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Motivation. Structure of NS
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times p,
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* Remnant of supernovae processes: high density — several

times p, * But there are new astrophysical measurements!
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Values of parameters in the model

Mo M m, M= Mg 95 N 9° N goN K A ¢ Ay

(MeV)  (MeV) (MeV) (MeV)  (MeV) (MeV)

497.479 782,500 763.000 980.000 1020.000 102.72 169.53 197.27 4.00014 -0.0133 0.008 0.045
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Values of parameters in the model

9
Mo M m, M= Mg gg N 9° N gg N K A ¢ Aw

(MeV)  (MeV) (MeV) (MeV)  (MeV) (MeV)

497.479 782,500 763.000 980.000 1020.000 102.72 169.53 197.27 4.00014 -0.0133 0.008 0.045

PASA, 34, e065 (2017)

L[MeV]
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i Oertel et al 2017 y

e e m A j * The properties of the model at T= 0 are listed in the table
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' R T T T Consistent with the majority of the calculations, variety of
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nuclear data from terrestrial experiments, astrophysical

Esym(po)[MeV] observations...
Low density region constrains
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Values of the parameters in the model
related to hyperons

Y R-cr Y Rw Y R-pY Rcr *Y Rr;) Y

A 06613  2/3 0 0.2812  —+/2/3

Y 04673 2/3 2 0.2812 —2/3

Z 03305 1/3 1 0.5624 —2+/2/3
R.. = giy L= (o,w,p); R+, = —go-*Y,'R — 9oy

Ly 9diN ( ,0) oY 9oy oY dwN

Flavour SU(6) symmetry, the vector
dominance model, and ideal mixing for
the physical w and p fields
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Values of the parameters in the model
related to hyperons

Y R-cr Y Rw Y R-pY RO’ *Y Rqﬁ Y
A 06613 2/3 0 02812 —/2/3
Y 04673 2/3 2 02812  —+/32/3
Z 03305 1/3 1 0.5624 —2+/2/3
1 . * 9oy
R:v = le;l = (o, w, ; R« :—ga Y,'R = "
ty 9iN ( ,0) oY Yoy PY JoN

Flavour SU(6) symmetry, the vector
dominance model, and ideal mixing for
the physical w and p fields

Potential felt by a hyperon i in matter is given by

Ui = —06i0 — 95i0" + 9ui®@ + Gpilzip + gpiP

U™ (py) = —28 MeV;
U™ (py) = 30 MeV;
M (po) = —24 MeV;

Hyperon potentials in SNM

ABpp(p5He ) = 0.67 MeV

AA interaction energy
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AR e .. s i _
10°F
15} ;
S = 104;“ E
= 1 : GW170817 event
—— ey :
6.5k %EE&%&?&ﬁ%ﬂi‘éﬁ%@l i B. P. Abbott et al., Phys. Rev.
‘ — P g Lett. 121, 161101, 2018
0 : L L s 0 E | | | 1 | | | | | l:
10 11 12 13 14 15 ® 0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
R (km) M /M
Mmax ~ R(Mmax) R (1'4M®) A(14AMp) In agreement with:
(Mp) (km) (km) - My > 2M
Intermediate and high - 70<A(1.4M()) <580
density regions constrains 2.03 12.02 13.08 526.3 - 10.5km <R(1.4M) <13.3 km
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Composition and EoS of hot neutron star core |

e The finite temperature EoS depends on three parameters (pg, T, Ye.)

* We focus on:

and two different lepton situations:
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Composition and EoS of hot neutron star core Il

v free matter 100 Y, =04
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v free matter 100 Y, =04
Solid lines — core without hyperons CT=5 e m |
Dashed lines — core with hyperons /7__/'_1"__;“_,._};.;&:—‘7,_ = ;\
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abundance when they are trapped in the
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- At high temperature hyperons are insides

the core at any density
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- Hyperons induce significant softening of the EoS

- When neutrinos are trapped, the EoS becomes stiffer
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- At low temperatures their production changes the slope of the curve
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Composition and EoS of hot neutron star core IV

1 free matter Y, =04

5 ; 6
5t
4+
4+
3_
— — 3
! 951
2_
2.
1_
1_
0 — ' g 0 '
0 0.2 ‘x 04 & 06 0.8 1 0 0.2 0.4 0.6 0.8 1
3

teu .pg’ffm_;

- Hyperons have strong influence on the entropy per particle
- The effect is more important in v free matter

- At low temperatures can even break the monotonous behavior of the curve
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Thermal index - introduction

e Useful in complicated simulations in order to reproduce
thermal effects on the EoS

Py Pw= P(pg,T)— P(pp, T =0)
Eth €th = 6(/083 T) _ E(sz T — O)

* One decomposes the energy density and the pressure to
a zero-temperature contribution and a thermal
correction

* Simulation uses I that is constant, so P(€) relation can
be found only knowing T = 0 EoS:

P=P(T=0)+T—-1)(e—€(T =0))

e The parameter that is evolving with the time in
simulations is the energy density, so the equation above
is from a special interest

S - 15220 i
2.4
% [ SRO(SLy4) i NS CORE,/-’.’
2 22F —t SRO(KDEOV1) | ?;_-f”
£ "L —-— . SRO(SKAPR) 1| 7
2r SRO(APR) e
[ — — - SRONRAPR) /.2~ .
1.8} - TNTYST A
- AL
1.6 r
1.4

However, this approach can
be inaccurate!

TATSC00°60TC-NIXIE

In all models on the graph, nucleons
are the only baryons considered
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Thermal index — parametrization of the thermal index |

—T =10
—T =20
T =30 ||
T = 40
—T =50
—T =100

0.2 0.4 0.6 0.8 1

NEUTRINOLESS NUCLEONS ONLY CASE

e We assume that the thermal index has the
following functional dependence:

C(pp, T)=a; +bie“DPs 4 d, e

c(T)=c,T 4+ c>
g(T) — €1T + €

* The values of the parameters:

e(T)ppg

a; b; Ci d;

€

1.37 6.80 x 107! 1.69 x 1073 1.47 —1.41 x 10!

/ / 6.59 /

20.29

15



Thermal index — parametrization of the thermal index |

NEUTRINOLESS HYPERONIC CASE

* We assume that the thermal index has the
following functional dependence:
a(T)pp + b(T)
(pp — pp.)*+c(T)pp +d(T)
+e(T)pp + f(T)/pp + g(T)
a(T) =a1T + a»
b(T) = b,T + b,

[(pp, T) =

c(T) = ('1T2 + T + 3

d(T) = d\T?* + dr T + ds ppe = 0.3715 fm~=3
e(T) = E’]Tj + ey T + e3

()= hHhT + |

e(T) = aiT* + & T + g3

19



Thermal index — parametrization of the thermal index |

NEUTRINOLESS HYPERONIC CASE

e We assume that the thermal index has the
following functional dependence:

a(T)pp + b(T)
(pp — pp.)* +c(T)pp +d(T)
+ e(T)pp + f(T)/pp + g(T)
a(T)=a1T + ay
b(T) = b, T + b,
c(T) = ¢ T? + o T + 3

[(pp, T) =

dj bi Ci d; e fi 8i
202 x 1074 108 x 102 —1.71 x 103 1.24 x 1073 1.11 x 104 321 x 1072 —6.64 x 1073
614 % 1072 —1.26 x 1074 1.83 x 1077 —622x107% —3.63x107% 260 x 107! ~5.13 % 1073

/ / 1.56 x 1072 —483x 103  7.15 x 1072 / 1.48

19



Thermal index — parametrization of the thermal index |

—T =10
—T =20
T = 30
T = 40
—T =50
—T =100| |
V
0.2 04 0.6 0.8

pp(fm™?)

NEUTRINOLESS HYPERONIC CASE

e We assume that the thermal index has the

following functional dependence:

a(T)pp + b(T)

[(pp, T) =

(pp — pp.)? + c(T)pp +d(T)
+e(T)pp + f(T)/pp + g(T)

a(T)=aT + a»
b(T)=b,T + b,
co(T)=c1T* 4+ 2T + 3

di €i fi gi
1.24 x 1073 1.11 x 104 321 x 1072 —6.64 x 1073
I 622 %107 363 x 1072 260 x 107! ~5.13 % 1073
I _483x 107 7.15x 1072 / 1.48

19



Summary

We extended the FSU2H hyper-nucleonic model to finite temperature, constructing the new so-called FSU2H*
model, in order to be used in early stages of NS evolution and in NS mergers.

The model satisfies the major constraints that come from nuclear experiments and astrophysical
measurements.

In order to get the properties of the matter computed within the framework of our model, we performed
calculations for [ - stable matter at different temperatures and different lepton fractions.

The composition patterns and the EoS are strongly affected by the introduction of hyperons.

Thermal effects in the star cannot be reproduced with high accuracy with the so-called I'-law, and that is
especially important when hyperons are considered in the core.

A simple parametrization is constructed to account for the strong dependence of the thermal index in v-less
beta stable matter.
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Thermal index for different lepton fractions
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Speed of sound (T = 0)
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