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All results here!
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CENuM in CMS

• Korea University 
• Team Leader : Byungsik Hong  
• Post-Doc : Seyoung Han, Jaebeom Park 
• PhD candidates : Kisoo Lee, Soohwan Lee, 

Junseok Lee (New)

• Sejong University 
• Team Leader : Yongsun Kim  
• PhD candidates : Yechan Cheon, Jeongho 

Kim (New)
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Contribution in CMS

• PAG/POG Leadership 
• HIN PAG convener : Yongsun (2020. 09 - present)
• Dilepton PinG leader : JaeBeom (2020. 09 - present) 

—> following new leader : Soohwan Lee (2years)
• E/gamma miniPOG leader : Seyoung (2020. 11 - present)

• Service work / run-preparation related tasks (Soohwan, Kisoo, Junseok, …)
• Muon T&P at low-pT for 2018 PbPb

• miniAOD 2018 PbPb : electrons, centrality calibrations/filters

• Run3 MB trigger : ZDC online info, MC production & ZDC neutron number effect

• Run3 ECAL : Threshold for ZS & SR for L1 trigger

• 2018 PbPb photon identification using TMVA 

• HLT Run3 studies for muons & electrons & photons

• Run3 dilepton trigger team
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Recent results of CENuM CMS
• Y(1S) elliptic flow (v2) in pPb 8.16 TeV

• First measurement in small systems!   
• Investigation of Y(1S)-h correlation 
• Reported at Quark Matter 2022 (April)

• J/ѱ and ѱ(2S) flow (v2,v3) in PbPb 5.02 TeV
• First measurement of ѱ(2S) in PbPb!    
• Investigation of charmonium azimuthal correlation in QGP 
• Reported at Quark Matter 2022 (April)

• Observation of Y(3S) in PbPb 5.02 TeV
• Observation of Y(3S) in PbPb!   
• Y sequential suppression study 
• Reported at Quark Matter 2022 (April)

• Y(nS) modification factors in pPb 5.02 TeV
• All Y(nS) states identified in pPb for the first time!   
• Y sequential suppression study 
• Accepted in PLB
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Q Q 

Vacuum 

Quiz (2) : how many citations? ① 500-1000 ② 1000-2000 ③ 2000-3000 ④ 3000-4000   

 Screening : Beginning of the journey
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Sequential melting by color screening

 Quarkonia as thermometer of QGP
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T. Matsui, H. Satz [PLB 178 (1986) 416] S. Digal, P. Petreczky, H. Satz [PRD 64 (2001) 094015]

 Quarkonia : QGP thermometer
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Recombination (Regeneration)
‣ Uncorrelated (off-diagonal) recombination 

‣ Correlated (diagonal) recombination

Suppression
‣ Debye screening  

-> static color screening - ReVs(r,T)

‣ Gluo-dissociation / Landau-damping  
-> dynamical screening - ImVs(r,T)

[JHEP 0703 (2007) 054]

Gluo-dissociation / landau damping

[PRD 78 (2008) 014017]

Uncorrelated Correlated

[IJMP E 24 (2015) 1530008]

Initial/Final state effects of nucleus
‣ nPDF, CGC, coherent energy loss (initial/final)

‣ co-mover breakup, nuclear absorption

Charmonium system 1

Charmonium System

Updated August 2019.
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The level scheme of meson states containing a minimal quark content of cc. The name of
a state is determined by its quantum numbers IGJPC (see the review “Naming Scheme
for Hadrons”). States with unestablished quantum numbers are called X and are drawn
according to our best estimate of their likely JPC . States included in the Summary
Tables are shown with solid lines; selected states not in the Summary Tables, but with
assigned quantum numbers, are shown with dotted lines. The arrows indicate the most
dominant hadronic transitions. Single photon transitions, including ψ(nS) → γηc(mS),
ψ(nS) → γχcJ(1P ), and χcJ (1P ) → γJ/ψ, are omitted for clarity. For orientation, the
location of the thresholds related to a pair of ground state open charm mesons is indicated
in the figure.

P.A. Zyla et al. (Particle Data Group), Prog. Theor. Exp. Phys. 2020, 083C01 (2020)
June 1, 2020 08:27

Feed-down contributions

Various in-medium effects

https://www.worldscientific.com/doi/abs/10.1142/S0218301315300088


Some interesting remarks

Do quarkonia suffer only suppression and/or recombination at high-pT?

Are the ‘measured’ quarkonium states coming from initial heavy quark pair?

When are quarkonia formed inside medium?



02 September 2022                                                               10

Charmonia in AA

• Sequential suppression : ѱ(2S) more suppressed than J/ѱ 

• Increasing trend at low-pT : described by theory calculation including recombination

c c
J/ѱ

ALI-PREL-511196 ALI-PREL-511178

c c
ѱ(2S)

ѱ(2S)
ѱ(2S)

J/ѱ
J/ѱ
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c

cshower
cc J/ѱ

c

cgluon

• Less suppression for isolated J/ѱ  
: difference ~x5 (although large unc.)

J/ѱ in jets in PbPb

https://www.sciencedirect.com/science/article/pii/S0370269320302380?via%3Dihub
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• Less suppression for isolated J/ѱ  
: difference ~x5 (although large unc.)
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cc J/ѱ

• J/ѱ production by parton shower : when does this happens? 
—> High-pT J/ѱ v2 implies jet-quenching effects?

[PLB 805 (2020) 135434]

c

c

c

c

c

c

J/ѱcc

No QGP effect for J/ѱ itself? (extreme case)

J/ѱ in jets in PbPb

https://www.sciencedirect.com/science/article/pii/S0370269320302380?via%3Dihub
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J/ѱ in jets in PbPb
[arXiv:2208.08323]

• Recent calculations from LBT group 

• NO J/ѱ dissociation needed —> suppressed only by jet-quenching

https://arxiv.org/pdf/2208.08323.pdf
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J/ѱ in jets in PbPb

g
c

c

c

c

J/ѱcc

q
c

c

c

c

J/ѱcc

• Inclusive-jet vs gamma-jet sampling  
—> Color charge dependence? 
—> Quantifying jet-quenching contribution
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J/ѱ in jets in PbPb

g
c

c

c

c

J/ѱcc

q
c

c

c

c

J/ѱcc

• Inclusive-jet vs gamma-jet sampling  
—> Color charge dependence? 
—> Quantifying jet-quenching contribution
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• Large b-fraction at high-pT 

: Separation of prompt component  
—> flavor dependence comes for free
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Quarkonium feed-down
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• Significant contributions from feed-down! —> Crucial on data interpretation 
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ℱmS
nS = ℬ(mS → nS)

σmS

σnS

[EPJC 72 (2012) 2100]
[EPJC 76 (2016) 283]
[JHEP 07 (2014) 154]
[PLB 718 (2012) 431]
[PRL 114 (2015) 191802]

[PLB 749 (2015) 14]
[JHEP 11 (2015) 103]
[EPJC 74 (2014) 3092]

• Advantage of ѱ(2S) : almost free from feed-down effects!
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Quarkonium feed-down

• Caveat for Y(2S) and Y(3S) : Still large! Decreasing towards low-pT?
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Quarkonium formation time

18

[NPPP 276 (2016) 137]
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[PRL 118 (2017) 192001]
[PLB 805 (2020) 135434]

gluon

cc

shower

cc / J/ѱ creation

• Quarkonium formation time delayed above 
dissociation temperature?

• Temperature environment hot enough to modify 
quarkonium formation time scales?

• Even in pp : high-pT J/ѱ produced at later stages 
by parton shower

[P. Gossiaux SQM 2022]

https://doi.org/10.1103/PhysRevLett.118.192001
https://www.sciencedirect.com/science/article/pii/S0370269320302380?via%3Dihub
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Quarkonium state in medium

19

In reality : rapid expansion —> too fast to catch the change of the potential

If the medium evolves slowly : state remains in a given eigenstate
t

Q Q

Q Q

Q Q

Q Q

tQ Q

Q Q

Q

= λ1 + λ2 + λ3 + λ4

Q Q

Q Q

Q

Q-Qbar state = projection on various eigenstates
Q Q

Q Q

[M. Strickland SQM 2021]

• OQS to get rid of formation time? 
- However OQS deviates for Y(3S) RAA …

[P. Gossiaux SQM 2022]
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• Stronger suppression of excited states at backward rapidity & low-pT

• Similarity between charmonia and bottomonia?

low-pT high-pT

pPb pPb

𝚼(1S)

𝚼(2S)

𝚼(3S)

𝚼(1S)

𝚼(2S)

𝚼(3S)

Sequential Y suppression in pPb
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• nPDF + comover breakup explains additional suppression of excited states?

  Bottomonia in pPb vs model
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Comover Interaction Model Transport Model 

• Survival probability of quarkonium 
interacting w comovers 

• Depends on  
1) quarkonium dissociation rate —> matched to data 
2) comover density —> determined with Ncoll & dNch/d𝜂

• Thermal rate equation of 
quarkonium yields

• Dissociation rate depending on T (E. density)

• Medium evolution matched to dNch/d𝜂 

• Comover breakup model ‘actual’ treatment similar to transport calculations?
• How much of modifications in pA to be considered in AA interpretation?

Comover vs transport in pA

22
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[arXiv:2112.09433]

• Clear dependence on the choice of rapidity overlap b/w J/ѱ & Nch

• Discrepancy removed by excluding J/ѱ —>  in track count
• Indication of important role of MPI?

μ+μ−

Same y for J/ѱ & Nch

Opposite y for J/ѱ & Nch

Same y for J/ѱ & Nch  
+ removing J/ѱ track count

Multiplicity dependence

http://arxiv.org/abs/2112.09433
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[JHEP 11 (2020) 001]

• 𝚼(nS) / 𝚼(1S) still suppressed for all 

azimuthal  & cone  
—> Different from comover picture

• Scaling with sphericity 
—> UE connection w jetty events?

• Need to be investigated with low-pT 𝚼 & J/ѱ 

NΔϕ
ch NR

ch

Y vs multiplicity

https://arxiv.org/ct?url=https://dx.doi.org/10.1007/JHEP11(2020)001&v=dd2bf3d3
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Great contribution of CENuM in HIN CMS 

Significant amount of analysis published  
+ leading role in the CMS heavy ion the group

Looking forward for Run3 data + unique measurements

Summary



02 September 2022                                                               

back-up
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Pbp

J/ѱ

R p
Pb ѱ(2S)

• Overall ‘decreasing trend’ towards forward rapidity —> nPDF based predictions

• Suppression for ѱ(2S) : additional final state effects — comover breakup? dissociation?

19

Charmonia in pPb @ LHC
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RHIC & LHC J/ѱ

RHIC & LHC ѱ(2S)

• Similar trend for both J/ѱ & ѱ(2S) at RHIC and LHC

• Similar ‘amount’ of initial/final effects?

R p
A

Pb/Au p

Charmonia in pA RHIC vs LHC
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• Different event-activity dependence for charm & bottom 

J/ѱ in pA RHIC vs LHC
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 (5.02 TeV)-1, pp 28.0 pb-1pPb 34.6 nb

CMS

• J/ѱ modification well explained by nPDF / CGC predictions

• Negligible contributions from final state effects (comover or hot nuclear matter)

  J/ѱ in pPb vs model
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• Attempts to describe ѱ(2S) suppression with comover breakup & QGP-like HNM effects

• Tension b/w model & data in both RHIC and LHC 

• Similar nuclear absorption for J/ѱ & ѱ(2S) @ RHIC —> already hot in pAu 200 GeV?

ALI-PUB-490458

  Charmonia in pA vs model
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R. Vogt, EPS09 NLO

 (5.02 TeV)-1, pp 28.0 pb-1pPb 34.6 nb

CMS

cmsy
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(1S)ϒ = 8.16 TeV, NNsPb −p

c < 15 GeV/
T
pALICE, 

 (JHEP 11 (2018) 194) c < 25 GeV/
T
pLHCb, 

 
 

EPS09NLO + CEM (R. Vogt et al.)
EPS09 + energy loss (F. Arleo et al.)
Energy loss (F. Arleo et al.)
EPPS16 reweighted (J. Lansberg et al.)
nCTEQ15 reweighted (J. Lansberg et al.)
nCTEQ15 + comovers (E. Ferreiro)

• Y(1S) RpPb data in agreement with nPDF calculations

  Bottomonia in pPb vs model
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J/ѱ modification in AA

RHIC Au+Au 200 GeV
LHC Pb+Pb 5.02 TeV

c c
J/ѱX. Bai, Tue 09:00
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LHC Pb+Pb 5.02 TeV

• RAA(J/ѱ) RHIC > RAA(J/ѱ) LHC at high-pT : Stronger suppression at LHC (higher temperature)

• Enhancement at low-pT in LHC energies : Sign of recombination (abundant charm cross section)
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J/ѱ
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ssMotivationJ/ѱ modification in AA

RHIC Au+Au 200 GeV
LHC Pb+Pb 5.02 TeV

• RAA(J/ѱ) RHIC > RAA(J/ѱ) LHC at high-pT : Stronger suppression at LHC (higher temperature)

• Enhancement at low-pT in LHC energies : Sign of recombination (abundant charm cross section)

• v2(J/ѱ) LHC  v2(J/ѱ) RHIC at low-pT —> Precision need to be improved≥

RHIC Au+Au 200 GeV
LHC Pb+Pb 2.76/5.02 TeV

c c
J/ѱ

New!

New!

New!

New!

5

X. Bai, Tue 09:00 G. Bak, Tue 09:40
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• J/ѱ & ѱ(2S) measurements in a wide pT range at LHC

• Larger suppression for ѱ(2S) than J/ѱ 

• Increasing trend at low-pT : described by theory calculation including recombination

c c
J/ѱ

ALI-PREL-511196 ALI-PREL-511178

New! New!
c c
ѱ(2S)

ѱ(2S)
ѱ(2S)

J/ѱ
J/ѱ

H. Hushnud, Tue 10:00

6
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ssMotivationJ/ѱ modification in AA

• J/ѱ & ѱ(2S) measurements in a wide pT range at LHC

• Larger suppression for ѱ(2S) than J/ѱ 

• prompt ѱ(2S) v2  prompt J/ѱ v2 

• Different amount of recombination? Path-length dependent dissociation? etc…

≥

ALI-PREL-511196

New!
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T
p

0.1−

0

0.1
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0.5

2v

ψPrompt J/ ψNonprompt J/ (2S)ψPrompt 
1.6 < |y| < 2.4

|y| < 2.4

1.6 < |y| < 2.4

|y| < 2.4

1.6 < |y| < 2.4

|y| < 2.4

Scalar Product

Cent. 10-60 %

 (5.02 TeV)-1PbPb 1.6 nb

CMS Preliminary

New!
c c

J/ѱ
c c
ѱ(2S)

ѱ(2S)
J/ѱ

Prompt ѱ(2S)

Prompt J/ѱ

G. Bak, Tue 09:40H. Hushnud, Tue 10:00

6



02 September 2022                                                               

ssMotivation

7

Charmonia in jets
[PRL 118 (2017) 192001]

• Significant contribution from (inside) jets 
for J/ѱ production!

~85% of J/ψ are produced within a jet  

(EJ/ψ > 15 GeV, |yJ/ψ| < 1, Ejet > 19 GeV, |ηjet| < 1)

[CMS pp 8 TeV PLB 804 (2020) 135409]

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
z

0

1
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3

4

5

1/
N

 d
N

/d
z

Prompt data
Prompt PYTHIA8
Nonprompt PYTHIA8

CMS
ψPrompt J/

 > 6.5 GeV
ψT,J/

p
 < 40 GeV

T,jet
30 < p

| < 2
jet
η|

 (5.02 TeV)-1pp 302 pb
[PLB 805 (2020) 135434]

z = pT(J/ѱ) / pT(jet)z = pT(J/ѱ) / pT(jet)

c c
J/ѱ

G. Bak, Tue 09:40 N. Cooke, Tue POS-HF-02

https://doi.org/10.1103/PhysRevLett.118.192001
https://www.sciencedirect.com/science/article/pii/S0370269320302136?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0370269320302380?via%3Dihub
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gluon

c

cshower
cc / J/ѱ creation

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
z

0

1

2

3

4

5

1/
N

 d
N

/d
z

Prompt data
Prompt PYTHIA8
Nonprompt PYTHIA8

CMS
ψPrompt J/

 > 6.5 GeV
ψT,J/

p
 < 40 GeV

T,jet
30 < p

| < 2
jet
η|

 (5.02 TeV)-1pp 302 pb

z = pT(J/ѱ) / pT(jet)z = pT(J/ѱ) / pT(jet)

• Later production by parton shower

[PRL 118 (2017) 192001][PLB 805 (2020) 135434]
c c

J/ѱ
G. Bak, Tue 09:40 N. Cooke, Tue POS-HF-02

7

https://doi.org/10.1103/PhysRevLett.118.192001
https://www.sciencedirect.com/science/article/pii/S0370269320302380?via%3Dihub
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Cent. 0-90%

 (5.02 TeV)-1, pp 302 pb-1PbPb 1.6 nb

[PLB 805 (2020) 135434]

gluon

c

cshower
cc / J/ѱ 

G. Bak, Tue 09:40

• Less suppression for isolated J/ѱ  
: difference ~x5 (although large unc.)

8

https://www.sciencedirect.com/science/article/pii/S0370269320302380?via%3Dihub
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• Less enhancement (or larger suppression) of J/ѱ towards forward rapidity

c c
J/ѱ

0 2 4
y

0

0.5

1

AA
R 

ALICE
 = 5.02 TeVNNsPb-Pb 

Centrality 0-90%

ψInclusive J/
−e+e
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 = 5.02 TeVNNsPb-Pb 
Centrality 0-20%

ψ   Inclusive J/
|<0.9y, |−e+e

<4y, 2.5<−µ+µ

PLB 805 (2020) 135434

JHEP 02 (2020) 041  

https://www.sciencedirect.com/science/article/pii/S0370269320302380?via%3Dihub
https://link.springer.com/article/10.1007/JHEP02(2020)041
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Pbp

J/ѱ

R p
Pb

ѱ(2S)

• Overall ‘decreasing trend’ towards forward rapidity  
—> Consistent with nPDF based predictions

• Suppression for ѱ(2S) : final state effects from comover-breakup?

higher pT region
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ssMotivation𝚼(3S)/𝚼(2S) double ratio & 𝚼 recombination

• Double ratio of Y(3S) / Y(2S) as a discriminator for Upsilon in-medium effects?

• Significant contribution from recombination processes? Quite model-dependent…
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Data OQS + pNRQCD Coupled Boltzmann Eq.

 (5.02 TeV)-1, pp 300 pb-1PbPb 1.6 nb

CMS
Preliminary

[CMS-PAS-HIN-21-007]

https://cds.cern.ch/record/2805926/files/HIN-21-007-pas.pdf
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