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Study of QGP properties: Cold Nuclear Matter Effects: QCD study in vacuum:
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Hydrodynamic expansion 

Transport coefficient 
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…

nPDFs modifications 
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Possible final state effects 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Test of pQCD calculations

Hadronization models 
…

2



A Large Ion Collider Experiment 

Time Projection Chamber:  
Charged particle tracking  
Particle identification 
 

Inner Tracking System: 
Particle tracking  
Vertex reconstruction 
 
 
V0: 
Trigger detector

Event characterization 

 
 
Time Of Flight: 
Charged particle identification 

μ+

μ−

e+

e−

Muon Spectrometer:  
Muon tracking  
Muon trigger

Quarkonia measurements: 
        

(prompt/non-prompt separation) 
Midrapidity:  
 

       
(inclusive quarkonium states) 
Forward rapidity: 

J/ψ e+e−

|yee | < 0.9

J/ψ, ψ(2S), Υ(nS) μ+μ−

2.5 < yμμ < 4
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Quarkonia: Regeneration vs Suppression



ALI-PUB-483065

Quarkonia: Nuclear Modification Factor
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The nuclear modification factor:  




 measurements of  have been done with ALICE at mid and forward rapidity at 5.02 TeV and for the  and  at forward rapidity. 

RAA =
1

⟨Ncoll⟩
⋅

dNAA/dpT

dNpp/dpT

RAA J/ψ Υ(1S) Υ(2S)

High suppression due to color screening can be observed for both parti

Regeneratiff   fftipT J/ψ Υ(1S)
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Collectivity
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The elliptic flow coefficient: 
 

Elliptic flow has been studied for  with ALICE at central and forward rapidity of Pb-Pb collisions at 5.02 TeV and for  at forward rapidity. 

v2(pT, y) = < cos(2(φ − ΨRP)) >

J/ψ Υ(1S)

 : Elliptifl ffti 

: As expected, results flti

J/ψ pT pT
Υ(1S)

JHEP 10 (2020) 141 Phys. Rev. Lett. 123, 192301 (2019)

angle w.r.t Reaction-Plane

https://arxiv.org/abs/2005.14518
https://arxiv.org/abs/1907.03169


Cold Nuclear Matter Effects
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Backward rapidity

The  for  and  in p-Pb collisions at 5.02 TeV and at 8.16 TeV measurements have been done with ALICE at central, forward 
and backward rapidity.

RpPb J/ψ ψ(2S)

Midrapidity: strong  suppression at low  observed. 

Backward+Forward: models in agreement with data, forward-y data more suppressed w.r.t backward-y data. 

Centrality dependance study: 
  


J/ψ pT

J/ψ
J/ψ
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 production in p-Pb collisions J/ψ
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Midrapidity arXiv:2105.04957 Forward rapidity

JHEP 07 (2018) 160

JHEP 02 (2021) 002

https://arxiv.org/abs/2105.04957
https://arxiv.org/pdf/1805.04381.pdf
https://arxiv.org/abs/2008.04806
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 production in p-Pb collisions Υ(1S)

 of ,  and  in p-Pb and Pb-p collisions at 8.16 TeV measurements have been done with ALICE at forward 
and backward rapidity.
RpPb Υ(1S) Υ(2S) Υ(3S)

Suppression of  at low  is observed for both rapidity regions —> nuclear shadowing infl

Models describe forward rapidity , while overestiti

Υ(1S) pT
RpPb
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Phys. Lett. B 806 (2020) 135486

https://arxiv.org/abs/1910.14405


Collectivity?

Measurements of the elliptic flow for inclusive  in p–Pb collisions done at forward and backward rapidity at 5.02 TeV and 8.16 TeV.J/ψ

ALI-PUB-315201

Data for  at  < 3 GeV/c compati ti

For 3 <  < 6 GeV/c,  is positi ti 


v2 pT v2
pT v2 v2
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ALI-PUB-490418

Phys. Lett. B 780 (2018) 7-20JHEP 02 (2021) 002

https://arxiv.org/abs/1709.06807v2
https://arxiv.org/abs/2008.04806


PDF & Photoproduction
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PDF constraints with Z boson

Measurements of Z-boson production in p–Pb collisions at 8.16 TeV and Pb–Pb collisions at 5.02 TeV is done at forward and backward rapidities.

Left 
tititi
tifiti

Right: 
tiff 
titi
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ALI-PUB-347339
JHEP 09 (2020) 076

https://arxiv.org/abs/2005.11126


PDF constraints with photoproduction
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Coherent photoproduction  and   was measured in UPC Pb–Pb collisions at 5.02 TeV. J/ψ ψ′￼

Impulsive approximati 
 tiff 
  


No model describes data in both rapidity regions. 

J/ψ
Rg 10−3
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Eur. Phys. J. C (2021) 81:712

https://arxiv.org/abs/2101.04577


Excess due to photoproduction

ALI-PUB-341555
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Eur. Phys. J. C (2021) 81:712
JHEP 2002 (2020) 041
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Coherent  photoproductionJ/ψ

ALI-PUB-341555
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 measurements at low  performed 
in forward rapidity from peripheral to 
more central events in Pb-Pb collisions 
at 5.02 TeV. 

J/ψ pT

 Excess of  observed at very low , 
with  ∼ 10 for peripheral collisions 
in  region 0 <  < 0.3 GeV/c.  

Coherent photoproducti


J/ψ pT
RAA

pT pT

JHEP 2002 (2020) 041

https://arxiv.org/abs/1909.03158
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 = 5.02 TeV, Global syst. uncertainty = 7.3%
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 = 2.76 TeV, Global syst. uncertainty = 13.6%
NN

sPb-Pb 

M.B. Gay-Ducati et al., Phys. Rev. D97 (2018) 116013

IIM at 5.02 TeV 

GBW at 5.02 TeV 

IIM at 2.76 TeV 

GBW at 2.76 TeV 

ALI−PREL−367215

Coherent  photoproductionJ/ψ

ALI-PUB-341555

Peripheral events —> agreement with UPC based 
models with modifitifl 

Semi-central events —> photonuclear cross secti
fiti
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 measurements at low  performed 
in forward rapidity from peripheral to 
more central events in Pb-Pb collisions 
at 5.02 TeV. 

J/ψ pT

 Excess of  observed at very low , 
with  ∼ 10 for peripheral collisions 
in  region 0 <  < 0.3 GeV/c.  

Coherent photoproducti


J/ψ pT
RAA

pT pT

JHEP 2002 (2020) 041

https://arxiv.org/abs/1909.03158


Small system & Multi-Parton Interaction



Quarkonia multiplicity-dependent measurements 

Measurements of , ,  and  production as a 
function of charged particle multiplicity have been done in pp 
collisions at central and forward rapidity regions. 

J/ψ ψ(2S) Υ(1S) Υ(2S)
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Midrapidity region:  
ti
titi 

Forward rapidity region:  
titi



Outlook & Conclusions



ALICE for Runs 3 & 4

Inner Tracking System 2:

CMOS pixel, MAPS technology 
Improved resolution  
Faster readout 

New TPC Readout Chambers:  
GEM technology, new electronics  
Continuous readout 

New Muon Forward Tracker: 
CMOS pixel, MAPS technology 
Vertex tracker

New Fast Interaction Trigger: 
Centrality measurement 
Luminosity 

Event plane 

New computing system (Online-Offline)

Readout upgrade for detectors
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Increased Luminosity 





Conclusions

Thank you for your attention! 

Quarkonia: Regeneration vs Suppression in AA collisions  
Measurements presented on the  Nuclear Modification Factor and the elliptic flow in Pb-Pb collisions:  
Regeneration at low , suppression at high . 
Nuclear Modification Factor of  presented in Pb-Pb collisions along with the elliptic flow:  
Strong suppression, no participation in elliptic flow. 


Cold Nuclear Matter Effects: 
Measurements of Nuclear Modification Factor for  and  in p-Pb collisions presented.  

 elliptic flow measurements in p-Pb collisions:  
Collective behavior.


PDF & Photoproduction:  
Z-boson measurements presented:  
Cross section results well reproduced with models.  
Z-boson production calculations without nPDF overestimate data. 
Coherent  photoproduction in UPC Pb-Pb collisions. 
Excess of low   production —> coherent  photoproduction study in Pb-Pb collisions.  

Small system & MPI: 
Measurements of quarkonia multiplicity-dependent production:  
Difference observed between  production at mid and forward rapidity regions . 

ALICE in Runs 3 & 4:  
Major improvements and upgrades, new results expected —> more precise and differential measurements.

J/ψ
pT pT

Υ(1S)

J/ψ Υ(1S)
J/ψ

J/ψ
pT J/ψ J/ψ

J/ψ
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ALI-PUB-483576

Quarkonia multiplicity-dependent measurements 

Comparison of data for normalized inclusive  yield at as a function 
of charged particle multiplicity at midrapidity in pp collisions at 13 TeV 
with model predictions.

J/ψ
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Trend well described all by model calculati 
ti 

CPP, CGC and 3-Pomeron models are in agreement with data.  

Difftititi 
tititi
titi

|<1η |

INEL>0
〉η/d

ch
Nd〈

η/dchNd
0 1 2 3 4 5 6 7 8

IN
E

L
>

0

〉
y

/d
ψ

J/
Nd〈

y
/d

ψ
J/

Nd

0

2

4

6

8

10

12

14

16

18

20

ψPrompt J/

y = x

 = 13 TeVsALICE pp 

 integrated
T

p| < 0.9, y, |ψInclusive J/

SPD event selection

Data

PYTHIA 8.2

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CPP 
EPOS3 (no hydro)
3-Pomeron CGC
Percolation
CGC
 

ALI-PUB-483581

Phys. Lett. B 810 (2020) 135758
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