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Before 
LS1

After 
LS1

LS1 activities
● Complete TRD detector 
(+5 Supermodules)

● Install DCal calorimeter 
(8 Supermodules) 
Including support structure and beams

● Install 1 PHOS Supermodule 
● Replacement of the whole DAQ/HLT
● New readout for the TPC 
(factor of 2 faster)

● New readout for calorimeters
● Upgrade of the trigger
● Numerous detector 
consolidation efforts

● Upgrade of infrastructure: 
● UPS replacement and electrical 

infrastructure consolidation;
● EN-CV: P2 chilled water upgrade (+60% 

power); 
● EN-CV: L3 ventilation upgrade (+60% flow)
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● Complete TRD detector 
(+5 Supermodules)

● Install DCal calorimeter 
(8 Supermodules) 
Including support structure and beams

● Install 1 PHOS Supermodule 
● Replacement of the whole DAQ/HLT
● New readout for the TPC 
(factor of 2 faster)

● New readout for calorimeters
● Upgrade of the trigger
● Numerous detector 
consolidation efforts

● Upgrade of infrastructure: 
● UPS replacement and electrical 

infrastructure consolidation;
● EN-CV: P2 chilled water upgrade (+60% 

power); 
● EN-CV: L3 ventilation upgrade (+60% flow)

Many activities!
On track to begin 

recommissioning in the summer
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New physics results
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Submitted papers since last LHCC
1) Elliptic flow of identified hadrons in Pb-Pb collisions at √s

NN
 = 2.76 TeV. 

arXiv:1405.4632
2) K*(892)^0 and PHI(1020) production in Pb-Pb collisions at √s

NN
 = 2.76 TeV

arXiv:1404.0495
3) Azimuthal anisotropy of D meson production in Pb-Pb collisions at √s

NN
 = 2.76 TeV. 

arXiv:1405.2001
4) Neutral pion production at midrapidity in pp and Pb-Pb collisions at √s

NN
 = 2.76 TeV. 

arXiv:1405.3794
5) Suppression of Υ(1S) at forward rapidity in Pb-Pb collisions at √s

NN
 = 2.76 TeV. 

arxiv:1405.4493
6) Freeze-out radii extracted from three-pion cumulants in pp, p-Pb and Pb-Pb collisions at the LHC. 

arXiv:1404.1194
7) Transverse momentum dependence of inclusive primary charged-particle production in p-Pb collisions 

at √s
NN

 = 5.02 TeV. arXiv:1405.2737

8) Suppression of ψ(2S) production in p-Pb collisions at √s
NN

 = 5.02 TeV. 
arXiv:1405.3796

9) Measurement of prompt D-meson production in p-Pb collisions at √s
NN

 = 5.02 TeV. arxiv:1405.3452

10)Measurement of visible cross sections in proton-lead collisions at √s
NN

 = 5.02 TeV in van der Meer 
scans with the ALICE detector. arXiv:1405.1849

11)Measurement of electrons from semileptonic heavy-flavor hadron decays in pp collisions at 
√s

NN
 = 2.76 TeV. arXiv1405.4117

12)Beauty production in pp collisions at √s
NN

 = 2.76 TeV measured via semi-electronic decays. 
arXiv:1405.4144
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● Topics: 
– Properties of the hot and dense QCD matter;

– Signatures of collective behavior in small systems;

● ALICE contributions: 32 oral presentations, 80 posters. 

https://twiki.cern.ch/twiki/bin/view/ALICEpublic/QM2014
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New results from 
Pb-Pb collisions
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Collective flow

π  K p φ Λ Ξ Ω

● Spatial anisotropy → anisotropy in momentum space
● v

2
 constrains properties deconfined phase

● Final goal: extract η/s of hot dense medium
● v

2
{SP} measured for π+−, K+-, K0, p, φ, Λ, Ξ, Ω

● Mass ordering → attributed to common radial expansion velocity

arXiv:1405.4632
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Collective flow
● Spatial anisotropy → anisotropy in momentum space
● v

2
 constrains properties deconfined phase

● Final goal: extract η/s of hot dense medium
● v

2
{SP} measured for π+−, K+-, K0, p, φ, Λ, Ξ, Ω

● Mass ordering → attributed to common radial expansion velocity
● φ meson behaves like a baryon
● Mass drives the v

2
 and spectra and not number of quark constituents

π  p φ

arXiv:1405.4632
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Energy loss: heavy flavor
● Nuclear modification and path length dependence of charm

→ R
AA

 and v
2
 of D mesons in 30-50% centrality class

● Out-of-plane: longer path length → more suppression
● Non-zero v

2
 for 2<p

T
<6 GeV/c (5 σ) 

→ charm quarks participating in collective evolution of system?

arXiv:1405.2001
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Why p-Pb collisions?
● Cold nuclear matter effects

– Base line measurement

● First measurements: signs of collective effects
– Double ridge

– Non-zero v
2
 + mass ordering in v

2

● High multiplicity p-Pb, similar to Pb-Pb.
Is there a link between p-Pb and Pb-Pb?

pp

p-Pb

Pb-Pb

PLB 719 (2013) 29-41 PLB 726 (2013) 164-177
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Source radius
● Femtoscopic radius: 

size of source at freeze-out
● Why measure the source radius?

→ initial conditions alone
                       vs 
    hydrodynamic evolution 

● p-Pb similar to pp

ALICE: arXiv:1404.1194
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Source radius
● Femtoscopic radius: 

size of source at freeze-out
● Why measure the source radius?

→ initial conditions alone
                       vs 
    hydrodynamic evolution 

● p-Pb similar to pp

● p-Pb reproduced by GLASMA 
model with 

– initial conditions from saturation

– hydrodynamic evolution in p-Pb

● Pb-Pb can only be reproduced with 
hydro-dynamical phase GLASMA model: Schenke & Venugupolan. 

arXiv: 1405:3605

ALICE: arXiv:1404.1194
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Baryon-to-meson ratio
● Inclusive Λ/K0 ratio enhanced at intermediate p

T

● Within a jet: Λ/K0 ratio consistent with pp expectation
→ enhancement originates from underlying event

● High p
T
: inclusive and jet consistent

inclusive

JET

inclusive

JET
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Nuclear modification: PID
● Comparison of particle spectra in p-Pb and pp

● R
pA

 enhanced at intermediate p
T
 

● Only for “heavier” particles: p, Ξ
● Enhancement is flow-like

00

R
p

P
b

Protons & pions Kaons Ξ

All charged 
particles
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Hard Probes R
pPb

● Do hard probes scale with the number of binary collisions (N
coll

)?
● Nuclear modification factor in p-Pb

● Consistent with unity for
– High p

T
 charged particles

– Jets



ALICE LHCC status reportMarta Verweij 17

Hard Probes R
pPb

arXiv:1405.3452

● Do hard probes scale with the number of binary collisions (N
coll

)?
● Nuclear modification factor in p-Pb

● Consistent with unity for
– High p

T
 charged particles

– Jets

– D mesons
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Hard Probes R
pPb

● Do hard probes scale with the number of binary collisions (N
coll

)?
● Nuclear modification factor in p-Pb

● Consistent with unity for
– High p

T
 charged particles

– Jets

– D mesons

– Electrons from beauty
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Hard Probes R
pPb

● Do hard probes scale with the number of binary collisions (N
coll

)?
● Nuclear modification factor in p-Pb

● Consistent with unity for
– High p

T
 charged particles

– Jets

– D mesons

– Electrons from beauty

– Muons from heavy flavour

● Control experiment: suppression in Pb-Pb final state effect
● 5 TeV pp reference needed for high precision
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Hard Probes R
pPb

● Do hard probes scale with the number of binary collisions (N
coll

)?
● Nuclear modification factor in p-Pb

● Consistent with unity for
– High p

T
 charged particles

– Jets

– D mesons

– Electrons from beauty

– Muons from heavy flavour

– W bosons

● Control experiment: suppression in Pb-Pb final state effect
● 5 TeV pp reference needed for high precision
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“Centrality” in p-Pb
● In p-Pb: large fluctuations relative to number of participants.

Induces biases:
– Multiplicity fluctuations

– Geometric

– Jet-veto

● Glauber+PYTHIA = incoherent 
superposition of nucleon-nucleon

● If by absence of nuclear effects 
R

pA
 not 1: Use Q instead of R

Q
pA

: nuclear modification for specific 
event activity class

Glauber + PYTHIA
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“Centrality” in p-Pb
● In p-Pb: large fluctuations relative to number of participants.

Induces biases:
– Multiplicity fluctuations

– Geometric

– Jet-veto

● Event selection based on 0-degree 
Pb-going neutron energy
→ minimizes bias

● Assume: 
Mid rapidity dNch/dη ~ Npart 

● Consistent results
– Flat Q

pPb
 at high p

T
 for 

all event activity classes
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Quarkonia

ALICE
PHENIX

arXiv:1311.0214

J/ψ



ALICE LHCC status reportMarta Verweij 25

J/ψ: p-Pb vs Pb-Pb

Pb-Pb

R
pPb

 backward: consistent with unity → anti-shadowing at Pb-going side
R

pPb
 forward: suppression due to shadowing, p

T
 dependence

p-Pb
Pb

p

Pb-p: -4.46<y
CMS

<-2.96
p-Pb: 2.03<y

CMS
<3.53

p-Pb data taking: 
2 beam configurations

Pb

p
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J/ψ: p-Pb vs Pb-Pb

Pb-Pb

p-Pb x Pb-p

R
pPb

 backward: consistent with unity → anti-shadowing at Pb-going side
R

pPb
 forward: suppression due to shadowing, p

T
 dependence

R
pPb

xR
Pbp

: proxy for cold nuclear matter effects in Pb-Pb
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J/ψ: p-Pb vs Pb-Pb

Pb-Pb

p-Pb x Pb-p

R
pPb

 backward: consistent with unity → anti-shadowing at Pb-going side
R

pPb
 forward: suppression due to shadowing, p

T
 dependence

R
pPb

xR
Pbp

: proxy for cold nuclear matter effects in Pb-Pb
Pb-Pb: stronger suppression at high p

T
 → not initial state effect

Increase of R
PbPb

 at low p
T
 suggests contribution from (re)combination
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ψ(2S) production in p-Pb
● ψ(2S) suppression stronger than for J/ψ
● Initial state cold nuclear matter effects 

the same for J/ψ and ψ(2S)
● Models unable to describe ψ(2S) 

measurement in Pb-going direction
● Final state effects?

arXiv:1405.3796

J/ψ  ψ(2S)

R
pPb

 vs y
CMS

R
pPb

 vs p
T

R
pPb

 vs event activity
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The ALICE plan
● Heavy-ion data from RUN1:

● Future
– RUN2: Complete the originally approved heavy ion program 

● 1 nb-1 for Pb-Pb collisions, with improved detectors and double energy
● pp reference running: rare triggers, unbiased reference samples (MB)
● Another p-Pb run given the exciting results of the first one

Requested by all experiments: 10 times current statistics

– RUN3+4: 10 nb-1 with major detector upgrades
● Operate ALICE at high rate preserving unique tracking and PID

● Improvement in vertexing capability and tracking a low p
T

year system energy 
√sNN TeV

integrated 
luminosity

2010 Pb – Pb 2.76 ~ 10 µb-1

2011 Pb – Pb 2.76 ~ 0.1 nb-1

2013 p – Pb 5.02 ~ 30 nb-1



ALICE upgrade
RUN 3+4 (after LS2)

● Focus on rare probes: study their coupling to the hot QCD 
medium and their (medium-modified) hadronization process

– Precision studies of charm and beauty mesons and baryons and 
quarkonia at low p

T

– Low mass lepton pairs and thermal photons

– γ-jet and dijets with particle identification in a large kinematic range

– Heavy nuclear states

● Low transverse momentum observables
– Not possible to trigger → need to examine large statistics

– Target:

● Pb-Pb recorded luminosity:        ≥ 10 nb-1    8 x 1010 events
● pp (5 TeV) recorded luminosity: ≥ 6 pb-1       1.4 x 1011 events

● Gain factor 100 over the statistics of the approved program 
( 50 kHz Pb-Pb continuous)
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ALICE upgrades for LS2
● Updated detectors, readout, trigger
● New ITS and TPC readout
● Increase data-taking rate by factor 100 ( 50kHz Pb-Pb continuous)
● Physics: heavy flavour, quarkonia, low-mass dileptons, (di-)jets

● TDRs in preparation: Online-Offline, Muon Forward Tracker

Fully approved Undergoing cost review With LHCC
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Summary
● Detailed study of collective signatures in Pb-Pb and p-Pb collisions

● ALICE detector on schedule of Run2
– Including new TRD modules, DCal, update DAQ/HLT, new readout

● ALICE LS2 upgrades in progress: will give access to rare probes

Pb-Pb

v
2
: mass ordering for light and 

strange hadrons
Spectral shape: driven by mass of 
particles in central collisions
D-mesons: significant flow. Charm 
quarks collective?

p-Pb
 

Λ /K0: enhancement at intermediate p
T
 

originates from UE and not the jet
→ collectivity?
ψ(2S) vs J/ψ R

pPb
: final state effects 

for low-x ψ(2S) production?
Centrality: non trivial due to large 
multiplicity fluctuations. 
ZN event activity classes using 
nucleons in Pb-going direction 
very promising
Hard probes: no cold nuclear matter 
effects observed
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backup
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Jet Structure in p-Pb
Ratio between jet 
spectra of different R 
→ probes jet structure

R=0.2

R=0.4

No modification of jet structure 
observed.

PYTHIA with angular ordering 
(AO) gives better description of 
data w.r.t. no AO

j
T
 = momentum component of 

charged constituents of jet
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Charged particle R
pPb

Yen-Jie Lee at QM14

● Comparison between LHC experiments

● Measurements agree within
large uncertainties

● Rising trend in CMS and 
ATLAS data, not visible for
ALICE data
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Comparison of spectra
p-Pb charged particle spectra

Ratio ALICE/CMS
pp reference spectra

Ratio ALICE/CMS

Accounts for 1/3 of the difference Accounts for 2/3 of the difference

Discrepancy mainly comes from pp reference
Yen-Jie Lee at QM14
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Comparison pp spectra

pp data at 2.76 and 7 TeV is 
used to interpolate to 5 TeV

Discrepancy present in pp 
2.76 and 7 TeV charged 
particle spectra

But, large statistical 
uncertainties for ALICE data

Yen-Jie Lee at QM14
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Y(1S) Pb-Pb
● Y(1S) strongly suppressed in Pb-Pb

 

● Stronger suppression and rapidity dependence than in transport model
– Stronger suppression of direct Y(1S)?

– Regeneration?

– Cold nuclear matter effects?
arXiv:1405.4493

R
AA

central < R
AA

peripheral R
AA

forward < R
AA

mid-rapidity
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π  K p φ Λ Ξ Ω

● Various centrality 
classes

● p
T
<2.5 GeV/c: 

mass ordering 

● p
T
>3 GeV/c: 

apparent grouping 
into mesons and 
baryons;
except φ

arXiv:1405.4632

Identified 
v

2
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Identified v
2
 vs model

● Comparison to VISHNU: initial state (MC-KLN) + 
hydrodynamic evolution (2+1D) + hadronic cascade (UrQMD)

– Mass ordering reproduced except Λ

– π, K good

– p underestimated; Λ, Ξ overestimated

– Used to extract η/s VISHNU:
Phys Rev C 89 034919

arXiv:1405.4632 Submitted to JHEP



ALICE LHCC status reportMarta Verweij 41

K*0 and φ
● K*0: short life time. Decay inside fireball. Decay products scatter 

→ K* escapes detection
● φ: long life time. Decay outside fireball.  

arXiv:1404.0495

Similar shape for baryon-
to-meson and meson-to-
meson ratio

p/φ ratio flat in central Pb-Pb
→ radial flow

Mass dependence → consistent with 
hydro-dynamic evolution

K*0 suppressed in central 
collisions → rescattering of 
decay products
φ production consistent with 
pp and thermal model
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π0 R
AA

 and correlations Pb-Pb
● Inclusive π0's: centrality dependent 

suppression R
AA

.
● π0-hadron correlation

– Per trigger away side suppression I
AA

– Sensitive to path length dependence of 
energy loss in medium

arXiv:1405.3794

Inclusive π0

π0-h 
correlation
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Energy loss: heavy flavor
● Nuclear modification and path length dependence of charm

→ R
AA

 and v
2
 of D mesons in 30-50% centrality class

● Out-of-plane: longer path length → more suppression
● Non-zero v

2
 for 4<p

T
<6 GeV/c (5 sigma) → thermal charm?

● Simultaneous model comparison
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Energy loss: heavy flavor
● Nuclear modification and path length dependence of charm

→ R
AA

 and v
2
 of D mesons in 30-50% centrality class

● Out-of-plane: longer path length → more suppression
● Non-zero v

2
 for 4<p

T
<6 GeV/c (5 sigma)

● Simultaneous model comparison
● v

2
 for heavy flavor electrons (from charm and beauty)
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D RAA vs event plane
● RAA measured for D mesons pointing in-plane and out-of-plane
● Comparison to models
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Shape of strongly interacting source
● Shape analysis of strongly interacting system at freeze-out

→ K
0s

−K
0s

 compared to π−π correlation

Radii larger for heavier particles. Well reproduced by model

M. Lisa et al, 
Ann.Rev.Nucl.Part.Sci. 55 (2005) 357-402
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RAA PID Pb-Pb
● Measurement of inclusive identified particle suppression
● Particle identification: combined information ITS, TPC, TOF, HMPID

 

● Low p
T
: mass dependent Cronin effect → radial flow + coalescence

● High p
T
: jet quenching, energy loss in hot medium. Equal for all 

particle species.
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Energy loss: jets

New preliminary results

● Strong jet suppression: out-of-cone radiation
– Reproduced by jet quenching MC JEWEL

● Jet v
2
 probes path length (L) dependence of energy loss

– Measured jet v
2
 consistent with 0 → no evidence for L dependence
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ARC (ALICE Run Control Center)

Renovation finished in May
PC and screen installation ongoing
Room will be used as from mid June, when DAQ is back
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