Chiral phase structure
under external magnetic field
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@ Analysis based on effective models

4+ (Inverse) magnetic catalysis
+ Reduction of T,
+ Mass spectra of meson nonet



@ (P)NJL model

g =

2-flavor Nambu--Jona-Lasinio model =~ TAEREAE &
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B = (0,0, B)
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(2008, Nobel Prize),

2-flavor Polyakov loop extended NJL model
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@ feedback from pion
PNJL model beyond mean field

L= @@%Dﬁ—m(})w*‘g [(W)g + (’95?5’?(5“/))2] ~U(®,®) B=1(0,0,B)
idea: KEAMEFHXEER!
(1)Quarks: meanfield ____, . ,Q

(2)Mesons: RPA resummation (quantum fluctuation)

X
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(3)Q-M system: 2=+ — Q(G), G(B,T)
feed-down from mesons to quarks



2.1 Chiral limit
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Effective Coupling

Eftfective Coupling

@ Physical case
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@/To (eB)---interaction between Polyakov loop and quarks ({
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@/ T, (eB)---interaction between Polyakov loop and quarks
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@/TO (eB)---interaction between Polyakov loop and quarks
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@ Weakening of quark coupling in (P)NJL model
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LQCD constrained G(eB)
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@ Weakening of quark coupling in (P)NJL model
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@ Weakening of quark coupling in (P)NJL model
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Q Comment and outlook

(1) magnetic inhibition: feedback from neutral pion to quarks

Fukushima et al., PRL110, 031601 (2013); Mao, PLB758,195(2016);
PRD94,036007(2016); PRD97,011501(2018); Mei, Mao, Huang et al., arXiv: 2402.19193.

(2) thermo-magnetic effect: fluctuations @(P)QM
Kamikado et al. , JHEP 03,009(2014); Ayala et al.PRD90,036001(2014);
PRD89,116017(2014); PRD92,096011(2015); EPJA 57, 234(2021).

(3) weakening of coupling between quarks
Farias et al. , PRC 90, 025203 (2014); Ferreira et al. , PRD89,116011(2014); PRD89,
036006(2014); PRD89,016002(2014); PRD89, 056013(2014); Mueller et al. ,
PRD91,116010(2015); Braun et al. , PLB755, 265(2016).

(4) interaction between Polyakov loop and quarks
Fraga, PLB731, 154(2014); Ferreira, PRD89, 016002(2014); Mao, arXiv:2404.05294

(5) chirality imbalance:

Chao, Huang et al. , PRD88, 054009 (2013); Fukushima PRD81, 114031 (2010);
Mao et.al JPS Conf. Proc. 20, 011009 (2017).

(6) quark anomalous magnetic moment:
Chaudhuri et al. , PRD99, 116025 (2019); EPJA 56, 213 (2020); PRD103, 096021 (2021); Mao et al. ,
PRD102, 114035 (2020); PRD106, 034018 (2022); Ghosh, PRD103, 116008 (2021); Xu, Chao,
Huang, PRD103,076015(2021); Feng, PRD107, 076004(2023); Tavares, PRD109, 016011 (2024) .



@ Comment and outlook

»Regularization schemes

»Not a single factor can explain results @ B

»S quark part needs more attention

» Chiral condensate & meson nonet & bulk properties
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PNJL model beyond mean field
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