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LEADING-ORDER EOS IN
STRONG MAGNETIC FIELDS AT

NONZERO BARYON CHEMICAL POTENTIAL

SIGN-PROBLEM IN

Flndte-pt 1 ICE QCD =) TAYLOR EXPAND
. - uds .].BQS
Pressure can be Taylor expanded as fluctuations of f f_ _ -,u- Cg_ - _)( Zk_ _ _)iz]k_
conserved charges ¢ € {B,Q, S} : 1 ) 24 15-F an:
1 My = THR T = HQ I
P 1 - 3 3 :
P(T, eB, ﬂ) — T4 — W hl <za(}c(jv, eB, V, //l%) i B l - l I
== Iﬂd—BﬂB 3/4Q .
— i 1 i BQSI iuBl IMQ] Msk LO: : 1 1 :
- N7 B +j4+ k=2 _ I
i.j,k=0 Hylk! . Zk_ : L]+ K 1 Uy = gﬂB - E'MQ — HUs ]
(Lattice computable & Experimentally measurable) e e mmmme==---- '
C.R. Allton, et.al, PRD 66 (2002), 074507
itk R. V. Gavai, S. Gupta, PRD 68 (2003), 034506
2B =, BT By = ———_P(T,eB, p) i
! ! B oHGIHS 4=0
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LATTICE (2+1)-fT QCD INGREDIENTS

I CER ©:
u ~ NuclearScience
Computing CenteratCCNU

 HISOQ & Symanzik action with physical pion mass e
Jin-Biao Gu @ Thu, Oct 9

o Lattice: 32 x 8, 48° X 12 — continuum estimates

Control parameter space:

PHYSICAL REVIEW LETTERS 132, 201903 (2024)

* 'lemperature: focused around QCD transition

T =1145 - 166) MeV

Baryon Electric Charge Correlation as a Magnetometer of QCD

H.-T. Ding®, J.-B. Gu®, A. Kumar®, S.-T. Li®, and J.-H. Liu
Key Laboratory of Quark and Lepton Physics (MOE) and Institute of Particle Physics,
Central China Normal University, Wuhan 430079, China

. Magnetlc field (no sign-problem!)
B =V XA — Landau gauge: uniform B, H.-T. Ding, J.-B. Gul;ﬁlfﬁséf(.zlalz’ i)--;-lggué

PBC + Stokes theorem — QQuantization:

eB = 67TN19/ a’N, 02 RS %ﬁegze e(zf)lf)?n (f)ishlpspoof
N,=[1-32] — B <08 GeV>~45M; THERMODYNAMICS

P-€,0, .. f()(BkQS’ T eB?:uB’/’tQal’tS’ :)
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STRANGENESS NEUTRAL : INITIAL NUCLEI CONDITIONS

Vanishing

chemical potential

—_—

Qok—1> S2k—1

(Uo/ ﬂB)LQ

HotQCD, PRL 109 (2012) 192302



(Mo/HB)Lo = q; - STRANGENESS NEUTRAL SYS
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(Ho/HB)Lo = ¢ - INITIAL PDb—NUCLEI CONDITIONS
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KZ Strong-eB: saturation to free limit
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(Mo/HB)Lo = ¢ - INITIAL PDb—NUCLEI CONDITIONS
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(Us/Ug)i o = 81 : INITIAL POb—NUCLEI CONDITIONS
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PRESSURE Ap;y = P, : EOS IN MAGNETIC FIELDS
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PRESSURE Ap;y = P, : EOS IN MAGNETIC FIELDS
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PRESSURE Ap;y = P, : EOS IN MAGNETIC FIELDS
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PRESSURE Ap;y = P, : EOS IN MAGNETI
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PRESSURE Ap;y = P, : EOS ACROSS SYSTEMS
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TRACE ANOMALY ®,, ENERGY €, & ENTROPY 0, DENSITY
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TAKE HOME MESSAGE

& Leading-order (2 + 1)-f QCD EoS 1n strong magnetic fields using fluctuations of conserved charges

-

,&* P, : Grossing among fixed T bands — Non-monotonic/peak T-growth — T, -lowering
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MAGNETOMETER
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H.-T. Ding, J.-B. Gu, A. K, S.-T. L1, J.-H. Liu,
PRL 132 (2024) 201903




ﬁEO — NF : BARYON DENSITY

N?¥ 1 (Z Similar T-eB dependence to pressure; magnitude ~ 2P,
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LATTICE DATA AND SETUP AT N, =3, 12

(N,/N, = 4)
mu NuclearScience
Computing CenteratCCNU
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H.-T. Ding, J.-B. Gu, AK, S.-T. L1, J.-H. Liu, PRL 132 (2024) 201903

SETUP: -« HISO & tree action with physical pion mass
* 'Temperature : focused around QCD transition T = [145 — 166) MeV

* Magnetic field : Quantized: eB = 62N, a™*N M. D’Elia, 5. N{)lﬁgegj;%z f).l?)?n(f)ishlpspoof
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2ND ORDER FLUCTUATIONS STRONG-¢B AT T = 145 MeV
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ISOSPIN SYMMETRY BREAKING IN STRONG FIELDS

0 5 10 15 20 25 30 35 40 eB/M? 0 5 10 15 20 25 30 35 40 eB/M?2
2.0 L ] o . ____.__I____________'___________! ___________ ] ! ! T T T T T T T
Free limit BQ BS B
X3/x3 Lol (20T —xER) G
1.8 B
1.6 Lor

BT =145 MeV
BN T =155 MeV

BT =145 MeV
BT =155 MeV

T =165 MeV 1.4 T =165 MeV
1.2
1.0 e 202RI SYMMEIC CARE e
1 1 i 1 1 1 1 | 1 1 1 |
0.6 0.7 0.8 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

H.-T. Ding, J.-B. Gu, AK, S.-T. L1, PRD 111 (2025) 11,

0 5 10 15 20 25 30 35 40 eB/M;

1.10 1 1 1 1 1 1 1
1osk (2x® —xB)ix3

Isospin symmetric case

1.00 |-

& Free limit

0.95

0.90

0.85

0.80

BT =145 MeV
BT =155 MeV
T =165 MeV

O'750.0 01 02 03 04 05

eB [GeV?]

114522

0.6 0.7 0.8



(Mo/Hp)Lo = ¢ : COLLISION SYSTEMS
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(ﬂQ/ HB)LO
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RECENT LATTICE WORKS:

CONSERVED CHARGES IN MAGNETIC FIELDS
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Ho/Hg IN PRESENCE OF eB
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A. Lattice data + spline interpolation
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Ho/Hg IN PRESENCE OF eB
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3. Continuum estimates
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TRANSITION LINE AND CHIRAL SUSCEPTIBILITY
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NEXT-TO-LEADING ORDER
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