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CMS is a nice heavy-ion experiment

Magnetic field: 3.8 Tesla

 Silicon Tracker 
|η| < 2.4

 Electromagnetic 
Calorimeter

|η| < 3.0
 Hadron Calorimeter 

barrel and endcap
|η| < 3.0

with HF-calorimeter up to
|η| < 5.2

 Muon Chambers
|η| < 2.4

+ CASTOR detector
 5.2 < |η| < 6.6

+ Zero-degree calorimeter
+ TOTEM
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November 7, 2010 0:27. CMS Control Room at P5
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CMS heavy-ion physics results

                

118 published/submitted 
Heavy-ion Physics CMS papers:

http://cms-results.web.cern.ch/cms-results/public-results/publications/HIN/index.html

…and also > 100 
Heavy-ion Physics CMS preliminary results (PAS):
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN/index.html
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http://cms-results.web.cern.ch/cms-results/public-results/publications/HIN/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN/index.html


CMS heavy-ion physics results

● Global picture of heavy-ion collisions
– multiplicity,

– energy,

– flow, ...

● Hard probes
– jets

– dimuons (Q U A R K O N I A)

– charged hadrons R
AA

, ...

● p+p, p+Pb, Xe+Xe
– correlations

– flow, 

– jets, ...

Pb+Pb collisions
 2010-11: 2.76 TeV   0.16/nb
 2015-18: 5.02 TeV   1.7/nb

 p+p 2.76, 5.02, 7, 8, 13 TeV 
 p+Pb    5.02, 8.16 TeV
 Xe+Xe     5.44 TeV
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Hard Probes for Quark-Gluon Plasma
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Hard Probes for Quark-Gluon Plasma
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Compact MUON Solenoid
Dimuons in Pb+Pb
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 Nucl.Phys. A 904-905 (2013) 194



 J/ψ suppression in Pb+Pb

J/ψ mesons are observed to be suppressed
(similarly in 2.76 and 5.02 TeV)
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EPJ C 78 (2018) 509



 J/ψ and ψ(2S) suppression in Pb+Pb

● Increasing suppression for increasing centrality
● ψ(2S) is more suppressed than the J/ψ meson
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EPJ C 78 (2018) 509



Upsilon suppression in Pb+Pb

●  Observation of sequential suppression of Y family in Pb+Pb.
●  First observation of Υ(3S) in heavy-ion collisions! (σ > 5)
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CMS-PAS-HIN-21-007

Υ(3S)

Υ(2S)

Υ(1S) Υ(1S)

Υ(2S)

Υ(3S)



arXiv:2202.11807 

Upsilon suppression in p+Pb

All Υ states are found to be suppressed in p+Pb collisions 
compared to p+p collisions.
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Υ(1S)

Υ(2S)

Υ(3S)

Υ(1S)

Υ(2S)

Υ(3S)



Upsilon suppression in p+Pb and Pb+Pb

Ordered in binding energy
RpPb Υ(1S) > RpPb Υ(2S) > RpPb Υ(3S)

Largest suppression is in Pb+Pb
RpPb > RpbPb  
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arXiv:2202.11807 & CMS-PAS-HIN-21-007

New result for Υ(3S)



Upsilon suppression Pb+Pb, R
AA
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CMS-PAS-HIN-21-007

●  R
AA

 is decreasing with numbers of participants of Pb+Pb collision.

●  Slightly increasing with p
T
 ?



beam

(contains the 
impact parameter)

participants

Reaction  
plane

defines

Flow

Non-central Pb+Pb “screen shots” from CMS Event Monitor:
ElectromagneticElectromagnetic, HadronicHadronic Energy and charged particles trackscharged particles tracks

Collective motion is observed in the event azimuthal distributions
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v
2
 of J/ψ in Pb+Pb collisions
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CMS-PAS-HIN-21-008

● Large v
2
 of J/ψ up to p

T
= 50 GeV/c 

● v
2
 (b → J/ψ)  <  v

2
(prompt J/ψ)

Prompt J/Prompt J/ψψ
b b →→ J/ J/ψψ



v
3
 of J/ψ in Pb+Pb collisions
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CMS-PAS-HIN-21-008

● First measurement of v
3
 for prompt and non-prompt J/ψ separately

● no significant non-zero v
3
 (J/ψ)

Prompt J/Prompt J/ψψ
b b →→ J/ J/ψψ



v
2
 and v

3 
of ψ(2S) in Pb+Pb collisions
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CMS-PAS-HIN-21-008

● First measurements for prompt ψ(2S) !
● v

2
 is non-zero in p

T
 = 4 – 50 GeV/c,     v

3
 is close to zero

Prompt Prompt ψ(2S)ψ(2S)



v
2
 of Υ(1S) in Pb+Pb collisions

In contrast to the J/ψ mesons, 
no azimuthal anisotropy is observed for the Υ(1S) in Pb+Pb... 

PLB 813 (2021) 136036 
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v
2
 of Υ(1S) in p+Pb collisions
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CMS-PAS-HIN-21-001

… and also no azimuthal anisotropy for the Υ(1S) in p+Pb ! 



CMS Summary for QUARKONIACMS Summary for QUARKONIA

● We see so many interesting QUARKONIA results with the 
CMS detector in p+p, p+Pb, Pb+Pb...

● Run 3 and 4 heavy-ion program at the LHC with the upgraded 
CMS detector will provide more exciting opportunities!
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In memory of

Ludmila Ivanonva 
SARYCHEVA
(1926    ̶  2011)
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