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Description of Neutron Star based on 
various models with Strong

Magnetic Field in the f(R) Relativity
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RMF, (C)QMC, (D)BHF, Skyrme, Chiral PT …. QCD 
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Results ( Dependence on L,K0, and M*)
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Result (dependence on slope parameter L)

• The slope parameter does 
not affect the maximum 
mass of neutron star.

•Around the 1.3 solar mass 
neutron star

• In the tidal deformability 
case, the large slope 
parameter gives the high 
tidal deformability.

Large slope parameter

Large radius of neutron star
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Result (dependence on slope parameter)
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Large slope parameter
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Result (dependence on incompressibility K)

• The incompressibility affect both 
maximum mass and radius.

• The effect of incompressibility is 
around maximum mass of 
neutron star.

• The two-solar mass neutron star
cannot be described 
in K = 180 and 200 MeV cases.

Large incompressibility

Large maximum mass 
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Summary (contour)

[2]PLB 778 207212 (2018) [1]PRL 108 052501 (2012)

1.94𝑀𝑀⊙ ≤ 𝑀𝑀NS ≤ 2.33𝑀𝑀⊙

Nature 467 1081-1083 
(2010)
APJL 852 L25 (2018)

70 ≤ Λ(1.4𝑀𝑀⊙) ≤ 580

PRL 121 161101 (2018)

• In the ongoing process, we are studying 

the constraint on these values by using 

finite-nuclei data.

• We changed the slope parameter and 
incompressibility by using RMF model 
with non-linear potential

• We can constrain on slope parameter 
and incompressibility
by using astronomical observation data
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Eq. of State Results by the Hybrid Model (SHF+TB)
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RMF, (C)QMC, (D)BHF, Skyrme, Chiral PT …. QCD 
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RMF, (C)QMC, (D)BHF, Skyrme, Chiral PT …. QCD 

?????

The gravitational field at a neutron star's surface is about 2×1011 times stronger 
than on Earth,.

https://en.wikipedia.org/wiki/Standard_gravity


Motivation 2: Modified Gravity
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How will be the modified gravity effect in the stellar scale ???
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Modified E. Equation

Modified TOV

Theoretical Frameworks 2: Modified TOV by M. Gravity 
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If alpha dep. terms go to 0,
Standard Gravity

Modified  Action
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In np phase
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For alpha = -1(+1), more 
steeper (softer)
EOS and more massive (light) 
Masses !!

Eq. of State Results by the MTOV from Modified Gravity

Modified TOV

Hyperonic NS may go to 2.0 solar mass by the modified gravity with 
reasonable magnetic field  without any modification in RMF !! 27
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In np and nph phase with stronger 
magnetic field 

For stronger m. field, we obtain more stiffer EOS and
more massive Masses !! May compensate modified
gravity (alpha >0).

Eq. of State Results by MTOV and Magnetic fields
MKC et.al, PRC 82, 025804, (2010); PRC 83, 018802 (2011); JCAP 10, 21 (2013)
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Summary and Conclusion 
1. Quark production the EoS softer and suppresses the 

hyperons in high density region. Hybrid star can 
explain the 2.0 solar massive neuron star.

2. SU(3) extension of RMF models may give rise to roles 
of sigma* and phi*  meson, which suppress the 
appearance of hyperons in profile functions on the 
neutrons star.  EoS becomes stiffer even with 
hyperons. With TBF, it becomes more steeper again !

3. Modified f(R) gravity is developed to consider the dark 
energy (or cosmological constant) and extended to 
modified TOV equation  for neutrons stars. 

4. Magnetic fields are also included to the Modified 
gravity and applied to the EOS of neutron star.  

5. Negative alpha can make NS, in particular, supersoft
EOS, stiffer. Positive alpha may compensate the 
stiffness by strong magnetic fields. 30



Thanks for your 
Attention !!
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