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What have we learned so far for Upsilon 
modification in heavy-ion collisions?
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Amount of suppression :  
Y(1S) < Y(2S) < Y(3S)

Binding energy : 
Y(1S) > Y(2S) > Y(3S)

Sequential suppression in AA @ LHC!!

From data

What have we learned so far for Upsilon 
modification in heavy-ion collisions?
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What have we learned so far for Upsilon 
modification in heavy-ion collisions?

Sequential suppression in AA @ LHC!!

Sequential suppression in pA @ LHC!!

𝚼(1S)
𝚼(2S)

𝚼(3S)
Pbp

R p
Pb

[EPJC 78 (2018) 171]

[arXiv:2202.11807]

[PLB 806 (2020) 135486]

[JHEP 11 (2018) 194]

absolute suppression smaller than PbPb

Amount of suppression :  
Y(1S) < Y(2S) < Y(3S)

Binding energy : 
Y(1S) > Y(2S) > Y(3S)

From data
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What have we learned so far for Upsilon 
modification in heavy-ion collisions?

Sequential suppression in AA @ LHC!!

Sequential suppression in pA @ LHC!!

From data

From theory

[JHEP 0703 (2007) 054]

Gluo-dissociation / landau damping

[PRD 78 (2008) 014017]

— static/dynamical screening captured as real/impaginary part of the potential
Calculations for dissociation processes —> Suppression
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What have we learned so far for Upsilon 
modification in heavy-ion collisions?

Sequential suppression in AA @ LHC!!

Sequential suppression in pA @ LHC!!

From data

From theory
Calculations for dissociation processes —> Suppression
— static/dynamical screening captured as real/impaginary part of the potential

Recombination process —> Enhancement 
— correlated/uncorrelated recombination or off-diagonal/diagonal components

[IJMP E 24 (2015) 1530008]

Initial/Final state effect apart from hot-medium effects 
— nPDF, CGC, coherent energy loss, comover breakup, etc.
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https://www.worldscientific.com/doi/abs/10.1142/S0218301315300088
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Quarkonium state in medium
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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

Rapid expansion…

Corona region.. 

Hydrodynamics…

…



29 September 2022                                                               4

Theory vs data comparison
[CMS-PAS-HIN-21-007]
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[PLB 801 (2020) 135147]

[EPJC (2019) 79:147]

[PRC 88 044908]

[PLB 778 (2018) 384]

[Universe 6050061]

[J. Phys.: Conf. Ser. 779 012041]

[arXiv:2208.10050][arXiv:2009.05658] [PRD 104 (2021) 094049]

[PRC 96 (2017) 054901] [JHEP 10 (2018) 094]

[QM2022 link]

Everything is possible?? 

Different ingredients..  

Different medium treatment..

https://www.sciencedirect.com/science/article/pii/S037026931930869X?via=ihub
https://link.springer.com/content/pdf/10.1140/epjc/s10052-019-6646-2.pdf
https://journals.aps.org/prc/pdf/10.1103/PhysRevC.88.044908
https://www.sciencedirect.com/science/article/pii/S0370269318300467?via=ihub
http://dx.doi.org/10.3390/universe6050061
https://iopscience.iop.org/article/10.1088/1742-6596/779/1/012041
https://arxiv.org/pdf/2208.10050.pdf
https://arxiv.org/pdf/2009.05658.pdf
http://dx.doi.org/10.1103/PhysRevD.104.094049
http://dx.doi.org/10.1103/PhysRevC.96.054901
https://link.springer.com/content/pdf/10.1007/JHEP10(2018)094.pdf
https://indico.cern.ch/event/895086/contributions/4706501/attachments/2422438/4146439/SHMb.pdf


SHINCHON 
Simulation for Heavy IoN Collision with Heavy-quark and ONia

Performance studies on theory models  
in the same simulation framework

How much would the yields be modified 
w.r.t the potential parameterization 
under the same medium evolution 
condition? (and vice versa)

Test the sensitivity of different models & 
simulation frameworks for the response 
of quarkonia-in-media 

Today : Application Y modification in small 
systems (pO, OO, pPb) 
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Framework setup

Geometry generation
+

Hydrodynamics 

PRC 99, 034905 (2019)

MC Glauber 
+ 

SONIC

• Geometry generator: MC Glauber framework
• Collision system: p+Pb, p+O, O+O at √sNN = 8 TeV 

• Nucleon-nucleon inelastic cross section: 72 mb
• Gaussian of width for energy deposition of nucleon: 0.4 fm
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Framework setup

Geometry generation
+

Hydrodynamics 

PRC 99, 034905 (2019)

MC Glauber 
+ 

SONIC
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• Hydrodynamic simulation: SONIC framework
• η/s = 0.08 & ϛ/s = 0

• Scaling MC Glauber —> Energy density for SONIC based on 
measured multiplicity in pPb 8.16 TeV
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Framework setup

Geometry generation
+

Hydrodynamics 

PRC 99, 034905 (2019) PLB 801 (2020) 135147

MC Glauber 
+ 

SONIC

Medium response  
on Y(nS)

• Pickup and collaborate 
with a theory group that 
describe the Y RAA in 
PbPb

• Neglect recombination 
processes for small 
systems 
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Framework setup

Geometry generation
+

Hydrodynamics 

Physics  
Observables

PRC 99, 034905 (2019) PLB 801 (2020) 135147

MC Glauber 
+ 

SONIC

Medium response  
on Y(nS)

Nuclear 
modification 

factor

Elliptic flow
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Y medium response simulation

• Boltzmann equation for dissociation of Y(nS)

• Dissociation cross section at NLO :  
HTL resumption + effective vertex from 
Bethe-Salpeter amplitude

• Thermal width consistent with pNRQCD 
calculations using imaginary potential  
(N. Brambilla et al. JHEP 05 (2013) 130)

PRC 97, 014908 (2018) PLB 801 (2020) 135147

• Survival fraction of Upsilons for time step(Δt): 

 
N(t + Δt, pT)

N(t, pT)
= e− ∫t+Δt

t dt′ Γdiss(t′ , pT)

• Formation time of Y(1,2,3S) : 0.5/1.0/1.5 fm/c  
boosted vs pT by lorentz factor γ
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Quarkonium feed-down
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• Feed-down contribution for ϒ(nS): 

• Reweight results w.r.t feed-down fraction from state i to n

Rn(pT) = Σ Ri(pT)FQi
Qn

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



29 September 2022                                                               

Derivation for PbPb
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• Dissociation only effects for the illustration of the framework
• N.B no recombination effects included (might be worth for excited states)
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Nuclear modification factor
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• Sequentially suppressed compared in all systems (pPb / pO / OO @ 8 TeV)
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• Amount of suppression at low-multiplicity : pPb~pO ≥ OO
• Amount of suppression at high-multiplicity : pPb > OO
• System size : OO > pPb > pO  vs Energy density : pPb > OO > pO
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Elliptic flow
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• Small elliptic flow (v2 < 0.01) in the overall pT region and similar among pPb, pO, OO
• Weak dependence on multiplicity (maybe also for current system size & energy density)
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Summary
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SHINCHON framework developed to perform the medium response of quarkonia

Dissociation only effects incorporated to MC Glauber + SONIC in small systems

Interesting results in pPb, pO, OO collisions - worth to check with experimental data

Future plans to include other effects to make an user-customized framework

 recombination, nPDF, pre-resonance 

 systematic studies for parameterization

 different medium simulations e.g. Music 3D hydro  

 comparisons using other theory calculations


