similar difference is also visible in the kine-
matic spectra of charged stable particles (shown
here for /s=14 TeV only). The distribution for
pseudorapidity’ 7 is shown in Fig. 1, for the trans-
verse momentum pr distribution in Fig. 2. While
Phojet seems to generate less charged particles per n-
and pr-unit in the nd-events, the different modelling
of the diffractive processes seems to be reflected es-
pecially in the shape of the pr-distribution, showing
a much larger tail to higher pr values in Phojet gen-
erated events. Also a clear difference is visible for the
diffractive events.
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Fig. 1. (color online). Pseudorapidity distribu-
tion of charged particles from Pythia 6.420
and Phojet 1.12 shown for different inelastic
processes, see Ref. [1].

T T T T
non-diffractive (PYTHIA)
non-diffractive (PHOJET)
single diffractive (PYTHIA)
single diffractive (PHOJET)
double diffractive (PYTHIA)
10° o double diffractive (PHOJET)

Fig. 2.
distribution of charged particles from Pythia
6.420 and Phojet 1.12 shown for different in-
elastic processes, see Ref. [1].
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2.2 Analysis procedure

ATLAS will perform these measurements right
from the beginning of data-taking, making use of min-
imum bias triggers. With increasing luminosities, a
zero bias trigger will replace them. Several factors
have to be considered in order to correct for inefficien-
cies caused by the trigger and track reconstruction.
The systematic uncertainties need to be estimated.
The procedure had been studied with /s=14 TeV
MC data and is outlined in the following sections.
Full details are in Ref. [1].

2.3 Minimum bias trigger

ATLAS possesses two main independent mini-
mum bias trigger systems, both optimized to effi-
ciently suppress empty bunch-crossing events, as they
form the main background source at low luminosi-
ties, while triggering efficiently on inelastic interac-
tions. One of such systems consists of Minimum Bias
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Trigger Scintillators (MBTS) that is made up of two
detector parts with 16 scintillator modules, belonging
to the first trigger level (L1)trigger?. They are situ-
ated at about 3.5 m away from the interaction point
(IP) on each side of the ATLAS detector and cover
an 7 range of 2.1 < |n| < 3.8.

An alternative approach is realised by the Inner
Detector (ID) Minimum Bias Trigger, covering the
ID range of |n| < 2.5, which is the region where track
based measurements are performed. This trigger is
seeded by a random trigger at L1 to minimize inital
bias in the event selection. The actual event selec-
tion takes place at the high-level trigger (HLT), where
in two trigger levels signals of the pixel and semi-
conductor tracker (SCT) detectors [6] are required.
At the second trigger level (L2) silicon hits above
electronic noise are required, while at the third trig-
ger level, the Event Filter (EF), a track requirement
is imposed, such that tracks close to the nominal IP
have to be found.
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Fig. 3. MBTS trigger efficiency with a 2-hit
multiplicity requirement for signal (inelastic
processes) and background (empty events,
beamgas events). Already at a very low

threshold the empty events are completely
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The trigger efficiency, here defined as the ratio of
events with and without trigger requirement, is shown
as a function of the trigger threshold: for MBTS the

1) For details of the ATLAS trigger system, see [5].

L1 requirement to have a multiplicity of 2 hits in the
MBTS counters in Fig. 3 and for the ID Minimum
Bias trigger passing the L2 silicon hit requirement in
Fig. 4.

2.4 Event and track selection

For the analysis, the events were selected by
the L1 MBTS trigger with the 2-hit multiplicity
requirement.  Additionally, offline selection crite-
ria were applied, such that only events containing
a reconstructed primary vertex and tracks with a
pr =150 MeV satisfying quality criteria were consid-
ered in the analysis.

2.5 Corrections

The selection criteria imply that corrections have
to be taken into account. The complexity arises as de-
pendencies exist amongst various requirements. For
the measurement of dN,, /dpr and dN,,/dn, the cor-
rections account for trigger bias in the event selection
and track and vertex reconstruction efficiencies. At
event-level the corrections for trigger bias were calcu-
lated by relating the number of events of a particular
inelastic processed to the number of events selected
by the trigger. For this study, the bias correction is
model-dependent, since it takes into account the rel-
ative cross-sections of the different inelastic physics
processes. The vertex correction accounts for ineffi-
ciency of the vertex reconstruction, to not reconstruct
primary vertex, even though charged particles were
generated in the measured region.

A track-to-particle correction at track-level con-
siders the track reconstruction efficiency, when gen-
erated charged primary particles were not recon-
structed or fake and secondary tracks contribute to
the primary tracks. The tracking efficiency is de-
fined as the number of reconstructed primary tracks
matched to the generated track particle over the num-
ber of generated charged primary particles, and is
shown as function of pr in Fig. 5, where the default
reconstruction cut has been lowered to pr =100 MeV.

The result for the track-to-particle corrections is
a function of 7, pr and the number of charged parti-
cles Ng,, here shown projected to the n-axis in Fig. 6.
One can see, that the corrections are smaller in the
central part of |n| <.

Systematic uncertainties were evaluated by chang-
ing parameters in the particle generation and recon-
struction and re-calculating the corrections. It was
found that the major source of systematic uncertain-
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Fig. 5. Tracking efficiency as a function of pr
in |n| <2.5.
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Fig. 6. (color online). Track-to-particle correc-

tions as a function of 7.

ties comes from the diffractive cross-section ~4%.
The results of the studies confirm that this procedure
is able to reproduce the dNy, /dpr, d Ny, /dn distribu-
tions which agree well with the Pythia MC predicted
distributions.

3 Underlying event

The activity of the UE manifests itself in addi-
tional production of mostly soft particles: similar to
MB physics, the study of the UE also deals with mul-
tiple parton interactions and soft hadronic particle
production. Accordnig to the common definition, the
UE comprises all particles accompanying the hard
scattering component of the collision. However, ex-
perimentally this separation is not possible. There-
fore, topological regions are defined which are sensi-
tive to the UE activity. Based on the direction of the

leading jet or track pr, the plane orthogonal to the
beam direction is divided into 3 regions: the forward,
away and transverse region. The transverse area is
sensitive to the UE activity and typical observables
in that region are e.g. the charged particle density,
pr, mean pr and scalar sum of pr of tracks and jets.
As example, the mean multiplicity of charged parti-
cles in the transverse region is shown in Fig. 7, where
it is clearly visible that also for the UE activity the
preditions are highly uncertain [7].
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Fig. 7.
activity for LHC energies. Different Pythia
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tunes and both MC generators show distinct
activity levels in the mean multiplicity of
charged particles.

3.1 Analysis goals

Measuring the UE activity will help to distinguish
different physics models. An inital beam energy of
\/s=7 TeV and an integrated luminosity of 10 pb~*
are already useful for such studies. Nevertheless the
systematic uncertainties need to be understood first.

4 Conclusion

The hadron program of ATLAS starts with the
very first measurements of the properties of the in-
elastic interactions, which will help understanding
soft QCD models. Additional hadron analyses are
described in Ref. [8].
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