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Motivation
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N, Bali et al., THEP 02, 044

e Chiral condensate was found decreasing with magnetic field near Tpc
® T,c was found decreasing with magnetic field

& The connection between Tpc and chiral condensate is non-trivial
D’Elia et al., Phys. Rev. D98, 054509. Endrodi et al., JHEP 07,007. Bonati et al., Phys. Rev. D94, 094007



Motivation
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¢ Is neutral pion still a Goldstone boson at eB#0 ?

¢ If assume pion is still Goldstone boson, the mass reduction of pion
explains the reduction of Ty



Introduction to GMOR relation

o (m,+my) ((pw),+ Ww),) =27 Miy(1 =68
o (mi+my) ((pw),+ Ww),) =2 fg Mg (1—5g)

® GMOR relation has been confirmed on lattice in the vacuum without

magnetic field

® The GMOR relation for neutral pion valid in chiral limit in chiral

perturbation theory in :

+ Low temperature with zero magnetic field
+ Weak magnetic field at zero temperature
+ Weak magnetic field at low temperature



Lattice Setup

e (2+1) flavor Dynamical HISQ fermion at T=0
e Lattice size: 322X 96, a=0.117 fm

e Our simulation tuned to M_ = 220 MeV, while f_ = 96.93(2) MeV, fr =
112.50(2) MeV, fi / f, = 1.1606(3)

Flag's review 2019: f, =92.1(6) MeV, fx = 110.1(5) MeV, fx / f, = 1.1917(37)
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e Magnetic field was set along z direction and quantized as eB =

» N,=0,1, 2, 3,4,6, 8, 10, 12, 16, 20, 24, 32, 40, 48, 64

» 0 < |eB| <$3.35GeV (~70 M?)



Correlators and Meson mass
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¢ Wall sources have been used to improve the signal
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Reduction of 60G/G : single point source — single wall source
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Mass of Neutral Pseudo-scalar Meson
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¢ Neutral PS mesons' masses decrease as eB grows and saturate at large eB

¢ Lighter mesons are more affected by magnetic field

¢ Neutral PS mesons have quite large (30~40%) mass reduction

¢ B scaling:

electric charge of quark multiplied by B affects the behavior of quantities



UV-divergence of Chiral Condensates

105 T T T
* m,/m; = 10 <ww> /<ww> <YY>g,p / <Pp>g p(full)
L 1 r———-—-—-—-——————-—-
0.95 2 :
95 4 <py>2"/ <Py>, (full) +x— A 1
<1p1p> v/ <ypyp>; (full) —e— 09 A |
A 0.995
o & 1 085t |
N 0.99
. 0.8 ¢ 0.985 ’
8.5 [ i
A
0.75 & 0.98 : : : -
_ _ 0 0.1 0.2 0.3 0.4
8 \ \ \ \ \ \ 07 \ \ \ \ \
0 0.2 04 0.6 0.8 1 1.2 1.4 0.1 0.5 0.9 1.3 1.7
}\‘CUt 7\'CUt

- Complete Dirac eigenvalue spectrum was obtained and used to estimate UV-divergence part

of chiral condensate. Yu Zhang et al, POS Lattice 2019. L. Giusti and M. Luscher JHEP 03, 013
G. Cossu, PTEP 2016, 093B06 .  Z. Fodor, PoS LATTICE2015, 310
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Chiral Condensates
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¢ gB scaling also holds true for chiral condensate
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Chiral Condensates
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¢ Chiral condensates increase as eB grows

¢ Two-parameter fits:

¢ In large eB € [0.5, 3.5] GeV?, X, is almost linear in eB (dashed line)

¢ In small eB € [0, 0.5] GeV?, X, can be described with h(eB)” + 1 (solid line)
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Decay Constants
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¢ Neutral pion and kaon decay constants increase as eB grows

¢ f0/fp decrease as eB increases in eB € [0,1.5] GeV?

¢ f0/fp saturate in [1.5, 2.5] GeV?
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Decay Constants
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¢ gB scaling holds for Mﬂg(Mﬂg) , 2,(2)) , fﬂg(fﬂg)

Ty

¢ The origin of all is the correlator, G (T, tuu)/Gﬂg (T, qud) itself holds for gB scaling
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Decay Constants
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¢ The origin of all is the correlator, G (T, tuu)/Gﬂg (T, qud) itself holds for gB scaling.
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GMOR relation

o 4m, (wy), = 2f§0 Mio(l — ,0)
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o (m,+my) ((Fy), + (Fy)y) =2 f2 M2 (1 = 8,0)
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Summary
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Summary
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