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Strong magnetic fields
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eB induced eflects:
Chiral magnetic eftects, QCD critical end point...
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See recent reviews e.g.

D.E. Kharzeev and J. Liao, Nature Rev. Phys. 3(2021)55
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Lattice QCD 1n strong magnetic fields

No sign problem

¢ B pointing to the z direction & Gauge link multiplied by a U(1) factor

exp[—iga®BNyn,| (ny = N —1)

Uz Mgy Myy Ny, Ny ) = ,
(M, Ty, Mz, ) {1 (otherwise)

Uy (Mg y Tgyy My My ) = exp[iqaanm],

uz(nwanyanzan’r) — ut(naf:any7nzan7) = 1.

¢ Quantization of the magnetic field

2Ny qu=2/3e, qd=-1/3e, gs=-1/3e 61N, o

B = - —
2= NN, 5= NN,
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Inverse magnetic catalyses and 1pc

Continuum extrapolated lattice QCD results with physical pion mass
Bali et al., JHEP02(2012)044
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Role of hadrons?
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Inverse magnetic catalyses and 1pc

Continuum extrapolated lattice QCD results with physical pion mass

Bali et al., JHEP02(2012)044
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Masses of 7%* and K”* and pressure

Ne2+1 QCD, M_(eB = 0) = 220 MeV,

323 % 96 lattices with a~! ~ 1.7 GeV and HISQ action Pressure in Hadron resonance gas model
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[sospin symmetry breaking at ¢e870 manifested
in chiral condensates
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See also in e.g. Bali et al., Phys.Rev.D86(2012)071502
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Magnetic field created in the early stage of HIC

Difterence to electromagnetic

Magnetic susceptibility conductivity at eB=0
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Fluctuations of net baryon number, electric charge and strangeness

¢ Taylor expansion of the QCD pressure: Gavas & Gupia e al. Phys.Res. D63 (5003) 034506
~o BQS

p 1 A Xijk UB\" (HQ\! (s \F
2= b= 35 S (s s 22
71 = yrs B2V fh fras fis) ;};_O i \7 ) \r ) T

¢ Taylor expansion coefficients at uy=0 are computable in LQCD

Xifk = O /T fh = 215 + 2 i
ijk = ; ' ; w= 3HB+ 3HQ
0 (4 T) 0 (1a/ TV O (uaf TV | _, 5 s
e “ i = ghB = 3Ha.
.BQS __ 0" Ep /T 11
Xij: — ; J I “szgﬂB_qu_MS'
0 (us/T) 0 (ua/TY 0 s/ T |,

¢ At eB=/=0 a lot more need to be explored

HRG: G. Kadam et al., JPG 47 (2020) 125106, Ferreira et al., PRD 98(2018)034003, Fukushima and Hidaka, PRLi17 (2016)102301

Bhattacharyya et al., EPL115§(2016)62003
PNJL: W.-J. Fu, Phys. Rev. D 88 (2013) 014009 9 /22



High '1: Ideal gas limit

, 2 2 2
& At eB=o0: ES=m- + ‘m Kapusta & (Gale, Finite-temperature field theory: Principles and applications

p_87T2|77T2| Z _EAQ, _
oM T g2ty

T4 45 20

f=u.,d,s

& At eB=/=0: €l2 — pg -+ m2 -+ QC_IB(Z + 1/2 — Sz) HTD, S.-T. Li, Q. Shi and X.-D. Wang, 2104.06843

T2 |12 4 A
f:u7d73 - — k=1

p _ 8n° Blgf|B |72 A3 \2larIB o s (—1)F! A k/2lar[BL\
P o_ S V24 ;\/ZZ I cosh (kjig) x K

K,: first-order modified Bessel function of the second kind
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High 'I: Ideal gas limit
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No evidence for a Superconducting phase at 1 =0

eB/M?

rho is a boson

1
) f(E) = cE/KT _ q

- If the energy of rho becomes zero,
~0.03 - electric charge fluctuation
~0.04 ' ' ' | | X shall be divergent
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2nd order fluctuations of net baryon
number, electric charge and strangeness
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Peak locations shift to lower T in stronger eB
Consistent with the reduction of Ty in a stronger magnetic field
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2nd order correlations of net baryon
number, electric charge and strangeness
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Similar to the 2nd order fluctuations

Signal for a critical end point in the T-eB plane of QCD phase diagram?
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A rough estimate ot a CEP 1n 'I-eB plane
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)(2B,max = b (eB, — eB)17?F° 4 (
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Comparison to HRG and 1dea gas limat
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Baryon-strangeness correlations: a diagnostic ot strongly interacting matter

Koch, Majumder and Randrup, Phys. Rev. Lett. 95(2005)182301
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LatticeQCD meets experiment
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[sospin symmetry breaking at eB7#0
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Summary & Outlook

¢ The 2nd order fluctuations and correlations of B,QQ & S are strongly aftected
by eB

¢ Could be useful to 1) detect the existence of a magnetic field in HIC; 2)
analogy to study the QCD critical end point in the T-muB plane
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B> Lattice QCD computation at the physical pion mass of M =135 MeV

1S OIlgOlIlg HTD, S.-T. Li, J.-H. Liu, X.-D. Wang in preparation
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