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Motivation
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Remanent of supernovae processes: high density — several times p,
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Motivation
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* The new astrophysical measurements
can be used to constrain the high

| density part of the Equation of State
A.Watts et al, arXiv:1501.00042v1
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Theoretical framework

e Homogenous system made of
baryons and leptons, where the
baryons are strongly correlated
particles

e Leptons are non-interacting particles

Phenomenological

models
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FSU2H* model

* Matter at a fixed baryon density (pg),
temperature (T') and charge fraction (¥y)

Eqgs. of motion
Charge neutrality




FSU2H* model characteristics
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Phases of merging

Inspiral Merger GW phase Viscous phase Spin down
~1 ms ~10-20 ms ~0.1-1s >10s

Short-lived remnant

)
£

Black hole Stable NS

Radice et al. ARNPS, 2020
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Merging phase —warm stars

Bauswein et al. 2010, PRD Log (T)
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e The matter can get heat up significantly during
the merging phases

* Many EoSs do not have finite temperature =
extension =

* Approximate treatments have been adopted such
as the use of constant thermal index

~40 -20 6 20 40



Thermal index - introduction

* |t is useful to reproduce thermal effects on the EoS in

complicated simulations * In the simulations a thermal index in the
Pther P(T) —_ PO range of I' =(1.5-2.0) is used, being
F(pB' YQ, T) =14+4——=1+ I' = 1.75 the most common value.
Ether E(T) — €

* One decomposes the energy density and the pressure into

a zero-temperature contribution and a thermal correction: _ _ _
We will use the thermal index in two ways:

e(T') = €ther + €0
- “r - To quantify the thermal effects in different

P(TJ = Piher + 1o matter conditions
* If one assumes I' to be constant and not to depend on the - To show that the use of constant thermal
temperature, a P(€e) relation can be found only knowing index can be inaccurate and widely

the zero temperature EoS. overestimate the temperature effects



S
o

€ner (MeV /fim 3 )

N
o

Pijer(MeV /fm?)
o

o

J
9)]

Thermal index— f3- s

w
o

N
o

—_
o

—T=50N-=-T=50NY
-T =30 N-==T =30 NY 5
—T=10N-==-T=10NY| _-~

N
o

(63}

0.4 0.6
pp(fm "{)

Thermal effect are more ’ /""*\ | r=5/3
emphasized when 15 F_:;N -----------
hyperons are included. i \'.‘ ":/'—':*""'
1t o
Significant effect on the ---T=10N
thermal pressure — can | —T 10 YN
be lower than 0! ol L T=30N
L T — 30 YN
Induces a drop in the  -05] ---T=50N
thermal index y —T =50 YN
o 0.2 0.4 06 0.8

Kochankovski et al, 2022, MNRAS
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Thermal index— other hyperonic models
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Thermal index— - stable v free matter in FSU2H*
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For temperatures found during the
mergers this can induce a big error

The relation between the thermal
energy and thermal pressure is not
linear!



Simple example—TOV solutions at constant S/A with hyperons

- To test how this can influence the
relativistic  simulations, we do
calculations of the mass-radius
relations for stars at constant
entropy per baryon
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stages of evolution in proto-neutron
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Summary

Due to the high densities in the events, neutron star mergers are excellent
“laboratories” to test different models of matter

Exotic particles, such as hyperons, are likely to appear

The appearance of the hyperons has a strong impact on both cold and finite-
temperature EoSs.

The differences in the thermal contributions are especially important because they
may have an influence on the observables measured from the events.
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Thermal index— other nucleonic models

* Both microscopical and 52.1F j > 1
phenomenological nucleonic F | LA
models show non constant = 19E oL 7, SHO(FSUgoi2 1)
behavior of the thermal index (gL T o S/ ooy 77N
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Thermal index for different lepton fractions
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RMF model extended |
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RMF model extended |
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