
Particle Identification in ALICE
Mriganka Mouli Mondal, NISER

Identify all stable particles : p, n, K±, K0
L, π±, e±, µ±, γ 

Neutral particles like the hyperons Λ0 and Ξ0, and short-lived 
particles (charm, beauty, resonances) 

Motivation for PID : 
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PID is fundamental to many physics studies

• Hadron physics (COMPASS, PANDA....) 
• Flavour physics and CP violation studies (BABAR, BELLE, NA62, LHCb, SuperB...) 
• Nucleon structure (HERMES, COMPASS, JLAB... )
• Heavy ion physics (PHENIX, sPHENIX, STAR, ALICE...) 
• SPIN Physics, structure of proton (future EIC 2032+)
• Techniques used : (Tracking – determination of  the momentum of the particles in 

magnetic and electric field) 

Motivation for PID 

Two major applications for particle identification:  
 1) identification of beam particles 
 2) identification of decay products 

 

If the (vector-)momentum of the particle is known  
 (1) selected naturally by the beam-line elements  
 (2) by means of a magnetic spectrometer 

need second observable to identify particle type: 
 

Velocity:  Time-of flight 
  Cherenkov angle 
  Transition radiation 

 

Energy loss:  Bethe-Bloch 
 

Total energy:  Calorimeter 2 

p =m0βγc
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The ALICE Experiment at LHC
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The general-purpose experiment at the CERN LHC designed for heavy-ion physics. 
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Detectors: 18
Size: 16 x 26 meters
Weight: 10,000 tons
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ALICE PID Detectors
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Central PID Detectors:

Inner Tracking System
Time Projection Chamber
Transition Radiation Detector
Time-of-Flight
High Momentum PID (RICH)

v ALICE has a unique capability on the particle identification 
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ALICE and PID
Particle identification with a resolving power better than 3σ, for π, K and p, is 
needed on a track-by-track basis to measure: 

•Hanbury Brown Twiss correlations (quantum noise correlation analysis)  
with identified particles

•to identify hyperons, vector mesons (φ→ K+K−) and heavy-flavour mesons 
through their hadronic decay

•measure particle ratios on an event-by-event basis

Nearly all known PID techniques used in ALICE:
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ALICE PID Overview
Nearly all known PID techniques used in ALICE

Hadron-ID upto 5 GeV/c with a separation power by 3𝛔
ITS+TPC : PID in soft pt region
TOF : PID at intermediate pt
HMPID: extended beyond Event-by-Event limit (inclusive measurements)

𝛾/𝜋0
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Identified particles

TPC

TOF

ITS

C. Zampolli for the ALICE Collaboration : 27-29 Aprile, 2011, Perugia

First results with the ALICE experiment at LHC

Particles decaying  into e, 𝝿, K, p can be 
reconstructed from the ITS, TPC and TOF
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Reconstructed particles :
Heavy Flavours

J/ψ à µµ, forward rapidty

Quarkonia

D0 à Kπ D+ à Kππ D*àD0π
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3-D reconstruction (< 100µm) of the Primary Vertex

Secondary Vertex finding (Hyperons, D and B mesons)
Particle Identification via dE/dx for momenta < 1 GeV

Tracking+Stand-alone Reconstruction of very low momentum tracks  

ALICE Inner Tracking System – ITS

TPC

SSD/SDD

SPD

11/10/22
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SPD - Silicon Pixel

SDD - Silicon Drift

SSD - Silicon Strip

Three technologies:

ALICE Inner Tracking System – ITS
CERN-LHCC-2013-024 ; ALICE-TDR-017
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Six Layers of silicon detectors for precision tracking in |𝝶| < 0.9
Three technologies to keep occupancy ~2% from Rmin ~4cm (80 tracks/cm2) to      

Rmax~40cm (1 tracks/cm2)

• 3-D reconstruction (<100 𝝻m) for the Primary Vertex
• Secondary vertex Finding (Hyperons, D and B mesons)
• Particle identification vis  dE/dx for momenta < 1 GeV
• Standalone reconstruction for very low momentum tracks (< 100 MeV)

~12.5M channels

Analogue readout 
for dE/dx
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picture by A. Saba picture by A. Keiditsch

ALICE Time Projection Chamber – TPC
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TPC main features: 
v ~92 m3 active volume with
gas mixture: Ne-CO2 (90-10)*

v Low drift diffusion
v Maximum drift time 94 ms
v 72 (=18x2x2) MWPCs with pad 
readout                                   

v Excellent performance on 
momentum reconstruction and 
dE/dx 
v High readout rate capability: 
1 kHz pp collisions
200 Hz central Pb-Pb collisions**

TPC: main tracking device in ALICE

* Was Ne-CO2-N2 before 2011
** Requires hígh level data compression

Weilin Yu -- Bari TRD Workshop -2022

ALICE Time Projection Chamber – TPC
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PID at High Multiplicity

Challenges at high track multiplicity 

v Cluster pileup
v Distortion due to space
charge
v Baseline Fluctuation

Corresponding treatments

v High granularity (small pads) and low diffusion gas mixture
v Drift gas mixture with low primary ionization (low Z)
v ALTRO online ion tail correction (fully commissioned in 2011)

TPC PID in the environment of unprecedented densities of charged particles!

Weilin Yu -- Bari TRD Workshop -2022

B
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dE/dx Basics

v Energy loss per unit path length is 
described by the Bethe-Bloch formula

(depends only on charge and rest mass for a 
fixed momentum)

v Truncated mean (≈70%) is used to remove 
fluctuations due to the tail towards higher 
deposits (“Landau-like”)

v Small signals of 1-pad clusters are included 
in the calculation to improve the dE/dx 
resolution 

v Parameterization is fitted to the data 
(Aleph-Parameterization):

Weilin Yu -- Bari TRD Workshop -2022
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dE/dx measurement in 
TPC

v Up to 159 samples in Ne-CO2 gas mixture: σdE/dx ≈ 5%

v Very large dynamic range
(up to 26x min. ionizing) 
allows to identify light nuclei
and separate them by
their charge

v PID can be extended
to higher momenta on
the relativistic rise using
statistical unfolding Separation of p to K, p becomes constant at large p

Weilin Yu -- Bari TRD Workshop -2022
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TPC PID at low pT
v In the low pT region dE/dx is clearly separated, track-by-track PID is 
even possible, e.g. based on nσ-bands

ALICE Collaboration Eur.Phys.J.C71:1655,2011 (pp collisions at 900 GeV)
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v Transverse momentum spectra of positive charged particles from TPC 
and other sub-detectors of ALICE.

TPC PID at low pT

ALICE Collaboration Eur.Phys.J.C71:1655,2011

Weilin Yu -- Bari TRD Workshop -2022
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TPC PID on the Relativistic Rise

Abbildung 2.2: Energieverlust in Kupfer. Gezeigt wird der Einfluß der Schalenkor-
rektur und der Dichteeffektkorrektur. Das Minimum des Energieverlustes liegt bei
βγ ! 3...4. Vor dem Minimum verhält sich dE/dx ∝ β−2, nach dem Minimum
steigt dE/dx logarithmisch an und kommt dann in den Sättigungsbereich (Dichte-
effekt). Man beachte: Die auf der Ordinate angegebene Größe ist vielmehr −1

ρ
dE
dx

(nicht −dE
dx ). Quelle: Phys.Rev.D 54:S132, 1996.

• Der fehlende Faktor 2 in der
”
trivialen“ Ableitung kann wie folgt verstanden werden:

Ein kleinerer Grenzwert von Emin vergrößert den Anteil des Energieverlustes von
Fernstößen, sodaß der Energieverlust gemäß Bethe-Bloch erhalten wird.

• Verschiedene Formulierungen (Bohr, Bethe, Bloch) unterscheiden sich in der Parame-
trisierung der Fernstöße, d.h. des Energieverlustes, bei der die Bindung der Elektronen
in den Atomhüllen nicht vernachlässigbar ist.

Mittlere Reichweite R(E)

Die mittlere Reichweite eines Teilchens berechnet man wie folgt:

R(E) =
∫ 0

E

−1

dE/dx
dE, (2.20)

wobei der Energieverlust eine Funktion der Energie selbst ist. Der Hauptteil des Ionisati-
onsverlustes erfolgt bei kleinen Teilchengeschwindigkeiten ( dE

dx ∝ β−2) am Ende der Spur
→ Bragg Peak (siehe Abb. 2.3). Genützt wird die Tatsache, daß der Hauptteil des Energie-
verlustes am Ende der Spur liegt, bei der Krebstherapie mit energetischen Kernen. Durch
geeignete Wahl der Kerngeschwindigkeit (Protonen, leichte Kerne) kann die Energie gezielt
und lokal abgegeben werden.
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�p? =
Z

F?dt =
Z

F?
dx

v

Understanding Bethe-Bloch

1/β2-dependence:
Remember:

i.e. slower particles feel electric force of
atomic electron for longer time ...

Relativistic rise for βγ > 4:
High energy particle: transversal electric field increases
due to Lorentz transform; Ey ➙ γEy. Thus interaction cross section increases ...

γ gross

γ = 1

particle
at rest

fast moving
particle

Corrections: 
low energy	 : shell corrections
high energy	 : density corrections

Understanding Bethe-Bloch!

Marco Delmastro! Experimental Particle Physics! 7!

grows


Slower particles fell electric force of 
atomic electrons for longer time …


Macro Delmastro : esipap
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v dE/dx - <dE/dx>p for different pT slices

v Fitted with 4 Gaussians (p, K, p, e)

v Statistical unfolding, means and widths constrained from Bethe-
Bloch and MIP respectively

TPC PID on the Relativistic Rise

ALICE-India School 1-12 Nov 2022
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6 layer TRD, covering the whole azimuthal central region h| < 0.9 and full φ) 
with 18 sectors and 5-fold z-segmentation

TRD Supermodule 1st TRD Supermodule installation

ALICE Transition Radiation Detector – TRD
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ALICE Transition Radiation Detector – TRD
6 layer TRD, covering the whole azimuthal central region h| < 0.9 and full 

φ) with 18 sectors and 5-fold z-segmentation

Electron ID in the momentum range p > 1 GeV/c
Fast trigger for high-pT particles
Hadron PID

TRD Supermodule

Transition radiation detectors - ALICE 

15 
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ALICE Time Of Flight – TOF 
Large array at R ~ 3.7 m, covering |h| < 0.9 and full φ with 18 sectors

(supermodules), with a total active area of ~160 m2

picture by A. Saba TOF Supermodule
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ALICE Time Of Flight – TOF 
Large array at R ~ 3.7 m, covering |h| < 0.9 and full φ with 18 sectors

(supermodules), with a total active area of ~160 m2

Intrinsic Resolution ~ 40 ps  

Efficiency > 99% 

Readout pads
3.5x2.5 cm2 

122 cm
TOF basic element: double-stack
Multigap RPC strip
Occupancy < 15% (O(105) readout 
channels)                         
Separation π/K, K/p @ 
low/intermediate p, better than 3σ
from ~0.5 GeV/c up to a few GeV/c

2x5 gas gaps 
of 250µm
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Measurement of particle velocity 

•  Time of flight    
Measure signal time difference between 
two detectors with good time resolution 
[start and stop counter] 
 

•  Typical detectors: 
     Scintillation counter + photodetector 

 time resolutions  ~50-100 ps (r/o at 
 both ends of the scintillator bar) 

     Resistive Plate Chamber (RPC) 
not sensitive to B, time resolutions ~30-50 ps 
 cost effective solution for large surfaces 

6 

Multi- 
channel 
analyzer 
t1 , t2 

L 

Δt = t2 − t1 =
L
cβ

https://www.desy.de/~garutti/LECTURES/ParticleDetectorSS12/L12_PID.pdf
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Time-of-Flight method 

7 

https://www.desy.de/~garutti/LECTURES/ParticleDetectorSS12/L12_PID.pdf
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Time of flight performance 

8 

Difference in 
time-of-flight in σt  
 
[L = 2 m] 

https://www.desy.de/~garutti/LECTURES/ParticleDetectorSS12/L12_PID.pdf

Can you write a 
program to make this 
plot?
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ALICE High Momentum Particle ID Detector – HMPID

SINGLE-ARM proximity-focus RICH, at 4.7 m, with 7 modules for an active 
area of ~11 m2

picture by A. Saba

HMPID installation
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SINGLE-ARM proximity-focus RICH, at 4.7 m, with 7 modules for an active
area of ~11 m2

• 15 mm layer of C6F14 liquid radiator (n = 
1.2989  

@ λ = 175 nm, pth = 1.21 m (GeV/c)

• CsI thin films deposited onto a cathode 
plane of MWPC (O(105) readout channels), 
the largest scale application                        

• Hadron ID @ high momenta, 1 < pT < 3 
GeV/c for π and K, 1 < pT < 5 GeV/c for p

11/10/22 ALICE-India School 1-12 Nov 2022

ALICE High Momentum Particle ID Detector – HMPID
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Cherenkov radiation!
Particles moving in a medium with speed larger than speed of light in that medium will 
loose energy by emitting electromagnetic radiation!

!  Charged particle polarize medium generating an electrical dipole varying in time!
!  Every point in trajectory emits a spherical EM wave, waves constructively interfere…!

Marco Delmastro! Experimental Particle Physics! 19!

refractive index! dielectric constant!

Cherenkov radiation
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Cherenkov angle from HMPID : pPb

j.nima.2014.05.031
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Combined PID : ITS+TPC+TOF+HMPID
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Nuclear Physics A 904–905 (2013) 162c–169c 

Figure 2: The PID performance of the ALICE detector. The figure shows the ITS dE/dx vs p, the TPC dE/dx vs p, the
TOF β vs p, and the HMPID Cherenkov angle vs p.

residual misalignment and miscalibration between the TPC and ITS were taken into account by
adding the corresponding terms to the covariance matrix at the boundary between the TPC and
ITS. At low momentum the relative momentum resolution σ(pT)/pT is dominated by multiple
scattering. Due to the small material budget (10% of a radiation length between the vertex and
the outer wall of the TPC) the relative resolution is approximately 1% at pT ∼ 1 GeV/c. At
high transverse momenta the resolution increases linearly and reaches approximately 10% at
pT = 50 GeV/c for the data sample used in the presented analyses. The momentum resolution
estimate from the covariance matrix was verified with the help of cosmic muons events and the
width of the invariant mass peaks of the Λ and K0S particles. From the study of these invariant
mass distributions as a function of pT, we assigned a systematic error of 20% to the pT resolution.
An important requirement for the measurement of primary charged particles is an excel-

lent resolution of the impact parameter with respect to the primary vertex, as shown in Fig. 1
(right). This allows for a good separation of primary and secondary particles [12]. The data
points are in good agreement with the Monte Carlo simulation and range from around 200 µm at
pT = 300 MeV/c for pions to around 35 µm at pT = 5 GeV/c independent of the particle species.
Charged particles are identified in the broad momentum range of 100 MeV/c up to 20 GeV/c.

The upper value is determined by the statistics used in the current analyses, but given the actual
detector performances, the reach potentially extends up to 50 GeV/c. The PID is performed
by various detector systems exploiting almost all known techniques for particle identification.
Overlap in the momentum coverage allows for independent crosschecks [13].
The particle identification of the ITS and the TPC are based on the measurement of the

momentum and the specific energy loss per unit path length dE/dx. For a particle with a given
momentum the dE/dx depends only on its charge and mass. The functional dependence of the

M. Ivanov / Nuclear Physics A 904–905 (2013) 162c–169c164c

Figure 3: Left: identified particle spectra for the 0-5% most central Pb–Pb collisions, compared to RHIC data and
hydrodynamic models [13]. Right: thermal fit to integrated yields in Pb–Pb 0-20% centrality. K∗0 and φ results were
excluded from the fit ([19, 25]).

specific energy loss on particle momenta is shown as lines in Fig. 2 (upper row).
Particle identification via dE/dx is not unambiguous. As shown in Fig. 2, the crossing point

for π/K at around 1 GeV/c and for K/p at around 2 GeV/c is visible in the TPC dE/dx curve.
Therefore, the particle identification via dE/dx is supplemented by additional PID techniques.
PID in the TOF is based on the measurement of particle velocity. Here, a 3σ kaon/proton

separation power can be achieved up to 4 GeV/c. The reach of the hadron identification can be
further extended by the detection of Cherenkov radiation in the High Momentum Particle Iden-
tification Detector (HMPID), where a 3σ kaon/proton separation power can be achieved up to
5 GeV/c. At higher momenta statistical unfolding can be used in regions with limited separation
power. Furthermore, the pT reach of identified hadrons is extended using the relativistic rise in
the energy loss measurement in the TPC up to pT ∼ 50 GeV/c [24].
Strange and multi-strange hadrons, as well as γ-conversions are identified via topological

methods based on their decays: Λ→ p + π, K0s → π+ + π−, Ξ− → π− + Λ and Ω− → K− + Λ.
Resonances are reconstructed via their hadronic decay channels: φ→K− +K+ and K∗0→K+ + π−
[25].

3. Results

Results presented in this section are for Pb–Pb collisions at √sNN = 2.76 TeV recorded by
ALICE in 2010. Yields of π±, K±, p and p̄ at mid-rapidity (|y| <0.5) are compared to previous
RHIC measurements at √sNN = 200 GeV and to expectations from the hydrodynamicmodels in
Fig.3 . The pT distributions are harder than previously measured at RHIC and are well described
by hydro-inspired blast wave model with a collective radial flow velocity 〈βT〉 = 0.65 ± 0.02 and
kinetic freeze-out temperature Tkin = 95 ±10 MeV. Radial flow velocity is ∼10% higher than at

M. Ivanov / Nuclear Physics A 904–905 (2013) 162c–169c 165c



Anti Alpha Observation

v 4 candidates for anti-alpha (PID using TPC and TOF)

Weilin Yu -- Bari TRD Workshop -2022

11/10/22 ALICE-India School 1-12 Nov 2022 32

Nuclear Physics A
Volumes 904–905, 2 May 2013, 
Pages 547c-550c
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Muon PID
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The ALICE forward muon spectrometer will study the complete spectrum of heavy quarkonia (J/Ψ, Ψ′, ϒ, ϒ′, ϒ′′) via their
decay in the µ+µ– channel. The spectrometer acceptance covers the pseudorapidity interval 2.5 ≤ η ≤ 4 and the
resonances can be detected down to zero transverse momentum. The invariant mass resolution is of the order of 70 MeV
in the J/Ψ region and about 100 MeV close to the ϒ. These values allow to resolve and measure individually all five
resonance states.

The main components of the spectrometer are shown on the following sketch.

The front absorber suppresses all
particles except muons coming from
the interaction vertex. It is made of
carbon and concrete in order to limit
the multiple scattering and the
energy loss of the muons. The inner
beam shield protects the chambers
from background originating from
particles at small angles. It is made
of tungsten, lead and stainless steel
to minimize the background arising
from primary particles emitted in the
collision and from their showers
produced in the beam pipe and in
the shield itself. 

The tracking system is made of 10 cathode pad/strip chambers arranged in 5 stations of 2 chambers each. The spatial
resolution should be better than 100 mm and all the chambers are made of composite material (< 3% X0 per chamber) to
minimize the scattering of the muons in order to obtain the required resolution. To limit the occupation rate to a maximum
of 5% the full set of chambers has more than 1 million channels.

The trigger system is designed to
select heavy quark resonance
decays. The selection is made on
the pt of the two individual muons.
The 4 planes of RPCs (Resistive
Plate Chambers) arranged in
2 stations and positioned behind a
passive muon filter provide the
transverse momentum of each µ.
The spatial resolution should be
better than 1 cm. Special front-end
electronics have been designed to
obtain the time resolution of 2 ns necessary for the identification of the bunch crossing. 

The dipole magnet is positioned at about 7 m from the interaction vertex and it is one of the biggest warm dipoles in the
world (free gap between poles ≈ 3 m, height of the yoke ~ 9 m). The magnetic field (Bnom = 0.7 T, 3 Tm field integral) is
defined by the requirements on the mass resolution.

The ALICE Forward muon spectrometer

ALICE Dimuon Spectrometer

Hard, penetrating probes, such as heavy quarkonium states, provide an
essential tool to study the early and hot stage of heavy-ion collisions. In
particular they are expected to be sensitive to Quark-Gluon Plasma
formation. In the presence of a deconfined medium (i.e. QGP) with high
enough energy density, quarkonium states are dissociated because of
colour screening. This leads to a suppression of their production rates. 
At the high LHC collision
energy, both the
charmonium states
(J/Ψ and Ψ′) as well as
the bottomonium states
(ϒ, ϒ′ and ϒ′′) can be
studied. The Dimuon
spectrometer is
optimized for the
detection of these
heavy quark
resonances.

Absorber

Magnet

B

x y

x y

Tracking
chambers

Trigger
chambers

Filter

Physics programme

Heavy quarkonia

The production of all the quarkonia from the Ψ and ϒ families will be
studied:

• as a function of the centrality, to identify suppression/enhancement
patterns;

• as a function of pt, to disentangle QGP models;
• with respect to the reaction plane (determined with other ALICE
detectors, e.g. the PMD) to unravel Glauber and comover absorption;

• for different colliding nuclei (e.g. Pb-Pb and Ar-Ar) to investigate the
dependence of quarkonia yields as a function of the system size;

• for p-p and p-nucleus (or d-nucleus or α-nucleus) to establish a
reference for nucleus-nucleus.

Open Charm and Beauty

In the dimuon invariant mass spectrum, the quarkonia signals will be sitting on top of a continuum mainly coming from
open charm and bottom decay. This opens the possibility of studying the production of open charm and beauty in parallel
with the one of heavy quarkonia. It is relevant because:

• open charm and beauty represent the most natural normalization of the quarkonia signals; 
• measurements of open flavours cross-sections are expected to shed light on production mechanisms for heavy
quarkonia other than direct hard-scattering.
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Run conditions and statistics

The following data taking scenario is at present foreseen in the first LHC years:

• p-p runs at √s = 14 TeV at L = 3 1030 cm–2 s–1

• Pb-Pb runs at L = 1027 cm–2 s–1

• Ar-Ar runs at L = 1027 cm–2 s–1

• p-A or d-A or α-A runs at L = 1031 cm–2 s–1

In addition to this program, later options will be considered depending on the outcome of the first years.
With the luminosities quoted above, the number of J/Ψ (ϒ) expected to be recorded in 106 s of data taking (i.e. about one
month) is expected to be of the order of several hundred thousands (several thousands) both for Pb-Pb and Ca-Ca central
collisions as well as for p-p collisions. For the ϒ, an excellent signal to background ratio (typically of the order of 10) is
expected.

Dipole Magnet

Resistive Plate Chamber for the trigger
system

Slats of the large chambersQuadrant of the small chambers

Geometry Monitoring System

Basic principle of the Dimuon spectrometer: an absorber to filter the background, a set 
of tracking chambers before, inside and after the magnet and a set of trigger chambers.

Front-end electronic board designed for the trigger chambers.

Mass spectrum.
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The ALICE forward muon spectrometer will study the complete spectrum of heavy quarkonia (J/Ψ, Ψ′, ϒ, ϒ′, ϒ′′) via their
decay in the µ+µ– channel. The spectrometer acceptance covers the pseudorapidity interval 2.5 ≤ η ≤ 4 and the
resonances can be detected down to zero transverse momentum. The invariant mass resolution is of the order of 70 MeV
in the J/Ψ region and about 100 MeV close to the ϒ. These values allow to resolve and measure individually all five
resonance states.

The main components of the spectrometer are shown on the following sketch.

The front absorber suppresses all
particles except muons coming from
the interaction vertex. It is made of
carbon and concrete in order to limit
the multiple scattering and the
energy loss of the muons. The inner
beam shield protects the chambers
from background originating from
particles at small angles. It is made
of tungsten, lead and stainless steel
to minimize the background arising
from primary particles emitted in the
collision and from their showers
produced in the beam pipe and in
the shield itself. 

The tracking system is made of 10 cathode pad/strip chambers arranged in 5 stations of 2 chambers each. The spatial
resolution should be better than 100 mm and all the chambers are made of composite material (< 3% X0 per chamber) to
minimize the scattering of the muons in order to obtain the required resolution. To limit the occupation rate to a maximum
of 5% the full set of chambers has more than 1 million channels.

The trigger system is designed to
select heavy quark resonance
decays. The selection is made on
the pt of the two individual muons.
The 4 planes of RPCs (Resistive
Plate Chambers) arranged in
2 stations and positioned behind a
passive muon filter provide the
transverse momentum of each µ.
The spatial resolution should be
better than 1 cm. Special front-end
electronics have been designed to
obtain the time resolution of 2 ns necessary for the identification of the bunch crossing. 

The dipole magnet is positioned at about 7 m from the interaction vertex and it is one of the biggest warm dipoles in the
world (free gap between poles ≈ 3 m, height of the yoke ~ 9 m). The magnetic field (Bnom = 0.7 T, 3 Tm field integral) is
defined by the requirements on the mass resolution.

The ALICE Forward muon spectrometer

ALICE Dimuon Spectrometer

Hard, penetrating probes, such as heavy quarkonium states, provide an
essential tool to study the early and hot stage of heavy-ion collisions. In
particular they are expected to be sensitive to Quark-Gluon Plasma
formation. In the presence of a deconfined medium (i.e. QGP) with high
enough energy density, quarkonium states are dissociated because of
colour screening. This leads to a suppression of their production rates. 
At the high LHC collision
energy, both the
charmonium states
(J/Ψ and Ψ′) as well as
the bottomonium states
(ϒ, ϒ′ and ϒ′′) can be
studied. The Dimuon
spectrometer is
optimized for the
detection of these
heavy quark
resonances.

Absorber

Magnet

B

x y

x y

Tracking
chambers

Trigger
chambers

Filter

Physics programme

Heavy quarkonia

The production of all the quarkonia from the Ψ and ϒ families will be
studied:

• as a function of the centrality, to identify suppression/enhancement
patterns;

• as a function of pt, to disentangle QGP models;
• with respect to the reaction plane (determined with other ALICE
detectors, e.g. the PMD) to unravel Glauber and comover absorption;

• for different colliding nuclei (e.g. Pb-Pb and Ar-Ar) to investigate the
dependence of quarkonia yields as a function of the system size;

• for p-p and p-nucleus (or d-nucleus or α-nucleus) to establish a
reference for nucleus-nucleus.

Open Charm and Beauty

In the dimuon invariant mass spectrum, the quarkonia signals will be sitting on top of a continuum mainly coming from
open charm and bottom decay. This opens the possibility of studying the production of open charm and beauty in parallel
with the one of heavy quarkonia. It is relevant because:

• open charm and beauty represent the most natural normalization of the quarkonia signals; 
• measurements of open flavours cross-sections are expected to shed light on production mechanisms for heavy
quarkonia other than direct hard-scattering.
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Run conditions and statistics

The following data taking scenario is at present foreseen in the first LHC years:

• p-p runs at √s = 14 TeV at L = 3 1030 cm–2 s–1

• Pb-Pb runs at L = 1027 cm–2 s–1

• Ar-Ar runs at L = 1027 cm–2 s–1

• p-A or d-A or α-A runs at L = 1031 cm–2 s–1

In addition to this program, later options will be considered depending on the outcome of the first years.
With the luminosities quoted above, the number of J/Ψ (ϒ) expected to be recorded in 106 s of data taking (i.e. about one
month) is expected to be of the order of several hundred thousands (several thousands) both for Pb-Pb and Ca-Ca central
collisions as well as for p-p collisions. For the ϒ, an excellent signal to background ratio (typically of the order of 10) is
expected.

Dipole Magnet

Resistive Plate Chamber for the trigger
system

Slats of the large chambersQuadrant of the small chambers

Geometry Monitoring System

Basic principle of the Dimuon spectrometer: an absorber to filter the background, a set 
of tracking chambers before, inside and after the magnet and a set of trigger chambers.

Front-end electronic board designed for the trigger chambers.

Mass spectrum.

Nuclear Physics A 00 (2021)
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g-p0 Detection
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Electromagnetic Showers

Reminder:

X0

Dominant processes 
at high energies ...

Photons	 :   Pair production
Electrons	:   Bremsstrahlung
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[X0: radiation length]
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Absorption 
coefficient:

After passage of one X0 electron
has only (1/e)th of its primary energy ...
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Electromagnetic showers!

Marco Delmastro! Experimental Particle Physics! 32!

Electromagnetic shower in PHOS and EMCAL for 
photons and electrons
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ALICE setup for 2010

35

4/11 EMCAL
Dj=40°, |h|<0.7

0

1

2
345

6

7

9

8

11
12 13 14

15

17

0

1
2

3

4

1610

3/5 PHOS
Dj=60°, |h|<0.12

Full TPC+ITS
Dj=360°, |hTPC|<0.9, |hITS|<1.2
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Calorimeters: PHOS and EMCAL
PHOS EMCAL
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g-p0 discrimination
Three regions of analysis

well separated 
clusters
è invariant mass 
analysis

< 15 GeV/c in EMCal
< 30 GeV/c in PHOS

merged clusters
not spherical
è shower shape analysis

5 - 40 GeV/c in EMCal 
30 - 100 GeV/c in PHOS

increasing pT

Opening angle << 1 cell
all p0’s at this energy are 
in jets 
è isolation cut

> 40 GeV/c only method in 
EMCal

11/10/22
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p0 reconstruction via invariant mass

→ effect of the HI environment:  efficiency decreases (<10%)
→ measurement with more than 10% efficiency up to 15 GeV/c

ef
fic
ie
nc
y

only EMCAL
● single particles
○ + HI

p0

ev
en
ts

g1 g2 invariant mass (GeV)

s/mp= 11 %
p0:E=9 GeV

simulation: single particles+HI
only EMCAL
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Particle identification with the calorimeters
• Different particles produce showers of 

different shapes.
• One of the most sentitive parameter is the main 

axis of the shower ellipse l0
• Identification probability of photons in pp collisions 

close to 90%, in PbPb around 60-70%
• Overlap of p0 decay photons can be rejected in 

PHOS for 30<E<100 GeV and in EMCal for 5<E<40 
GeV.

l0 l1

l20

50 GeV 70 GeV
g

p0

g

p0

l20

PHOS

l20

EMCal

g

p0

g

p0

ALICE-INT-2005-016, ALICE PPR vol II

l20
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pT (GeV/c)pT (GeV/c)

g-p0 discrimination in EMCal: Shower Shape Analysis

g identified as g
g identified as p0

Uniform g and p0 distributions, weighted to match 
INCNLO predictions

identified g: l02 < 0.25
identified p0: l02 > 0.25

PI
D

 e
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p0 as p0

p0 as g

p+p

PI
D

 e
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Pb+Pb

g identified as g

g identified as p0

p0 as p0

p0 as g
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Direct photon x-section in Pb-Pb using PHOS 
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Phys. Lett. B 754 (2016) 235-248



Photon Multiplicity detector (PMD)
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FOCAL detector to be installed in the similar acceptance to that of the PMD

CERN-LHCC-99-32, CERN-OPEN-2000-184



FoCal (ALICE FOrward
CALorimeter) 
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small-x physics 

3.5< η <5.5
7.0m from IP

FOCAL Lecture : Ganesh Tambave
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Summary

• An overview of PID techniques used in ALICE is given
• PID for charged tracks :
• PID for neutral particles :

ALICE analysis and PID lecture : Prottay Das
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C. Zampolli : Incontri di Fisica delle Alte Energie – IFAE 27-29 Aprile, 
2011, Perugia

11/10/22 ALICE-India School 1-12 Nov 2022 45

Italo-Hellenic School of Physics 2006
The Physics of LHC: theoretical tools and experimental challenges

Palazzo Giuseppe Palmieri
Martignano, Grecìa Salentina (Lecce, Italy)
June 12-18, 2006

Particle Identification
experimental challenges

Olav Ullaland
PH Department, CERN

Italo-Hellenic School of Physics 2006
The Physics of LHC: theoretical tools and experimental challenges

Palazzo Giuseppe Palmieri
Martignano, Grecìa Salentina (Lecce, Italy)
June 12-18, 2006

Particle Identification
experimental challenges

Olav Ullaland
PH Department, CERN

For details : TDR of the respective detector contain complete 
picture of the detector principle and proposed capabilities

Marco Delmastro! Experimental Particle Physics! 1!

particle!physics!
Experimental 

3. 

particle interactions !
in particle detectors 

lots of material borrowed from the excellent course of H.-C. Schultz-Coulon!
http://www.kip.uni-heidelberg.de/~coulon/Lectures/Detectors/!
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Particle Identification in STAR :  Chitrasen Jena

Many contents and slides taken from : 

ALICE references : 



ALICE TPC Upgrade

13/10/2022 Particle Identification at STAR               Chitrasen Jena  28

Ø ALICE upgrade is to exploit the increased Pb–
Pb luminosity delivered by the LHC
A minimum-bias interaction rate of up to 50 kHz

Ø Replacement of the MWPC-based readout 
chambers by Gas Electron Multipliers (GEMs)

Ø GEM detectors arranged in stacks containing 
four GEMs each, and continuous readout 
electronics based on the SAMPA chip 

Ø The selected gas, Ne-CO2-N2 (90-10-5) 
provides robustness against primary 
discharges.

Ø Upgrade of the ALICE TPC was completed in 
2020.
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