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Impacts of GW170817



The energy density of the core of the neutron star: 
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Neutron star matter equation of state



The cluster expansion of the energy functional up to the two-

body term:
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a trial many-body wave function: F 

uncorrelated ground state wave function of A-independent  nucleons  
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Ϝ Jastrow form of A-body correlation operator:  ( )
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LOCV approach
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Fermi momentum of 

nucleons

two-body energy:

Two-body correlation 

AV6’AV8’ AV18

UV14

two-body potentials:
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LOCV approach



Minimizing the two-body energy with respect to the variations in the 
correlation functions:

Paulo function in the case of asymmetrical nuclear matter:

LOCV approach



I. E. Lagaris and V. R. Pandharipande Nucl. Phys. A 359, 349 (1981).

Three nucleon interaction

part of TNI contribution

Three nucleon repulsive part 

of TNI contribution
∝

Three nucleon attractive 

part of TNI contribution

TNI parameters are adjusted to give the correct 

saturation properties of  SNM.

Three Nucleon Interaction (TNI)
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Equation of state and structural properties
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Tidal effects of binary neutron stars



Compactness

of the star

The solution of the equation 

below

S. Postinkov, M. Prakash, and J. M. Lattimer, Phys. Rev. D 82, 023116 (2010).

Love number and tidal deformability of 

neutron stars



TOV equations:

Boundary conditions:

p(0)=𝑝c

y(0)=2

m(0)=0

&

Love number and tidal deformability of 

neutron stars



Results for tidal Love number and tidal 

deformability of neutron stars



2

5 5

2

3

k

m




   Tidal properties of 1.4 𝑴⊙ neutron star configuration 

obtained for different EOSs

Dimensionless tidal deformability
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Mass-weighted tidal deformability:

Chirp mass:

Mass ratio:

Allowed range for :

Dimensionless tidal deformability

B. P. Abbott et al., Phys. Rev. X. 9, 011001 (2019).



The effect of crust on tidal parameters

AV18+TNI



Third family of compact stars



Forth family

Family of compact stars

White dwarf Neutron star

M. Alford, and A. Sedrakian, Physical review letters 119, 161104 (2017).

Third family



𝒑𝒕𝒓𝒂𝒏𝒔 𝒑𝒓𝒆𝒔𝒔𝒖𝒓𝒆 𝒐𝒇 𝒕𝒉𝒆 𝒕𝒓𝒂𝒏𝒔𝒊𝒕𝒊𝒐𝒏

𝒄𝑸𝑴
𝒔𝒑𝒆𝒆𝒅 𝒐𝒇 𝒔𝒐𝒖𝒏𝒅

Δ
discontinuity in energy density

Phase transition and equation of state 

The constant speed of sound  (CSS) parametrized EOS:

The parameters of  the CSS EOS:

M. G. Alford, S. Han, and M. Prakash, Phys. Rev. D 88, 083013 (2013).
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Quantum Van der Waals equation of state

The description of the system 

of interacting nucleons:

Proper volume of nucleon:
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Density dependent radius using simple bag 
model

J. Rożynek, Journal of Physics G: Nuclear and Particle Physics 42, 045109 (2015).

The energy of nucleons as bags:
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𝑴𝒎𝒂𝒙 ≥ 𝟐. 𝟎 𝑴⊙, 𝑴𝒎𝒂𝒙,𝑻≥ 𝟐. 𝟎 𝑴⊙

𝑴𝒎𝒂𝒙 ≥ 𝟐. 𝟎 𝑴⊙, 𝑴𝒎𝒂𝒙,𝑻 < 𝟐. 𝟎 𝑴⊙

𝑴𝒎𝒂𝒙 < 𝟏. 𝟎 𝑴⊙, 𝑴𝒎𝒂𝒙,𝑻 ≥ 𝟐. 𝟎 𝑴⊙

𝟏. 𝟎 𝑴⊙ ≤ 𝑴𝒎𝒂𝒙 < 𝟐. 𝟎 𝑴⊙, 𝑴𝒎𝒂𝒙,𝑻 ≥

𝟐. 𝟎 𝑴⊙

Category II

Category I

Category IV

Category III

G. Montaña, et al, Physical Review D 99, 103009 (2019).

Categories of twin stars



Our results for twin stars

Considering the radius of nucleon as 0.4 fm : 



Tidal deformabilitis with phase transition



Conclusion

1. The stiffest EOSs with potentials of AV18+TNI and AV8’+TNI result in desirable 

values of maximum mass and tidal parameters.

2. The value of dimensionless tidal deformability Λ has been obtained within the

range of 216 < Λ < 314 for 1.4 𝑀⊙ configuration of neutron star with the EOSs of

Argonne family potentials and UV14 including TNI. These results are compatible

with the recently reported constraint on tidal deformability.

3. Calculations for investigating the crustal effect on tidal parameters show that the

contribution of inner crust has important impact on the tidal Love number.

4.  LOCV+Van der Waals model is not appropriate EOS unless the phase transition 

is considered.
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