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Stout Staggered fermion  (@physical quark mass)

Inverse magnetic catalysis near critical temperature 

Critical temperature decrease as magnetic field increase 

➡ eB-dependence of π0 meson mass ?

Bali, Bruckmann et al., 
Phys.Rev. D86 (2012) 071502

Bali, Bruckmann et al., 
JHEP 1202 (2012) 044

• Inverse Magnetic catalysis
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• Vafa-Witten theorem and QCD inequality:


charged ρ-meson cannot condensate in QCD 

 Y. Hidaka and A.Yamamoto Phys. Rev. D 87, 094502 (2013)
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• NJL model and GL approach:

magnetic field leads to a vacuum instability        color superconductivity  

superconducting states signaled by condensation of charged  ρ-meson.

M. N. Chernodub Phys. Rev. Lett. 106, 142003 (2011)
M. N. Chernodub, Phys. Rev. D 82, 085011 (2010) 

➡ eB-dependence π0 meson mass ?

• Superconductivity

• Lowest Landau Level
E2 = p2

z + (2n+ 1) |qB | − gszqB + m2 . (g = 2)
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Bali, Brandt et al., PHYS. REV. D 97, 034505 (2018) 

simulated on LCP

obtained with constant <latexit sha1_base64="EDetTvkSctmaQhcM6JPjP9HCmAQ=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GmZqW+uu6MZlBfuAdiiZNNPGZpKQZIRS+g9uXCji1v9x59+YaUdQ0QMXDufcy733hJJRbTzvw8mtrK6tb+Q3C1vbO7t7xf2DthaJwqSFBROqGyJNGOWkZahhpCsVQXHISCecXKV+554oTQW/NVNJghiNOI0oRsZK7f4ESYkGxZLn1soXlWoVeq63QEr8es2rQT9TSiBDc1B87w8FTmLCDWZI657vSRPMkDIUMzIv9BNNJMITNCI9SzmKiQ5mi2vn8MQqQxgJZYsbuFC/T8xQrPU0Dm1njMxY//ZS8S+vl5ioHswol4khHC8XRQmDRsD0dTikimDDppYgrKi9FeIxUggbG1DBhvD1KfyftMuuf+aWbyqlxmUWRx4cgWNwCnxwDhrgGjRBC2BwBx7AE3h2hPPovDivy9ack80cgh9w3j4B4wqPVw==</latexit>

neutral pion mass 
decreases and saturates at 
nonzero value in large eB  

no charged ρ-meson 
condensation  

dynamical result π0 mass 
has the same tendency

Current lattice status
(Further study using quenched Wilson fermion)

field–dependent quark 
mass renormalization 
need to be considered

WRONG

Y. Hidaka and A.Yamamoto Phys. Rev. D 87, 094502 (2013)
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Particle 
Mass

quenched Wilson/Overlap 
Bali et al (2018) 

Luschevskaya et al (2014)

dynamical stout 
Bali et al (2018)

π0 quenched Wilson
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Y. Hidaka and A.Yamamoto Phys. Rev. D 87, 094502 (2013)
Bali, Brandt et al., PHYS. REV. D 97, 034505 (2018) 
O. Larina ,E.V. Luschevskaya et al.,  POS Lattice 2014
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• Correlator on lattice G(⌧) ⌘
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• Effective mass

G (⌧)

G (⌧ + 1)
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fit ansatz for different 

number of states

choose the best fit by AICc (corrected Akaike Information criterion)   

weighted average

• Correlator fit

Gfit (⌧) =
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Mass of Neutral Pseudo-scalar Particle  

Neutral PS particles' masses decrease as eB grows and saturate at large eB. 

Lighter hadrons more affected by magnetic field. 

Neutral PS particles have quite large (30~40%) mass reduction.

⇡0
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Charged PS Particle Mass

LLL approx : E2 = p2
z + (2n+ 1) |qB | − gszqB + m2 m2

π± (B) = m2
π± (B = 0) + eB
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10 20 40 60 In general, charged PS 
particles' masses have 
non-monotonous 
behavior, which is 
different from quenched 
lattice result. 

At                               ,                                
PS particles' masses 
can be well described 
by Lowest Landau level 
approximation.
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ρ-meson condensation
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At                            point, π mass stays nonzero; the lower bound 
of ρ+ meson mass stays nonzero. 

➡ No ρ-meson condensation observed.

eBc ⇠ m2
⇢(B = 0)
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eBc ⇠ m2
⇢(B = 0)

<latexit sha1_base64="q7/qz5OaIH1iHyU/o1sWVmm3on4=">AAACDXicbVA9SwNBEN3zM8avqKXNYhS0CXdR0EIhxMZSwaiQi8feZpIs2b07dufEcOQP2PhXbCwUsbW389+4+Sg0+mDg8d4MM/PCRAqDrvvlTE3PzM7N5xbyi0vLK6uFtfUrE6eaQ43HMtY3ITMgRQQ1FCjhJtHAVCjhOuyeDvzrO9BGxNEl9hJoKNaOREtwhlYKCts+wj1mUO0H3DdCURX4uhPflndHRrV/4u4FhaJbcoegf4k3JkUyxnlQ+PSbMU8VRMglM6buuQk2MqZRcAn9vJ8aSBjvsjbULY2YAtPIht/06Y5VmrQVa1sR0qH6cyJjypieCm2nYtgxk95A/M+rp9g6amQiSlKEiI8WtVJJMaaDaGhTaOAoe5YwroW9lfIO04yjDTBvQ/AmX/5Lrsolb79UvjgoVo7HceTIJtkiu8Qjh6RCzsg5qRFOHsgTeSGvzqPz7Lw576PWKWc8s0F+wfn4Bvjmm3I=</latexit>



!13

Particle 
Mass

quenched Wilson/Overlap 
Bali et al (2018) 

Luschevskaya et al (2014)

dynamical stout 
Bali et al (2018)

dynamical HISQ

π0 quenched Wilson

π+

ρ0
ρ0

0

ρ+
0

ρ+

ρ0
+

ρ+
+

ρ-
+

Y. Hidaka and A.Yamamoto Phys. Rev. D 87, 094502 (2013)
Bali, Brandt et al., PHYS. REV. D 97, 034505 (2018) 
O. Larina ,E.V. Luschevskaya et al.,  POS Lattice 2014
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Summary and Outlook

eB-dependence of polarized vector channel particle mass 

pion decay constant 

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


• Lattice size: 323 x 96,  a -1 = 1.6852 GeV


• mπ = 230 MeV


•  


‣

Lattice Setup
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qB = a�2 2⇡Nb

NxNy
with

⇢
0  Nb  NxNy

4
Nb 2 Z

<latexit sha1_base64="avT8vQCKs7oZyue1rdlr1SrDJDQ="></latexit>

Nb = 0, 4, 8, 16, 24, 32, 48, 64
<latexit sha1_base64="1QAALuAnmuQY7F0EdohyswE5GK8=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBRShJGmo3QtGNK6lga6ENYTKdtEMnD2YmQgkFN/6KGxeKuPUn3Pk3TtsstPXAhcM593LvPX7CqJCm+a0VVlbX1jeKm6Wt7Z3dPX3/oC3ilGPSwjGLecdHgjAakZakkpFOwgkKfUbu/dHV1L9/IFzQOLqT44S4IRpENKAYSSV5+tGN58MLaBqOUTesmmE7RtU2nLpRczy9bFbMGeAysXJSBjmanv7V68c4DUkkMUNCdC0zkW6GuKSYkUmplwqSIDxCA9JVNEIhEW42+2ECT5XSh0HMVUUSztTfExkKhRiHvuoMkRyKRW8q/ud1UxnU3YxGSSpJhOeLgpRBGcNpILBPOcGSjRVBmFN1K8RDxBGWKraSCsFafHmZtO2KVa3Yt065cZnHUQTH4AScAQucgwa4Bk3QAhg8gmfwCt60J+1Fe9c+5q0FLZ85BH+gff4AuzaTFw==</latexit>

‣ eB-dependence 


