Estimating the variation of neutron star
observables by dense nuclear
matter properties
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From nuclear matter to neutron stars
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Hydrostatic equilibrium-TOV equations

Weight of upper layers Assumptions: spherical symmetry, isotropy, static
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We need the equation of state for numerical integration: P (&)
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From nuclear matter to neutron stars

Solve TOV equations at given
EoS central energy density

uark-hybrid traditonal neutron star
— W =" — ass
WEP2: s >} P
36 | ww— WHE3" i=rn=ns § » '

—n Rad
i h adius
AAAAAAAAAA of ap'efon neutron star with

o pion condensate

I

B 35 [ e

2 [ - ‘

Y : = Fe

= strange 6

@ quark 10~ glem 3

=2 matter 28C

10 1 glem 3
1014 gom @

(u.d.s quarks)

~=__ Hydrogen/He
atmosphere

strange star

o L nucleon star

1 n i
14.8 15.0 15:2 15.4
log o [g em ™3]

|
b
I
o
6

- " 1 1
142 144 14. — >
A~ 10km

Solve TOV equations for increasing 3 [
values of central energy density. w 1.5¢
s C

1.0_— :'\:l';l’\:l; p

— WWF2 1

WWF3 ]
—— GNH3

M-R diagram == .

[ m Astro+Exp

0.0t bt bt bvstenas bt baaatuan s Ly o

Radius (km)
Péter Posfay , ELTE, Wigner RCP




Fitting parameters of nuclear matter

Parameter Value

Saturation density
Binding energy
Nucleon effective mass
Nucleon Landau mass
incompressibility

Incompressibility

0,156 1/fm3
-16,3 MeV
0,6 M
0,83 My
240 MeV

Landau mass
= — VvV = ———
VE a Ok k=kp

me = kg +m3 g

The effective mass and Landau mass are not
independent!
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EMF —

Modified Walecka-model
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EoS of different models
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M-R diagrams corresponding to various models and fits
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M-R diagrams corresponding to various models and fits
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M-R diagrams corresponding to various models and fits
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M-R diagrams corresponding to various models and fits
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Interesting observation

Calculate the M-R diagrams corresponding to the modified Walecka

model fitted to different values of Landau (effective) mass
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Interesting observation

Plot maximum star mass as function of Landau-mass
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Interesting observation

The same can be done with maximum mass star radius
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What about compressibility
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What about compressibility
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Thank you for the attention!

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

Koszonetnyilvanitas.

A munka az OTKA, NK106119, K104260, K104292, K120660, TET 712
CN-71-2012-0076 , NewCompStar COST action 1304, és NKM-81/2016
MTA-UA bilateralis mobilitasi program tamogatasaval készult.
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