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Anomalous-Viscous Fluid Dynamics

as the linear perturbation on top of 
 2+1D Hydro background
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CME In Heavy-Ion Collisions

dN±/d𝜙 ∝ 1 + 2 a1± sin(𝜙 — 𝜓RP) + …

▸ B field ⊗ µ5  ⇒  current ⇒  dipole (charge separation) 
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CME In Heavy-Ion Collisions

▸ charge separation  ⇒  charge dept. two-particle correlation

𝛾 = 𝜅 v2 F — H 
𝛿 = F + H

F: Bulk Background 
H: Possible Pure CME Signal = (a1,CME)2

dN±/d𝜙 ∝ 1 + 2 a1± sin(𝜙 — 𝜓RP) + …

𝛾 = ⟨cos(𝛥𝜙i+𝛥𝜙j) ⟩ = ⟨cos𝛥𝜙i cos𝛥𝜙j ⟩ — ⟨sin𝛥𝜙i sin𝛥𝜙j ⟩ 

𝛿 = ⟨cos(𝛥𝜙i —𝛥𝜙j) ⟩ = ⟨cos𝛥𝜙i cos𝛥𝜙j ⟩ + ⟨sin𝛥𝜙i sin𝛥𝜙j ⟩ 

▸ B field ⊗ µ5  ⇒  current ⇒  dipole (charge separation) 
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Anomalous-Viscous Fluid Dynamics Packages 04

1st generation: [1611.04586 & 1711.02496] 
Smooth IC + Hydro + Cooper-Frye Dist. + Res. Decay 
   (Glauber)      (VISH)               (iS)                      (iS)



Anomalous-Viscous Fluid Dynamics Packages

1st generation: [1611.04586 & 1711.02496] 
Smooth IC + Hydro + Cooper-Frye Dist. + Res. Decay 
   (Glauber)      (VISH)               (iS)                      (iS) 

2nd generation: [1910.14010] 
EbE IC + Hydro + grand-canonical sampler + Had. Cascade 

(superMC)   (VISH)               (iSS w/ PLCC)                   (UrQMD)
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Anomalous-Viscous Fluid Dynamics Packages

1st generation: [1611.04586 & 1711.02496] 
Smooth IC + Hydro + Cooper-Frye Dist. + Res. Decay 
   (Glauber)      (VISH)               (iS)                      (iS) 

2nd generation: [1910.14010] 
EbE IC + Hydro + grand-canonical sampler + Had. Cascade 

(superMC)   (VISH)               (iSS w/ PLCC)                   (UrQMD) 

3rd generation: 
EbE IC + Hydro + micro-canonical sampler + Had. Cascade 

(AVFD-IC)   (MUSIC)         (Oliinychenko-Koch)               (smash)
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E-by-E IC of Bulk & B field

Anomalous-Viscous Fluid Dynamics (3rd Gen.) 05

• MC-Glauber Generator


• New feature: able to test nucleon distribution



E-by-E IC of Bulk & B field

Μ

Anomalous-Viscous Fluid Dynamics (3rd Gen.)

Bulk & => N, N5 evolution

05

μQ @ FO



E-by-E IC of Bulk & B field

Μ

Anomalous-Viscous Fluid Dynamics (3rd Gen.)

Bulk & => N, N5 evolution

05

μQ @ FO

micro-can. Freeze-Out + Hadron Cascade

Length: pT,    Angel: 𝜑
Distribution of (+) / (−) ch. 

(See Dima's Talk)



Determining Patch Size in micro.-can. FO 06
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shall be (mostly) background

Determining Patch Size in micro.-can. FO



Correlation between IC & Hydro 08
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Correlation between IC & Hydro 08
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Correlation with Final Hadron dist. 09
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Correlation with Final Hadron dist. 09
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CME-related quantities vs. impact parameter 10
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B field ~ b (for central collisions)



CME-related quantities vs. centrality 11
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B field ~ b (for central collisions) 
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CME-related quantities vs. multiplicity 12
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B field ~ b (for central collisions) 
charge dipole & separation ~ centrality (if the same n5/s) 
well separated if binned by multiplicity



CME correlators in Au+Au collisions 13
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CME correlators in Cu+Cu collisions 14
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delta-correlator in different systems 15
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CME correlators in isobaric collisions
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CME correlators in isobaric collisions
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CME correlators in isobaric collisions 16
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CME correlators in isobaric collisions
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106 min-bias events for each system & n5

Enough to show its sensitivity to CME,  
but need more statistics to distinguish the isobar systems



Question:  
Are we on the right track? 

Answer:  
Let's take a look at the comparison of  
quantities that require less statistics.



other comparisons in isobaric collisions

0 20 40 60 80 100

0

5

10

CentralityFOHS (%)
R
ef
.D
iff
.(
%
)

dEFO/dy

ã1
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Clear separation in B field strength & charge dipole
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other comparisons in isobaric collisions
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Red & Orange: CME-related quantities 
Black & Blue: Bulk Background

Clear separation in B field strength & charge dipole
Multiplicity binning further eliminate possible difference in background
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Summary & Outlook
The most updated EBE-AVFD package:


1) micro-canonical sampler implemented


2) look promising to describe both CME signal & non-CME 

background


To-Do:


1) More statistics


2) Further tune Epatch


3) Coupled with more realistic B field evolution (see Anping 

Huang's Talk)
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THANK YOU!



BACKUP SLIDES



LCC implementation in the 2nd Gen.

In the current particle sampler,

two ways to sample particles in a single FOHS cell:


(a) grand-canonical ensamble (both Nnet, E fluctuate) 
Npos ~ Poisson Distribution with mean ⟨N⟩=Nthermal 
Nneg ~ Poisson Distribution with mean ⟨N⟩=Nthermal 

Npos and Nneg are not necessarily the same 

(b) canonical ensamble (Nnet conserved, E fluctuates) 
Npos ~ Poisson Distribution with mean ⟨N⟩=Nthermal 
Nneg = Npos 

take neutral systems 

(𝜇 = 0) as example

B. Schenke, C. Shen, P. Tribedy, arXiv:1901.04378



LCC implementation in the 2nd Gen.

— PLCC of the charged particles freeze-out in pairs,  
     from the same cell of hyper-surface; 

— 1-PLCC of the charged particles freeze-out independently.

A hybrid approach?


c) for every cell, randomly choose (a) or (b), according to  
given acceptance probability PLCC being a parameter ∈ [0,1].



Non-CME Background
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CME in IsoBar System
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