W
mu NuclearScience
Computing CenteratCCNU

Jin-Biao Gu (4% %)

Central China Normal University

Based on Phys. Rev. Lett. 132, 201903 (2024) and work in progress
In collaboration with H.-T. Ding, A. Kumar, S.-T. Li and J.-H. Liu

The 20th International Conference on QCD in Extreme Conditions (XQCD 2024)
2024, July 17 - 19, 2024 (@ LanZhou



........ Vacuum
100 w— BAMPS Oy = 2 mb é
Reaction ) — — by Ohm's law G, =5.8 MeV |
- 1075 I ——BAMPS 6,,=1mb
= I\ N | --- byOhm'slaw 5, =11.6 MeV
o 1073 ~ _

.

o

S

Y (defines \¥y)

t [fm]

W.-T. Deng et al. Phys.Rev.C 85 (2012) 044907 Z. Wang et al. Phys.Rev.C 105 (2022) Lo41901

eB__o -sM;inRHIC eB__, ~70M;inLHC

Whether strongly decaying magnetic field has impact on the final state of the collision?
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Electromagnetic conductivity and type of magnetism of QGP
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Questions: What observables are suitable as probes for magnetic fields in HIC?
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» u quarks and d quarks condensates
are clearly different in strong
magnetic fields

» Signal of isospin symmetry breaking
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A clear effect but Not

accessible in HIC

experiments!



Taylor expansion of the QCD pressure:
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Taylor expansion coefficients at ¢ = 0 are computable in LQCD
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+ Highly improved staggered fermions and a tree-level improved Symanzik gauge action

+ Nf =241
+ Lattice sizes: 32° x 8, 48% x 12
+ mPY/m, =27, M_~ 135 MeV

4+ T'window : (144 MeV, 165 MeV), i.e. (O.9Tp 1.1Tpc)

C’

+ eB window: 0 < eB < 45M?

67N
_ b =2

eB =
NxNy

’ Nb — [0,32]
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Baryon number fluctuations at 7 = 145 MeV
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;(;3 increases ~45% at eB ~ 8M?

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

(eB # 0):

péWB — ‘% S ig N +1)n+1enﬂl/TK @
T4 27273 04 ™™ n I\ T

whereeo=\/ml.2+2 |ql-| B(l+ 1/2—52),

K is the first-order modified Bessel function
of the second kind



Baryon electric charge correlation at 7 = 145 MeV
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)(EQ increases ~ 140% at ¢B ~ 8M?

The results of HRG model are
consistent with LQCD up to eB ~ 6M?

A*T1(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



Proxy construction based on the HRG

ATT(1232) —» p + n™ : branching ratio almost 100% !

4 HRG: Fluctuations expressed in terms of stable hadronic states: h
4 net-B ' PHAFA+ZT+ I +E 4 B4+ Q
net-Q:#t + KT+ p+ 3t -3 -5 —-Q-

net-S: Kt +K'— A -2t -3~ - 250 - 25" - 3Q"

Bp, Op, Sp are the baryon number, electric charge and strangeness of the species R

0'py/
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R. Bellwied et al. ,Phys. Rev. D 101, 034506 (2020)

In HIC, fluctuations are related to the variance or covariance of net-multiplicity for Identified z, K, p
\ STAR, Phys.Rev.C 100 (2019) 1, 014902 ; STAR, Phys.Rev.C 105(2019) 2, 029901 /

1,1

BQ.
O, &S PrOXY for ;=

2 4 2 4
oll = Z (P ~> <P PID) ? pR/T I ‘ pﬁ/T
OPID p = R—p R—-0 6/2%3 P Aj%

where Py_, . represents number of particle i produced by particle R after the entire decay chain,
OPD. 7+ R+,

In proxy, contributions from all resonance decays are considered!
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+At eB ~ 8M?, ratio of )(EQ ~ 2.1

R(cl! PID,, )y =oc"l  (eB)/oll  (eB = 0)

PID PID

+The proxy R(c::! p) can represent

80~ 85% of the LQCD results

+R(cl:l  )isareasonable proxy for

PID
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+AteB ~ 8M2 ratio of | Q/)(2 ~ 1.9

+The proxy R(c! P,Dp/ 62 pp) Can

represent ~85% of the LQCD results

*R(G PID,p p
for x; BQ/, Q X

62) is a reasonable proxy
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AP P(T,eB, jig) — P(T, eB,0)
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See also poster presented by A. Kumar



Leading order:
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Summary

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

O )(EQ is strongly affected by eB, and a reasonable proxy is provided for measurement in HIC

@ The u/pug show a significant dependence on the magnetic field and is sensitive to the
initial n/ng

@ The results of the EoS in the magnetic field at nonzero g, in leading order are provided
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Backup




B pointing along the z direction

exp [—iqazBany] (nx =N, — 1)
1 (otherwise)

No sign problem !

U, (nx, n,n, ’%>

U, <nx, ny, N, 7%) = exp [iqaanx]

U, (nx, ny, 1, nT> = u, <nx, ny, n, ’%) =1

q,=2/3 e 67N
Quantization ot the magnetic field gg=—13¢ wdty eB=—2q"2
g =—1/3 ¢ NNy
a is changed to get the targeted T, T = —
a T
+ Statistics(eB # 0): N =8: ~40000 (#N_, : 603) o
andau gauge
NT:12: NSOOO ( er . 102 ~ 705) G.S. Bali, F. Bruckmann, G. Endrodi, Z. Fodor, S.D. Katz,
S. Krieg et al., JHEP 02 (2012) 044.
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Electric charge fluctuations at 7 = 145 MeV
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Proxy in experiment

4+ Conserved charges susceptibilities in experiment:

1 11
TR

1 2 1,1

2 ,
VT3 e Aap =

Ka =

the second-order cumulants(x) are the variance or covariance(o) of the net-multiplicity /V:

kg = 0, = ((6N, — (6N,))*)

K= 6l = (8N, = (SN)(EN; = (3N,))

aﬂ a
withoN,=N_.— N, _anda,f = p,0""P,k

11 2 1,1 1,1

QPID = O0p T Opr Op.K
0°pp/ T*
2 _ ( R
0, = PR—>~> (PR—> ) N
p ; p p &,u%e
0°ppl T*
1,1 _ R
Opm = Z (PR—>”) (PR—>7%+) 02
R HR
0°ppl T*
1,1 _ _ R
R HR
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e p:aproxy for the net-baryon

o k:a proxy for the net-strangeness
« OYD: identified 7z, k and p

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

where P,_,; = Z PN

nfa: numbers of i produced by R in decay channel a

N%_, ;: Branching ratio of channel
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g,/ q, in all cases remains within 2%
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The next-to-leading order correction is negligible!

Jin-Biao Gu (CCNU)
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