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Symmetries of QCD in vacuum
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QCD symmetries at nonzero magnetic fields

¢ Magnetic field couples through electric charge @ = (2(/)3 B ? / 3) = %1 + 573,

. [73, @] = 0: neutral direction survives Symmetry condition:

. [z12, @] # O: charged directions are explicitly broken by B | 7,2] =0

. Isospin symmetry: SUQ2), — U,
#Chiral symmetry: SU(2); X SU(2)p:
Remaining chiral symmetry: SUQ2), — U(l),(f)
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In pure magnetic fields F ;?Fem”” xE-B=0

¢Divergence of axial current: dﬂfg = wiM o I'lysw+ 2 trf(T) q(x) +
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Inverse magnetic catalyses

Continuum extrapolated lattice QCD results with physical pion mass
Bali et al., JHEP02(2012)044

Inverse magnetic Catalysis (IMC) eB’l‘ TPCJ,
B | | | I | | | I | | | I | l_
- 4 124 MeV -
- = 136 MeV 7= x_
0.08 — e 142 MeV
- 148 MeV -
- o 155 MeV & -
0.06 —
no N e -
- * -
. M = X -
20.04 - " —
- 4= —
oo * 9 =
0.02 f= ¢ .
BE e 8 g o B: | | universe
O@%®..®|®..9.|.$.|.$' - L ' '
0 50 40 60 0.2 0.4 0.6 0.8
N eB (GeV?)

4 /26



Signatures of symmetry restorations at eB=0

-»- Susceptibilities defined as integrated two point correlation functions of the

local operators, e.g. x~ = / Az (7 ()7 (0)) with 7" (z) = i (2)ys7 Y ()

Restoration of SU2); xSU(2)x:

SU(2) | X SU(2) R

Y Tr gy - ~0:qq Xeon T X di
5,con A 5 2 A con ~ % disc X~ Ko =0 _ A g — .
. K = X0 =) disc =)s,disc
uQ), u(), K> = An =0
\/ | v
X 5: 9y q - “n:C X5,con” X 5, ' |
con L —— A Avd  %5,con™ X 5,disc Effective restoration of U(1)a:

- An ~ A5 =0
Xawe = 3 [ A2 {[B@w@) — F@w@)]’) Ko~ An=0

* X = A0 = disc=)s,disc =O
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Signatures of symmetry restorations at eB # 0

Chiral symmetry: SUQ), — U(DS ;  Axial U(1), symmetry: U(1), — U(1)5"e*
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HTD, Jos¢ Javier Hernandez Hernandez & Dan Zhang, arXiv:2607.11625
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Measure of singlet U(1), anomaly

Ne2+1 QCD, M_(eB = 0) = 220 MeV,
323 % 96 lattices with a~! ~ 1.7 GeV and HISQ action
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8 /126


https://arxiv.org/abs/2607.11625

Relative magnetic response of non-singlet chiral partner and singlet U(1), splittings
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O ,: similar as 0)(, but suppression setting in at larger eB and remaining milder

HTD, Jos¢ Javier Hernandez Hernandez & Dan Zhang, arXiv:2607.11625
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Masses of z"* and K"* and energy density at larger than physical pion mass

Ne=2+1 QCD, M_(eB = 0) =~ 220 MeV,
323 % 96 lattices with a=! ~ 1.7 GeV and HISQ action
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HTD, S.-T. Li, A. Tomiya, X.-D. Wang, Y. Zhang, PRD 126 (2021) 082001

See quenched LQCD results in Bali et al., PRD 97 (2018) 034505, HTD, S.-T. Li, Q. Shi, A. Tomiya, X.-D. Wang, Y. Zhang, arXiv: 2011.04870
Luschevskaya et al., NPB 898 (2015) 627
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Updates on Masses of neutral PS mesons

in the continuum limit with physical pion mass
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HTD, Dan Zhang, arXiv:2601.18354, PRD 26’
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Masses ot charged PS mesons 1n the vacuum
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Non-monotonic behavior persists in the continuum limit
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Masses From Sea and Valence Quark Contributions
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Masses From Sea and Valence Quark Contributions
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Screening mass of Pseudo-scalar mesons at the physical point
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Lighter pseudoscalar channels exhibit

the stronger and more non-trivial magnetic-field response

HTD, J.-B. Gu, S.-T. Li, R. Thakkar, Phys.Rev.D 111 (2025) 7, 074513
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Magnetic field created 1n the early stage of HIC

LQCD results on

difference to electromagnetic

LQCD results on

. . . . Magnetic susceptibilit .
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Double ratios r3?/0)) =

112/ 0(eB, T, (eB)) g
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112/ 0(eB, T, (eB))
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112/ 0(eB, T, (eB))
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Ordering 1n magnetic responses of 2nd order conserved charge susceptibilities
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¢ Ordering from LQCD
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Ordering in magnetic responses of 2nd order conserved charge susceptibilities

Normalized to 0-5%
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STAR: similar ordering observed from the centrality dependence
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Ho/ pg 1n different collision systems
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Chemical potential splittings 1n 1sobar collisions 1n central collisions
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Magnetic field responses in the normalized ratios
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Summary

¢ Masses of charged PS meson: Non-montonic dependence on e¢b; Masses of neutral PS mesons:
monotonic decreases as el increases

¢IMC and MC like behavior in the neutral susceptibilities measures of chiral symmetry and U(1),

€ Probes to detect imprints of magnetic fields in HIC: )(EQ measured from proxy and uq/ug obtained
from thermal fits to particle yields in HIC
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