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ALICE is a general-purpose detector designed to measurprtiperties of strongly interacting
matter created in heavy-ion collisions at the CERN LHC. &&hfeatures, such as low momentum
cut-off and powerful tracking over a broad momentum rangakenit also an important contri-
butor to the proton-proton LHC physics: here ALICE aims battsetting the baseline for the
understanding of the heavy-ion data and exploring the nexggrdomain. This paper describes
the status and plans for first physics measurements, incplatidiscussing the early p-p and
Pb-Pb running scenarios and the corresponding physicsaqroges.
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1. ALICE experiment at LHC

The Large Hadron Collider (LHC) at CERN is expected to previdst p-p collisions by the
end of 2009. The first run, starting with very few data at itit energy (/s = 0.9 TeV), will be
mainly based on proton-proton collisions at 7 TeV centreralss energy and will last till the end
of 2010 when a first pilot Pb-Pb run should take place (10% eftfective time corresponding to
about 16 seconds). ALICE (A Large lon Collider Experiment) is the Lid&periment specifically
devoted to the physics of ultra-relativistic heavy-ionlisidns and the study of the quark-gluon
plasma (QGP) phase[l, 2]. However, some features of theriexgtal apparatus in terms of
design and performance will allow it to uniquely contribtiethe p-p LHC physics as well[3].

The ALICE experimental apparatus has been designed as eatlediheavy-ion detector opti-
mized to measure a large variety of observables in very highiplicity environments (up to 4000
charged particles per unit of rapidity with performance atezl up to 8000). It will be able to de-
tect and identify hadrons, leptons and photons over a widgeraf momenta. The whole detector,
shown in Figure 1, consists of a central parn|(< 0.9) to detect hadrons, electrons and pho-
tons, a forward spectrometer to measure muons and addisoraler forward detectors for event
characterization and triggering. A detailed descriptibthe apparatus can be found in [2, 4].
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Figure 1. Left panel: General view of the ALICE detector and detailwi@op right) of the ITS. Right
panel: Acceptance coveragenrfor SPD, TPC and some of the forward detectors.

The Silicon Pixel Detector (SPD), the Time Projection Cham@’PC) and the VO detector
will play a key role for the first data: as most of the other syltems, they are fully installed
and commissioned[5]. The SPD is the innermost element oAtHEE Inner Tracking System
(ITS), consisting of two layers of hybrid silicon pixels samnding the beam pipe at 3.9 and 7.6
cm average radii with a total e 10’ pixel cells. It features a very low material budget {% per
layer), a detection efficiency above 99%, a spatial resmiuti ~ 12 um in the bending plane and a
prompt signal as input to the level O trigger[4]. The SPD wailbw the measurement of the charged
particle multiplicity and pseudo-rapidity density disuiions with a low momentum cut-offy{( 35
MeV/c at 0.5 T field) up tdn| ~ 2. Furthermore, the so-called "Fast-OR" digital pulses iogm
from each of the 1200 SPD chips (indicating at least one piiekithin the chip) will contribute
to the minimum bias trigger and allow triggering on high nplicity events[3, 6].

The TPC has a cylindrical sensitive volume with radii betav88 and 250 cm for a length of
500 cm: it is the largest in the world and has been optimizedhifgh track densities. It can track
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particles in|n| < 0.9 with efficiency above 90%, excellent momentum resotutip to 100 Ge\W
and patrticle identification up to 1 Ge&//The VO detector consists of a pair of tiled scintilator disk
on either side of the interaction point: it will provide themmum bias trigger (combined with the
SPD Fast-OR) together with beam-gas background rejectiditeminosity information[3].

2. First proton-proton physics

As already mentioned above, ALICE interest for the p-p LHGgnamme goes beyond the
need to provide reference data for Pb-Pb. Its unique detecapabilities (tracking to a very
low pr, excellent particle identification, very low mass trackisgstem) will allow to address
a number of important studies within the p-p physics. The fireton-proton data taking sce-
nario (approximately 10 months, starting by the end of 2G89nostly based on collisions at
/S =7 TeV with a luminosity of about 8 cm~2 s71: in such conditions a statistics from few
times 16 to 1 minimum bias events is expected to be collected. At the-sfmgome collisions at
0.9 TeV should also be delivered (with a reduced luminosftjew times 16’ cm=2 s™1): this
would be very useful to compare with existing measurementsestimate systematic uncertain-
ties. The efficient minimum bias event trigger will allow ACE to perform inclusive studies aimed
at QCD measurements as those mentioned in the following.

With a statistics of few 19events (first few days, with a multiplicity reach up405 times the
mean multiplicity) a measurement of the charged partickugs-rapidity density and multiplicity
distributions can be already performed. This can be acHieing the information of the SPD
only and the corresponding tracklet reconstruction mgtHodvith respect to the corresponding
measurement based on the fully reconstructed tracks (IP&}Tt requires much faster alignment
and calibration procedures being then suitable to extrestlts from the very first data. In the
left panel of Figure 2 the acceptance correction for the SBEktets is shown. In the right panel
the charged pseudo-rapidity distribution reconstructéith e SPD tracklets is compared, at the
different correction stages, with the input distributionpi-p collisions generated with PYTHIA.
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Figure 2: Left panel: Acceptance correction for the SPD tracklets &snation of n and main vertex
longitudinal position. Right panel: Reconstructed chdrgeeudo-rapidity density distributions at all the
main correction stages, compared with the generated PY Tilfibution in p-p at 7 TeV.

As charged particle multiplicity and pseudo-rapidity dgnsorrespond to basic properties of
the collisions in the new energy domain at LHC, their knowledvill allow to tune the Monte
Carlo generators. Moreover, the measurement of the chamgeitle pseudo-rapidity density in
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the central rapidity region will extend the existing enedgpendence pattern. Besides these very
first measurements;rpectra of both all charged and identified particles, barwomber transport
and strangeness productioni{KK?, A and/A\) analyses will also be carried out within the p-p first
physics programme.

3. Early heavy-ion physics

The first heavy-ion run is scheduled for 5.5 A TeV Pb-Pb cidltis at reduced luminosity
£ ~5x 10?° cm 2 s71, corresponding to 1/20 of the design luminosity. Runninglfé s should
be enough to collect YOminimum bias and another 1@entral (5%) collisions. For this data
taking a fully commissioned detector is expected: in pakicalignment and calibrations will be
available from the previously collected cosmics and p-pfam Data quality and statistics should
already allow with this pilot run to explore a quite rich pigssspectrum. The initial foevents
will provide information about global event properties Burs multiplicity, pseudo-rapidity density
and elliptic flow. Indeed the very first measurement in the @Elheavy-ion physics programme
will be the charged particle multiplicity density at midpidity, followed by its behaviour along
the n range covered by the apparatus. Left panel of Figure 3 showadlection of multiplicity
results from heavy-ion and p-collisions, where the A-A data are rescaled by the numbeaos
of nucleons participating in the collision[2].
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Figure 3: Left panel: Charged particle rapidity density per part&ippair as a function of centre-of-mass
energy for A-A and p-p collisions. Long dashed line is an aptilation to LHC energies based on the
saturation model. Right panel: Reconstructed chargedcfepseudo-rapidity density distributions at all
the main correction stages, compared with the generatd®Bldistribution in central Pb-Pb collisions at
5.5A TeV.

When extrapolating from existing data to LHC energies thig@estriking difference between
the results obtained applying a saturation model[8] (loaghed line) or a fit in [f,/s (dotted line).
The expected values for théNg/dn plateau level range from 1200 to 2600 (for most central 5%
collisions), substantially lower than the ALICE designueal In the right panel of Figure 3 an
example of the charged particle pseudo-rapidity densitgmstruction via SPD tracklets for Pb-Pb
collisions generated with Hijing is shown.

With a factor 10 more statistics (@vents) particle spectra, resonances, differential flow
and interferometry analyses will be reasonably accessible copious multiplicity of produced
particles will allow to address essential measurementh agcthe particle composition and the
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transverse momentum distributions of identified particld&s an example, ALICE will have re-
construction rates of 13, 0.1 and 0.01 per event for/th& and Q hyperons respectively. The
excellent performance in terms of tracking, vertexing aadiple identification capabilities will be
key factors: in Figure 4 displaced vertices from a cascadayand an axample gip invariant
mass distribution with thé peak in simulated central Pb-Pb collisions are shown.
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Figure4: Left panel: fraction of Pb-Pb eventin the ITS with displawvedtices from a cascade decay. Right
panel:p invariant mass distribution with th peak in central Pb-Pb collisions.

Statistically significant samples of only &@vents will provide freeze-out temperature and
collective motion of the particle emitting source and allmwerify the thermal models which have
successfully described hadron production up to RHIC ees[8]. In addition, bulk properties of
the medium (jet quenching), heavy-flavours and charmoradymtion will also be achieved with
a full sample of 10 events from such first Pb-Pb pilot run[3].

4. Summary and outlook

The ALICE experiment at LHC will collect first p-p and Pb-Pbtaldrom the end of the
year 2009 along the whole 2010. Measurements aiming to thiteabtharacterization of the p-p
collisions will be already accessible within the first fewydaf data taking. The expected detector
performance and running scenarios should allow both in tisegroton run and in the following
pilot heavy-ion run a quite rich and uniquely interestingglos programme to be covered.
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