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Does this strongly decaying magnetic field manifest itself in the final stage of HIC?
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» Sign of isospin symmetry breaking:

Non-degeneracy of u and d

condensates at strong magnetic
fields
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A clear effect but Not
accessible in HIC

experiments!



Fluctuations of net baryon number (B), electric charge (QQ) and strangeness (S)

e N

aylor expansion of the QCD pressure:

i co | ,BQS j j k
T VT3 PR PQES k! \ T T T

K i5jk=0 C. Allton et al., Phys.Rev. D 66, 074507 (2002) jg
Taylor expansion coefficients at ¢ = 0 are computable in LQCD
)(?,?ds _ ai+j+kp/T4 1 N 0
S 0 (udT) 0w/ TY 0 (I T)* Hu =3B T 310
/’lu,d,sz
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ik = : j k 1 1
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HB.QS= 3 3 LQCD: H.-T.Ding, F. Karsch, S.Mukherjee, Int. J. Mod.
. . Phys. E 24, no.10, 1530007 (2015)
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" Effective model investigation at eB # 0 A

HRG: G. Kadam et al., JPG 47, 125106 (2020); M. Ferreira et al., Phys. Rev. D 98, 034003 (2018); K. Fukushima and Y. Hidaka, Phys. Rev. Lett. 117, 102301
(2016); A. Bhattacharyya et al., EPL 115, 62003 (2016); M. Marczenko et al., Phys.Rev.C 110, 065203, (2024)
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Lattice Setup

+ Highly improved staggered fermions and a tree-level improved Symanzik gauge action
+N=2+1

+ Lattice sizes : 32° X 8, 48° x 12; 64° X 16

+ mPY/m, =27, M (eB = 0) ~ 135 MeV

+ T'window : (144 MeV, 166 MeV),ie. (0.9T,., 1.17,)

C’

+ eB window: eB < 8M2 -~ 0.15 GeV?* — Magnetometer
eB < 45M? - 0.8 GeV?* — Equation of State

B o67N, 5

eB = a”, N,=1,2734,6,12,16,24,32
NN,
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Electric charge fluctuations at 7= 145 MeV
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)(2Q almost independent of eB

Hadron Resonance Gas model (HRG):
Pressure arising from charged hadrons

(eB # 0):
P |4 B
T+ 2273 S

R il ne

n+l K 0
ZeZer o (F)
Quantized energy level:

80—\/171 +2|ql

(l + 1/2 — SZ) > (: g increases

(I+1/2—5)

with eB
(l + 1/2 — SZ> < 0: gy decreases

H.-T. Ding et al., Eur. Phys. J. A §7 (2021) 6, 202
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Baryon electric charge correlation at 7 = 145 MeV
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)(EQ increases ~ 140% at ¢B ~ 8M?,

Magnetometer of QCD

The results of HRG model are
consistent with LQCD up to eB ~ 5M?

AT1(1232) and A™7(1232) give most
of the contributions of magnetic field

dependence of )(EQ

ATT(1232) and A™7(1232) are
not measurable in HIC experiments

ATT(1232) > p+ ™



Proxy for R(y] BQ) along the transition line

+ ch—like observables: 0 1 ’ 3 4 5 6 7 8eB/M?2
(@) @(eB, T (eB)) 2.25 | | | | | t | t | HRG | |
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O(eB = 0,T,.(0)) 2.00F 212 EEN.=8  __ R(oL
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net-B D -
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Z B RQ R > H.-T. Ding, J.-B. Gu, A. Kumar, S.-T. Li and J.-H. Liu, Phys. Rev. Lett. 132, 201903 (2024)
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Proxy for R( ;(EQ) with kinematic cuts along the transition line

Proxies with kinematic cuts on p-
and # within HRG framework:

Jd3l9 X ®(pT : 9meaX9 Hmin» ﬂmax)

min

R cut .

sTar © 1111 < 0.5,

n-, K*and p(p):0.4 < pr < 1.6 GeV/c

R cut .

aLice: 111 < 0.8,

arand K*:0.2 < pr <2 GeV/c

p(p):0.4 < pr <2 GeVlc

STAR collaboration, Phys.Rev.C 100 (2019) 1, 014902
ALICE collaboration, arXiv:2503.18743
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Double ratio R(o .,

/6Z%,) in Lattice QCD
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P

O(eB, T,.(eB))
R(0O) =

O(eB = 0,T,.(0))

At eB ~ 8M?, R()(EQ/)(QQ) ~ 2

ALICE cut: ~25% enhancement

No clear dependence on eB
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Double ratio R(o .,

/ aépm) in Lattice QCD and HIC

Proxy for R( )(EQ/ )(ZQ) from ALICE

ALICE

Pb—Pb, |5, = 5.02 TeV, || < 0.8
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Double ratio R(c"}  / aépm) in Lattice QCD and HIC

PID N,

BQ/,,Q
0o 1 5 3 4 5 6 7  gem Proxy for R(y~/x,°) from ALICE
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R( )(EQ/ )(IQIS) from Lattice QCD and Proxies

0 1 2 3 4 5 6 7 geB/M2
| | | | | | | | | %1B1Q/%1QIS(6B, Tpc(eB))

2.75F 1,1, 1,1 R( BQ/ QS) —
BQ/,,QS cont. est.  —— RE{i2e(agko p/0gw0 ) A1 140 B S

5 oo | XITXTT(€B, Toc(eB))  __ne eeTom e e eB = 0,T,.(0))

JLILEL RAL'CE(O-QPID’p/O'OPID’ K)

55 | XITXT(0, Tpc(0) = R(okh ogib,

200 B —— Rg%gR(aé'P}D’p/aé'P}D’K) ~ 2'1
1.75 ~1.5—1.75
1.50 |

~ 1.3
1.25F =
1.00 nTEE 1.3 [ EmRoioc m=rigico]

1.1F REYER/QCD
0.75F | Weaker dependence on the
0.50 | e kinematic cuts
025 - 0.02 0.06 0.10 0.14
0.00 0.02 0.04 0.00 0.08 0.10 0.12 0.14

eB [GeV?] More effective probe!

.

Central Collisions Peripheral Collisions
H.-T. Ding, J.-B. Gu, A. Kumar and S.-T. Li, Phys.Rev.D 111, 114522 (2025)

Jin-Biao Gu (CCNU) QPT 2025 11



Electric charged chemical potential over baryon chemical potential
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Ho/ pg can be obtained from the thermal

statistics fits to particle yields

o/ pg also can be obtained from fluctuations

of B, Q, S

polus = q) + g3 fig + O(fig)

(B B - (B8 - )

QI - S S
(25 — 3

B S
— ’”()(11(2)(28 _)(1B18)(1Ql )

with constraints: r = ny/ng, ng =0

QPT 2025

HotQCD, Phys. Rev. Lett. 109 (2012) 192302
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QCD Equation of State in extremely strong magnetic field at nonzero density

Equation of State(EoS): Equilibrium properties of strong interacting matter

D,E,S, ... f(T,u,eB,...) 145 < T < 165 MeV

Thermodynamic observables | Controllable parameters |

Initial nuclei constraint
BQS ;= nQ/nB, ng =20

P,€,5, ... :f ()(;-Bsta T, eBa//tBa QIasl“')

r=04

T ()(%3)(28 —)(1B152(1B1S> — ()(1B1Q)(28 —)(1Bls)(88) ' (ﬂﬁBls + Q1)(1Q15)

= S_QS B S\ | 51 =
(25 =t ar) —r s —aat) * %

Ve,

(lo/fp)Lo X (Us/Hp)Lo
U~ = //tX/ T HotQCD, Phys. Rev. Lett. 109 (2012) 192302
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Pressure in magnetic fields

QCD pressure at nonzero pg:
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H.-T. Ding, J.-B. Gu, A. Kumar and S.-T. Li, arXiv:2508.07532
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Pressure in magnetic fields

4+ ForeB > 0.6 GeV?

Crossing among T-bands €=

Mild peak formation

Peak shift towards low-T
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Trace anomaly density O,

LO coefficient of the trace anomaly and energy density:
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LO coefficient of the trace anomaly and energy density:

®, = — rT(0;q,) Ny + T(0;P,) ¢, =3P, + 0O,

Peak structure of P,
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Summary

@® QCD benchmarks are provided for the 2nd order fluctuations of conserved charges and
LO EoS at nonzero ug based on LQCD computation on N_= 8 and 12 lattices

® )(EQ and uq/ pgis strongly atfected by eB, and a promising magnetometer )(EQ/ )(SS IS
provided for measurement in HIC

® P,: Crossing among fixed T-bands —Non-monotonic and peak structure

0 1 2 3 4 5 6 7 geB/M; 0 1 p) 3 4 5 6 7 8eB/M?2 (.) 1.0 2.0 3.0 4.0 eB/M?2
2.75 'I B IS | | Icont. e;t. ——IRC“t1 (oll'pllo /01':% ) | | - cont. est.

| XTIXTR(eB, Tpc(eB))  __inc AUCETTom pror. K (Ho/Ms)Lo(eB, Tyc(eB)) .
2.50 = z .. RCUE2 (ol'p.1D /ol,PllD ) P, = (A '\) ideal gas (dashed) .-~ L
5 o5l XXT 0. Tpe(0)  —— Rio¥b b " (Ha/g)Lo(0, Tpe(0)) 020l |27 \APLo
5 00k — = REfan(0g+b, /0575, ) LQCD HRG F=n%nt =04
1.75 Ru, 22 = 0.458 -- 015l nS=0
1.50 ZZ Zr, 12 =0.417 - -
1.25 N Ll Pb/Au, 72 = 0.4 -- N
1.00 F——rmrrern BEER 13 o e 9D T = 145 MeV

REHR/QCD g - _ T = 155 MeV
0.75F - 0.05 ="~ _ T =165 MeV
0.50 F | | | . —..————=~ QM-HRG (dash-dotted)
0.25 | 0.02 0.06 0.10 0.14 . . . . . . . . PDG-HRG (dotted)
000 0.02 004 006 008 0.10 0.12 0.14 .00 0.02 0.04 0.06 0.082 0.10 0.12 0.14 O.OOOTO Oi2 Oi4 016
eB [GeVZ] eB [GeV~-] eB (GeV?)
Thank you!
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Backup




Lattice QCD in strong magnetic fields

B pointing along the z direction

{exp [—iqazBany] (nx =N, — 1)
U, <nx, ny, N, nT>

1 (otherwise)

U, (nx, ny, N, nT) = exp [iqaanX]

U, (nx, ny, N, nf> = u, <nx, ny, N, nT> =1

q,=2/3 e
Quantization of the magnetic field g, =—1/3 e
g, =—1/3 e
- 1
a is changed to get the targeted T, T = —
d T

+ Statistics(eB # 0): N,=8: ~40000 (N, : 603)
N=12: ~5000 (N,, : 102 ~ 705)
N.=16: ~3000 (N, : 603)

Jin-Biao Gu (CCNU) QPT 2025

No sign problem!

eB =
NxNy

Cl_2

Landau gauge

G.S. Bali, F. Bruckmann, G. Endrodi, Z. Fodor, S.D. Katz,
S. Krieg et al., JHEP 02 (2012) 044.

20



Electromagnetic conductivity and type of magnetism of QGP

Electromagnetic conductivities Magnetic susceptibility at
at non-zero magnetic fields non-zero magnetic fields
1.01 @ o1 Nie=16,200MeV _ b o -
o1, Ny = 16, 200 MeV - _ i
é al, N, = 16, 250 MeV - 2 N=6 _
0.81 & oy, Ni =16, 250 MeV & 4 3 - b N=8 j
O o1, Ny =10, 200 MeV - & N,=10 -
= 056- o, Ny = 10, 200 MeV 8 , F 5 N=12 20 130 140 150 -
L x 4 2 <[ Ty
= 041 I X T ; -
S S¢ _ ; _
5 o |} I W :
| 1 & - ¢ -
- | t O I 51010 —
U7 - - r S NS NN R Bk o .
‘> I%O 8 ‘ § @ C 1 | | | | | | | | | | | | | | | | | | | N
0.0 0.5 1.0 1.5 2.0 150 200 250 500
eB, GeV? T (MeV)
N. Astrakhantsev et al., PRD 102 (2020) 054516 G. Bali et al., JHEP 07 (2020) 183

The magnetic field could live longer in the evolution of HICs
than in the vacuum.

Jin-Biao Gu (CCNU) QPT 2025 21



0.06

0.05

0.04

0.03

0.02

323 x 8

I T=144.95 MeV
I T=151.00 MeV
4 T=156.78 MeV
I T=162.25 MeV
I T=165.98 MeV

0.00

Jin-Biao Gu (CCNU)

0.10

eB [GeV?]

0.15

0.20

0.07

0.06

0.05

0.04

0.03

0.02 % T=161.94 MeV
I T=165.91 MeV
0.00 0.05 0.10 0.15 0.20
eB [GeV?]

483 x 12

W T=144.97 MeV
é T=151.09 MeV
¢ T=157.13 MeV

H.-T. Ding, J.-B. Gu, A. Kumar, S.-T. Li, Phys. Rev. Lett. 132, 201903 (2024)

The zero magnetic field data comes from D. Bollweg et al., Phys. Rev. D 104, 074512 (2021)




0.042

0.040
0.038
0.036
0.034
0.032
0.030
0.028

BQ S cont. est.
X11 © cont. extr.
T=156.92 MeV, eB =0.087 GeV? ® N.=8
W Ne=12

2 N.=16

0.000

0.010 0.015 0.020

1/N2

0.005

H.-T. Ding, J.-B. Gu, A. Kumar, S.-T. Li and J.-H. Liu, Phys. Rev. Lett. 132, 201903 (2024)

| C
06 (T,eB,N,) = O(T, eB) - N2 {

. — @ cont. est.
0.052 F ('uQ/IJB)LO' Nq/Ne 0.4 " cont. extr.
T=156.92 MeV, eB =0.087 GeV? ® N.=8
0.050 m N,=12
4 N.=16
0.048
0.046
0.044
0.042
0.000 0.005 0.010 0.015 0.020
1/N$
N, =38 and 12

Continuum estimate

Continuum extrapolation

obtained from

Continuum estimate and continuum extrapolation are consistent within uncertainty

Jin-Biao Gu (CCNU)

N_ =38, 12, and 16



300 - e eB=0.1 GeV?
i eB=0.3 GeV?
eB=0.5 GeV?
250 - W eB=0.7 GeV?
I eB=0.79 GeV?
200 - \ 3
150 -
100 | | | | | | | |
145 150 155 160 165 170 175

T [MeV]

71(eB) = ?—4 [, x(eB) — 2(w)(eB = 0) — 4m,y(eB = 0)

K

T,.(eB) determined as the peak location of chiral

susceptibility (y,,) at each eB value

H.-T. Ding et al., Phys. Rev. Lett. 123, 062002 (2019)

Jin-Biao Gu (CCNU)

165
160
155
150

145

I

0 10 20 30 40 eB/M2

B Tpc[MeV] N .=8

. cont. est.

N =12

-

00 01 02 03 04 05 06 07 0.8
eB [GeV?]

H.-T. Ding, J.-B. Gu, A. Kumar and S.-T. Li, Phys.Rev.D 111, 114522 (2025)

»et » almostindependent of eB, eB S 0.3 GeV?

» decreases with eB, eB > 0.3 GeV?

H.-T. Ding, J.-B. Gu, A. Kumar, S.-T. Li and J.-H. Liu, Phys. Rev. Lett. 132, 201903 (2024)



Baryon number fluctuations at 7 = 145 MeV

B

A

increases ~45% at ¢B ~ 8M?*

0 1 2 3 5 6 7 eB/M? 8
0.14 F 5 cont. est. —HRG
X> X N.=8 ... A*+(1232) + A~ (1232)

0.12} ¥ N=12  —enth
010k 7T = 145 MeV —=ptp _
0.08 —T_K/N
0.06 |+ vl B *
0.04 +
0.02 F
000l TR IR IR TR TR

0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14

eB [GeV?]

H.-T. Ding, J.-B. Gu, A. Kumar, S.-T. Li and J.-H. Liu, Phys. Rev. Lett. 132, 201903 (2024)

Jin-Biao Gu (CCNU) QPT 2025

Hadron Resonance Gas model (HRG):
Pressure arising from charged hadrons

(eB # 0):

)(;3 receives contributions also from
neutral baryons

H.-T. Ding et al., Eur. Phys. J. A §7 (2021) 6, 202

2



Proxy in experiment and kinematic cuts

4+ Conserved charges susceptibilities in experiment:

1 2 1,1 _ 1 1,1

2
TV @ Aap T Y3 e

Ao

the second-order cumulants(x) are the variance or covariance(o) of the net-multiplicity /V:
Kz = 0, = (6N, = (BN,))°)

K5 = 0os = (6N, = (BN ))(GN; = (5Ny)))

withoN, =N _.— N, ,_anda, ) = p, 0P k « OYD: identified 7z, k and p

STAR, Phys.Rev.C 100 (2019) 1, 014902

e p:aproxy for the net-baryon

e k:a proxy for the net-strangeness

Proxies with kinematic cuts on prand # within HRG framework:

Jd?’p XOWPr P71 s Mmins Hmax)

min max Reaction
plane

Quantized momentum in reaction plane: (72

pelss,) = \/2\(]\3(1 + 172+ 5,)

v
n = alrcsinh(pxZ COS qﬁxz/ D7) Pr= \/ (P, SIN quz)z + py2

Jin-Biao Gu (CCNU) QPT 2025 26



Proxy construction based on the HRG

A++(1232) — P + a branchmg ratlo almost 100%

HRG Fluctuatlons expressed in terms of stable hadromc states:

~/

AT net—B:ﬁ+fijrf\+i+~+2‘~+.é°fé‘jrﬁ‘
Zle (T ip> Ho» ﬂs) = Z B}QQ‘%S;% Py net-Q: At + Kt +p+Xt -2 -2 - Q-
R PR het-S: R+ RO— A — S+ — $- 280 _ 28 _ 30 ;
\ ~ Bg, Qg, Sg are the baryon number, electric charge and strangeness of the species R R. Bellwied et al, Phys. Rev. D 101, 034506 (2020)

L TS

HIC: fluctuations are related to the variance or covariance of net-multiplicity for identified z, K, p

. STAR, Phys.RevC 100, 014902 (2010); STAR, Phys RevC 105, 020001 2019)

1,1

Oy, &S ProXy for x BQ
2 4 i ~
ZBQ 0°ppl T net-B — p: wp_;
RXR 0 o) ~\PID

Where wp_, s represents net number of stable particle i produced by particle R after the entire decay
chain

In ! Proxy, contrlbutlons from all resonance decays are cons1dered'

Jin-Biao Gu (CCNU) QPT 2025 R



I, = ———— with different kinematic cuts. i € {7, K, p}

ou;
0 1 2 3 4 5 6 7 eB/M: 8 0 1 2 3 4 5 6 7 eB/M: 8 0 1 2 3 4 5 6 7 eB/M2 8
0.25 R L L L L ' ' ' L L L) 1 1 1 1 1 1 1 L T T - - r T T T -
——HRG —HRG —
15 Tpc(eB) ——STAR cut 0.06 ’§ Tpc(eB) ~—-STAR cut 0.014 15 Tpc(eB) __.:;?R cut
0.20} == ALICE cutl = =+ALICE cutl - = ALICE cutl
----- ALICE cut2 0.05 - .+++-ALICE cut2 0012k —ATICE cut2
0.15+F 004 - 0.010 F
o10fF 7777 T 0.03f =TT T T T T T e 0.008 }
.............................................................................. RS e L L T PEOP L LR LT LTI ETPPIPPROPPPPPRIIUURSURRRROrIRPRPPRETE I o X011 11 SRRt ekttt atalabelaielababtbab bt tbab ekt ekt adaladedady
0.05 | LI e
1 1 1 1 1 1 1 1 1 1 L L 1 1 1 1 0.004 1-----l----_:-----T----—.-----:-----l ----- 1 T
0.00 0.02 0.04 0.06 008 010 0.12 0.14 0.00 0.02 0.04 0.06 008 0.10 0.12 0.14 0.00 0.02 0.04 0.06 0.08 010 0.12 0.14
eB [GeV?] eB [GeV?] eB [GeV?]
cut cutl cut2
RS . |n] < 0.5, Rivice: Inl <0.8, RM2.: |n] < 0.8,
+ 7+ _ + + + -+ -
75, KT andp(p):04 < pr < 1.6 GeV/ic 7 andK~:0.2 <pp <2 GeV/c 75, KT and p(p): 0.4 < pr < 1.6 GeV/c

p(p):0.4 < pr <2 GeVlc

H.-T. Ding, J.-B. Gu, A. Kumar and S.-T. Li, Phys.Rev.D 111, 114522 (2025)
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Fluctuation of conserved charge at extremely strong eB and breaking down of HRG

0 5 10 15 20 25 30 35 40 eB/M; 0 5 10 15 20 25 30 35 40 eB/Mz 0 5 10 15 20 25 30 35 40 eB/M;
0.6 F B cont. est. —HRG 1.4r Q cont. est. —HRG BQ cont. est. —HRG
X2 A N=8 .. A*+(1232)+ A"~ (1232) » X2 A N=8 0.4F X11 A N=8 e ATT(1232)+ A= (1232)
0.5k ¥ N=12 —n+n 1.2 ¥ N.=12 ¥ N=12 —-:A**(1600) + A~ (1600)
TTPEP 1.0} TTRTR
0.8
0.6
0.4 e
T aas *
0.2F-=2___
O-O _II-.-II.-.“l l-.-I--.-.I-'lll“re-l:ﬁ. | | | | | | |
0.8 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.8
eB [GeV?] eB [GeV?] eB [GeV?]
0 5 10 15 20 25 30 35 40 eB/M2 0 5 10 15 20 25 30 35 40 eB/M; 0 5 10 15 20 25 30 35 40 eB/M;
0.7 . cont. est. —HRG BS cont. est. —HRG 0.175 F QS cont. est. —HRG
sl X2 T Ne=8  eeee K+ + K- i 0.20F ~—X11 X Ne=8 e == 4z ’ X11 L Ne=8 e K+ + K-
' ¥ N=12 — = KO+ KO ¥ N.=12 — - A+A 0.150 | ¥ N.=12 K K-
— K KT 2 — —:K#(1270) + K7 (127
0.5 0.15 0.125f
= 3
0.4 0.100 |
0.3} - 0.10 0.075 ,—;H/
0.2 l 0.050F ...
T s + 0.05F T e e L .
0.1r A 0.025F .=~
0 ol==nInznzRansn | | | | | 0.00 [ = e e , | | | | 0000 ===~ ~===- T , , , , ,
00 01 02 03 04 05 06 07 08 00 01 02 03 04 05 06 07 0.8 00 01 02 03 04 05 06 07 0.8
eB [GeV?] eB [GeV?] eB [GeV?]
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(,uQ/ Up)i o in extremely strong magnetic field

0 10 20 30 40  eB/M2
I VeB _, o = (0.2308.
0.25 cont. est. T

—q1 = — (Ug/UB)LO

0.20F /,,::_—:,::_{{—} —————————————
,,,,,, ’ ideal gas (dashed)
0.15
r=n%n®=0.4
010 B nS —_ O -

77
QM-HRG (dash-dotted) m T =145 MeV

0.05 24 PDG-HRG (dotted) m T=155MeV
— T =165 MeV
0.00 k& | ' ' : =
0.0 0.2 0.4 0.6 0.8

eB (GeV?)

H.-T. Ding, J.-B. Gu, A. Kumar and S.-T. Li, arXiv:2508.07532

Jin-Biao Gu (CCNU)

+ Negative g, =04

[sospin asymmetry : n¥ < n" — py <0

+ Strong eB: saturation to free limit

eB/T — oo, T —

2

Pideal  87° SlqglB | n» W,

— - ) - L + pli(B)
212 (12 4 7

fe{u,ds)

+ Saturation early in lower temperature

4+ Overlap among T-bands at eB ~ 0.16 GeV?

H.-T. Ding et al., Eur. Phys. J. A §7 (2021) 6, 202
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0.45

0.40

0.35

0.30

0.25

0 10 20 30 40

n

cont. est. 7 o0 20,4103

B Sl = (l“l S/l“lB ) LO Id_e_a—I:izsaigiai'-.ggieiga)iaaiaaa'-.'=.=_.=..=_?-.E-sEE! i
0.4

.
.
.
.
.
.
.
---
-----

QM-HRG (dash-dotted) W T =145 MeV

0.20 [ " PDG-HRG (dotted) W T=155MeV ~
‘‘‘‘‘‘‘‘‘ w1 T =165 MeV
015 |_ I I | I |
0.0 0.2 0.4 0.6 0.8

eB (GeV?)

H.-T. Ding, J.-B. Gu, A. Kumar and S.-T. Li, arXiv:2508.07532

Jin-Biao Gu (CCNU)

s~ o ~3 ~5
fis =|sifip + S3Hp + O(iy

(i + aund)
V%)

S1=

+s; grows witheBinall T

+Weak eB: QM-HRG agrees better with lattice
results than PDG-HRG

+s, close to free limit at large eB range



B B B B
N] =)(2 + QI)(HQ T Sl)(]ls

B B . o :
Ny ] + N7 /2P, deviation from unity: isospin symmetry
2Py, 1+ rq breaking

0 10 20 30 40  eB/M2 0 10 20 30 40  eB/Mg
| T I Il T T T T
| 1.12f ]
05k cont. est. L NlB/ZPZr cont. est. Vb 0 =1.1017
B _— AB ideal gas (dashed).--" -~ | | s
NT =nio ) ,,,,, 1.10 - -
0a Pl r=nnt=0.4
| r=n%n®=0.4 P nS=0 I
& A e 1.08 | gttt sttinnl -
n>=20 //::/::/’/ //’,:: ,,,,
03t o _ ideal gas (dashed)
L 1.06 - i
0.2} . -
T m T =145 MeV 1.04 - m T=145MeV -
— T m T =155 MeV m T =155 MeV
01— W 7=165MevV “ T =165 MeV
| ____,/ QM-HRG (dash-dotted) 1.02y ## QM-HRG (dash-dotted) -
""""""" PDG-HRG (dotted) PDG-HRG (dotted)
0.0& ' ' ' ' . 1.00 k ! ! . ! -
0.0 0.2 0.4 0.6 0.8 0.0 0.2 0.4 0.6 0.8
eB (GeV?) eB (GeV?)
Jin-Biao Gu (CCNU) D s o

+Similar eB-dependence to pressure




