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How the bulk properties of 

nuclear matter influence neutron 

star observables? 
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Model ZOO

10 million models exist (Literally)

L. Rezzola & E.R. Most’s recent Ref.[arXiv:1905.04900].
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http://arxiv.org/abs/arXiv:1905.04900
http://arxiv.org/abs/arXiv:1905.04900
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Are there microscopic parameters which influence

the M-R diagram more strongly than others? 

Parameters influence
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Large effect
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 Astrophysics: These are the most important components of the

nuclear models from the compact star perspective

 Nuclear physics: These are the parameters which can be inferred from

the M-R diagram more directly

Parameters influence
M-R diagram

Large effect
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Parameter Value

Saturation density 0.156 1/fm3

Binding energy -16.3 MeV

Nucleon effective mass 0.6 MN

Nucleon Landau mass 0.83 MN

incompressibility 240 MeV

Asymmetry energy 32.5 MeV

Incompressibility Landau mass

The effective mass and Landau mass are not independent!
The can not be fitted simultaneously
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Proton and neutron

Scalar meson self
interaction terms

Vector mesonExtra terms

Nucleon effective mass

Tensor meson

Electron in β-equilibrium
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p – n
Nuclear

force
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Isospin
asymmetry
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Effective mass fit 
meff = 0.6 MN
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Effective mass fit 
meff = 0.6 MN

Different models has very
similar EoS if meff is the same.

K = 482 MeV

K = 437 MeV

K = 240 MeV !
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Landau mass fit
meff = 0.83 MN

Effective mass fit 
meff = 0.6 MN

EoS separate into bands
corresponding to the same
value of the effective mass
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Fit for Landau
mass Fit for effective

mass
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Fit for Landau
mass Fit for effective

mass

Maximum mass decresases
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Landau mass Fit is closer to
observation data, but does not

reproduces it
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Calculate the M-R diagrams corresponding to the modified Walecka
model fitted to different values of Landau (effective) mass
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Plot maximum star mass as function of Landau-mass

That line is the
error bar !

M = -3.64 ML + 5.5

Standard error: S = 0.0079

21



Plot maximum star mass as function of Landau-mass

That line is the
error bar !

Gives a good approximation for
maximum star mass independently
from the scalar interaction terms
used just based on the value of
nucleon effective mass
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Weaker linear connection than
in the case of Landau mass

M = 0.24 K + 1.61

Standard error: S = 0.01
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Weissenborn et al 2012 ( Nuclear Physics A 881 (2012) 62)

25



26



Weaker linear connection than
in the case of Landau mass

• But it is important to include the asymmetry term in the
equations because the M-R diagram changes. 

• This only means that we do not need to know the value
to high precison.

M = 0.01 asym + 1.85

Standard error: S = 0.03
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Effective mass,
Landau mass

Compression
modulus

Asymmetry
energy> >

× 10 × 10

Changing the Landau mass by 10 % changes

the maxium neutron star mass by 0.36 M⊙
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Effective mass,
Landau mass

Compression
modulus

Asymmetry
energy> >

× 10 × 10

 The maximum star mass in the model can be linearly
tuned using only the nuclear Landau mass

 The maximum measured neutron star mass can be 
used to determine the correct nuclear Landau mass

 Similar linear relations can be established for the
radius of the maximum mass star, and for the mass
and radius of the maximum radius star
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NUCLEAR MODEL
Microscopic
paramaters

Effective / 
Landau mass

Max measured neutron star mass
( J0348+0432 ): M=2.01 M⊙

Landau mass value: 0.796 MN 

(96 % of the measured value)
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Compression modulus changes by 25 %

31

Max neutron star mass changes by 3 %

Max max mass neutron star radius changes by 5 %

Max Radius of Neutron star changes by 5 %

Changes in neutron star observables



Compression modulus changes by 25 %
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Max neutron star mass changes by 3 %

Max max mass neutron star radius changes by 5 %

Max Radius of Neutron star changes by 5 %

Problem 1 Observables can not (yet) be measured
to this high accuracy



Compression modulus changes by 25 %
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Max neutron star mass changes by 3 %

Max max mass neutron star radius changes by 5 %

Max Radius of Neutron star changes by 5 %

Problem 2 Calculating quantum correction to the EoS cause
changes in the same order of magnitude

Pósfay, P., Barnaföldi, G., & Jakovác, A. PASA (2018), 35, E019.

To correctly fit (assuming we already have precise
measurements) we need full quantum calculations



Compression modulus changes by 25 %
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Max neutron star mass changes by 3 %

Max max mass neutron star radius changes by 5 %

Max Radius of Neutron star changes by 5 %

Problem 3 The situation is 10 times worse for
asymmetry energy

(change in observables is 10 times smaller) 



 Modified σ-ω model in Meanfield

 Maximal neutron star mass depends linearly on

◦ mL - nucleon Landau mass

◦ K – Compression modulus

◦ asym – symmetry energy

 Maximum neutron star mass depends mainly on nucleon
effective mass

 This can be used to fit the model using only one parameter

 To correctly fit the other nuclear parameters we need
quantum calculations
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Köszönetnyilvánítás:
A munka az OTKA, NK106119, K104260, K104292, K120660, TET 12 
CN-1-2012-0016 , NewCompStar COST action 1304, és NKM-81/2016 
MTA-UA bilaterális mobilitási program támogatásával készült. 

http://pospet.web.elte.hu/

36

http://pospet.web.elte.hu/

