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Abstract

With the recently developed quantitative simulation tool for computing CME signal, the Anomalous-Viscous
Fluid Dynamics (AVFD), we demonstrate that a joint (multiplicity + elliptic-flow) event selection is crucial for
contrasting the correlation observables of the two colliding systems that supposedly have identical flow-driven
background contributions while quite different CME signal contributions. We further propose to use the absolute
difference between RuRu and ZrZr events (after using identical event selection) for detecting CME signal and
make predictions for the correlation observables.

AVFD: Anomalous-Viscous Fluid Dynamics

D̂µJ
µ
R = +NcQ

2

4π2
EµB

µ, D̂µJ
µ
L = −NcQ

2

4π2
EµB

µ

J
µ
R = nR u

µ + ν
µ
R + NcQ

4π2
µRB

µ

J
µ
L = nL u

µ + ν
µ
L −

NcQ
4π2

µLB
µ

∆
µ
ν d̂

(
ννχ

)
= − 1

τr

[(
ν
µ
χ
)
−
(
ν
µ
χ
)
NS

]
(
ν
µ
χ
)
NS = σ

2T∆µν∂ν
(µχ,f
T

)
+ σ

2QE
µ

CME

Viscous Effect

on top of VISH2+1D —OSU Group

M.C.
Glauber

VISH2+1

MUSIC3+1

AVFD
Cooper
-Frye

Initial Conditions
Bulk + EM field + N5

Bulk Evolution

Normal &
Anomalous
Current
Transport

Hadron
Distribution

-5 0 5

-5

0

5

x (fm)

y
(f
m
)

0

1

2

3

×10-2

nR/L
u (GeV3)

τ = 0.6 fm/c

-5 0 5

-5

0

5

x (fm)

y
(f
m
)

0

0.1

0.2

0.3

0.4

×10-2

nR/L
u (GeV3)

τ = 3.0 fm/c B = 0

-5 0 5

-5

0

5

x (fm)

y
(f
m
)

0

0.1

0.2

0.3

0.4

×10-2

nR
u (GeV3)

τ = 3.0 fm/c B ≠ 0

-5 0 5

-5

0

5

x (fm)

y
(f
m
)

0

0.1

0.2

0.3

0.4

×10-2

nL
u (GeV3)

τ = 3.0 fm/c B ≠ 0

Figure 1: The evolution of u−flavor densities via solving AVFD equations from the same initial charge density
distribution (for either RH or LH) at τ = 0.60fm/c (left most panel) in three cases: (a) (second left panel) for
either RH or LH density at τ = 3.00fm/c with magnetic field B → 0 i.e. no anomalous transport; (b) (second
right panel) for RH density and (c) (most right panel) for LH density, both at τ = 3.00fm/c with nonzero B
field along positive y-axis.

Isobaric Collisions: 96
44Ru vs. 96

40Zr

Same Nucleons ⇒ Similar Bulk Background
Different Protons ⇒ Different CME!

• B ⊗ µA ⇒ current ⇒ dipole (charge separation)

dN±

dφ
∝ 1 + 2a±1 sin(φ− ΨRP ) + 2v2 cos(2φ− 2ΨRP ) + ...

• charge separation ⇒ two particle correlation

γ = 〈cos∆φicos∆φj〉 − 〈sin∆φisin∆φj〉 = κv2F −H
β = 〈cos∆φicos∆φj〉 + 〈sin∆φisin∆φj〉 = F + H

F: Bulk Background H: Possible CME Signal

Event Selection for the Isobaric Collisions: Insights from Initial

Conditions

Key idea: contrasting two systems with identical bulk, varied magnetic fields.
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Figure 2: The relative difference in eccentricity ∆〈ε2〉 (left) and projected magnetic-field-strength-squared ∆(Bsq)
(right) between RuRu and ZrZr, with conventional centrality event selection.
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Figure 3: joint (multiplicity + elliptic-flow) identical event selection
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Figure 4: The relative difference in eccentricity ∆〈ε2〉 (left) and projected magnetic-field-strength-squared ∆(Bsq)
(right) between RuRu and ZrZr, with the proposed joint (multiplicity + elliptic-flow) event selection.

Predictions for CME Signals in Isobaric Collisions with EBE-

AVFD
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Figure 5: (left) The measured v2 distributions of the post-selection simulation events for RuRu and ZrZr collisions.

(right two) The absolute difference in correlation observables (γOS−SSRu − γOS−SSZr ) and (δOS−SSRu − δOS−SSZr )
with respect to event-plane (EP: center panel) and reaction plane (RP: right panel) geometry, measured with
post-selection events, for varied signal strength as controlled by initial axial charge density n5/s.
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Figure 6: (left) Predictions from EBE-AVFD simulations for observables (γOS−SSRu −γOS−SSZr ) and (δOS−SSRu −
δOS−SSZr ) as a function of bin-wise elliptic flow v2 from event-shape analysis with three identical bins for RuRu
and ZrZr systems. The simulation results are obtained with n5/s = 20%. (right) Predictions from EBE-AVFD
simulations for the R-correlator distributions for n5/s = 0%, 5%, 10% and 20% respectively.
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