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Motivation

• Chiral condensate was found decreasing with magnetic field near Tpc 

• Tpc was found decreasing with magnetic field 

The connection between Tpc and chiral condensate is non-trivial

Bali et al.,  JHEP 02, 044
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D’Elia  et al., Phys. Rev. D98, 054509.   Endrodi et al., JHEP 07, 007.   Bonati et al., Phys. Rev. D94, 094007   



Motivation

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 Tpc    

≠

Bali et al.,  PHYS. REV. D 97, 034505 
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Introduction to GMOR relation
•

•

• 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

(mu + md) (⟨ψ̄ ψ⟩u + ⟨ψ̄ ψ⟩d) = 2 f 2
π0 M2

π0 (1 − δπ0)

(ms + md) (⟨ψ̄ ψ⟩s + ⟨ψ̄ ψ⟩d) = 2 f 2
K M2

K (1 − δK)
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Boucaud et al, Phys. Lett. B650, 304

Gasser et al. Nucl. Phys. B 250, 465

M. Gell-Mannet al, Phys. Rev. 175, 2195 
Jamin et al, Phys. Lett. B 538, 71 
Bordes et al, JHEP 05, 064 
Bordes et al, JHEP 10, 102 

J. Gasser and H. Leutwyler , Phys. Lett. B184, 83 

I. A. Shushpanov and A. V. Smilga,  Phys. Lett. B402, 351 

N. O. Agasian and I. A. Shushpanov, JHEP 10, 006 



• (2+1) flavor Dynamical HISQ fermion at T=0

• Lattice size:  ,  a = 0.117 fm

• Our simulation tuned to  MeV, while  96.93(2) MeV,   

112.50(2) MeV,   1.1606(3) 

•  Magnetic field was set along z direction and quantized as 

‣  

‣  GeV2 ( ~ 70 )

323 × 96

Mπ = 220 fπ = fK =

fK / fπ =

eB =
6πNb

NxNy
a−2

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

0 < |eB | ≲ 3.35 M2
π

Lattice Setup
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Flag's review 2019:   = 92.1(6) MeV,  = 110.1(5) MeV,  = 1.1917(37) fπ fK fK / fπ

arXiv:2008.00493



Correlators and Meson mass
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δG/G 6 # of sources

G (nτ) =
Nnosc

∑
i=1

Anosc,i exp (−Mnosc,i nτ) − (−1)nτ

Nosc

∑
i=0

Aosc,i exp (−Mosc,i nτ)

AICc = 2k − ln(L̂) +
2k2 + 2k
n − k − 1 H. Akaike 1997, J. E. Cavanaugh 1997



Mass of Neutral Pseudo-scalar Meson  
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Lighter mesons are more affected by magnetic field 
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qB scaling: 

electric charge of quark multiplied by B affects the behavior of quantities
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UV-divergence of Chiral Condensates

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

of chiral condensate. 

  

 

  ,    

⟨ψ̄ ψ⟩sub ≡ ⟨ψ̄ ψ⟩l −
ml

ms
⟨ψ̄ ψ⟩s = ∫

∞

0

2ml (m2
s − m2

l )ρ(λ)
(λ2 + m2

l )(λ2 + m2
s )

dλ

⟨ψ̄ ψ⟩l,s = ∫
∞

0

2 ml,s ρ(λ)
λ2 + m2

l,s
dλ ⟨ψ̄ ψ⟩UV

l,s = ∫
∞

λUV
cut

2 ml,s ρ(λ)
λ2 + m2

l,s
dλ
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0.12 32% 83%
0.24 29% 76%
0.36 27% 71%

λUV
cut ⟨ψ̄ ψ⟩UV

l /⟨ψ̄ ψ⟩l( f ull ) ⟨ψ̄ ψ⟩UV
s /⟨ψ̄ ψ⟩s( f ull )

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 

⋆ ms /ml = 10



Chiral Condensates
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qB scaling also holds true for chiral condensate

Σl(B, λUV
cut ) =

2ml

M2
π f 2

π
(⟨ψ̄ ψ⟩l(B) − ⟨ψ̄ ψ⟩UV

l (B = 0, λUV
cut )) + 1
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Chiral Condensates
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Decay Constants
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Decay Constants

qB scaling holds for   

The origin of all is the correlator,  itself holds for qB scaling

Mπ0
u
(Mπ0

d
) , Σu(Σd) , fπ0

u
( fπ0

d
)

Gπ0
u (τ, quBu)/Gπ0

d (τ, qdBd)
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Decay Constants

qB scaling holds for   

The origin of all is the correlator,  itself holds for qB scaling.

Mπ0
u
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d
) , Σu(Σd) , fπ0
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GMOR relation
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  :  χPT δπ = 6.2 ± 1.6 %
  :  χPT δK = 55 ± 5 %

M. Jamin. Phys. Lett. B 538, 71 
J. Bordes et al. JHEP 05, 064 J. Bordes et al. JHEP 10, 102 



Summary
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