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Strong magnetic fields and the chiral magnetic effect
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The isobar collision experiment 
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The chemical-potential splittings in STAR isobar data
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Relate to Zr-Ru Splitting Ratios in Isobar Experiments

0~10% centrality class 

Bayesian analyses posterior
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A
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𝑟Zr ≃ 0.417

What is QCD benchmark for these isospin-driven

chemical-potential  splittings?
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From chemical potential to coefficient 𝒒𝟏 and 𝒔𝟏
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Isospin-driven chemical-potential splitting ratios
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Lattice Setup
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• Highly improved staggered fermions and a tree-level improved Symanzik

gauge action

• physical pion mass ： 𝑚𝑙= 𝑚𝑠 /27

• Lattice : 323 × 8 and 483 × 12 → cont.est.

2+1 flavor QCD on Lattice

simulated 𝑇 and 𝑒𝐵 range

• Temperture: along the 𝑇𝑝𝑐(𝑒𝐵) at finite 𝑒𝐵

• Magnetic field : 0 ≤ 𝑒𝐵 ≲ 8𝑀𝜋
2 ~ [0,0.15] GeV2
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Isospin and magnetic-field dependence of 𝒒𝟏 and 𝒔𝟏
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𝒓 −dependence of 𝒒𝟏 and 𝒔𝟏 along 𝑻𝒑𝒄(𝒆𝑩)
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𝒆𝑩 −dependence at fixed isospin parameter 𝒓
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Intercepts :  −𝑞1 grows strongly, while 

𝑠1 grows mildly.

Slopes : −∆𝑞1 increases mildly, while 

∆𝑠1 is nearly 𝑒𝐵-independent.

𝛥𝜇Q

𝛥𝜇B
= 𝑞1 𝑟Zr + 𝑞1 𝑟Zr − 𝑞1 𝑟Ru

𝜇B 𝑟Ru
𝛥𝜇B

𝛥𝜇S
𝛥𝜇B

= 𝑠1 𝑟Zr + 𝑠1 𝑟Zr − 𝑠1 𝑟Ru
𝜇B 𝑟Ru
𝛥𝜇B
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QMHRG baselines and STAR-motivated proxies
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F. Karsch, K. Morita and K. Redlich, 
Phys. Rev. C 93 (2016) 034907 

Fluctuations expressed in terms of hadron and resonance species R:
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Isospin-driven splitting ratios at vanishing magnetic field
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Bayesian thermal-analysis 

extraction:

𝜇B 𝑟Ru = 20.31−4.0
+3.8  MeV

Δ𝜇B = 0.156−0.012
+0.011  MeV

𝜇B 𝑟Ru
Δ𝜇B

≃ 130

• LQCD : Δ𝜇Q < 0, Δ𝜇𝑆 > 0; closest Bayesian agreement in Δ𝜇𝑆/Δ𝜇𝐵.

• QMHRG : Follows the lattice results trend in the Bayesian window.

• Proxies : Restricted particle content and kinematic cuts produce sizable shifts.

The electric-charge ratio is 

displayed as −Δ𝜇Q/Δ𝜇B
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Magnetic fields modify the splitting ratio
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• Signs and monotonic 𝜇B 𝑟Ru / Δ𝜇B-dependence are preserved at all 𝑒𝐵.

• Increasing 𝑒𝐵 mildly enhances magnitude of the splitting ratios.

• QMHRG  reproduce the behavior, while proxy with kinematic cut show the deviations.
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Magnetic fields modify the splitting ratio
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Normalized ratios reveal a pronounced 𝒆𝑩 response

15

pc

pc

( , , ( ))
[ ]( )

( , 0, (0))

O r eB T eB
R O eB

O r eB T


=
,  where

LO LO

,
Q S

B B

μ μ
O

μ μ

     
    
     

pronounced 
response

Ru-Zr separation is largely lost

mild response

clear separation negligible 
separation



CENTRAL CHINA NORMAL UNIVERSITY QCD MATTER UNDER ROTATION AND MAGNETIC FIELDS

Ru-Zr difference of normalized magnetic responses
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Ru Zr

Ru Zr[ ]( ) [ ]( ) [ ]( )R O eB R O eB R O eB−  −

✓ ∆𝑅Ru−Zr 𝑂 : isolates the isospin

dependence.

✓ LQCD/QMHRG: charge and mixed 

differences reach ∼ 1.5; the strangeness 

difference stays near zero.

✓ Charged-hadron proxies largely wash out 

the Ru–Zr sensitivity, mainly due to the 

omission of neutral states such as neutrons

and 𝐾0.

positive values : stronger response in Ru than in Zr.
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Summary

• Framework : 𝑞1, 𝑠1, and their Ru-Zr differences determine the splitting ratios.

• At 𝑒𝐵 = 0: ∆𝜇𝑄 < 0, ∆𝜇𝑆 > 0; ∆𝜇𝑆/∆𝜇B agrees best with the Bayesian extraction.

• At 𝑒𝐵 > 0: Splitting-ratio magnitudes increase, while their slopes change only mildly.

• Normalized response : Pronounced Ru-Zr contrast in 𝜇Q-related ratios, but nearly 

none in 𝜇𝑆/𝜇B.

• Proxies : Overall 𝑒𝐵 response retained, Ru-Zr separation largely lost.

17

Thank you!
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Magnetic Field Setup on Lattice
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Katz, S. Krieg et al., JHEP 02 (2012) 044.

No sign problem!
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Next-to-leading-order correction
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Near the isobar freeze out point:

H.-T. Ding, J.-B. Gu, A. Kumar, S.-T. Li and J.-H. Liu, 

Phys. Rev. Lett. 132 (2024) 201903 [2312.08860].

• Suppresses the NLO corrections to ∆𝜇𝑄/∆𝜇𝐵 to 𝑂(10−3) relative to the LO.

• Similarly for ∆𝜇𝑆/∆𝜇𝐵, ∆𝜇𝑆/∆𝜇𝑄

The NLO splitting ratio reads:

20
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Results in an extended 𝜇𝐵(𝑟Ru)/∆𝜇𝐵 window
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• The charge and strangeness splitting ratios grow linearly with 𝜇𝐵(𝑟Ru)/∆𝜇𝐵 , with the isospin-

difference terms dominating in the experimental window.

• The mixed ratio begins to saturate near 1/2 as the common 𝜇𝐵(𝑟Ru)/∆𝜇𝐵 dependence cancels.

• The Λ-extended proxy improves the strangeness sector at small 𝜇𝐵(𝑟Ru)/∆𝜇𝐵 , but current 

proxies do not reproduce the lattice behavior in the experimental window.
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