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Motivation
� Investigate properties  of nuclear 

matter at high temperature and 
density

� Important input for the understanding 
confinement and chiral symmetry 
restoration (transition from quark to 
hadronic matter)

� < 10-6 s after Big Bang
� Explore QCD in unknown regimes →

study QCD phase diagram
� We should search for QGP phase and 

measure its properties
� LHC gives us the great opportunity 

via heavy ion collisions
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Observables

� Global observables
� Flow, temperature
� Measures bulk properties

� Hard probes
� high pT hadrons, heavy 

flavour, jets
� Produced early in collision
� Probe partonic energy loss 

in the medium
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ALICE detector

Central Tracking System:
• ITS + TPC
• Very high resolution
• |η| < 0.9,   0 < φ < 2π
Vertex:
• Pixel

Particle ID:
• CTS, TRD, TOF, HMPID

Calorimeters:
• EMCAL, PHOS

Muon Arm:
• -4 < η < -2.5

Trigger:
• Minimum Bias = SPD + V0
• MUON = Muon Arm + MB
• RARE triggers

Centrality:
• ZDC,V0 (resolution ~ 1ns)

± 114 m
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Collaboration:
36 countries
131 institutes
>1200 members



Tracking in ALICE

Charged track reconstruction in |η| < 0.9
TPC + ITS
Low momentum tracking down to ~100 MeV/c
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High precision vertexing
High resolution of track impact parameter with ITS
Allows to decide: decay vertex of charm or beauty



Particle Identification

Almost all known techniques
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ITS

TPCTOF

TRD

HMPID

EMCAL

Statistical separation in 
the relativistic rise region



Data samples
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System Year Energy √√√√sNN
[TeV]

Integrated 
luminosity

Goal

Pb-Pb 2010 2.76 ~ 10 µb-1 Commissioning and the first data taking
Study of hot and dense QCD matter2011 2.76 ~ 100 µb-1

p-Pb 2012 5.02 ~ 0.8 µb-1 Check for cold nuclear matter effects
Test for initial state signatures (e.g. 
CGC – low x gluons saturation)

2013 5.02 ~ 15 nb-1

Pb-p 2013 5.02 ~ 15 nb-1

pp 2009 
-2013

0.9, 2.36,
2.76, 7, 8

Used as a reference for Pb-Pb, p-Pb
Commissioning



Centrality estimation in Pb-Pb
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� Centrality observables
� Charge particle multiplicity in VZERO
� Forward energy in ZDC
� SPD for systematics

� Number of particle sources
f × Npart + (1 - f) × Ncoll

� Number of particles produced by each source
given by Negative Binomial Distribution (µ, κ)

� Glauber model fits to cross-section
� 100% trigger efficiency
� Background is negligible
→ ~ 90% of total cross-section

with σINEL
NN = 64 ± 5 mb

<1% agreement (0-70%) Npart with Glauber fit
3.5 % for peripheral (>70%)

� Define centrality classes corresponding to 
fractions of the inelastic Pb-Pb cross-section

Phys. Rev. C 88, 044909 (2013)



“Centrality” in p-Pb
� Estimator: V0A

� In p-Pb: multiplicity in Pb hemisphere

� Multiplicity → geometry (Glauber)
� Number of binary collisions
� Large RMS → events with same Ncoll fall in 

different multiplicity classes

� Bias in binary scaling for multiplicity 
classes
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Pb (1.58 TeV)

p (4 TeV)

yCMS = 0.465 in the p-beam direction

Correlation between geometry and multiplicity 
is very weak!
For p-Pb we present results in                   
V0A multiplicity intervals



Bulk properties
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Particle multiplicity and system size

For √sNN=2.76 TeV Pb+Pb, 0-5% central, |η|<0.5
2 dNch/dη / <Npart> = 8.3 ± 0.4 (sys.)
for the most central collisions: ~ 1600 charged 
particles per unit of η
log extrapolation fails
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PRL105 (2010) 252301

Multiplicity ~ 2 x NRHIC
Energy density ~ 3 × εRHIC

PLB696 (2011) 328

Volume ~ 2 x VRHIC
Lifetime ~ 20 % longer than at RHIC

Volume at freeze out 
(2π)3/2 Rout Rside Rlong ~ 5000 fm3

Lifetime from collision to freeze out 
extracted from Rlong ~ 10 fm/c

Pb-Pb: Global properties I



Direct photon spectrum and particle species

� For 0-40% Pb-Pb at √sNN = 2.76 TeV
� Exponential fit for pT < 2.2 GeV/c 
⇒ inv. slope T = 304 ± 51 MeV
⇒ Initial temperature Tinit = 500-600 MeV
� “temperature” ~ 300 MeV → largest ever 

man-made 
� PHENIX: T = 221±19±19 MeV                   

for  0-20% Au-Au at √sNN = 200 GeV
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Pb-Pb: Global properties II

PRL 109, 252301 (2013)

PLB673,142 (2009)
PRC74,034903 (2006)

• Hadron species abundances 
described by thermal model 

• But “tension” for protons

• Proton yield does not follow 
the results from statistical 
hadronization model when 
assuming a common chemical 
freeze-out temperature



Flow

� Spatial asymmetry → pressure gradients     
→ momentum anisotropy

� To quantify the asymmetry:
→ Fourier expansion of the angular 
distribution:

� in the central detector region (~ 90º) → v1 ~ 0 
→ asymmetry quantified with v2
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Pb-Pb: Global properties III

...)2cos(2)cos(21 21
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Larger flow than at RHIC
For anisotropic flow: larger pT integrated v2
For radial flow: 10% larger expansion 
velocity
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Blast Wave: PRC48,2462 (1993)
VISH2+1: PRC 84,044903 (2011)
HKM: JPG38,124059 (2011),arXiv:1204.5351
Krakow: PRC85,034901 (2012)

20% - 30% 
centrality class



Identified particle vn

� Identified particle elliptic flow
� Mass ordering at low pT described by 

hydrodynamics
� Particle species dependence persists up 

to pT=8 GeV/c

� Small increase of flow in 
comparison to  RHIC
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Pb-Pb: Global properties IV

PLB 719,18 (2013)

J. Phys. G 38 (2011) 124114



Charm Quarks Flow

� D meson v2>0
� Similar v2 as pions
� Charm quarks also flow:

� At low pT due to the initial 
spatial anisotropy

� At high pT due to energy loss
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Pb-Pb: Global properties V

PRL 111,102301 (2013)



p-Pb news
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Hadron-hadron correlations in p-Pb

Effect can be explained by 
both hydro and CGC
Bozek et al., PLB718,1557 (2013)
Dustling et al., PRD87,094034 
(2013)
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p-Pb

High multiplicity Low multiplicity High – Low multiplicity

Double ridge 
structure = long-
range angular 
correlations in the 
near and away side

P
LB

719,29 (2013)

near side away side



Double ridge studies

� Mass ordering at low pT
� Crossing at pT≈2GeV/c
� Silimar to Pb-Pb
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p-Pb

h - π,K,p correlations
PLB 726 (2013) 164

Low 
multiplicity

High 
multiplicity



HF decay e± – h correlations

Double ridge seen also in the 
correlation of heavy flavour decay 
electrons with hadrons
⇒ mechanism responsible for 
double ridge also works for heavy 
flavours
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p-Pb



Identified particles pT spectra

� Spectra becomes harder with 
multiplicity

� Effect increases with the mass 
of the particle
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p-Pb

PLB 728 (2014) 25

Blast-Wave: PRC 48,2462 (1993)
EPOS LHC: arXiv:1306.0121 [hep-ph]
Krakow: PRC 85,014911 (2012)
DPMJET: arXiv:hep-ph/0012252

High multiplicity

Low multiplicity

Models including hydrodynamics 
give a better description of the 

spectra



Barion to meson ratio

� Similar evolution of barion/meson ratio vs. pT with multiplicity in Pb-Pb and p-Pb
collisions
� Enhancement at intermediate pT

� Pb-Pb results understood in term of collective radial expansion and hadronization via quark 
recombination

� Different magnitude of the effect on p-Pb and Pb-Pb
� Medium effect disappears  at large pT

� In a given pT bin the ratio as a function of dNch/dη follows a power law with the same exponent  in p-Pb
and Pb-Pb

228-10 January 2014, XX Cracow Epiphany Conference       Adam Matyja

p-Pb

PRC 88,044910 (2013)



Jet quenching
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Nuclear Modification Factor

� Judges medium effect
� RAA=1 → no modification
� Suppression observed in Pb-Pb 

collisions
� Centrality dependent
� Energy loss

� p-Pb result indicates that 
suppression is a final state 
effect
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PRL 110, 082302 (2013) 

Charged hadrons



Suppression of π/K/p

� Equal suppression for pions, kaons and protons for pT > 8 GeV/c
⇒ Particle composition at high pT not affected by the medium
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Identified hadrons



Heavy flavours

� Suppression of all prompt D meson 
yield

� No conclusion on expected 
enhancement of DS/D at low pT
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Identified hadrons

� Consistent with unity

� Consistent with models that 
include CNM effects (CGC, 
shadowing)

More in Cristina Bedda talk

FONLL: JHEP0407,033 (2004)
EPS09:JHEP0904,065 (2009)
CGC:arXiv:1308.1258



Hierarchy in energy loss?
� Expectation from radiative energy loss: ∆Eg > ∆Eu,d,s > ∆Ec > ∆Eb

� Could be reflected in hierarchy of RAA: RAA(B) > RAA(D) > RAA(π)
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Identified hadrons

RAA(D) ~ RAA(π)
(but different fragmentation and pT spectra)

RAA(B) > RAA(D)
(but different fragmentation and pT spectra)



J/ψ

� J/ψ less suppressed at low pT
than at high pT

� Different pT dependence of RAA
at RHIC and LHC
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Identified hadrons

arXiv:1308.6726Submitted to arXiv p-PbPb-Pb

� RpPb = 1 for Pb going side 
(backward)

� Suppression observed at forward 
and mid rapidity

� Rapidity dependence 
qualitatively described by models

� CGC less favored

arXiv:1301.3395
arXiv:1304.2221

arXiv:1212.0434



Jet cross-section in pp √sNN=2.76

� Reference for Pb-Pb data
� Ratio is a sensitive observable to jet broadening
� Hadronization is needed to describe data
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Reconstructed jets

PLB 722, 4 (2013)



Jets in Pb-Pb

� Unique low pT range
� Strong suppression of jet yield in most central collisions
� Ratio of jet cross-sections compatible with fragmentation in vacuum (PYTHIA)

� Sensitive to the profile of jet energy density
� No evidence of jet shape modification in jet core
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Reconstructed jets



Jets in p-Pb

� Nuclear modification factor consistent with unity within 
uncertainties

� Jet structure ratio consistent with pp one (different 
energies)

� No CNM effect observed
� Comparison hadrons to jets 

→ Binary scaling holds
→ Apple to pinaple comparison
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F Antinori - EMMI Workshop - LBNL - 20 November 2013

31

Reconstructed jets



Summary

� Small sample of ALICE results was presented
� Significant progress in QCD matter studies  in Pb-Pb collisions

� bulk production shows the expected strongly collective medium similar to RHIC
� Strong suppression for hadrons, heavy flavours and jets observed
� Hints of flavour hierarchy in the QCD transition
� Jet quenching has little effect on hadr-chemistry and jet structure
� Hints of b/c energy loss difference
� v2 vs pT mass ordering

� p-Pb 
� More than just a control experiment
� No evidence of quenching, similar effect were found in pp high multiplicity collisions
� A symmetric ridge under the jet found in 2 particle correlations
� Jets are not quenched and are similar to pp jets

� There are a lot of analysis ongoing
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Thank you!
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BACKUP
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DCal

� Same towers as for 
EMCal, but shorter 
Super Modules in η

� Acceptance (including 
PHOS):
� ∆η = 1.4
� ∆φ = 60o

Experimental apparatus

DCal-1
DCal-2

DCal-3
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T – kinetic freeze out temperature= 0.12 GeV
K1,K2 – integer order modified Bessel functions
mπ - pion mass
kT =|pT1+pT2|/2
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HBT of 
identical 
pions
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D meson elliptic flow
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Double ridge structure p-Pb
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Identified particle spectra p-Pb
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RAA in p-Pb
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