PROCEEDINGS

OF SCIENCE

Preparing ALICE for First Proton—Proton
Minimum-Bias Measurements

Jan Fiete Grosse-Oetringhaus ¥
CERN, 1211 Geneva 23, Switzerland
E-mail: Jan. Fi et e. Grosse- Cetri nghaus@ern. ch

This publication discusses the status and plans of firstrmimi-bias measurements in pp colli-
sions with ALICE. It introduces the ALICE experiment with@cfus on the subdetectors that are
to be used for first physics. The characteristic featuresldCE — the very low-momentum cut-
off, the low material budget, and the excellent PID and weéngecapabilities — that make ALICE
an important contributor to LHC physics in the realm of so€[ are described. A selection of
measurements that are accessible with data taken in a festody-2 weeks are discussed: the
pseudorapidity densitgtN.,/dn, the multiplicity distribution, and the transverse momentdis-
tribution dN,/d pr of charged particles. The analysis procedures and theiassbsystematic
uncertainties are briefly discussed.

XXth Hadron Collider Physics Symposium
November 16 — 20, 2009
Evian, France

*for the ALICE collaboration
TSpeaker.

(© Copyright owned by the author(s) under the terms of the Cre&@vmmons Attribution-NonCommercial-ShareAlike Licence. http://pos.sissa.it/



Preparing ALICE for first Proton—Proton Minimum-Bias Physi Jan Fiete Grosse-Oetringhaus

1. ALargelon Collider Experiment (ALICE)

ALICE [1] is a general-purpose particle detector optimized to study hé&avygollisions at
the LHC. The detector’s unique features are high-precision trackidgarticle identification in
an environment of very high particle densities over a large range of monfientetens of MeVe to
over 100 GeW, thereby accessing topics starting from soft physics to Ipgtparticle production
and jets. In ALICE itis possible to reconstruct the primary vertex with duéiso of about 10Qum
in pp collisions and 1xm in Pb+Pb collisions. In addition, secondary vertices of e.g. hyperdn an
heavy quark meson decays can be determined with a resolution of atiquirilO

The detector consists of a central barrel pagt & 0.9) optimized for the measurement of
hadrons, electrons and photons, a muon spectrometer at forwardiespid2.5 < n < —4.0) as
well as additional forward and trigger detectors. The central bargaligined in a magnetic field
of up to 0.5T. Figure 1 shows the coverage in pseudorapipity—Intan6/2 (6 being the angle
w.r.t. the beam axis) of the various subdetectors.

Besides the heavy-ion program where ALICE will take data mostly in Pb-oRisions with
up to/syn = 5.5TeV, the study of pp collisions is an integral part of the physics progEum.to
its acceptance down to very lggy, ALICE can measure global event properties well. Furthermore,
ALICE will study high-multiplicity pp collisions with a dedicated trigger and meagteecharm
cross section down to very lopy.

1.1 Silicon Pixel Detector (SPD)

The Silicon Pixel Detector (SPD), based on hybrid silicon pixel chips, ciz@p the first
two layers of the Inner Tracking System (ITS) that are placed at alrdidtance of 3.9cm and
7.6 cm from the beam line. The SPD enables measurements in an envirorira@ngasticles per
cn? (expected for central Pb+Pb collisions) with an occupancy of only apeessent. The SPD
allows to access the multiplicity with a low-momentum cut-off of about 35 MeAt/0.5T field.
Particles injn| < 1.4 emerging from collisions at the nominal interaction-point leave hits in both
layers. However, the spread of theertex position allows to measure thék,/dn distribution
up ton = £2.0. The pixels themselves have an efficiency of above 99%. Howevpresgnt
(December 2009) about 17% of the detector cannot be powered dusbterps with the cooling.

Each of the SPD’s 1200 chips provides a so-cafest ORsignal which indicates if at least
one signal was detected in the given chip. This is used for the minimum-biasrtagd allows to
trigger on high-multiplicity events.

The SPD modules have been aligned using 50,000 cosmic muons tracks. shigwg& the
track-to-track distance of the reconstructed upper and lower halfiedfrsizag cosmic muons before
and after alignment. This allows to estimate the effect of the residual misalignvhett amounts
to less than 1@um in ther @ direction [2].

1.2 Time Projection Chamber (TPC)

ALICE’s Time Projection Chamber (TPC), the largest in the world, spamsdsn 0.85m
and 2.5m in radial direction with a length of 5m. It measures up to 159 clustersgek within
In| < 0.9 which results in an excellent track resolution and enabled good particigfication in
the relativistic rise region without being affected by the Landau tail in theggrless distribution.
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Figure l: Acceptance im of the subdetectors overfigure 2:  Track-to-track distance of the lower
laid with adN;,/dn prediction by Pythia at/s= and upper half of cosmic tracks before (shaded his-
14TeV. The subdetectors have full coverage in drgram) and after alignment (open histogram). Fig-
imuth except the ones marked with an asterisk. Twee from [2].

ranges are given for the TPC, depending if full or

one third track length is required. For more details

see [1].

The low-momentum cut-off is about 150 Ma\for pions and 200—-300 MeX¢ffor other particle
species. Above that momentum the geometrical acceptance is about 9@%esant (December
2009) 99.85% of the channels of the TPC are active for data-taking.ch tinat traverses ITS and
TPC sees only about 13% of a radiation length.

The physics performance has been assessed using cosmic raysvdraetthe TPC and pass
close to the beam line. The track parameters of the independent measucéritenlower and
upper part of each track are compared. Theresolution was found to be about 2% @t =
2GeV/c increasing to 4% at 5 Ge¥/(design value: 5% in a low-multiplicity environment [3]),
and 7% at 10 Ge\ The resolution of the specific energy loss approaches 4.5% for tvattks
more than 140 clusters (design value: 5.5% [3]).

1.3 Minimum-Bias Trigger

The minimum-bias trigger is based on signals from the SPD and VO detect@¥.0ld¢onsists
out of two arrays of segmented scintillator counters. The time resolution ig bedie 1 ns [1]
which allows to identify beam-induced background that occurred out$ithe @ominal interaction
region. Based on cross sections predicted by Pythia [4] and the desguidation AliRoot [5]
taking into account the mentioned hardware statusivBietrigger (which requires either a signal
in SPD or VO and no beam-induced background detection) is estimated tbatsbdeit 86% of the
inelastic cross section gts = 900GeV. For non single-diffractive (NSD) events it selects about
96% at 900 GeV. For 14 TeV these values are 1-2% higher.
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For first measurements, the minimume-bias trigger is not used during data;thkirigis em-
ployed for the offline event selection in the analysis. Instead a buragsiag trigger will be used
that allows to evaluate the trigger performance. Furthermore, a triggarrarhbs from one beam
only that pass through the experiment allows to estimate the rate of beam<drzhaaround.

2. Event Characterization at theLHC

The study of minimum-bias collisions gives important insight into the particlettoh
mechanism that, although extrapolations can be made from previous neas@rgies, is un-
known at a new energy. In particular it is expected that the majority of thigioas in the energy
realm of the LHC feature more than one parton interaction per event thathede significantly
to hadron production. Furthermore, the measurements allow to find a geadptien of the
underlying event which is fundamental for the analysis of rare signatseatHC. The required
tuning of MC generators will be performed using measurements from all &p@riments. In the
specific case of ALICE such measurements are also needed as a bfseheeupcoming heavy-
ion collision measurements. In the subsequent sections selected minimum-bssenents are
presented.

2.1 Pseudor apidity Density dNe,/dn

The measurement of the charged-particle pseudorapidity density willfbermed with the
SPD. It can also be done with the TPC which allows a cross check in thimppirg phase space
region. With about 20,000—40,000 events a negligible statistical error ievatie. dN;,/dn is
calculated by counting the number of track9 {n a givenn-bin (dn) and normalizing with the
number of eventdH), taking into account a set of correctioBsdNy,/dn = T /E x C. One corrects
for acceptance, tracking efficiency, and effects of secondareegyd and stopping of particles.
Furthermore, the efficiency of the vertex reconstruction and the triggetias to be corrected for.
Collisions occurring at larggr/tx-z| can be used to extend tiperange, however, the normalization
(E) becomes)-dependent. For the measurement with the TPC an additional correctido bas
applied to correct for the low-momentum cut-off. The average corre&diciors that are expected
are about 1.5 for the measurement with the SPD and 1.35 for the measuvgthehe TPC.

The systematic uncertainties that are associated with this measurement bavevalkiated
in detail considering uncertainties in the relative cross sections betweadtiffirent processes
(non-diffractive, single-diffractive, and double-diffractive),tine particle compaosition, and in the
pr spectrum. Furthermore, effects of possible uncertainties in the detedioretry (material
budget and misalignment) have been studied. The effect of pile-up amd-imeluced background
is expected to be negligible for the initial LHC running conditions, but this camfly finally
assessed considering the actual running conditions during data takiegofil uncertainties are
estimated to be less than 5% for the inelastic sample and less than 10% for theigB.9More
details can be found in [6].

Figure 3 (left panel) shows a compilation df\c,/dn|,—o as function ofy/s from about
20 GeV to 1.8 TeV. Predictions for the expected values at LHC energéeswanerous and are
summarized e.g. in [7]: foiNeh/dn|,—o these range from 4.3 to 6.4 afs=7TeV and from 4.5
to 7.8 at 14 TeV. This is visualized by vertical arrows in the figure. Alreadjnitial measurement
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Figure 3: Left panel: dN\s/dn|,—o as function of,/s. The arrows show the range of predictions (see
text). Right panel: Predictions for the multiplicity di&tation in || < 1 at 14 TeV. Figures from [7]. For a
description of the data sample and models used, see [7] andférences therein.

with its associated systematic uncertainties will allow to constrain or reject thelsrtbdeunderlie
these predictions.

2.2 Charged-Particle Multiplicity Distribution

The measurement of the multiplicity distribution is performed with the SPD. 20,@064
events are sufficient to obtain a distribution that reaches up to about 5 tismasetin multiplicity.
The steeply falling multiplicity spectrum necessitates to unfold the measured Thais.allows
to correct the multiplicity distribution unaffected by bin flow and independérthe MC input
distribution that has been used to determine the detector response. Taldingninethods have
been prepared for the analysis, a method baseg?aninimization [8] and one based on Bayes
theorem [9]. Both perform well and will be used to obtain the multiplicity distribufimm first
data. A similar set of systematic uncertainties like discussed in the previotisnshas been
evaluated for the measurement of the multiplicity distribution. The estimated totattaities
are expected to be less than 9% (18%) for the inelastic (NSD) sample. Mommation about the
correction procedure and the performed systematic studies can beifojéhd

Predictions for multiplicity distributions ay/s= 14 TeV are shown in Fig. 3 (right panel) for
the central region of phase spatg|(< 1). The predictions differ in the low-multiplicity region by
about a factor 2 and by more than an order of magnitude in the high-multiplicityTiad.initial
measurements will be able to distinguish between most of the models.

2.3 Transver se-Momentum Distribution dNe,/d pr

The pt spectrum of charged particles from about 150 MeMp to apr of 10 GeVE can
be obtained from a sample of about 150,000 events using the TPC. Tieettor procedure is
applied in a bin-by-bin fashion similar to trdN\;,/dn measurement. Unfolding the measured
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distribution is not needed due to the gopgresolution. Loose quality cuts will be applied in the
first measurement to be able to use data with an initial calibration and alignmesmtestimated
total systematic uncertainties for this measurement are expected to be le4%4lia0%) for the
inelastic (NSD) sample.

pr spectra of identified particles in the region up to 1 Gebdn be obtained already from
20,000-40,000 events.

Furthermore, it is interesting to study the correlatigrr) vs. Ngp,, the correlation between
particle production and transverse energy. This quantity has been ra@dast at 1.96 TeV [10]
and its behavior is only described by very few models or event gensr@ee e.g. [11]).

3. Summary

ALICE can measure within a few days to 1-2 weeks of data-taking baspegies of pp
collisions from,/s = 900GeV to 14 TeV. The measurements in this period will allow to access
the phase space around mid-rapidity|(< 2.0) from a very low momentum of about 35 M&y/
to about 10 GeW. Furthermore, particle identification is available over a large momentum range.
These measurements allow to characterize the underlying event, tune M@ies, and in con-
sequence open the door for the study of rare signals and heavyiiisinos.

The outlined topics compose only the very first measurements available withEAlOther
interesting topics that will be addressed in pp collisions are baryon trenspangeness and res-
onance production, femtoscopy, the study of heavy flavor and jetsnangi more.

About a week after this conference, ALICE reported the pseuddtamdnsity of pp colli-
sions at,/s= 900 GeV based on 284 events that were taken during the first LHC 2Jn [1
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