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Saturation properties
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n matter

Symmetric
 nuclear m
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The effect of L and K on neutron stars
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Neutron stars strongly depend on  
    slope parameter and incompressibility

R(1.4M⊙) : 12 − 14 km

1.5 − 2.1M⊙Maximum mass :
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텍스트

R(1.4M⊙) : 12 − 14 km

1.5 − 2.1M⊙Maximum mass :

180 − 260 MeVL = K =50 − 100 MeV
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Tidal deformability

NSF/LIGO/Sonoma State University/A. Simonnet
https://www.ligo.caltech.edu/image/ligo20171016d

m1 = 1.36 − 1.60 M⊙
m2 = 1.17 − 1.36 M⊙

Mass

Distance
40+8

−14 Mpc

Dimensionless

tidal deformability 

70 ≤ Λ(1.4M⊙) ≤ 580

 PRL 121 161101 (2018)
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Tidal deformability

NS

If we consider a static, spherically symmetric star of mass (m) placed in a time-
independent external quadrupole tidal field.


The star will develop in response a quadrupole moment
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Tidal deformability

External quadrupole field

Quadrupole moment of neutron star

ℰ

Q

Qij = − λℰij

 PRD 81 123016 (2010)

If we consider a static, spherically symmetric star of mass (m) placed in a time-
independent external quadrupole tidal field.


The star will develop in response a quadrupole moment

NSNSNS
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What do we use?

: a constant which is related to the tidal deformabilityλ Λ
Λ =

5
2

λ
1
M ( c2

G )
5

1.94 M⊙ ≤ MNS ≤ 2.33 M⊙
Nature 467 1081-1083 (2010)

By using these observation data,  
we can constraint on slope parameter and incompressibility.

APJL 852 L25 (2018)

G : Gravitational coefficient

70 ≤ Λ(1.4M⊙) ≤ 580  PRL 121 161101 (2018)
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ℒ = ∑
B
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Relativistic mean field model

Lagrangian density for static uniform nuclear matter :


The effective baryon mass in matter :


The following non-linear term is also introduced in order to reproduce the saturation 
properties of nuclear matter :

B = N, Λ, Σ−,0,+, Ξ−,0
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Coupling constants

θ = 37.50∘, z = 0.1949
[1]Prog. Theor. Phys. Suppl. 185 14 (2010)

Coupling constants, gσN, g𝜔N, and g𝜌N are determined so as to reproduce 
the binding energy per nucleon, and symmetry energy at saturation density.


The SU(3) symmetry in the vector-meson gives the relations of the coupling 
constants as


gρΣ = 2gρN, gρΞ = gρN gρΛ = 0gωΛ = gωΣ =
1

1 + 3z tan θv

gωN

gωΞ =
1 − 3z tan θv

1 + 3z tan θv

gωN gϕΞ = −
3z + tan θv

1 + 3 tan θv

gωNgϕΛ = gϕΣ =
−tan θv

1 + 3z tan θv

gωN

gϕN =
3z − tan θv

1 + 3z tan θv

gωN
In the present calculation, we refer to 
the Nijmegen extended-soft-core (ESC) model [1] 
to fix the mixing angle (𝜃v) and z as

ρ0 = 0.16fm−3B/A = − 16.0 MeV
S0(ρ0) = 32.5 MeV
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Coupling constants

We need to consider the hyperon coupling. The σ-Y and σ*-Y are determined as 
follows. The potential for hyperon Y in symmetric nuclear matter is calculated as


The potential for Y in Y-hyperon matter is written as :


U(N)
Y = − gσYσ0 + gωYω0

U(Y)
Y = − gσYσ(Y)

0 − gσ*Yσ*(Y)
0 + gωYω(Y) + gϕYϕ(Y)

0

U(Λ)
Λ = − 5 MeV Nagara event

[1]PRC 54 1416 (1996), [2]PRC 88 015802 (2013), 
[3]PRC 77 025801 (2008) 

U(N)
Λ = − 28 MeV U(N)

Σ = 30 MeV U(N)
Ξ = − 18 MeV[2] [3][1]

U(Ξ)
Ξ ≃ U(Ξ)

Λ ≃ 2U(Λ)
Ξ ≃ 2U(Λ)

Λ [3]
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Coupling constants

We add the following NL potential to the Lagrangian density


Investigated range of incompressibility (K), and the slope parameter (L) at saturation 
density is 


 
 

We fix the effective mass ratio at saturation density as

m*/m = 0.7

K = 180 − 300 MeV
L = 30 − 100 MeV .

UNL(σ, ωμρμ) =
1
3

g2σ3 +
1
4

g3σ4 − Λvg2
ωBg2

ρB(ω2
0 ρ2

0)
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Result (dependence on slope parameter)

• 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)

• 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 
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Result (dependence on incompressibility)
• 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.
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Result (dependence on incompressibility)
• 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.
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Summary (contour)
• 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 the astronomical observation 
data
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Summary (contour)
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1.94 M⊙ ≤ MNS ≤ 2.33 M⊙

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

70 ≤ Λ(1.4M⊙) ≤ 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 the astronomical observation 
data
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