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Physics motivation
qMost HQ (charm) produced in primordial stage of collision(~ 0.1fm/c), 

due to large mass:

➔ Produced in the initial hard scatterings.
➔ Experience the full evolution of the system.

qAllow perturbative calculations[1].
𝑚! ≫ Λ!"#.   (Λ!"# ~ 0.226 GeV)

𝑚$ ~ 1.3 GeV/𝑐%

(𝑇!"# ~ 0.3 GeV)

𝑚! ≫ 𝑇!"#

1. Cacciari M, Nason P, Vogt R. Phys.Rev.Lett.95:122001(2005)



Charm-flow SummaryApr.15 2022 3

Ø The collectivity of participation in the fireball .
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(for 4th-order)…

o Lee-Yang Zero [5]

[1]. Z. Phys. C 70, 665 (1996)

[2]. Phys. Rev. Lett. 121, 082301 (2018)

[3]. Phys. Rev. C 83, 044913 (2011)

[4]. Phys. Rev. Lett. 120, 202301 (2018)

[5]: Phys. Lett. B 580, 157(2004)   

Physics motivation (azimuthal anisotropies)
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Two-particle correlation
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What sources influence the flow amplitude?  

q Initial eccentricity 

pp Pb-Pb

PLB 713 (2012) 91
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𝜀%↑  𝑣% ↑  ,  R↑  𝑣% ↑            
• Mid-central (30-50%):  𝜀% const
• Most-central(0-10%):   𝜀% ↓ arXiv:1907.03308

q system length scale

What sources influence the flow amplitude?  
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open charm 𝑣% ↑ with increasing system size 
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What sources influence the flow amplitude?  

q flow fluctuation
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What is flow fluctuation? 

Event-by-event 
fluctuations

𝑝(𝑣!)

❬𝑣!"❭ ≉ ❬𝑣!❭"

Each with own evolutionMany collisions

PLB 789 (2019) 643–665
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How to measure the flow fluctuation? 𝒗𝟐 𝟒 /𝒗𝟐 𝟐

flow fluctuationnon-flow flow fluctuationflow(EP) flow(EP)

: sensitive to flow fluctuations if non-flow is negligible. 

𝑣$ 2 $ ~ ⟨𝑣⟩$ + 𝛿 + 𝜎%$ 𝑣$ 4 $ ~ ⟨𝑣⟩$ − 𝜎%$

𝑣K 4 /𝑣K 2
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Physics motivation: 𝒗𝟐 𝟒 /𝒗𝟐 𝟐 (fluctuation)

initial condition fluctuation energy loss fluctuation

Ø only soft fluctuation: 

In low 𝑝': >! ;
>! %

judge the strength of the fluctuation. 

(const.)

(1)

(2) (3)
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The elliptic flow of prompt 𝐷? has similar pattern to that of charged hadrons

QM2022 results:  2-particle correlation  
Yongsun Kim’s talk
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Ø 𝑣" 2 > 𝑣" 4
Ø 𝑣" 4 has no obvious centrality 

dependence.  

Y. Zhang’s talk

QM2022 results:  4-particle correlation  
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Ø 𝑣" 4 /𝑣" 2 (𝐷#) ~ 𝑣" 4 /𝑣" 2 (Ch)
⟹ soft fluctuation is dominated. 

Y. Zhang’s talk

QM2022 results:  4-particle correlation  
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𝑣! 4 / 𝑣! 2 for charm sectors are almost the 
same across different centrality classes – similar 
findings of charged particles – fluctuations almost 
from initial geometry 

Y. Zhang’s talk

QM2022 results:  4-particle correlation  
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Indication of splitting between charged 
particles and charm sectors 

– hint of fluctuations on energy loss 
towards smaller system

Y. Zhang’s talk

QM2022 results:  4-particle correlation  
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PRL 120, 102301 (2018)

Ø The 𝑣3 of D mesons is comparable in magnitude to that of light-
flavor hadrons. 

Event plane method in Alice  
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PRL 120, 102301 (2018)
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charmonium: 𝘑/ψ
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(-q)* q
$𝛑&

the potential for 𝑐 ̅𝑐 system:

𝛋r𝐻@ =  +

Coulomb potential confining potential

QGP affect the 𝑐 ̅𝑐 system in three important ways:
1. the temperature T (string tension depends on T, T > T4 string tension disappear 

and Coulomb potential will transfer into Yukawa potential ). 
2. the presence of quark matter leads to the rearrangement of the densities of q, %q, 

and g around c and %c.  The arrangement leads to the screening of the color 
charge of c and %c.  

r < 𝜆5 : c%c attractive interaction is effective. 
r > 𝜆5 : c%c attractive interaction in ineffective. 
c will combine the u,d and form: 

Debye screening radius:  



Charm-flow SummaryApr.15 2022 21

3. recombination contribution: 

Au-Au: 𝑅AA ↓ with larger size system due to Debye screening.   
Pb-Pb: Debye screening + recombination effect. 
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1986, T. Matsui, H. Satz
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First J/ψ suppression observed at CERN-SPS  

1987:  O + U @ 200GeV

Conclusion: a considerable suppression of J/ψ
production, increasing with the centrality of the collision.  



Charm-flow SummaryApr.15 2022 24

J/ψ reconstruction    

Fit: 
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Conclusion: a considerable suppression 
of J/ψ production, increasing with the 
centrality of the collision.  
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QM2022 results:  𝘑/𝜓 𝒗𝟐 from CMS    

• Large 𝑣% up to 50 GeV/c.
• Smaller 𝑣% in most central collision event.

• ψ(2S) 𝑣% first measured!

• ψ(2S) 𝑣% >= J/ψ 𝑣%
➞ hint of different regeneration contribution

for ground and excited states 
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QM2022 results:  𝘑/𝜓 𝒗𝟐 from Alice    
Sébastien Perrin’s talk

pp: 

Ø No significant 𝑝' dependence 
compatible with 0 (within 1 𝜎)
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QM2022 results: 𝘑/𝜓 𝒗𝟐 in Au-Au from phenix    

• 𝘑/𝜓 𝑣% at forward rapidity is consistent with zero.

• Different from the LHC results
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QM2022 results:  muon 𝒗𝟐 of charm h decays from Atlas    
PRL 124, 082301 (2020) Qipeng Hu’s talk
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backup
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(-q)* q
$𝛑&

the potential for 𝑐 ̅𝑐 system:

Coulomb potential Yukawa potential

q
$𝛑

' "#$
%&

&

Debye screening: Coulomb → Yukawa
QGP exists: string tension disappear. 
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prompt or non-prompt charm

ü prompt charm (either directly or as decay products of excited charm resonances):

𝐷#, 𝐷(, 𝐷)(, and 𝐷∗(2010)( (denoted as 𝐷∗( ) mesons.

ünon-prompt charm (produced in beauty-hadron decays): 


