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The chemical-potential splittings in STAR isobar data

3

J. Grefa, C.Y. Tsang, R. Kumar, V. Dexheimer,C. Ratti, Z. Xu; arXiv:2601.21232 [nucl-th]

Relate to Zr-Ru Splitting Ratios in Isobar Experiments
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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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𝑟 ≡
𝑛𝑄
𝑛𝐵

≃
Z

A
𝑟Ru ≃ 0.458
𝑟Zr ≃ 0.417

Can we provide a first-principles QCD benchmark 

for these isospin-driven splittings ? 
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From conserved-charge fluctuations to 𝒒𝟏 and 𝒔𝟏
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From 𝒒𝟏 and 𝒔𝟏 to splitting ratios
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Bayesian input:
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Lattice Setup

7

• 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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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 & STAR-cut proxies within PDGHRG
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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; Δ𝜇𝑆/Δ𝜇𝐵 is closest to the Bayesian agreement.

QMHRG Follows the lattice results trend in the Bayesian window.

Proxies Adding Λ improves the charge ratio, but overshoots the strangeness ratio.

The electric-charge ratio is 

displayed as −Δ𝜇Q/Δ𝜇B
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Magnetic fields modify the splitting ratio
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LQCD Both ratios increase with 𝑒𝐵; the charge sector responds more strongly.

QMHRG Follows the lattice overall lattice trend

Proxies Show sizeable offsets from full conserved-charge results.
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Magnetic fields modify the splitting ratio

13
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Dominate, but weak eB-dependence 

Can we construct a sensitivity observable ?
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Normalized ratios reveal a pronounced 𝒆𝑩 response
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Normalized ratios reveal a pronounced 𝒆𝑩 response
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Ru-Zr difference of normalized magnetic responses
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Ru Zr

Ru Zr[ ] [ ] [ ]R O R O R O−  −

LQCD/QMHRG: 

Charge and mixed differences grow to ~1.5.

Strangeness: 

Difference remains near zero.

STAR-cut proxies: 

Ru–Zr contrast falls to 𝑂(10−2).

Restricted charged-hadron content, notably missing 

the 𝑛 and 𝐾0
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Summary

Framework 𝑞1 and 𝑠1 map isospin asymmetry to chemical-potential splitting ratios.

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

At 𝐞𝐁 > 𝟎 − ∆𝜇Q/∆𝜇B and ∆𝜇𝑆/∆𝜇B 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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Next-to-leading-order correction
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The lattice estimate:
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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:

18
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Results in an extended 𝜇𝐵(𝑟Ru)/∆𝜇𝐵 window

19

• 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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Magnetic Field Setup on Lattice

20
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G.S. Bali, F. Bruckmann, G. Endrodi, Z. Fodor, S.D. 

Katz, S. Krieg et al., JHEP 02 (2012) 044.

No sign problem!
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