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1. Incorporating “2LL” (2nd Landau Level) 
2. Critical magnetic field
3. Hybrid star properties



P. Demorest et al. Nature 467 (2010) 1081. 

Observed maximum mass of  stars
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J. Antoniadis et al., Science 340 (2013) 6131

stiff EOS

Three nucleon interaction

Strong magnetic field

Hyperon matter

Quark matter
⇒ “soft” EOS

2.01±0.04 Msun :PSR J0348+0432

Equation of state (EOS)
for high density matter

“Hyperon PUZZLE”

1.97±0.04 Msun
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“ quark matter”

“ hadronic matter”

B: Magnetic Field

Itzykson & Zuber, QFT

SurfaceCenter

B(surface): Radio Pulsars ~1012 G
Magneters ~1015 G

Much stronger field suggested inside the star:~1018G
Lai and Shapiro, ApJ.383(1991)745

“ Hybrid star”

1.0×1019 G ~ (240 MeV)2
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Energy density(2LL)

u, e : LLL,  d,s : 2LL

Bc of d,s quark at LLL ⇔ 2LL:CB=14.8

(LLL)

② ２LL+β equilibrium

2LL(ds)
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Density dependent magnetic field

“u,e in LLL”
&

“d,s in 2LL”

https://texclip.marutank.net/s=%5Ctextcolor%5Brgb%5D%7B1%2C1%2C1%7D%7B%5C%5B%20B(n_%7B%5Crm%20b%7D)%20%3D%20C_B%20%5Ctimes%2010%5E%7B18%7D%20%5Ctimes%20%5Cleft(%20%5Cfrac%7Bn_%7B%5Crm%20b%7D%7D%7Bn_0%7D%5Cright)%5E%7B%5Cfrac%7B2%7D%7B3%7D%7D%20%20%7B%5Crm%20G%20%7D%20%5C%5D%7D%0D%0A
https://texclip.marutank.net/s=%5Ctextcolor%5Brgb%5D%7B1%2C1%2C1%7D%7B%5C%5B%20B(n_%7B%5Crm%20b%7D)%20%3D%20C_B%20%5Ctimes%2010%5E%7B18%7D%20%5Ctimes%20%5Cleft(%20%5Cfrac%7Bn_%7B%5Crm%20b%7D%7D%7Bn_0%7D%5Cright)%5E%7B%5Cfrac%7B2%7D%7B3%7D%7D%20%20%7B%5Crm%20G%20%7D%20%5C%5D%7D%0D%0A
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Solid line(a)：anisotropic
Dotted line(b)：Isotropic

Quark EOS for various magnetic field strength
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LLLb:  2.90 
2LLIb: 2.55 
2LLIIb: 2.28

preliminary

LLLa:  2.86 
2LLIa: 2.51 
2LLIIa: 2.24

Mass-radius relation of hybrid stars with different  magnetic field strength

Maximum mass of hybrid stars
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