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The ALICE Experiment 2

Forward detectors

• V0, T0, ZDC…

• Trigger

• Centrality selection

• Event-plane reconstruction

Muon spectrometer, -4<η<-2.5

• Open heavy flavours and quarkonia

• W/Z bosons

• Low mass resonances

EM calorimeters, |η|<0.7

• EMCal, DCal and PHOS

• Neutral particle PID

• High-pT electrons

• Jets…

Central barrel, |η|<0.9

• Tracking, vertexing and PID



The ALICE Experiment 3

Forward detectors

• V0, T0, ZDC…

• Trigger

• Centrality selection

• Event-plane reconstruction

Muon spectrometer, -4<η<-2.5

• Open heavy flavours and quarkonia

• W/Z bosons

• Low mass resonances

EM calorimeters, |η|<0.7

• EMCal, DCal and PHOS

• Neutral particle PID

• High-pT electrons

• Jets…

Di-jet Calorimeter (DCal)

• New for RUN-II

• Extent back-to-back di-jet 
acceptance

Central barrel, |η|<0.9

• Tracking, vertexing and PID
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ALICE performance

Specific energy loss dE/dx versus

particle momentum in the TPC

→ anti 4He observed directly

Combined dE/dx and TOF

methods offer π/K/p separation

up to high momenta

ALI-PUB-72522

 ALICE, Int.J.Mod.Phys. A29 (2014) 1430044

●Central Barrel:

tracking and PID in |h|<1

●Muon arm:

reconstruction in -4<η<-2.5

ψ and Υ measurements down to p
T
=0

ALICE-PUBLIC-2015-004

Dimuon invariant 

mass distribution 

reconstructed 

in the muon 

spectrometer, 

p
T
-integrated

Vertexing

di-muon

ALI-PUB-72522ALI-PUB-72522ALI-PUB-72522

• Efficient low-pT tracking — down to 150 MeV/c
• Excellent particle identification — anti-3He observed directly, hadron, lepton and 

photon identification up to high momenta
• Excellent vertexing capabilities (heavy flavours, V0, cascades, conversions)
• Forward muon spectrometer: J/ψ and Υ reconstruction down to pT = 0
• Precise event characterization (for both Pb-Pb collisions and small systems)

ALICE Int.J. Mod. Phys. A29 (2014) 1430044

ALICE-PUBLIC-2015-008 ALICE Phys. Rev. C91 (2015) 064905

Pb-Pb
p-Pb



• Pb–Pb: properties of the QCD medium

• p–Pb: Cold nuclear matter effects

• pp: reference for p–Pb and Pb–Pb, onset of collectivity?

Data Collection in LHC RUN-II 5

Collision System Pb–Pb p–Pb pp

Year 2015 / 2018 2016 2015 - 2018
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-1bµDimuon: 241 

-1bµCentral UPC: 139 
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-1: 8.3 pb

T
Dimuon and single muon high-p

-1: 0.47 pb
T

Single muon low-p
-1High multiplicity: 3.5 pb

-1CALO high threshold: 3.5 pb
-1CALO low threshold: 0.36 pb

-1: 2.3 pbγPHOS 
-1Double gap: 0.29 pb

-1Minimum bias: 0.011 pb

ALI-PERF-112665

Fast cluster in p-Pb data sets

• The 2016 p-Pb data collected with the FAST cluster active

06/03/17 DPG - ALICE Week Mar 2017 9

• Difference between MB-FAST and MB-
CENT is SDD (slowest detector in Alice) 
– When SDD is BUSY the event is 

collected without SDD
– MB-FAST contains all MB triggers both 

with and without SDD
– MB-CENT are the events with SDD (sub-

sample of FAST)
• About 50% of the events are without 

SDD for LHC16q and LHC16t
• For LHC16r and LHC16s the FAST cluster 

was activated only in few runs

• Three reconstructions preformed:
– pass1_CENT_wSDD: all events in the CENT cluster, i.e. with SDD in the readout, 

reconstructed including SDD in the tracking 
– pass1_CENT_woSDD: all events in the CENT cluster, i.e. with SDD in the readout, 

reconstructed excluding SDD from the tracking 
– pass1_FAST: all events that are only in the in the FAST cluster (and not in the 

CENT), i.e. without SDD in the readout

p–Pb 2016

pp 2016

Pb–Pb 2015



• Pb–Pb: properties of the QCD medium

• p–Pb: Cold nuclear matter effects

• pp: reference for p–Pb and Pb–Pb, onset of collectivity?

Data Collection in LHC RUN-II 6
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Fast cluster in p-Pb data sets

• The 2016 p-Pb data collected with the FAST cluster active
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• Difference between MB-FAST and MB-
CENT is SDD (slowest detector in Alice) 
– When SDD is BUSY the event is 

collected without SDD
– MB-FAST contains all MB triggers both 

with and without SDD
– MB-CENT are the events with SDD (sub-

sample of FAST)
• About 50% of the events are without 

SDD for LHC16q and LHC16t
• For LHC16r and LHC16s the FAST cluster 

was activated only in few runs

• Three reconstructions preformed:
– pass1_CENT_wSDD: all events in the CENT cluster, i.e. with SDD in the readout, 

reconstructed including SDD in the tracking 
– pass1_CENT_woSDD: all events in the CENT cluster, i.e. with SDD in the readout, 

reconstructed excluding SDD from the tracking 
– pass1_FAST: all events that are only in the in the FAST cluster (and not in the 

CENT), i.e. without SDD in the readout

Pb–Pb 2015

p–Pb 2016

pp 2016

LHC RUN-II: various triggers for physics diversity, higher collision energy 
and data taking luminosity than RUN-I 



Charged-Particle Multiplicity 7

ALI-PUB-104920

ALICE 
Pb–Pb at 
5.02 TeV

• ALICE: Pb–Pb at 5.02 TeV — highest energy so far

• For 0–5% most central collisions, confirms trend from lower energies

• <dNch/dη> vs. <Npart>: ~20% increase going from 2.76 to 5.02 TeV

• Provides further constraints for models

SMI – STEFAN MEYER INSTITUTE 

WWW:OEAW.AC.AT/SMI 

INITIAL ENERGY DENSITY

Michael Weber (SMI), VCES 2016, 02.12.2016 13

ALI-PUB-104920

Centrality dependence of hdNch/dhi in Pb–Pb at
p

sNN = 5.02 TeV ALICE Collaboration

Centrality hdNch/dhi hNparti 2
hNparti hdNch/dhi

0–2.5% 2035 ± 52 398 ± 2 10.2 ± 0.3
2.5–5.0% 1850 ± 55 372 ± 3 9.9 ± 0.3
5.0–7.5% 1666 ± 48 346 ± 4 9.6 ± 0.3
7.5–10% 1505 ± 44 320 ± 4 9.4 ± 0.3
10–20% 1180 ± 31 263 ± 4 9.0 ± 0.3
20–30% 786 ± 20 188 ± 3 8.4 ± 0.3
30–40% 512 ± 15 131 ± 2 7.8 ± 0.3
40–50% 318 ± 12 86.3 ± 1.7 7.4 ± 0.3
50–60% 183 ± 8 53.6 ± 1.2 6.8 ± 0.3
60–70% 96.3 ± 5.8 30.4 ± 0.8 6.3 ± 0.4
70–80% 44.9 ± 3.4 15.6 ± 0.5 5.8 ± 0.5

Table 1: The hdNch/dhi and 2
hNparti hdNch/dhi values measured in |h | < 0.5 for eleven centrality classes. The

values of hNparti obtained with the Glauber model are also given. The errors are total uncertainties, the statistical
contribution being negligible.

losses due to physical processes like absorption and scattering, which may result in a charged particle
not creating a tracklet. The fractions of active pixels in the inner and outer SPD layers were about 85%
and 97.5%, respectively. The estimated combinatorial background amounts to about 18% in the most
central (0–2.5%) and 1% in the most peripheral (70–80%) centrality classes. A correction of about 2%
for contamination by secondaries from weak decays is applied based on the same simulation.

Several sources of systematic uncertainty were investigated. The centrality determination introduces an
uncertainty via the fitting of the V0 amplitude distribution to the hadronic cross-section, due to the con-
tamination from electromagnetically induced reactions at small multiplicity. The fraction of the hadronic
cross-section (10%) at the lowest multiplicity, where the trigger and event selection are not fully efficient
and the contamination is non-negligible, was varied by an uncertainty of ±0.5%. This uncertainty was
estimated by varying NBD-Glauber fitting conditions and by fitting a different centrality estimator, based
on the hits in the SPD. The uncertainty from the centrality estimation results in an uncertainty of 0.5%
for central 0–2.5% collisions, increasing in the more peripheral collision classes, reaching 7.5% for the
70–80% sample, where it is the largest contribution. Conversely, the uncertainty due to the subtraction of
the background is largest for the central event sample, where it is about 2%, and becomes smaller as the
collisions become more peripheral, amounting to only 0.2% for the 70–80% event class. This uncertainty
is estimated by using an alternative method where fake hits are injected into real events.

All other sources of systematic uncertainty are independent of centrality. The uncertainty resulting from
the subtraction of the contamination from weak decays of strange hadrons is estimated, from the tuned
MC simulations, to amount to about 0.5% by varying the strangeness content by ±30%. The uncertainty
due to the extrapolation down to zero pT is estimated to be about 0.5% by varying the number of particles
below the 50 MeV/c low-pT cut-off by ±30%. An uncertainty of 1% for variations in detector acceptance
and efficiency was evaluated by carrying out the analysis for different slices of the z-position of the
interaction vertex distribution and with subsamples in azimuth.

Other effects due to particle composition, background events, pileup, material budget and tracklet selec-
tion criteria were found to be negligible. The final systematic uncertainties assigned to the measurements
are the quadratic sums of the individual contributions, and range from 2.6% in central 0–2.5% collisions
to 7.6% in 70–80% peripheral collisions, of which 2.3% and 7.5%, respectively, are centrality dependent
and 1.2% are centrality independent.

The results for hdNch/dhi are shown in Table 1. In order to compare bulk particle production at different
energies and in different collision systems, specifically for a direct comparison to pp and pp collisions,

4

•  In central Pb-Pb collisions (5 TeV): 
� dN/dη ∼ 2000
� Energy density (ε ∼ 18 GeV/fm3) 

above deconfinement transition                  
(~1 GeV/fm3)

•  Caveat: only necessary not sufficient 
condition for QPG

11Estimate of energy density from dN/dη

Central collisions

arXiv:1202.3233

● System undergoes rapid evolution

● Using 1 fm/c as an upper limit 
for the time needed to “thermalization”

● Leads to densities above the 
transition region (also for AGS)

– However, only necessary not sufficient condition for QPG

Bjorken, PRD 27 (1983) 140

Bjorken estimate:

ALICE, Phys. Rev. Lett. 116 (2016) 222302

dN/dη

SMI – STEFAN MEYER INSTITUTE 
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INITIAL ENERGY DENSITY

Michael Weber (SMI), VCES 2016, 02.12.2016 13
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estimated by varying NBD-Glauber fitting conditions and by fitting a different centrality estimator, based
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the background is largest for the central event sample, where it is about 2%, and becomes smaller as the
collisions become more peripheral, amounting to only 0.2% for the 70–80% event class. This uncertainty
is estimated by using an alternative method where fake hits are injected into real events.
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tion criteria were found to be negligible. The final systematic uncertainties assigned to the measurements
are the quadratic sums of the individual contributions, and range from 2.6% in central 0–2.5% collisions
to 7.6% in 70–80% peripheral collisions, of which 2.3% and 7.5%, respectively, are centrality dependent
and 1.2% are centrality independent.
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•  In central Pb-Pb collisions (5 TeV): 
� dN/dη ∼ 2000
� Energy density (ε ∼ 18 GeV/fm3) 

above deconfinement transition                  
(~1 GeV/fm3)

•  Caveat: only necessary not sufficient 
condition for QPG

11Estimate of energy density from dN/dη

Central collisions

arXiv:1202.3233

● System undergoes rapid evolution

● Using 1 fm/c as an upper limit 
for the time needed to “thermalization”

● Leads to densities above the 
transition region (also for AGS)

– However, only necessary not sufficient condition for QPG

Bjorken, PRD 27 (1983) 140

Bjorken estimate:

ALICE, Phys. Rev. Lett. 116 (2016) 222302

dN/dη

Phys. Rev. D27 (1983) 140

• Central Pb–Pb collisions at 5.02 TeV

• dN/dη ~ 2000

• Energy density ε ~18 GeV/fm3 above 
deconfinement transition (~1 GeV/fm3)ALICE Phys. Rev. Lett. 116 (2016) 222302
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ALI-PREL-122594

First net particle moments at the LHC

4

‣ Critical reference for RHIC program! 
‣ Ratios of moments can be compared with Lattice QCD calculations

Anar Rustamov Wed 2pm

x = Nparticle �Nanti-particle

2(x) = hx2i � hxi21(x) =< x >

2(x) =< x

2
> � < x >

2

2(Skellam) = 1(p) + 1(p)

• Net-Baryon fluctuations: expressed as (ratio of) cumulants which can be compared 
with lQCD predictions — particularly interesting for studies of QCD phase diagram



Net-Baryon Moments 9
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• Net-Baryon fluctuations: expressed as (ratio of) cumulants which can be compared 
with lQCD predictions — particularly interesting for studies of QCD phase diagram

• First measurement at LHC energies — critical reference for RHIC program



Identified Particle Production 10
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• Particle identification with different techniques: ITS, TPC, TOF and HMPID

• Topological identification of Kaons from kinks

• Mass dependent hardening of particle spectra with increasing centrality



Bulk Profiles 11
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ALI-PREL-122512

• Simultaneously fit the K, π and proton 
spectra with Boltzmann-Gibbs Blast-
Wave model

• Simplified hydrodynamics model with 
three parameters

• <βT> — mean radial expansion velocity

• Tkin — kinetic freeze-out temperature

• n — velocity profile

In Pb–Pb collisions at 5.02 TeV

• Fit quantity similar to that at 2.76 TeV

• Blast-Wave parameters follow the trend obtained at lower energy

• For the most central collisions

➡ Largest the radial flow ever observed in heavy-ion collisions
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• Simultaneously fit the K, π and proton 
spectra with Boltzmann-Gibbs Blast-
Wave model

• Simplified hydrodynamics model with 
three parameters

• <βT> — mean radial expansion velocity

• Tkin — kinetic freeze-out temperature

• n — velocity profile

Blast-Wave parameters in small systems (pp and p–Pb)

• Similar features as observed in Pb–Pb collisions

• With increasing multiplicity — larger <βT>, smaller Tkin

• Higher <βT> for smaller collision systems at comparable 
multiplicity

• Does not exclude hydro-like collective behavior
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• Quantify anisotropy: Fourier decomposition of particle azimuthal distribution 
relative to the reaction plane (ΨRP) — coefficients v2, v3, v4… vn

• Elliptic flow (v2): spatial anisotropy — pressure gradients lead to momentum 
anisotropy — hydrodynamics

• Higher order flow: bring additional constraints on the initial conditions, η/s, 
EoS, freeze-out conditions…

Collective expansion: Anisotropic flow

Luciano Ramello Physics in Collisions 2016 – Quy Nhon, Vietnam 19

• Basic idea: space anisotropy of initial fireball
Ömomentum anisotropy in final hadron
distributions

Figures courtesy F. Prino

Reaction plane xz

directed flow 
coeff. v1

elliptic flow 
coeff. v2

Several methods to extract vn: event plane, cumulants…
… each with different systematics from ‘non-flow’

vn =< cosn('� RP) >
Azimuthal Anisotropy 

•  Reaction plane: plane containing beam direction and centers of nuclei 
•  Anisotropy of particle emission 
•  Quantify anisotropy: Fourier decomposition of azimuthal distribution (w.r.t 

reaction plane): coefficients v2, v3, v4,…,vn 

•  Hydrodynamic description: spatial anisotropy ! momentum anisotropy 
–  Larger pressure gradients ! more particles emitted in plane (“elliptic flow”) 
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• Basic idea: space anisotropy of initial fireball
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distributions

Figures courtesy F. Prino

Reaction plane xz

directed flow 
coeff. v1

elliptic flow 
coeff. v2

Several methods to extract vn: event plane, cumulants…
… each with different systematics from ‘non-flow’



Azimuthal Anisotropy 14
  

n
v 

0.05

0.1

0.15 5.02 TeV
|>1}η∆{2, |2 v

|>1}η∆{2, |3 v

|>1}η∆{2, |4 v

{4}2 v

{6}2 v

{8}2 v

2.76 TeV
|>1}η∆{2, |2 v

|>1}η∆{2, |3 v

|>1}η∆{2, |4 v

{4}2 v

5.02 TeV, Ref.[27]
|>1}η∆{2, |2 v

|>1}η∆{2, |3 v

ALICE Pb-Pb Hydrodynamics

(a)

0 10 20 30 40 50 60 70 80

R
a
tio

  

1

1.1

1.2  
/s(T), param1η
/s = 0.20η

(b)

Hydrodynamics, Ref.[25]2 v 3 v 4 v

Centrality percentile
0 10 20 30 40 50 60 70 80

R
a
tio

  

1

1.1

1.2

(c)

ALI−PUB−105790
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• pT-integrated values indicate an 
increase with collision-energy 
attributed to the increase in <pT>

• Good agreement with 
hydrodynamical calculations

• Measurements support a low value 
for η/s ratio ~0.2
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• Improvements over RUN-I: kinematic range is extended
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• Improvements over RUN-I: kinematic range is extended

• Higher precision of φ-meson v2 measurement
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• Improvements over RUN-I: kinematic range is extended

• Higher precision of φ-meson v2 measurement

• Low pT (<2 GeV/c): follows a mass ordering, indicative of strong radial flow
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• Improvements over RUN-I: kinematic range is extended

• Higher precision of φ-meson v2 measurement

• Low pT (<2 GeV/c): follows a mass ordering, indicative of strong radial flow

• Intermediate pT (3<pT<8 GeV/c): type dependence



• Improvements over RUN-I: kinematic range is extended

• Higher precision of φ-meson v2 measurement

• Low pT (<2 GeV/c): follows a mass ordering, indicative of strong radial flow

• Intermediate pT (3<pT<8 GeV/c): type dependence — kET/nq scaling
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Feb 8th, 2017

3.2264d0

You Zhou (NBI) @ QM2017, Chicago 10

V NL
n = �V m

2,3

V L
n

Vn

❖ ρ: ratio of  vn,m and vn:

• probes the correlations between different order flow symmetry planes

• Similar with previous “event-plane correlations” 

❖ χmn : non-linear response coefficient

�422 =
v4,22p
hv42i

�523 =
v5,32p
hv22 v23i

�6222 =
v6,222p
hv62i

�633 =
v6,33p
hv43i

⇢422 =

v4,22
v4{2}

⇡ hcos(4 4 � 4 2)i

⇢532 =

v5,32
v5{2}

⇡ hcos(5 5 � 3 3 � 2 2)i

⇢6222 =

v6,222
v6{2}

⇡ hcos(6 6 � 6 2)i

⇢633 =

v6,33
v6{2}

⇡ hcos(6 6 � 6 3)i

L. Yan et al,
PLB744 (2015) 82

J. Qian et al,
PRC 93, 064901 (2016)

Non-linear mode-coupling

Vn = V L
n + V NL

n

V4 = V L
4 + �422v

2
2

V5 = V L
5 + �532v3v2

• High harmonic flow is modeled as the sum of linear and non-linear terms

• Linear response: expected to correspond to the same order eccentricity

• Non-linear response: corresponds to lower order initial eccentricities

• χ442 — insensitive to η/s but sensitive to initial conditions

• χ532 — weak sensitive to initial conditions, vary significantly with η/s
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❖ ρ: ratio of  vn,m and vn:

• probes the correlations between different order flow symmetry planes

• Similar with previous “event-plane correlations” 

❖ χmn : non-linear response coefficient
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Non-linear mode-coupling

Vn = V L
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n
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4 + �422v

2
2
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5 + �532v3v2

• High harmonic flow is modeled as the sum of linear and non-linear terms

• Linear response: expected to correspond to the same order eccentricity

• Non-linear response: corresponds to lower order initial eccentricities

• χ442 — insensitive to η/s but sensitive to initial conditions

• χ532 — weak sensitive to initial conditions, vary significantly with η/s

Provided new and stronger constraints on understanding hydro 
properties of the QGP medium
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• Confirmed again non-zero v2 of open heavy flavour in semi-central collisions

• RAA of muon from heavy-flavour decays at forward rapidity — little energy 
dependence

• Higher precision measurements of RAA and v2 of open heavy flavours in 
RUN-II — needed for strong model constraints

RAA(pT) =
dNAA/dpT

< TAA > d�pp/dpT
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• Moderate broadening in ∆φ, while much larger broadening in ∆η

• Hint of strong interaction of jets with the medium

ALICE
arXiv:1609.06643
arXiv:1609.06667
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• Moderate broadening in ∆φ, while much larger broadening in ∆η

• Hint of strong interaction of jets with the medium

• AMPT without melting but with hadronic scattering describes data better than 
other options — describes both peak broadening and depletion in data

• Depletion and broadening result from interplay of jets and collective 
medium, driving factor for depletion and broadening is radial flow

AMPT 0-10% Data 0-10%

ALICE
arXiv:1609.06643
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• ALICE LHC RUN-II: 5~10 x data taking rate than RUN-I

• Net-baryon fluctuations: critical reference for study of QCD phase diagram

• Identified particle production

• The largest radial flow ever observed in heavy-ion collisions

• Can not exclude hydro correlations at high multiplicity in small systems

• Anisotropic flow: support a low value for η/s (~0.2)

• Flow harmonic correlations: new constraint on understand hydro properties 
of the QCD medium

• Heavy flavour production: higher precision measurements , strong constraint 
on the RAA and v2 puzzle observed in RUN-I

• Jet peak depletion and broadening — interplay of jets and collective medium


