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The year 2017
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25 Articles submitted for publication, 4 from Run 2, 21 from Run1 
and many many interesting preliminaries shown at QM, SQM, IS, EPS etc

1. Search for collectivity with azimuthal J/ψ-hadron correlations in high multiplicity 
p-Pb collisions at sNN = 5.02 and 8.16 TeV  
(PLB https://arxiv.org/abs/1709.06807 )

2. J/ψ elliptic flow in Pb-Pb collisions at sNN = 5.02 TeV
(PRL https://arxiv.org/abs/1709.05260 )
    

3. D-meson azimuthal anisotropy in mid-central Pb-Pb collisions at sNN=5.02 TeV
  (PRL https://arxiv.org/abs/1707.01005 )
    

4. Energy dependence of forward-rapidity J/ψ and ψ(2S) production in pp 
collisions at the LHC
   https://arxiv.org/abs/1702.00557 Eur. Phys. J. C 77 (2017) 392

5.Enhanced production of multi-strange hadrons in high-multiplicity proton–proton 
collisions.   https://arxiv.org/abs/1606.07424  Nature Physics 13, 535–539 (2017)

Many results from Run1 and Run 2, I will give some highlights.
I have selected only a few of the Run 1 and Run 2 results and preliminaries. 

https://arxiv.org/abs/1709.06807
https://arxiv.org/abs/1709.05260
https://arxiv.org/abs/1707.01005
https://arxiv.org/abs/1702.00557
https://arxiv.org/abs/1606.07424
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1. Hadronization, particle spectra and abundances

     

2. Collective Expansion

3. Hard Processes 
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 1. Hadronization, particle spectra and abundances
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Strangeness enhancement

Historically an enhanced production of strangeness was proposed as a signature of 
QGP in A-A collisions (PRL 48 (1982) 1066–1069)

Astrid Morreale Etretat 2017
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Strangeness enhancement

Enhancement  of strange particles with respect to  non-strange yield is  also 
observed for high multiplicity pp and p-Pb collisions

Nature Phys. 13 (2017) 535-539

● Smooth evolution of particle ratios with 
multiplicity

● Challenges universality and factorization of 
fragmentation (Fischer, Sjostrand, 
JHEP01(2017)140)

● Study of hadronization mechanisms

● Possible explanation: 
Multiple Parton Interactions? (MPI)

Astrid Morreale Etretat 2017



 

7

Strangeness enhancement

Enhancement  of strange particles with respect to  non-strange yield is  also 
observed for high multiplicity pp and p-Pb collisions

Nature Phys. 13 (2017) 535-539

● Smooth evolution of particle ratios with 
multiplicity

● Challenges universality and factorization of 
fragmentation (Fischer, Sjostrand, 
JHEP01(2017)140)

● Study of hadronization mechanisms

● Possible explanation: 
Multiple Parton Interactions? (MPI)

Astrid Morreale Etretat 2017



 

8

Strangeness enhancement

Enhancement  of strange particles with respect to  non-strange yield is  also 
observed for high multiplicity pp and p-Pb collisions

Nature Phys. 13 (2017) 535-539

● Smooth evolution of particle ratios with 
multiplicity

● Challenges universality and factorization of 
fragmentation (Fischer, Sjostrand, 
JHEP01(2017)140)

● Study of hadronization mechanisms

● Possible explanation: 
Multiple Parton Interactions? (MPI)

Astrid Morreale Etretat 2017



 

9

Strangeness enhancement

Enhancement  of strange particles with respect to  non-strange yield is  also 
observed for high multiplicity pp and p-Pb collisions

Nature Phys. 13 (2017) 535-539

● Smooth evolution of particle ratios with 
multiplicity

● Challenges universality and factorization of 
fragmentation (Fischer, Sjostrand, 
JHEP01(2017)140)

● Study of hadronization mechanisms

● Possible explanation: 
Multiple Parton Interactions? (MPI)

Astrid Morreale Etretat 2017



 

10

Strangeness Pb-Pb at √S
NN

 =5.02 TeV 

Run 2

-Pb-Pb ratios follow the trend from pp and p-Pb

-In Pb-Pb hadrons produced in apparent near thermal and chemical equilibrium

-The ratios of integrated yields seem to be saturating for higher values of 
dN

ch
/dη.

-Will pp and pPb also saturate? 

 EPS 2017 presentation
Astrid Morreale Etretat 2017

https://indico.cern.ch/event/466934/contributions/2588311/attachments/1492435/2320500/StrangenessProduction5TeV_EPS_HEP2017_v07.pdf
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Heavy flavor vs multiplicity: quarkonia

Run 2

Initial stages 2017 Presentation
Astrid Morreale Etretat 2017

Jana Crkovska

Tuesday’s Morning Session

-Charmonium production proceeds from hard initial processes and no 
strong correlations with event activity are expected

https://indico.cern.ch/event/578078/contributions/2659763/
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Heavy flavor vs multiplicity: quarkonia

Run 2

Initial stages 2017 Presentation
Astrid Morreale Etretat 2017

Jana Crkovska

Tuesday’s Morning Session

-Charmonium production proceeds from hard initial processes and no 
strong correlations with event activity are expected

Increase is not  linear: highlights importance of other physical processes:        
 MPI,  percolation effects,  color re-connection

https://indico.cern.ch/event/578078/contributions/2659763/
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Heavy flavor vs multiplicity

pp collisions

-Similar effects observed for D’s 

-Hadronization doesn’t seem to play
a role

Run 2

Astrid Morreale Etretat 2017

Massimiliano Marchisone

Wednesday’s Morning Session
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Heavy flavor vs multiplicity

pp collisions  p-Pb arXiv 1704.00274

Astrid Morreale Etretat 2017

-Similar effects observed for D’s 

-Hadronization doesn’t seem to play
a role
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Heavy flavor vs multiplicity

pp collisions  p-Pb arXiv 1704.00274

Mid-rapidity and Pb-going direction: 

-Qualitatively similar behaviour as in pp 
collisions

p-going direction: 
Saturation at high multiplicities (Bjorken-x 
range in the domain of shadowing / saturation)

Astrid Morreale Etretat 2017

-Similar effects observed for D’s 

-Hadronization doesn’t seem to play
a role



 Nuclei and hyper nuclei measurements

EPS Presentation

Production mechanism of compound objects

Thermal Model:

-Hadrons  are emitted from the interaction region in 
statistical equilibrium once the chemical freeze-out 
temperature is reached.

-Abundance of a species proportional to e-m/Tchem

-The large mass of Hyper nuclei gives a strong 
dependence on T

chem   

PLB697, 203(2011)

PRC21,1301 (1980)

16Astrid Morreale Etretat 2017

NB: Hyper nuclei, nuclei in which one or several p/n is replaced by a strange baryon

https://indico.cern.ch/event/466934/contributions/2588312/


  Hyper nuclei measurements

EPS Presentation 17

Run 2

New  ALICE result from Pb-Pb at 5.02 TeV is consistent to the free Λ prediction

        Hypertriton lifetime expected to be slightly below free Λ lifetime

This is one of the most precise measurements of hypertriton lifetime

Astrid Morreale Etretat 2017

https://indico.cern.ch/event/466934/contributions/2588312/


 2. Collective Expansion

18Astrid Morreale Etretat 2017



 Identified particle spectra

19

Run 2 Thermalization: pressure drives the expansion
-Particles move in a common velocity field
-Momentum distribution “blue-shifted”, mass ordering

 Radial flow boosts hadrons:
- low p

T
 : mass dependent slope, high p

T:
 common hardening of p

T
 spectra

-The spectra become harder for more central collisions
-The change is most pronounced for heavier particles: effect of radial flow

Initial Stages 2017 Presentation

Pb-Pb √S
NN

=5.02 TeV:

Astrid Morreale Etretat 2017

https://indico.cern.ch/event/578078/contributions/2659766/


 Baryon to meson ratio
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-Pb-Pb no significant 
energy dependence

- Radial flow pushes 
protons to intermediate p

T
 

and depletes low p
T

- Stronger radial flow in 
central Pb–Pb collisions

-Low to mid-p
T
 described 

by hydrodynamic models

- Similar effects observed 
in high-multiplicity pp and 
p–Pb collisions

Initial Stages 2017 Presentation

Run 2

Astrid Morreale Etretat 2017

https://indico.cern.ch/event/578078/contributions/2659766/


      Identified particles in pp

21
Initial Stages 2017 Presentation

Run 2

Would be interesting to perform studies as a function of multiplicity of these same 
particles (possible hardening of particle spectra with increasing event multiplicity)

Astrid Morreale Etretat 2017

https://indico.cern.ch/event/578078/contributions/2659766/


    Anisotropic flow

22
EPS 2017 presentation

Astrid Morreale Etretat 2017

Particles pushed out

 Initial overlap asymmetric → pressure gradients

 Momentum anisotropy → Fourier decomposition:

https://indico.cern.ch/event/466934/contributions/2474212/


    Light meson flow

23SQM 2017 presentation

-Low p
T
 : Mass ordering expected in a collective expansion scenario.

-Low-p
T
 : v

2
 sensitive to hydrodynamic expansion and initial conditions (geometry). 

Run 2

Astrid Morreale Etretat 2017

https://indico.cern.ch/event/576735/contributions/2566848/


    Light meson flow

24SQM 2017 presentation

-Low p
T
 : Mass ordering expected in a collective expansion scenario.

-Low-p
T
 : v

2
 sensitive to hydrodynamic expansion and initial conditions (geometry). 

-Similar results observed in a high multiplicity p-Pb environment.

-Effect in these systems may be due to initial state (saturation?) or final state 
effects  (expansion and/or thermal equilibrium ?)

Run 2

Astrid Morreale Etretat 2017

https://indico.cern.ch/event/576735/contributions/2566848/


    Light meson flow

25

 
V

4
 more sensitive to interactions and less to initial state

– hydrodynamic models work at low p T (pT<1 GeV/c)

– only describes trend at intermediate pT (1<pT <2 GeV/c)

Run 2

Astrid Morreale Etretat 2017

QCD@LHC Presentation

https://indico.cern.ch/event/615220/contributions/2643654/


    Charm flows
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SQM 2017 presentation

arXiv:1707.01005

Non zero v2 for D-meson  

Non zero v2 for J/Psi’s 

Strong coupling of c-quark with the medium

Participation of low p
T
 charm to collective motion in the QGP

Additionally for the J/Psi this is interpreted as proof of recombination. 

arXiv:1709.05260

Audrey Francisco 
Tuesday Morning

Julien Charles Hamon
Wednesday Morning

Run 2

Astrid Morreale Etretat 2017

https://indico.cern.ch/event/576735/contributions/2566848/
https://arxiv.org/abs/1709.05260


 3. Hard Processes

27Astrid Morreale Etretat 2017



Energy loss in the medium
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-High momentum partons lose energy while propagating through the QGP
-Energy loss depends on parton type and properties of the medium.

Run 2

Astrid Morreale Etretat 2017

Expectation:

Jet fragmentation is modified by the 
medium
- suppression of jet yield
- broadening of jet shape
- di-jet imbalance

Findings:

Strong suppression of jet yields in 
most central Pb-Pb collisions 

Francois Arleo, Quenching 

Shu-yi We, Angular correlations

Tuesday



Energy loss in the medium
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-High momentum partons lose energy while propagating through the QGP
-Energy loss depends on parton type properties of the medium.
-It can modify color flow

Run 2

 

Astrid Morreale Etretat 2017

Pb-Pb  suppression:
- Increases with centrality

- Not initial state

- Final state effect; due to
hot and dense QCD matter

- Similar to that of pions (at 
high enough p

T
)

ALICE-PUBLIC-2017-003



Quarkonia in Pb-Pb

30

-QGP screens the c  interaction and quarkonia can be suppressedc̅

-If many c  are created in the collision quarkonia on the other hand can form via quark c̅
recombination.

Astrid Morreale Etretat 2017

RHIC

LHC



Quarkonia in Pb-Pb

31

Phys. Lett. B 766 (2017) 212-224 

Astrid Morreale Etretat 2017

Run 2

EPS 2017 Presentation

Stronger suppresion at RHIC despite larger LHC densities: regeneration?

Larger suppression for higher p
T

Mohamad Tarhini

Tuesday Morning

https://indico.cern.ch/event/466934/contributions/2474213/
https://indico.cern.ch/event/466934/contributions/2474213/


Quarkonia in Pb-Pb

32

Phys. Lett. B 766 (2017) 212-224 

Astrid Morreale Etretat 2017

Run 2

EPS 2017 Presentation

Stronger suppresion at RHIC despite larger LHC densities: regeneration?

Larger suppression for higher p
T
, similar to that of pions  

Smaller suppression at mid-rapidity
Mohamad Tarhini

Tuesday Morning

https://indico.cern.ch/event/466934/contributions/2474213/
https://indico.cern.ch/event/466934/contributions/2474213/


Quarkonia in Pb-Pb

33Astrid Morreale Etretat 2017

Run 2

EPS 2017 Presentation

ψ(2S) indicates larger suppression than J/ψ  

Mohamad Tarhini (Victor Feuillard)

Tuesday Morning

https://indico.cern.ch/event/466934/contributions/2474213/
https://indico.cern.ch/event/466934/contributions/2474213/


Summary

34

- Interesting new emerging phenomena for high multiplicity events in pp and pPb
Lack of a consistent picture yet. 

- Collective flow is observed also for massive  particles (charm), this requires strong 
interaction with the QGP. High p

T
 v

2
 is a challenge to models

- Charm meson R
AA

  (high p
T
) similar to that of light mesons. Precise measurements of 

J/ψ R
AA

 now available. ψ(2S) will need more statistics and detector upgrades.

 

Astrid Morreale Etretat 2017
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Extras

Astrid Morreale Etretat 2017



Run 2 Publications 
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1. Search for collectivity with azimuthal J/$\psi$-hadron correlations in high-multiplicity p-Pb collisions at $\sqrt{s}$ = 5.02 and 8.16 TeV
PLB https://arxiv.org/abs/1709.06807

2. J/$\psi$ elliptic flow in Pb-Pb Collisions at 5.02 TeV
PRL https://arxiv.org/abs/1709.05260

3. $\Dzero$, $\Dplus$, $\Dstar$ and $\Ds$ azimuthal anisotropy in mid-central Pb-Pb collisions at $\mathbf{\sqrtsNN=5.02}$ TeV
PRL https://arxiv.org/abs/1707.01005

4. Energy dependence of forward-rapidity j/psi and psi (2S) production in pp collisions at the LHC
EPJC https://arxiv.org/abs/1702.00557

5. Centrality dependence of the pseudorapidity density distribution for charged particles in Pb-Pb collisions at $\sqrt{s_{\rm NN}}=5.02$ TeV
PLB http://arxiv.org/abs/1612.08966

6.J/ψ suppression at forward rapidity in Pb-Pb collisions at sqrt(sNN) = 5.02 TeV
PLB https://arxiv.org/abs/1606.08197

7. Anisotropic flow of charged particles in Pb-Pb collisions at √sNN = 5.02 TeV
PRL http://arxiv.org/abs/1602.01119

8. Centrality dependence of the charged-particle multiplicity density at mid-rapidity in Pb-Pb collisions at $\sqrt{s_{\rm NN}}$ = 5.02 TeV
PRL http://arxiv.org/abs/1512.06104

9. Pseudorapidity and transverse-momentum distribution of charged particles in proton-proton collisions at √s = 13 TeV
PLB http://arxiv.org/abs/1512.06104

 

Astrid Morreale Etretat 2017

https://arxiv.org/abs/1709.06807
https://arxiv.org/abs/1709.05260
https://arxiv.org/abs/1707.01005
https://arxiv.org/abs/1702.00557
http://arxiv.org/abs/1612.08966
https://arxiv.org/abs/1606.08197
http://arxiv.org/abs/1602.01119
http://arxiv.org/abs/1512.06104
http://arxiv.org/abs/1512.06104


Centrality determination in ALICE

37

Slide from B Hyppolyte



 Weak Decay Topologies

38Astrid Morreale Etretat 2017

Courtesy of B. Hyppolyte



 Hadron production from framentation in PYTHIA

39Astrid Morreale Etretat 2017

Courtesy of B. Hyppolyte



 Multiplicity selection in pp collisions

40Astrid Morreale Etretat 2017

Courtesy of B. Hyppolyte



 Multiplicity selection in pp collisions

41Astrid Morreale Etretat 2017

Courtesy of B. Hyppolyte



 Anti and Hyper nuclei measurements

EPS Presentation 42

Run 2

- Smooth transition from pp to Pb-Pb is observed, peripheral Pb-Pb at 5 TeV is 
consistent with p-Pb

- The increase of the d/p ratio with charged particle multiplicity from pp to Pb-Pb 
is consistent with the coalescence picture at low multiplicity

• low multiplicity: corona effects can lead to a depletion of the d/p ratio going to 
the pp values
• high multiplicity: possible different rescattering of protons and deuterons after 
chemical freeze-out leads to a depletion

NB:Trend at high multiplicities currently under investigation (determination of the 
uncorrelated systematics)

 Thermal model:

- Ratio is fixed by the temperature
 of the source → constant with the
 charged particle multiplicity

Coalescence model:

-Ratio should increase with the
 multiplicity of nucleons produced
in the collision

Deuteron over proton ratio

Astrid Morreale Etretat 2017

https://indico.cern.ch/event/466934/contributions/2588312/


 Nuclei and hyper nuclei measurements

EPS Presentation

Production mechanism of compound objects

Thermal Model:

-Hadrons emitted from the interaction region in 
statistical equilibrium once the chemical freeze-out 
temperature is reached.

-Abundance of a species proportional to e-m/Tchem

-The large mass of Hyper nuclei gives a strong 
dependence on T

chem   

Coalescence Model:

-Anti-baryons close in  phase space at the kinetic 
freeze-out stage can form anti-hyper nuclei

- These newly formed nuclei can break or 
regenerate in the time interval between chemical 
and kinetic freeze-out
 

PLB697, 203(2011)

PRC21,1301 (1980)

43Astrid Morreale Etretat 2017

NB: Hyper nuclei, nuclei in which one or several p/n is replaced by a strange baryon

https://indico.cern.ch/event/466934/contributions/2588312/


Probing pQCD and hot QCD with hard probes 

44Astrid Morreale Etretat 2017

What can we learn from measuring  hard processes

  “Simplest way” to establish the properties of a system calibrated probe and  calibrated 
interaction suppression pattern tells about density profile

Hard processes serve as calibrated probe (pQCD)

•pp: understand production mechanisms, probe PDFs, (particularly gluon’s PDF’s down 
to low x: gluon saturation) , provide a reference to p-Pb and Pb-Pb measurements

In Heavy-ion collisions:

● p-Pb: probe cold nuclear matter effects (i.e. modification of the PDFs, saturation, 
Cronin enhancement…)

● Pb-Pb: probe the formation and properties of the QGP
● Traverse through the medium and interact strongly
● Suppression pattern provides density measurement
● General picture: parton energy loss through medium-induced gluon radiation and 

collisions with medium constituents

 Francois Arleo
Tuesday afternoon



Radiative energy loss

45Astrid Morreale Etretat 2017
Collider Physics and the Cosmos 2017

https://indico.cern.ch/event/660870/contributions/2746167/


NRQCD (left) Butenschoen and Kniehl, PRL 106 (2011) 022003 
NRQCD (right) Ma, Wang and Chao, PRL 106 (2011) 042002
NRQCD+CGC Ma and Venugopalan, PRL 113 (2014) 192301

FONLL Cacciari et al., JHEP 1210 (2012) 137 

Inclusive results compared to NRQCD 

46

 

All models properly account for higher mass resonance decays

NRQCD models differ in the set of LRME that is used, the p
T
 at which fits are 

performed and the datasets considered.

At low p
T
 (right), NRQCD is coupled to a CGC description of the proton

Predictions are quite different at high p
T
, but in both cases, non-prompt J/ψ

constitute a sizable contribution to the inclusive cross section

J/ψ vs p
T 
@13 TeV

Astrid Morreale Etretat 2017



Inclusive results compared to NRQCD

47

Agreement to the data is much improved, already at intermediate p
T
 and especially 

for the calculation from Ma et al.

Note that the calculations are completely independent, and that there was no data at 
this energy, this rapidity and at such high p

T
 before

Summed NRQCD and FONLL calculations assuming fully uncorrelated 
uncertainties. 

Astrid Morreale Etretat 2017



Evolution if the heavy ion collision

48Same conclusions as for the J/ψ caseAstrid Morreale Etretat 2017



Coalescence 

49Astrid Morreale Etretat 2017



Statistical thermal model

50Astrid Morreale Etretat 2017



Statistical thermal model

51Astrid Morreale Etretat 2017



Particle ratio, comparison to NRQCD
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NRQCD (left) Butenschon and Kniel, PRL 106 (2011) 022003  
NRQCD (right) Ma, Wang and Chao, PRL 106 (2011) 042002

Both calculations follow the same trend but have very different uncertainties. This was 
already the case at √s = 7 TeV (see ALICE EPJC 74 (2014) 2974)

Calculation from Y-Q Ma et al. tends to overestimate the ψ(2S)-to-J/ψ ratio

Contributions from non-prompt J/ψ and ψ(2S) have little impact here because they 
enter both the numerator and denominator, with a similar (small) magnitude

Many systematic uncertainties cancel in the particle ratio, for both data and theory

Astrid Morreale Etretat 2017



Data at all energies vs p
T
 compared to NRQCD

53

Extensive data-theory 
comparisons done at all 
energies available at the LHC 
so far.

Good agreement between the 
model and the data is 
observed for all measured 
cross sections, for both 

J/ψ and ψ(2S)

 

For ψ(2S)-to-J/ψ cross section 
ratios the model tends to be 
slightly above the data 
especially at √s =13 TeV. 

This tension appears mainly 
because of the error 
cancellation between the 
uncertainties on the J/ψ and 
ψ(2S) cross sections.

Astrid Morreale Etretat 2017



Data at all energies vs p
T
 compared to NRQCD

54

Extensive data-theory 
comparisons done at all 
energies available at the LHC 
so far.

Good agreement between the 
model and the data is 
observed for all measured 
cross sections, for both 

J/ψ and ψ(2S)

 

Astrid Morreale Etretat 2017



Data all energies vs y compared to NRQCD

55

Extensive data-theory 
comparisons done at all 
energies available at the LHC 
so far.

Good agreement between the 
model and the data is 
observed for all measured 
cross sections, for both 

J/ψ and ψ(2S)

 

Astrid Morreale Etretat 2017



Mean p
T 
energy dependence

56

 <p
T
> is measured using fits to the p

T
 distributions.

A steady increase of <p
T
> with increasing √s .

Consistent with the expected hardening of the  of the J/ψ  and ψ(2S)  p
T
 distributions. 

Values at mid- are systematically larger than at forward-rapidity. 

Could be attributed to an increase in the longitudinal momentum at forward-rapidity 
leaving less energy available in the transverse plane.

Astrid Morreale Etretat 2017



What about model comparisons?

57
Figure from KNIEHL  B. Quarkonium 2016 VA, USA

https://indico.hep.pnnl.gov/event/0/session/6/contribution/14/material/slides/0.pdf


dσ/dy as a function of √s  

58

inclusive J/ψ inclusive ψ(2S)

Steady increase of dσ/dy  as a function of increasing √s. 

 For the J/ψ (left), the cross sections are compared to a calculation done by in the CEM framework (PRC 87 014908) 

Data lies on the upper side of the calculation and the difference to the central value becomes larger with increasing √s. 



J/ψ at 7 TeV compared to the Color Singlet Model 

59

LO misses the pT dependence

NLO improves somewhat the description but still lies below the data

NNLO gets closer to the data at the expense of large theoretical uncertanties.

Note that FONLL is not included in these descriptions, rather a flat scale factor is applied 
to the model to account for non-prompt quarkonia. 
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