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Heavy-ion physics at the LHC
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 LHCb
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CMS is a nice heavy-ion experiment

Magnetic field: 3.8 Tesla

 Silicon Tracker 
|η| < 2.4 (< 3.0 after 2017)

 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
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CMS heavy-ion physics results

                

153 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 (quarkonia)

– 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
 2023-26 : 5.36 TeV    ...

 p+p  2.76, 5.02, 7, 8, 13, 13.6 TeV 
 p+Pb    5.02, 8.16 TeV
 Xe+Xe     5.44 TeV
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 NEW! p+O, O+O, Ne+Ne – July 2025



PLB 718 (2013) 795

Correlations: “RIDGE” is everywhere...

p+p 7 TeV

JHEP 09 (2010) 091 

Pb+Pb 2.76 A TeV, 0-5%

JHEP 07 (2011) 076 

Long-range (2 < |Δη| < 4), near-side (Δϕ ≈ 0) 
angular correlations were observed in high multiplicity p+p and p+Pb 

collisions (as well as in Pb+Pb)

p+Pb 5.02 TeV
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 γp interactions within ultra-peripheral 
p+Pb collisions

The single particle flow coefficient v
2
(p

T
) is larger for γp-enhanced events than 

for minimum-bias collisions. But we don't see “ridge” here! 

PLB 844 (2023) 137905 

8              Sergey Petrushanko   CMS Heavy-Ion Overview



 Charged particle multiplicity 
CMS results Run 3

PLB 861 (2025) 139279 
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 5.36 TeV Pb+Pb data 
from 2022 test heavy-ion run

    dependence consistent with 
power law calculated using 

lower energies



 dN
ch

/dη 

CMS results Run 3

PLB 861 (2025) 139279 
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 5.36 TeV Pb+Pb data 
from 2022 test heavy-ion run

Monte Carlo generators try to 
predict both magnitude and 

shape of dN
ch

/dη



beam

(contains the 
impact parameter)

participants

Reaction  
plane

defines

Flow

Collective motion is observed in the event azimuthal distributions

Non-central Pb+Pb “screen shots” from CMS Event Monitor:
ElectromagneticElectromagnetic, HadronicHadronic Energy and charged particles trackscharged particles tracks
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v
2
 vs. p

T
 in Xe+Xe and Pb+Pb

PRC 100 (2019) 044902 

The magnitude of the v
2
 coefficients for Xe+Xe collisions are larger than 

those found in Pb+Pb collisions for the most central collisions.
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Integral v
2
 in Xe+Xe and Pb+Pb
CMS-PAS-HIN-24-004 
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Best match of final-state
IP-Glasma+MUSIC+UrQMD hydrodynamic
prediction with parameter set (a)

v
2
(XeXe) > v

2
(PbPb) till ~20% centrality

- Sensitivity to elliptical deformation of Xe
nucleus



CMS-PAS-HIN-24-004 
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Integral v
3
 in Xe+Xe and Pb+Pb

v
3
(XeXe) > v

3
(PbPb) till ~40% centrality

- Sensitivity to elliptical deformation of Xe
nucleus

Best match of final-state
IP-Glasma+MUSIC+UrQMD hydrodynamic
prediction with parameter set (a)



v
2
{4} / v

2
{2} Xe+Xe and Pb+Pb

CMS-PAS-HIN-24-004 
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v
2
{4}/v

2
{2}(XeXe) < v

2
{4}/v

2
{2}(PbPb)

 - greater flow fluctuations for XeXe
 - largest deviation in most central region

See talk by Danila Myagkov 
 on comparison with HYDJET++ model 

Best match of final-state
IP-Glasma+MUSIC+UrQMD hydrodynamic
prediction with parameter set (a)



Net-charge fluctuation in Pb-Pb collisions
CMS-PAS-HIN-22-005

Net-charge fluctuations differ between QGP and hadron gas phase
We see the signature of QGP
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Hard Probes for Quark-Gluon Plasma
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Hard Probes for Quark-Gluon Plasma
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 J/ψ suppression in Pb+Pb

J/ψ mesons are observed to be suppressed
(similarly in 2.76 and 5.02 TeV)

EPJ C 78 (2018) 509
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 J/ψ and ψ(2S) suppression in Pb+Pb

● Increasing suppression for increasing centrality
● ψ(2S) is more suppressed than the J/ψ meson (different binding energies)

EPJ C 78 (2018) 509
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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)

PRL 133 (2024) 022302

Υ(3S)

Υ(2S)

Υ(1S)
Υ(1S)

Υ(2S)

Υ(3S)
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Upsilon suppression Pb+Pb

●  R
AA

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

●  Slightly increasing with p
T
?
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PRL 133 (2024) 022302



PLB 835 (2022) 137397 

Upsilon suppression in p+Pb

All Υ states are found to be suppressed in p+Pb collisions 
compared to p+p collisions.

Υ(1S)

Υ(2S)

Υ(3S)

Υ(1S)

Υ(2S)

Υ(3S)
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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  

New result for Υ(3S)
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PRL 133 (2024) 022302



v
2
 of J/ψ in Pb+Pb collisions

JHEP 10 (2023) 115 

● 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
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v
3
 of J/ψ in Pb+Pb collisions

● 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
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JHEP 10 (2023) 115 



v
2
 and v

3 
of ψ(2S) in Pb+Pb collisions

● 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)
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JHEP 10 (2023) 115 



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

PLB 850 (2024) 138518

… and also no azimuthal anisotropy for the Υ(1S) in p+Pb ! … and also no azimuthal anisotropy for the Υ(1S) in p+Pb ! 
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ψ(2S)/J/ψ vs multiplicity in p+Pb collisions
 arXiv:2503.02139
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Significant multiplicity dependence of 
prompt ψ(2S)/J/ψ in pPb

Weaker bound state ψ(2S) easier to be 
destroyed in color dense environments



Jet quenching in Pb+Pb

 

 

PLB 712 (2012) 176 

PRC 84 (2011) 024906
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Azimuthal anisotropy of di-jets in Pb+Pb

 

JHEP 07 (2023) 139

● v
2
, v

3
 and v

4 
of the di-jets in Pb+Pb were measured for the first time

● Di-jets v
2
 is compatible with v

2
 of high p

T
 hadrons

● Di-jets v
3
 and v

4
 are consistent with zero
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First measurement of energy-energy 
correlator of jets in Pb+Pb

arXiv:2503.19993 
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First jet energy-energy 
correlator measurement in 
heavy-ion collisions

Different scales of jet 
evolution reflected in angles

Similar peak shapes in PbPb

Additional scales in medium, 
e.g. color decoherence angle

Free 

hadrons 
Partons 



First measurement of energy-energy 
correlator of jets in Pb+Pb

 

arXiv:2503.19993 
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Reveal different QGP effects 
on angular scales

‣ Intermediate Δr sensitive to 
medium induced
parton shower modification

‣ Medium response mostly at 
large Δr EEC PbPb / pp



Nice overview of (almost) all 
CMS heavy-ion results
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Phys. Rept. 1115 (2025) 219



Preparation of the 
CMS heavy-ion program 

The CMS Collaboration 

D. d'Enterria, M. Ballintijn,        
M. Bedjidian, D. Hofman,           
O. Kodolova, C. Loizides,            
I. P. Lokthin, C. Lourenco,             
C. Mironov, S. V. Petrushanko,    
C. Roland, G. Roland, F. Sikler 
and G. Veres (editors)

"CMS Physics Technical Design 
Report: Addendum on High 
Density QCD with Heavy Ions"
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J. Phys. G 34, 2307-2455 (2007)



CMS Phase 2 Upgrade 
Greater heavy-ion detector
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CMS Summary for Heavy-IonsCMS Summary for Heavy-Ions
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● Many interesting heavy-ion physics results with the CMS 
detector in p+p, p+Pb, Pb+Pb and Xe+Xe... (and O+O, 
Ne+Ne waiting to come)

● Future heavy-ion program at the LHC (Run 3 and 4) with 
the upgraded CMS detector will provide more exciting 
opportunities! Stay tuned with the CMS!
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My Alma Mater!
Happy Birthday!!!
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