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1. Introduction

The ALICE experiment at LHC is dedicated to the observation of heavyadbisions and aims
at studying the behavior of the strongly-interacting matter in conditions of aiggrgy density
(> 10 GeV/fn?) and high temperature> 200 MeV). In addition, ALICE developed a detailed
p-p collision program which serves as a reference for the heavy iogram and on the other
hand complements the programme of the dedicated p-p experiments, thank$oiv thensverse
momentum cut-off, lower than 100 Med//the excellent PID capability and the efficient minimum
bias trigger.

The ALICE detector is composed of two main sections: a central barregricgythe full
azimuth in the acceptance regiap| |< 0.9, and a forward (2.5 § < 4) muon arm [[1]. The
high-multiplicity heavy ion environment requires the central barrel to parfa robust tracking:
every track is reconstructed using up to 165 three-dimensional pointgbgrkr Tracking System
(ITS) and the Time Projection Chambers (TPC) over a wide transverse nomeange (from
100 MeVEk up to 100 GeWg). The large lever arm provided by the outer radius of the TRC (
2.5 m) guarantees a good tracking resolution at tpgtwhile the total material budget has been
minimized ¢ 13% Xp) in order to reduce the multiple scattering effects. The identification of the
charged particles (PID) by the ALICE detector is carried out over thetioreed p; range and is
performed through different techniquesE/dx, time-of-flight, transition radiation and Cherenkov
radiation.

In this proceeding we present the ITS performance in 2010 p-p andRbilsions. We start
by describing the ITS tasks and characteristics in Se¢fion 2 and the harthadures of its three
sub-systems in Sectigh 3. The ITS performance in terms of tracking, vexterstruction, impact
parameter resolution and PID are addressed in Seftion 4. An outlook stuties for a possible
upgrade for the ITS is given in Sectifh 5.

2. System overview

The main tasks of the ITS are to localize the primary vertices with a resolutiorr iiedie
100 um, to reconstruct the secondary vertices from hyperons and B and Brndesays, to track
and identify charged particles withy < 200 MeVt or particles traversing the dead zones of the
TPC and to improve the momentum and angle resolution for particles trackea Ay@. Placed
close to the interaction point, the ITS (see fig. 1, left) is composed of 6 cylaldagers of silicon
detectors using three different technologies: pixel, drift and strip.sysem is conceived to handle
a high particle density, up to 8000 per unit of pseudo-rapidity, with verydggpatial precision in
the bending direction, down to 12m for the innermost layers, high efficiency and granularity.
The design minimizes the distance of the first layer from the interaction poirddintes a limited
material budget and allows measuring th&dk for the particle identification in the loyg, region.

The ITS layer radii range from 3.9 cm (innermost pixel layer) up to 43(oatermost strip
layer), covering therj| < 0.9 pseudo-rapidity range. The9.8 million channels of the two inner-
most layers can handle the high density of particles with a maximum occupé#rzcy &. The
total material budget introduced by the whole ITS\Ns8% Xo. The geometry and the material
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Figure 1: Layout of the ITS and definition of the ALICE global referersyestem (left). Contribution of the
ITS layers to the gamma conversion distribution from data lsionte Carlo simulation iR/s= 7 TeV p-p
collisions (right).

budget are accurately described in the Monte Carlo simulation, as shote lmpmparison with
the actual reconstructed photon conversion in the material ifilfig. 1 (right).

3. ITShardwarefeatures

The two innermost layers are composed of Silicon Pixel Detectors (SHig).basic SPD
building block is a module consisting of a two-dimensional sensor matrix ofgeMgiased silicon
detector diodes, 200 mm thick, bump-bonded to 5 front-end chips, thirmed tb 150 mm. The
sensor matrix consists of 256 160 cells, each measuring %0n (r ) by 425um (). The two
layers have a length of 28 cm and radii of around 4 and 8 cm, resplgctimeunted around the
beam pipe; the system is cooled down withg{3-based evaporative cooling that allows operating
at room temperature. The SPD performs a fast two-dimensional read-866 us. The output
signal is digital, and a logical 1 is given when the signal surpasses thahthde tuned at the pixel
level. It can contribute to the LO-trigger through tRast-ORlogic [B]: the off-detector SPD trigger
system elaborates in real time the 1200 Fast-OR signals, each of thenrisdbyea readout chip
on the presence of at least one pixel hit in the matrix. The Fast-OR triggéiloution is especially
used in p-p collision to improve sensibly the background rejection and inbRtsHsions for the
event selection.

The two intermediate layers contain Silicon Drift Detectors (SDD). One SDDutearbnsists
of a drift detector and its front-end electronics. The sensitive areadetector is split into two
drift regions, where electrons move in opposite directions, by a cerdtabde. A second bias
supply keeps the biasing of the collecting region independent of the dliftge. Each drift region
is equipped with 256 anodes to collect the charges, and three rows ofC&3 darge injectors
used to monitor the drift velocity, which is very sensitive to the temperature.twh-dimensional
points are reconstructed exploiting the anode segmentation in one directidheadrift time of
the charges in the other one. The SDD front-end electronics is basedeertypes of ASICs, two
bonded on the sensor and one located at each end of the ladder. mplggarate can be set via
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software at 20 or 40 MHz. A water cooled system is used to take away therplissipated by the
front-end electronics and to maintain a temperature stability of < 0.1 K. It is aicatidn of two
independent underpressure water circuits, one coupled to the fndn¢lectronics via the pipes
running along the ladders and the other coupled to the readout electroinigapes embedded in
the end-ladder structur][3].

Silicon Strip Detectors (SSD) are used on the two outermost layers of thelTR&SSSD is
composed of 1698 modules mounted on carbon-fiber supports, eaclhmsisting of a 1536-strip
double-sided silicon sensor connected through aluminum-kapton micrecabterelve HAL25
front-end chips, for a total number ef 2.6 million read-out channelg][4]. The strip pitch (95
um) and the relative P- N-side stereo angle inclination (35 mrad) allow the SSBvalp two-
dimensional measurement of the track position, reaching an intrinsic pswitten of 20um and
800 um in ther @ andz directions, respectively, and a good ghost point rejection: the fracfion
non-ambiguous impact points is above 98%, with the multiplicities observed irbRiplisions.
Each front-end chip contains 128 identical channels. It preamplifie@eshand stores analogue
signals from the sensor and provides an interface to the readout syltenanalogue readout has
a large dynamic range that allows using tligdk measurement for the particle identification in the
low momentum region (up to 1 Ge¥for protons). The thickness of the SSD, including support
and services, corresponds to 2.206

4. Physics performancein p-p and Pb-Pb

The two-dimensional points reconstructed in the six ITS layers are usedctottre charged
particles in the central barrely] < 0.9), both in combination with the other ALICE sub-detectors
(global tracking) and in the ITS detector alone (ITS-standalone tragkimbe global track re-
construction is performed in the following steps. The first one is the compntatithe primary
vertex using SPD tracklets, i.e. pairs of aligned SPD hits (one per lay@gk Teconstruction then
starts in the TPC (inward) where the track density is minimal, using the outerradsogs and
the computed primary vertex position as seed, and continues in the ITS dnwaatching TPC
reconstructed tracks to the SSD layers and following them down to the inse8RD layer. The
next step is track back-propagation, to the outermost layer of the ITSetoutermost radius of
the TPC and to the outer detectors (TRD, TOF, HMPID, PHOS, EMCal) Hor R refit is then
performed inward in TRD, TPC, ITS, the tracks are propagated to the priveatex reconstructed
in the first step and the track parameters are refined. Finally the primagxisirecalculated with
optimal resolution using reconstructed tracks.

The ITS-standalone tracking is aimed at extendingghacceptance down te 100 MeVk,
reconstructing the high-momentum tracks going entirely inside the dead behg&sen the TPC
sectors and decaying between the ITS and TPC. The ITS-standalckiagress normally performed
on the remaining points after the standard TPC+ITS track reconstru¢fjoriTfe prolongation
efficiency between the TPC and ITS, measured in Pb-Pb collisiopsal = 2.76 TeV during the
2010 data acquisition, is reported as a function of transverse momentum El, figft. It is flat,
above 95%, for transverse momenta below 1 Geddécreasing to 90% at higher momenta, if at
least two points in the ITS are matched by the TPC track. A 10% drop is measuifermly over
the considered range if at least one point on the SPD layers is furtipeested. The right panel
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Figure 2: Left panel: track prolongation efficiency from TPC to ITS asiaction of the transverse momen-
tumin,/s=7 TeV p-p data, for the request of at least two points in tH (Glack) and the further request of
at least one in SPD (red); empty points represent simulafRight panel: transverse momentum resolution
of the TPC+ITS combined tracking.

shows the transverse momentum resolution as a function of the transvarsentom: better than
5% below 1 GeW, it grows linearly withp; up to~ 20% at 100 GeW, the p; dependence of the
systematic error reflects the unfolding uncertainty at hpghrhe ITS-standalone tracking shows a
p; resolution better than 6% for pions in the range 200-800 MeWid can extend the acceptance
of the pions down to 80-100 Me¥/

The primary vertex of the interaction in ALICE is reconstructed through tifferént meth-
ods, as mentioned before: at first, all the tracklets selected within a fiduicidbw in (An, Ag)
are combined to extract the vertex positidra¢kletsmethod). This method is used to monitor
the interaction position quasi-online, to initiate the tracking and to measure impfirs&physics
observables, as for example the charged particle multiplicity density at midsaffifl At the end
of the tracking procedure, a second method based on the straight lirexapation of the recon-
structed tracks in the vicinity of the vertex is usdh¢ksmethod). This method reaches a better
resolution over the whole tracklets multiplicity range, as shown in[fig. 3 (lei).hkgh muiltiplic-
ity events, where the effect of the intrinsic vertex resolution method is asstoriee negligible for
the tracks the residual resolution limit estimates the luminous region size, i.e. the spai@hreg
where collisions take place. In Pb-Pb collisions, the vertex resolution is detirbg dividing the
track sample into two random sub-samples and reconstructing two verticdsefowo samples.
The difference between these two vertices is the measurement of thetimsakia function of the
half event tracklet multiplicity (fig]3, right panel). The extrapolated resofuigoless than 1@m
for the 5% most central events.

A benchmark parameter to assess the ITS performance is the resolution todid¢k impact
parameter in the transverse plane, which is the convolution of the verteluties and the track
pointing resolution. Defined as the distance between the projection of aitrtfu& bending plane
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Figure 3: Left panel: primary vertex reconstructed with tracks anthv@PD tracklets only: spread of ver-
tices in,/s=7 TeV p-p data. For high multiplicity events, the resolat&een for the vertices reconstructed
with tracks (filled markers) estimates the luminous regi®.s Right panel: vertex resolution in Pb-Pb
collisions at,/Syn = 2.76 TeV as a function of half of the tracklets multiplicitfthe event. The resolution
is estimated through the two-samples method (see text tailsleand is extrapolated for the events in the
0-5% centrality class (orange box).

and the reconstructed position of the primary verigxr @) is the reference variable to look for
tracks from the decay vertices: the impact parameter resolution is shovan [ (ieft), in agree-
ment with the Monte Carlo simulation within 10%. The multiple scattering in the materiahdeg

the ITS performance at loy;, while the impact parameter resolution is better thamuébfor par-
ticles with p; > 1 GeVk; in the asymptotic limit the impact parameter resolution is driven by the
p; independent detector resolution of the layers, which accounts for tipesition uncertainty on
the sensor and the detector misalignment. The ITS-standalone mode enalitasking for very
low momentum particles down to 80 Medor pions.

As mentioned before, the ITS identifies low-momentum particles in the nonvistatiregion
measuring the energy loss in the SDD and SSD silicon. The four analogwsireseents of the
charge collected in these four layers are corrected for the path lengthtlaé tracking and the
truncated mean method is applied to account for the long tail towards highyyeoes values. The
particle is then identified from the measunadand energy loss: two particle species are considered
to be separated if the means of the corresponding gausiidr distributions, filled after applying
the truncated mean method, differ by at least 3 standard deviaflons [fid. [ (right) the bands
of kaons, pions and protons detected in Pb-Pb collisions are clearly vasitlleentered around the
continuous lines representing the theoretical curves from the BethécRigoula for the average
energy loss. The achieved resolution in the energy measuremenitls- 15 % and the ITS allows
separating kaons from protons up to 1 Ge¥hd pions from kaons up to 450 May//covering
also the region below 100 Mew)/outside of TPC and TOF particle identification capability. The
cross-contamination between different particle species is below 10%.

5. Outlook on the I TS upgrade plans

After two years of operation with p-p collisions and the first run with Pb-Blisions, the
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Figure 4: Transverse impact parameter resolution as a functign &r the tracks reconstructed in the p-p
collisions at 7 TeV by the ITS standalone (left) and compavét the Monte Carlo results. Theeddx of
charged particles as a function their momentum, both medsoy the ITS standalone, in Pb-Pb collisions
at 2.76 TeV (right).

ALICE ITS has already demonstrated its excellent capabilities. Neverthislese are still several
topics for which the current detector is not fully optimized and where thesiphyperformance
could be significantly improved. In particular, the possibility to extend thembdrbaryon decay
study and to access the exclusive measurement of beauty hadrorghtlaroupgrade of the ITS
is being studied by the ALICE ITS Collaboratidr [8]. One of the possibilitiesaftully upgraded
ITS will consist of 7 layers of silicon tracking detectors covering the nediom the beam pipe up
to 450 mm. It is expected that the radius of the innermost layer will be redo@@mm requiring
increased radiation tolerance. Furthermore, there is a strong effort imirénthe material bud-
get of the inner layers in order to improve the impact parameter resolution: ahibe achieved
by using monolithics pixel detectors or hybrid pixel detectors with thinned ahih sensor, and
minimizing the contribution coming from supports and services. The three lapers, where the
track density is higher, must also provide unambiguous 2D information to alifieieat event
reconstruction. Therefore, they will be equipped with high granularitglgbetector. Both hybrid
and monolithic pixels are under consideration. For the hybrid option, thettdigkness is 100
pum for the sensor chip plus 50m for the ASIC, with a pixel area of the order of 30100 um?;
monolithic pixels typically feature a thickness of Hn and pixel dimensions of 2& 20 um?.
The outer layers could be equipped either with monolithic pixels or with more otioveal silicon
strip sensors. Silicon strips are a proven and mature technology and itheyieaw maintaining
the dE/dx capability that the current detector provides. In addition, a esgd with shorter strips
(20 mm with respect to the actual 40 mm) arranged in two rows on each s&deas being con-
sidered: the increased granularity achieved with the new layout will allosvadimg the detector
even at shorter distance from the interaction point, therefore in highéclpadensity conditions.

Different ITS upgrade scenarios have been proposed and implemiantieel simulation to
estimate the impact of refined detector parameters on the physics perfenidrecheavy-flavour
detection relies in particular on the precision in the determination of the track tnppaameter
and the capability of resolving the slightly displaced secondary vertex afdbays: the simulation
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Figure5: Left: pion pointing resolution as a function @f for the current ITS (black curves) and for two
upgrade scenarios (red and green). Right: invariant masstuitions of [ candidates in simulategiSyy =
2.76 TeV Pb-Pb events, obtained for x<< 2 GeVEk in the event centrality range 0-20% with the upgraded
ITS.

reported in fig[b (left) shows the track pointing resolution improvementdtfe-3) that can be
achieved both in the and in ther ¢ direction by replacing the present ITS (black curves) with the
seven new silicon layers of the upgraded ITS scenario (red curvesexample, as a benchmark
for all the charmed meson analyses, the signal extraction of ghea&son significantly benefits
of the improved track impact parameter resolution and thus of the betterasieparetween signal
and background. Fid] 5, right panel, shows the invariant mass distriboitiained from the Monte
Carlo sample in the upgraded ITS scenario for @< 2 GeVEk in the event centrality range O-
20%: the improved background rejection allows the extraction of a clgaidghal, that cannot be
seen with the current ITS.

6. Summary

In the 2010 p-p and Pb-Pb runs the Inner Tracking System of the Aleieriment demon-
strated its capabilities, meeting the design requirements. It contributed sigtiifita the event
reconstruction, matching more than 90% of the tracks reconstructed bytaid improving the
momentum and angle resolutions. In standalone mode it reconstructed tkee riimsed by the
TPC with good momentum resolution, extending thegmge below 100 Me\¢ The ITS provided
also a prompt reconstruction of the interaction primary vertex, achieviegaution of 10Qum for
the 5% most central Pb-Pb events, and well separated it from segovettices from hyperons
and heavy-flavour meson decays, thanks to the achieved impact paraesetation. The energy
loss measurement allowed to identify charged particles down to less than é3@&.MThe ITS
is therefore playing a crucial role in the ALICE analyses. In order to imprhe ITS physics
performance and in particular to extend heavy quark studies to the defcalyarmed baryons and
beauty hadrons, a possible upgrade of the ITS has been propds=dchievable performance are
being studied through Monte Carlo simulations and the technology option®eg é&xtensively
investigated and tested.
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