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The Time-Of-Flight (TOF) detector of the ALICE experiment is optimized to
provide charged-hadron identification to study Pb–Pb collisions (

√
s = 5.5 TeV

per nucleon pair) at the LHC. The apparatus, a large 80-ps-resolution cylin-
drical array, has been installed and commissioned and it is currently fully op-
erative. Cosmic-ray data collected in 2008 have already shown the very good
performance of the detector which is collecting more data for accurate timing
calibrations. An overview of the system and its present status will be reported
as well as the results obtained with cosmic-ray data and the expected perfor-
mance at the LHC startup.
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1. Introduction

The ALICE experiment1 has been designed to study the strongly inter-
acting matter produced in the extreme temperature and energy-density
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Fig. 1. Schematic layout of the ALICE central
barrel detectors with the TOF system.
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Fig. 2. Schematic drawing of
a cosmic muon hitting twice
the TOF array.

environment produced in the LHC ultra-relativistic Pb–Pb collisions
(
√

s = 5.5 TeV per nucleon pair). The Time-Of-Flight (TOF) system2

will identify charged hadrons in the mid-momentum (0.3–4.0 GeV/c) re-
gion over of a large cylindrical surface located 3.7 metres away from the
interaction point and covering a pseudorapidity acceptance of |η| < 0.9
(Figure 1). The very good performance required for such a system has been
obtained by using as basic detecting element an MRPC (Multigap Resistive
Plate Chamber)3 strip detector, having intrinsic time resolution better than
50 ps and efficiency higher than 99%.4 The signals coming from the MRPCs
are readout by low-jitter front-end electronic cards, based on NINO ASIC
chips,5 and digitized by high-resolution time-to-digital converters, called
TDC Readout Modules,6 with 30 HPTDCa ASIC chips each.

The momentum threshold for particles to reach the TOF is related to
the magnetic field, pmin ∼ 300 MeV/c with B = 0.5 T, being slightly
higher for kaons and protons due to their larger energy loss at low momenta
(∼ 350 MeV/c and ∼ 450 MeV/c respectively). With a global TOF time-
resolution of 80 ps the system is expected to provide a π/K and K/p

separation better than 3σ up to a particle momentum p ' 2.5 GeV/c and
p ' 4 GeV/c respectively.7

The production of the MRPC strip detectors and their assembly into the
large modules (called SuperModules) which define the TOF array has been
completed and the full system has been installed in its final position in the

aThe High-Performance Time-To-Digital Converter developed by the CERN Microelec-
tronics Group.
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Fig. 3. Residual time-of-flight distribu-
tion after applying the calibration param-
eters.
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Fig. 4. TPC–TOF track-matching resid-
uals r∆φ in the bending plane.

ALICE experimental area. The low-voltage and high-voltage systems as well
as the gas and water-cooling systems have been completely commissioned
allowing the full operation of the TOF detector. In addition, also the TOF
trigger system was put into operation and it is providing cosmic-ray triggers
to the central ALICE detectors for calibration and alignment purposes.

2. Timing calibration

The timing calibration of the detector has been performed in a preliminary
way by using cosmic-ray data collected during 2008 global commissioning
runs. About 10000 muon tracks well suited for calibration purposes have
been selected among the ones reconstructed by the Time-Projection Cham-
berb. The data have been collected with no magnetic field, mainly using
the cosmic-ray trigger provided by the TOF detector (95% of the events).

The optimal timing calibration of the detector would require a channel-
to-channel approach to derive single-channel parameters. However the se-
lected tracks are insufficient to calibrate a 150k-channels array. As a conse-
quence, a smaller number of calibration parameters have been identified for
the purpose, exploiting common features shared by larger sets of channelsc.

The calibration procedure is based on the time-of-flight of the recon-
structed muons as measured by the TOF detector and the expected time-
of-flight. A muon traversing the central barrel of ALICE can hit twice the
surface of the TOF detector, as indicated in Figure 2. The detector thus

bThe Time-Projection Chamber (TPC) is the main tracking device of ALICE.
cAs an example, the front-end electronic cards introduce some delays related to their
actual design, that is the different length of the traces on the card for different readout
channels: these delays apply for the full detector, as all the cards are identical.
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provides two time measurements t0 and t, that is the muon time-of-flight
τ = t − t0. The spatial information of the hit channels provides a mea-
surement of the muon track length L and allows the computation of the
expected time-of-flight τexp = L/c of a muon traveling at the speed of
lightd. The global minimization of the residual time-of-flight ∆τ = τ − τexp

with respect to the set of calibration parameters outputs the best values
for the parameters and the outcome is summarized in Figure 3, where the
calibrated residual time-of-flight distribution is shown. The time-of-flight
resolution στ obtained with these preliminarily measured calibration pa-
rameters is of about 190 ps. To evaluate the single-hit time resolution σt

we have to take into account that muon time-of-flight measurements are
done using two independent time measurements, thus σt = στ/

√
2 leads to

a single-hit time resolution of σt = 130 ps.

3. Spatial match with tracking devices

Within ALICE central detectors, particle momenta are measured by the
Time-Projection Chamber and trajectory lengths are computed on the ba-
sis of reconstructed tracks. To perform particle identification (PID) with the
TOF detector the information from the TPC detector has to be correctly
combined with the information from the TOF. The cosmic-ray data col-
lected during 2008 have been analysed also to evaluate the track-matching
performance of the TOF detector and revealed that TPC–TOF matching
is successfully and correctly done. The results are summarized in Figure 4.
As pointed out in the plot, the full width at half maximum of the distri-
bution is in accordance with the transverse size of the TOF pad of 2.5 cm;
the smooth edges, on the contrary, are related to the resolution of the ex-
trapolated track. Moreover, though not documented in this paper, TOF
track-matching studies have demonstrated that cosmic rays can be used to
align the detector with satisfactory accuracy.

4. Physics performance at LHC startup

The performance of the ALICE TOF detector for physics analysis at the
LHC startup has been studied on the basis of the results obtained with cos-
mic rays. The study has been carried out with Monte Carlo simulationse of

dOn average, atmospheric muons need an energy of at least 17 GeV to reach the ALICE
hall underground, therefore we can safely assume that they are all ultra-relativistic.
eThe Monte Carlo simulations have been performed within the ALICE framework for
data analysis and simulation (AliRoot)
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Fig. 5. Kaon-ID efficiency (black) and
contamination (gray) for primary kaons
matched with TOF signal.
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Fig. 6. Overall TOF PID efficiency for 10
TeV p–p minimum-bias collisions with pre-
liminary calibration.

the ALICE detector in p–p minimum-bias collisions at
√

s = 10 TeV aim-
ing at investigating TOF PID efficiency and feasibility with the preliminary
timing calibration. As an example, Figure 5 shows the PID performance in
terms of efficiency and contamination for kaons. These curves toghether
with the ones for pion and proton (not shown in this paper) allow the
conclusion that π/K and K/p are separated up to a particle momentum
p ' 1.8 GeV/c and p ' 3.0 GeV/c, respectively. The results are summa-
rized in Figure 6 which shows the overall PID efficiencyf for primary charged
particles in the TOF acceptance region as a function of the transverse mo-
mentum. At low momenta, the efficiency drops because of the limit imposed
by the magnetic field and it is slightly lower for kaons and protons due to
multiple scattering effects (higher mismatch probability) and kaon decay.
Satisfactory PID capabilities are thus expected from the TOF detector at
the LHC startup to promptly contribute to the physics analysis.
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fThe overall particle-identification efficiency includes all the contributions coming from
track-reconstruction efficiency, interactions in the materials, particle decay and track-
matching efficiency


