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EoS Application in    Constraints by
experiment & theory      compact stars astrophysical observations

Why is this so important?
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Face the masquarade problem!
EoS Application in    Constraints by
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Face the masquarade problem!
EoS Application in    Constraints by

experiment & theory      compact stars astrophysical observations

Uuups,
which EoS 

I should 
choose?
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(De)motivation...
Weih & Most & Rezzolla: ApJ 881,73 (2019)
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The sad reality is...
Weih & Most & Rezzolla: ApJ 881,73 (2019)
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The sad reality is...
Weih & Most & Rezzolla: ApJ 881,73 (2019)

MASQUARADE



G.G. Barnafoldi: Zimányi Winter School 2020 9

Let’s explore the uncertainties…

...in a traditional way

P. Pósfay, GGB, A. Jakovác: 2004.08230 (submitted to PASA), +B. Szigeti 2006.03710 (in press in EPJ ST) 
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Proton and neutron

Scalar meson self 
interaction terms

Vector meson Extra terms

Nucleon effective mass

Tensor meson 

Electron in β-equilibrium

Investigate this with extended σ-ω model in mean field
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Proton and neutron

Scalar meson self 
interaction terms

Vector meson 

Tensor meson 

Electron in β-equilibrium

Nucleon effective mass

Isospin 
asymmetry

Investigate this with extended σ-ω model in mean field
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Modified σ-ω model in mean field

● Theoretical mean field model:

● Symmetric case: 3 combinations with the higher-order 
scalar meson self-interaction terms to original Walecka: 

● Asymmetric case: tensor force is added to the interaction 
in addition to the electrons, for β-equilibrium. 

● Parameters of the theoretical model

● Fit couplings/masses/etc. according to the Rhoades–
Ruffini theorem in agreement with experimental data.

● Parameters are usually non-independent: optimalization 
of the parameters need to perform → similar EoS

● Cross check the consistency with the the existing EM, 
GR, HIC, etc data + errors → Theoretical uncertainties
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Parameters to fit normal nuclear matter
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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

Parameters to fit normal nuclear matter



G.G. Barnafoldi: Zimányi Winter School 2020 18

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

Parameters to fit normal nuclear matter



G.G. Barnafoldi: Zimányi Winter School 2020 19

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

Parameters to fit normal nuclear matter
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The EoS & M-R of different model fits
Landau mass fit mEff = 0.83 mN 

Effective mass fit mEff = 0.6 mN

 

M-R diagram with these nuclear matter EoS
Cases with extra x3 and/or x4  terms provide similar band structures 
→ Landau mass fits provide lower Mmax closer to the observations

P. Pósfay, GGB, A. Jakovác: 2004.08230
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The EoS & M-R of different model fits
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The EoS & M-R of different model fits
Landau mass fit mEff = 0.83 mN 

Effective mass fit mEff = 0.6 mN

Original Walecka model

 

Realistic nuclear EoS: WFF1, AP4 
(SQM) support the Landau mass

Assymetry (electrons) is weak effect

Crust (BPS) make more realistic

M-R diagram with these nuclear matter EoS
Cases with extra x3 and/or x4  terms provide similar band structures 
→ Landau mass fits provide lower Mmax closer to the observations

→ Nuclear ASYMMETRY result in 10-20% lower Mmax 

→ Adding CORE with BPS has no effect on Mmax, only on R (~km)

P. Pósfay, GGB, A. Jakovác: 2004.08230
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Evolution/scaling in Mmax appears
– The Mmax is increasing as the 

Landau (effective) mass is 
decreasing

→ Scaling by nuclear parameters     

      

The M-R diagrams: EoS & Landau mass fit

P. Pósfay, GGB, A. Jakovác: 2004.08230
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Scaling: maximum star mass vs. nuclear parameters 

Maximal mass  
with Landau mass 

P. Pósfay, GGB, A. Jakovác: 2004.08230
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Scaling: maximum star mass vs. nuclear parameters 

Maximal mass 
with Landau mass 

with (in)compressibility

P. Pósfay, GGB, A. Jakovác: 2004.08230
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Scaling: maximum star mass vs. nuclear parameters 

Maximal mass 
with Landau mass 

with (in)compressibility

Combine these to a 2-parameter fit:

P. Pósfay, GGB, A. Jakovác, B. Szigeti 2006.03710
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Scaling: maximum star mass vs. nuclear parameters 

Maximal mass & its radius 
with Landau mass 

with (in)compressibility

P. Pósfay, GGB, A. Jakovác, B. Szigeti 2006.03710
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Scaling: maximum star mass vs. nuclear parameters 

Maximal mass & its radius 
with Landau mass 

with (in)compressibility

Calculation for maximal mass star

Measured: MmaxM → (mL & K) → RmaxM

P. Pósfay, GGB, A. Jakovác, B. Szigeti 2006.03710



G.G. Barnafoldi: Zimányi Winter School 2020 30

Scaling: maximum star mass vs. nuclear parameters 

Maximal mass & its radius 
with Landau mass 

with (in)compressibility

Calculation for maximal mass star

P. Pósfay, GGB, A. Jakovác, B. Szigeti 2006.03710
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From data: Maximum star mass vs. nuclear parameters 

Maximal mass & its radius 
with Landau mass 

with (in)compressibility

Combine these to a 2-parameter fit:

P. Pósfay, GGB, A. Jakovác, B. Szigeti 2006.03710
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From data: Maximum star mass vs. nuclear parameters 

Maximal mass & its radius 
with Landau mass 

with (in)compressibility

Results from data using fit formulae:
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Explore the uncertainties…

… using a the brute force

D. Alvarez-Castillo, A. Ayrian, GGB, P. Pósfay: Phys. Part & Nucl. 51, 725 (2020), +H. Grigorian 2006.0376 (in press EPJ ST) 
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Brute force: Bayesian analysis 

D. Alvarez-Castillo, A. Ayrian, GGB, P. Pósfay: Phys. Part & Nucl. 51, 725 (2020)

Data: 

Likelihood for given independent 
constraints:

Posterior:

Marginalization (1-parameter):
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Brute force: Bayesian analysis 

D. Alvarez-Castillo, A. Ayrian, GGB, P. Pósfay: Phys. Part & Nucl. 51, 725 (2020)

Data: 

Likelihood for given independent 
constraints:

Posterior:

Marginalization (1-parameter):

Likelihood for GW170817: 

Likelihood for maximal mass

Likelihood for mass & radius
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Brute force: Bayesian analysis 

D. Alvarez-Castillo, A. Ayrian, GGB, P. Pósfay: Phys. Part & Nucl. 51, 725 (2020)

Data with mL only
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Brute force: Bayesian analysis 

D. Alvarez-Castillo, A. Ayrian, GGB, P. Pósfay: Phys. Part & Nucl. 51, 725 (2020)

Data with mL only
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Brute force: a Bayesian analysis 

D. Alvarez-Castillo, A. Ayrian, GGB, P. Pósfay, H. Grigorian 2006.0376 (in press EPJ ST) 

Data with mL & K 
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● Traditional way: mean field model

– In CORE approximation: maximal mass provide a 
unique message:

→ strong linear Landau mass dependence

→ an order of magnitude smaller K-dependence

 

– Soft part of the EoS changes the CRUST, thus vary R

– FRG: parameter 10-25% observables: 5-10%

● Values & uncertainties – a cross check

– Traditional model:

– Bayesian model*: 

Summary: 
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