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Υ(nS)
-

Heavy Quarkonia in heavy-ion collisions

• Heavy quarkonia: Bound states of heavy quark and its anti-quark
• Powerful tool to study thermal properties of QGP
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• Heavy quarkonia: Bound states of heavy quark and its anti-quark
• Powerful tool to study thermal properties of QGP
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Heavy Quarkonia in heavy-ion collisions

• Heavy quarkonia: Bound states of heavy quark and its anti-quark
• Powerful tool to study thermal properties of QGP
• Different binding energies will be modified differently
• Different dynamics for charmonia and bottomonia
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Heavy Quarkonia in small collisions system

• QGP-like behavior in smaller collision systems!
• Cold Nuclear Matter effects(CNM) on heavy quarkonia

• PDFs Modification, energy loss or nucleus absorption, and interactions with comoving particles

RAA(𝚼(1S)) > RAA(𝚼(2S)) > RAA(𝚼(3S)) 𝚼(1S) v2 ≈0
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Monte Carlo simulation framework of quarkonia

• Simulation for Heavy IoN Collisionwith Heavy-quark and ONia (SHINCHON) framework

dN
d(ϕ − Ψ)

∝ 1 + 2v2cos(2(ϕ − Ψ))

RpA =
1
A

dσpA/dpT

dσpp/dpT 

Geometry generation
+

Hydrodynamics 

Dissociation 
+ 

Regeneration

Physics  
Observable

Phys. Rev. C 99, 034905 (2019) 
Phys. Lett. B 801 (2020) 135147 
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Monte Carlo simulation framework of quarkonia

• 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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Monte Carlo simulation framework of quarkonia

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

• The deposited energy distributions are scaled based on the charged particle 
multiplicity at mid-rapidity in p+Pb collisions at √sNN = 8.16 TeV
• Assumption: The scale factor does not change much in the collision systems with 

a similar number of participants
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Monte Carlo simulation framework of quarkonia

• Medium response on Upsilon: Gluo-dissociation + Inelastic Parton scattering

(
∂
∂t

+ v ⋅
∂

∂x
)fΥ(t, x, q) = − Γgluo+inel

diss (t, x, q)fΥ(t, x, q) + Cgluo+inel
reg (t, x, q)[fb, fb̄](t, x, q)
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Monte Carlo simulation framework of quarkonia

• Medium response on Upsilon: Gluo-dissociation + Inelastic Parton scattering
• Only dissociation effect is considered

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

• Tsallis fit to pT distribution fo ϒ(1S) in Pb+Pb √sNN = 5.02 TeV 

N(t + Δt, pT)
N(t, pT)

= e− ∫t+Δt
t dt′ Γdiss(t′ , pT)

Regeneration effect expected to be 
negligible in small system

(
∂
∂t

+ v ⋅
∂

∂x
)fΥ(t, x, q) = − Γgluo+inel

diss (t, x, q)fΥ(t, x, q) + Cgluo+inel
reg (t, x, q)[fb, fb̄](t, x, q)
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Monte Carlo simulation framework of quarkonia

• Medium response on Upsilon: Gluo-dissociation + Inelastic Parton scattering
• Only dissociation effect is considered

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

• Tsallis fit to pT distribution fo ϒ(1S) in Pb+Pb √sNN = 5.02 TeV 

N(t + Δt, pT)
N(t, pT)

= e− ∫t+Δt
t dt′ Γdiss(t′ , pT)
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• Fully disassociated temperatures:  
600(ϒ(1S)), 240(ϒ(2S)), and 190(ϒ(3S)) MeV

• Formation time: 0.5(ϒ(1S)), 1.0(ϒ(2S)), and 1.5(ϒ(3S)) fm

•  ΓΥ(3S)
diss (pT) = ΓΥ(3S)

diss (2 GeV/c)
ΓΥ(2S)

diss (pT)
ΓΥ(2S)

diss (2 GeV/c)
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Monte Carlo simulation framework of quarkonia

• Feed-down contribution for ϒ(nS): 

• : weighted averaged value for ϒ(nS)
• : certain state value for ϒ(nS)

• : feed-down fraction

• Assumption:  and 

Rn(pT) = Σ Ri(pT)FQi
Qn

(pT)

Rn
Ri
FQi

Qn
(pT)

RΥ(2S) ≃ Rχ(1P) RΥ(3S) ≃ Rχ(2P) ≃ Rχ(3P)
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SHINCHON results in heavy-ion collisions

• Framework demonstration in Pb+Pb 
• RAA: ϒ(1S) shows consistency with the measurement.

• ϒ(2S) and ϒ(3S) show inconsistency in central collisions due to the exception of regeneration.
• V2 of ϒ(1S): consist with measurements (≃0).
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• Nuclear modification factor
• Gradual suppresion with increasing event multiplicity for all three ϒ(nS) in p+Pb, p+O, and O+O
• Suppression: ϒ(1S) < ϒ(2S) < ϒ(3S) towards higher dNch/dη

• less suppression of ϒ(3S) in low multiplicity events: Delayed formation time

SHINCHON results in small collisions system
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• Nuclear modification factor
• Gradual suppresion with increasing event multiplicity for all three ϒ(nS) in p+Pb, p+O, and O+O
• Suppression: ϒ(1S) < ϒ(2S) < ϒ(3S) towards higher dNch/dη

• less suppression of ϒ(3S) in low multiplicity events: late formation time of ϒ(3S)

SHINCHON results in small collisions system
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• Nuclear modification factor
• Suppression: 

• Low multiplicity: p+Pb ≃ p+O > O+O (dNch/dη < 25), 
• High multiplicity: p+Pb > O+O

• System size: O+O > p+Pb > p+O,   Energy density: p+Pb > O+O

SHINCHON results in small collisions system
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• Nuclear modification factor
• At the low pT: RAA(ϒ(1S)) > RAA(ϒ(2S)) > RAA(ϒ(3S))
• At the high pT: late formation time of ϒ(3S) 

• Effective interaction time: p+Pb < O+O  due to the smaller initial medium size.
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SHINCHON results in small collisions system
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• Nuclear modification factor
• SHINCHON: p+Pb collisions at √sNN = 8 TeV 

• CMS: p+Pb collisions at √sNN = 5.02 TeV 

• The average multiplicity at 8TeV is about 15% 
higher than that at 5.02 TeV 

• Good agreement with data for ϒ(1S)
• Deviations for ϒ(2S) and ϒ(3S)

• Higher multiplicity can affect the modification of 
ϒ at the low pT region.

• Extending the ϒ formation time towards higher 
pT  induces a rapid increase of RpA.

SHINCHON results in small collisions system
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SHINCHON results in small collisions system

• Elliptic flow
• v2 < 0.01 in the overall pT region and very similar among the p+Pb, p+O and O+O.
• The weak pT dependence indicates that v2 is not affected by the elongation of the formation time. 
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• Elliptic flow
• v2 < 0.01 in the overall pT region and very similar among the p+Pb, p+O and O+O.
• The weak pT dependence indicates that v2 is not affected by the elongation of the formation time. 
• v2 in high-multiplicity events > v2 in MB events (very slightly high)

• In higher multiplicity events, the low pT  ϒ(nS) traverses very slowly.
➡ Not escape the medium before the chemical freeze-out temperature.
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SHINCHON results in small collisions system
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Summary

• SHINCHON has been developed based on the theoretical calculation of 
the thermal with of Υ(nS) and the publicly available codes to describe 
the initial condition and evolution of heavy-ion collisions. 

• RpA,AA(ϒ(1S)) > RpA,AA(ϒ(2S)) > RpA,AA(ϒ(3S))
• less suppression of ϒ(3S) in low multiplicity events

• Due to the late formation time of ϒ(3S)
• Modification in high multiplicity: O+O < p+Pb 

• Due to the energy density
• V2 of ϒ(nS) < 0.01 for all three systems, even in high multiplicity events.

• SHINCHON can provide valuable information on sources of nuclear 
effects on bottomonia production in small systems upcoming LHC Run.

Paper in preparation 
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• System size: O+O > p+Pb > p+O,   
• Energy density: p+Pb ≈ p+O > O+O

SHINCHON results in small collisions system


