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l.Introduction

Some important problems in compact star physics, related to
modern nuclear physics:

* Origin of the strong magnetic fields in pulsars and magnetars
* Massive neutron stars beyond 2Msolar

* Possible existence of quark stars

One may give answers to these problems from
the microscopic viewpoint.
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Large stiffening effect on EOS in the core is needed
to support such massive and dense stars!



There are many studies about these issues.
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Some important ingredients

Hyperon degree of freedom
Quark degree of freedom

Naive thinking may lead us to the softening of EOS due to the
phase transition, without any additional mechanism such as

repulsive three-body force among

2.0
hadrons or repulsive interaction '
between quarks. .
We consider here the effect of o
strong magnetic field on EOS § 1.0

B.itace ~ 107G (Radio Pulsars)
~10%1°G (Magnetars) 0.5

Much stronger field has been suggested
Inside the star (o. Lai ;s.L.shapiro, Ap.J.383 (1991) 745)
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Il. Model Similar idea has been applied for
white dwarfs,
Super-Chandrasekhar-mass WD

B. Mukhopadhyay et al.,
in the core region arXiv:1507.05439;1509.00936

Many studies of EOS with the magnetic field

(R. Casali et al., arXiv:1307.2651)

Landau quantization
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Wik (r) : Hermite ploynomial (localization) in x-y plane

* along z axis
Quarks produce for each Landau level n
Remarks:
“ All quarks are charged < Neutrons are neutral

Mass is very small, compared with /g8 M, *r0< M,
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Some specific features of our EOS

(i) It gives the “stiffest” one

, dP

c=—n=1 (Causality limit)
de

C

1/3 (ultra-relativistic gas) (B 0)

cf Massive vector interaction also realizes the causality limit & oc Ng
(Ya.B. Zeldovich, Sov. Phys. JETP 14, 1143 (1962))
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(i) It is independent of B for B>Bc

(A) Bbag=237.3MeV/fm3

L , , (B) Bbag=160.9|\/|EV/fm3

4x 10t 1o® 4x10%  (C) Bbag=192.8.3MeV/fm3
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(¢, ~ 2.8x10"g-cm™)



Minwc =2.8M Hybrid quark stars
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1l Possibility of the third family of compact stars

R

one needs an additional physics

to support the gravity

U.H. Gerlach, PR 172, 1325 (1968)
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possibility by the phase transition to
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the massive stars beyond 2Msolar
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IV. Summary and Concluding remarks

*We have discussed how the magnetic field stiffens EOS
LLL gives rise to the stiffest EOS ( )

“Hybrid quark stars larger than 2Msolar is possible for
B>Bc =0O(10719G)

Quark matter content should be very large for

“We have demonstrated an example of third family of
compact stars

Second collapse of supernovae
Gravitational wave after neutron star mergers
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Anisotropic pressure X-G.Huangetal, PRD 81(2010) 045015.

T* =gu”u” -PE" + Bb“b", P, =P-MB,R =P (thermodynamic pressure)
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tiny quark core
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FIG. 7. Mass-radius curves for hybrid stars without mixed phase built with the GM1 and SU(3)

HK NJL parametrizations, SLOW (left panel) and FAST (right panel) cases.

(R. Casali et al., PRC 89, 015805 (2014))

Hybrid star

RMF+NJL
Maxwell construction



Virial theorem
cf D. Lai and S.L. Shapiro, Ap.J. 383, 745 (1991)
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