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Part I: Introduction





















Part II: The ALICE apparatus





The L3 solenoid magnetic

➢ It creates a uniform 0.5 T magnetic field
➢ As heavy as the Eiffel tower



The TPC

➢ The Time Projection Chamber is the main ALICE detector
➢ It is the largest TPC in the world
➢ 500 Mega-voxel 3D digital camera -> takes ca. 1000 pictures per second



TPC working principle



TPC working principle

pT=qBr➢ Momentum measurement:



Particle identification with TPC 

➢ Particles are identified using their specific energy loss in the TPC gas 
volume

➢ Highest mass anti-nuclei observed with the current data sample: anti-4He



The Inner Tracking System (ITS)

Inner Tracking System (ITS)

➢ Barrel geometry detector

➢ Key detector for ALICE trigger 
system

➢ Measures global properties of the 
event: particle multiplicity



Inner Tracking System (ITS)

Pb-Pb

➢ 6 layers of silicon detectors with 
very high spatial resolution
➢ Locates the collision vertex and 

secondary vertices from heavy 
quark decays

➢ It also performs particle 
identification via linear energy 
loss, but less precise than TPC



The Time-of-Flight detector (TOF)



The Time-of-Flight detector (TOF)

➢ Measures the time of flight between the collision start and arrival at the detector
➢ In conjunction with the momentum measurement from tracking -> particle identification
➢ Time resolution: 100 psec



Particle identification using TOF

➢ Extends the particle identification of the TPC to higher momentum



In short...



We carefully prepare the experiment ...



We accelerate the frogs, sorry nuclei.



Et voilà!!!





Part III: Global properties of QGP





















Hadron correlations: elliptic flow (v
2
)









Part IV: “Hard” and electromagnetic probes



Quantifying medium effects
-nuclear modification factor-

p-Pb, ALICE PRL110(2013)082302               γ, CMS, PLB 710 (2012) 256
Pb-Pb, ALICE, Phys.Lett.B720 (2013)52       W±, CMS, PLB715 (2012) 66
Pb-Pb, CMS, EPJC (2012) 72                       Z0, CMS, PRL106 (2011) 212301

➢ Superposition of NN collisions → R
AA

=1
➢ Strong suppression for light hadrons observed 

at LHC in Pb-Pb collisions
➢ Weakly interacting particles are not affected by 

the QGP
➢ Photons, W± and Z0 bosons R

AA
 are compatible 

with 1

RAA=
d2 N AA /dpT dy

N coll×d2 N pp /dpT dy



Two-particle azimuthal correlations

➢ High momentum di-jets are created in hard interactions of the initial partons
➢ Tipically, one of the jets traverse a smaller path through the QGP and 

escapes, while the other can be quenched



Two-particle azimuthal correlations

➢ Test the strength of this effect using two-particle correlations



Two-particle azimuthal correlations

➢ Dissapearance of the associated particle is observed in nuclear collisions, 
while no effect is observed in pp and d-Au collisions.





Electromagnetic probes

➢ Low momentum photons and low mass 
di-leptons 
➢ Direct probe of the thermal radiation of 

the system via quark anti-quark 
annihilation

➢ Very clean information because of no 
re-interactions with the QCD medium 

T
ave

~2.2 x 1012 K

PHENIX



Electromagnetic probes

➢ Low momentum photons and low mass 
di-leptons 
➢ Direct probe of the thermal radiation of 

the system via quark anti-quark 
annihilation

➢ Very clean information because of no 
re-interactions with the QCD medium 

T = 304 ± 51 MeV
T

 
~3.0 x 1012 K

The highest temperature ever recorded!!!



Electromagnetic probes

➢ Low momentum photons and low 
mass di-leptons 
➢ Direct probe of the thermal 

radiation of the fireball
➢ Very clean information because 

of no re-interactions with the 
QCD medium 

Low mass di-electrons in PHENIX data

An excess is found at masses 
below 0.6-0.7 GeV/c2



Electromagnetic probes

➢ Z0, W±, high momentum photons
➢ No direct information on the QGP, but they act as standard candles for the 

nuclear modification effects: R
AA

=1



Quarkonium and the QGP

➢ Bound states of heavy quark anti-quark 
pairs, e.g. J/ψ, Υ

➢ Relatively large binding energy, e.g. for 
J/ψ is ~600 MeV



Quarkonium and the QGP

➢ Bound states of heavy quark anti-quark 
pairs, e.g. J/ψ, Υ

➢ Relatively large binding energy, e.g. for 
J/ψ is ~600 MeV

➢ The original idea: Matsui and Satz, PLB 
178 (1986) 416:
➢ In a deconfined medium with high 

density of color charges, the QCD 
analogue of the Debye screening can 
lead to quarkonium suppression

➢ No J/ψ if λ D<r J /ψ



Quarkonium and the QGP

➢ Bound states of heavy quark anti-quark 
pairs, e.g. J/ψ, Υ

➢ Relatively large binding energy, e.g. for 
J/ψ is ~600 MeV

➢ The original idea: Matsui and Satz, PLB 
178 (1986) 416:
➢ In a deconfined medium with high 

density of color charges, the QCD 
analogue of the Debye screening can 
lead to quarkonium suppression

➢ No J/ψ if 

➢ The Debye length in QGP is a function 
of temperature so J/ψ and the other 
quarkonium states act as a 
thermometer of the plasma

λ D<r J /ψ



Quarkonium in the QGP (re-generation)

➢ Melting ↔formation of quarkonium states
➢ Thews et al., PRC 63 (2001) 054905
➢ Transport models

➢ Enhancement of quarkonia states from 
qqbar pairs at the chemical freeze-out

➢ Open charm and quarkonia abundancies 
calculated assuming statistical 
hadronization.
➢ Braun-Munzinger and Stachel, PLB 490 (2000) 

196 

Nature 448 (2007) 302-309



The lower energy results

➢ Strong suppression observed in central collisions, as predicted by the 
Matsui and Satz



J/ψ at the LHC

➢ Clear J/ψ suppression seen for all centralities
➢ Indication of less suppression at mid-rapidity
➢ ALICE results show smaller suppression compared to lower energies 

(PHENIX) in central collisions



Inclusive J/ψ at the LHC

➢ Models which include (re)combination agree with the data.



J/ψ as a function of p
T

➢ Striking difference between LHC and 
RHIC at low-p

T

➢ “Smoking gun” for (re)combination ?

➢ Stronger suppression at LHC for 
high-p

T 
J/ψ's

➢ Negligible (re)combination expected 
in this kinematic range 

➢ Higher energy density at LHC at 
play 

➢ Good agreement between ALICE and 
CMS data



Bottomonia

➢ Suppression of Y(2S) and Y(3S) states w.r.t. Y(1S) in Pb-Pb already visible 
from the invariant mass spectra.

PRL109 (2012) 222301



Υ suppression

➢ Acceptance down to p
T
=0 for both CMS and ALICE 

➢ Strong centrality dependence for the R
AA

 of both Y(1S) and Y(2S)
➢ (Re)combination should have a much smaller effect  compared to charmonia

➢ R
AA

Y(3S)<R
AA

Y(2S)<R
AA

Y(1S) →sequential suppression of Y states
➢ No strong rapidity dependence within uncertainties

PRL109 (2012) 222301



Thank you for your attention!
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