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Introduction

P 0 — P 0 ( ,0 B ) Nucleonic — nucleons as only baryons

Thin atmosphere:

H, He, C.... l Outer crust: ions, electrons

Inner crust: ion lattice, soaked
in superfluid neutrons (SFn)

Outer core liquid: e, -, SFn,
perconductmg protons
- Inner core: unknown
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Introduction

THE GOAL

Identify clear imprints of hyperon appearance in dense matter on the binary neutron star
merger observables.

THE STRATEGY

Inspect the unique properties of hypernuclear matter at finite temperature
with as many equations of state (E0oSs) as possible.

Investigate how the properties translate to signatures in the observables and
quantities obtained from binary neutron star mergers by performing numerical
simulations with many nucleonic and hyperonic models.
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Thermal properties of hot hypernuclear matter
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Thermal properties of hot hypernuclear matter

Thermal index
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Thermal properties of hot hypernuclear matter

» Let’s assume that we have a zero-temperature EoS. That means that we know the
relations

PO:PO(T:O,,OB),GO:GO(T:O,pB) POZPO(T:O,EQ)

 If we want to construct a finite-temperature EoS, based on our zero-temperature EoS, we
can start from the thermal index equation:

P,
Ty =1+ 6““ s P(T, pg) — Py = (T'en — 1)(e(T, p5) — o)
th

* If €;n = € — € 1s an independent quantity, and if one assumes that the thermal index
has a constant value independent of the conditions (motivated by the ideal gas behavior)

Pth(eth) — (Fth — 1)€th
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Thermal properties of hot hypernuclear matter
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Impact of hyperons on the merger observables and quantities

THE GOAL

Identify clear imprints of hyperon appearance in dense matter on the binary neutron star
merger observables

THE STRATEGY

Inspect the unique properties of hypernuclear matter at finite temperature with as
many models as possible.

Investigate how the properties translate to signatures in the observables and
quantities obtained from binary neutron star mergers by performing
numerical simulations with many nucleonic and hyperonic models.
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Impact of hyperons on the merger observables and quantities

Big set of three-dimensional (3D) EoSs

y

* We simulate the merger of two v
HYPERONIC EOSs neutron stars NUCLEONIC EOSs

FOR EACH EOS FROM BOTH SETS!

* Discriminating the impact of
the different thermal treatments Cold (1D) EoS + F%Js
associated with the different t
compositions!

y

AX = X — X17°
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Impact of hyperons on the merger observables and quantities
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The dominant post-merger gravitational
wave frequency is the strongest feature
the
emitted after the two neutron

in gravitational-wave spectrum
stars

merge.

It corresponds to the fundamental
quadrupole oscillation mode of the

remnant ncutron star.
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Impact of hyperons on the merger observables and quantities
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1.75

Af — fpeak o fpeak

Hyperonic EoSs show a systematic
shift toward higher frequencies.

Nucleonic models are scattered
around the reference values.

If the hyperons are present in matter
only mn very small quantities, the
corresponding EoSs behave like
nucleonic ones.
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Impact of hyperons on the merger observables and quantities
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Impact of hyperons on the merger observables and quantities
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Impact of hyperons on the merger observables and quantities
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Impact of hyperons on the merger observables and quantities

* Mass ejecta—unbound matter from
the remnant that wundergoes rapid
neutron capture.

* The amount of ejecta mass is related to _© 0.02.
the total amount of synthesized i '
elements. =

0.011

* We focus on the dynamical (early)
ejecta that can be affected by the
appearance of hyperons.

Baiotti et al, Rept. Prog. Phys, 2017
Shibata et al, Annu. Rev. Nucl. Part. Sci., 2019
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Impact of hyperons on the merger observables and quantities

* Threshold mass—maximum initial mass
at which the remnant does not go to prompt

|
collapse 58 "‘
3.6
Munstable + Mstable = _ |
Mthres — = o
2 2. 391
e It has been found that the threshold mass = 3'01
correlates with the cold mass star 2?

parameters

Mthres ~ aMmaX + bR1.6 + C

Bauswein et al, PRD, 2021
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Impact of hyperons on the merger observables and quantities
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Conclusions

* Hyperons influence the finite-temperature behavior of the EoS. The thermal index is
especially affected.

* The dominant frequency peak shows systematically higher values (up to 6%) in
remnants where hyperons are produced.

* The temperature in the remnants is lower if hyperons are present because of the
higher specific heat of matter.

 The mass ejecta and the threshold mass are also affected by the appearance of
hyperons.

*  QOur conclusions are general (do not depend on the initial configuration of the stars)

HYP 2025
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