
  

ALICE Activities IN TRIESTE
A Large Ion Collider Experiment

Time Of Flight (TOF): 
 Particle identification via velocity 

measurement

Time Projection Chamber (TPC): 
 Global tracking
 Particle identification via dE/dx

Inner Tracking System (ITS) :
 Primary vertex
 Tracking
 Particle identification via dE/dx

ITS UPGRADE
 Aimed to replace ALICE ITS during the LHC Long Shutdown 2 in 2019/20
● Increase readout speed  Readout Pb-Pb collisions at 100 kHz→
● Improve impact parameter resolution

● Reduce pixel size: O(50 x 425 μm2)  O(30 x 30 μm→ 2)
● Reduce distance from the IP: 39 mm  23 mm→

● Reduce inner layers X0: ~1.14%  ~0.3%→
● Improve tracking efficiency at low pT

● All 7 layers with binary pixels

ITS requirements Inner Barrel Outer Barrel

Spatial resolution 5 μm 10 μm

Detection efficiency > 99 %

Fake hit rate < 10-6 pixel-1 event-1

Power density <300 mW cm-2 <100 mW cm-2

TID radiation hardness 2700 krad 100 krad

NIEL radiation 
hardness

1.7×1013  1 MeV neq cm-

2
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Diffusion

Drift

TowerJazz 180 nm CMOS imaging sensor process
● Deep p-well shielding n-well allowing in-pixel 

PMOS
● More complex in-pixel circuitry

● High-resistivity (> 1 k  cm) p-type epitaxial layer Ω
(18 to 30 μm) on p-type substrate

● Substrate bias  Increase of depletion volume→
● Larger charge collected by seed pixel
● Lower input capacitance  better S/N ratio→
● Short collection time
● Better non-ionising radiation tolerance

Beam Test Results
● DETECTION EFFICINCY● Spatial resolution
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Mass = 2.991 GeV/c2 B
Λ
 = 0.13 ± 0.05 MeV 

● Signal extracted in 3 pt bins for 2 centrality 
classes:
➢The measured yield is in agreement with 

equilibrium thermal model expectations 
➢The measured lifetime is smaller w.r.t. the free  Λ

one  

Lifetime ~ 263 ps

3
Λ
H is the lightest known hypernucleus and is formed by (p,n,Λ).

ANALYSIS ACTIVITIES
Hypernuclei Production

Computing

https://webint.ts.infn.it/ricerca/exp/alice/alice-its/welcome.html

LIGHT NUCLEI Elliptic Flow

E
d3 N
dp3 =

1
2π

d2 N
pT dpT dy (1+∑

n=1

∞

2vn cos (n (ϕ−Ψ {n } ) ))
v n= ⟨cos (n (ϕ−Ψ {n } ) ) ⟩

Angular distribution of reconstructed 
charged particles can be expanded into a 
Fourier series w.r.t. symmetry plane           :Ψ {n }

ALICE Collaboraton: PLB 754, 360 (2016)

Production of Resonances

Measurement of D-mesons Production

FEMTOSCOPY

The Large Hadron COllider
The Large Hadron Collider (LHC) is a synchrotron built 100 meters 
underground at the border of Switzerland and France able to 
accelerate pp, p-Pb and Pb-Pb. It has a circumference of 27 km and is 
instrumented with 8-Tesla superconducting magnets, providing the 
bending power to orbit 13 TeV protons in opposite directions. 

 Blast-Wave vs. Coalescence:
➢deuteron v2 follows the mass ordering 
➢a Blast-Wave (red curve) parameterization obtained from lower mass species can describe the 

deuteron v2 reasonably well
➢a simple coalescence model (magenta band) is not able to reproduce the measured v2

● Hadronic resonances decay under the strong interaction 
with lifetimes of the same order of magnitude as that of the 
fireball created in Pb-Pb collisions.

● After chemical freeze-out resonances decay and can 
undergo re-scattering and regeneration depending on:
● lifetime of the hadronic phase
● lifetime of resonances
● scattering cross-section of the decay products

● Key measurements:
● Resonance yields and ratios to long-lived particles vs. centrality 
● Spectra down to low transverse momentum (pT)
● Resonances with different lifetimes

● Heavy flavours as a probe of the Quark-Gluon Plasma:
● Heavy flavours (i.e. charm and beauty quarks) are produced in 

the initial stages of the collision:
➢ Heavy-flavours production time:  tprod  < h/mc(b) ~ 0.1(0.4) fm/c
➢ Quark-Gluon Plasma formation time at LHC [1]: tform ~ 0.3 

fm/c
● Heavy flavours experience the whole system evolution 

interacting with the medium constituents 

Femtoscopy is based on the measurement of the two-particle 
correlation function:

Sensitive to the size of particle emission region and their final 
state interactions:
● Exploring interactions relatively which are unknown with 

femtoscopy!

CPU 10000 kHS06 - 10 TFlops 84 WN’s  790 cores
2.7 TB RAM

DISK 300 TBn + 400 TBn GPFS + EOS FS

TAPE
 

80/160 TBn (HSM) 
40/80 TBn (Backup) 

Quantum Scalar i2000 
(LTO4/LTO3)

NET Storage
8 Gb/s Fibre Channel

Ethernet
1 – 10 Gb/s 

● Prof. Rinaldo Rui(rinaldo.rui@ts.infn.it )
● Dott. Stefano Piano (stefano.piano@ts.infn.it) 

For  informations:
● Prof. Paolo Camerini (paolo.camerini@ts.infn.it)
● Prof. Giacomo- Vito Margagliotti (giacomo.margagliotti@ts.infn.it)

http://webint.ts.infn.it/ricerca/exp/alice.html
http://df.units.it/?q=it/node/3167

The ALICE Collaboration has built a dedicated detector to exploit the unique physics potential of nucleus-
nucleus collisions at LHC energies. Its aim is to study the physics of strongly interacting matter at the 
highest energy densities reached so far in the laboratory. In such condition, an extreme phase of matter - 
called the quark-gluon plasma - is formed. 

Our universe is thought to have been in such a primordial 
state for the first few millionths of a second after the Big Bang. 
The properties of such a phase are key issues for Quantum 
Chromo Dynamics, the understanding of confinement-
deconfinement and chiral phase transitions. 

For this purpose, we are carrying out a comprehensive study 
of the hadrons, electrons, muons and photons produced in the 
collisions of heavy nuclei. 

ALICE is also studying proton-proton and proton-nucleus 
collisions both as a comparison with nucleus-nucleus 
collisions and in their own right. 

● The ALICE experiment has originally 
been designed as a relatively low-
rate experiment: this will not be the 
case anymore for the Run 3 that is 
scheduled to start in 2019: expected 
rate ~100 kHz

● A part of ALICE upgrade includes 
major improvements in the 
computing side of the experiment:

●  we are involved in the development 
of a virtual infrastructure based on  
Cloud  Computing for the parallel 
data  analysis  of the ALICE 
experiment
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