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EVOLUTION OF STARS
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Neutron stars properties

Thin atmosphere:
H, He, C.... i

Outer crust: ions, electrons

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

Outer core liquid: e, -, SFn,

Inner core

perconducting protons
Inner core: unknown e Nuclear matter

e Leptons
e ??? Pion condensate ???
e ??? Kaon condensate ???

~10®gcm™

~2x nuclear density

2x10*g cm™ :
~nuc|egardensity e ??? Deconfined quark matter???

4x10" g cm
“neutron drip”

https://heasarc.gsfc.nasa.gov/ \



Hyperons in the neutron stars?

 Hyperons are baryons made of one or
more strange quarks
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Electroweak decay

A->p+mn~

A->n+n°
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CAN THEY BE CREATED INSIDE THE STARS?



Hyperons in the neutron stars?
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Equation of state (EoS) of inner core

THE JOB OF THE NUCLEAR PHYSICS

e P = P(ps,T.Yp)
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Relativistic mean-field framework
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Hyperons thermal signatures on the EoS

Homogenous matter at
Charge fraction Y, = 0.1 and Temperature T = 25 MeV

Thermal pressure Py,
P, = P(T,pg.Yy) — P(0,p5,Yy )

The introduction of the hyperons
induces a drop in the thermal index

Colored lines -
hyperonic models




Binary NS merger simulations and observables

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

% “Q-0c-
Short-lived remnant S .
" SN 1D+, = 1.75
| . : 1D+, = 1.6

2D+ Raithel
3D

Black hole

1
2
Radice et al. ARNPS, 2020 f [kHzZ]

WE CAN LEARN SOMETHING ABOUT THE COMPOSITION FROM
THE GRAVITATIONAL WAVE OBSERVABLES




Summary

Neutron stars are natural laboratories for studying matter at extreme conditions.
In their deepest layers, exotic components, such as hyperons can appear.

The appearance of the hyperons has a strong impact on both cold and finite-
temperature Eo0Ss.

The differences in the thermal contributions are especially important because they
may leave a characteristic hyperon signature on the astrophysical observables
obtained from neutron star mergers.
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Hyperons signatures on the EoS

* Although the difference between a
hyperonic and non-hyperonic EoS
within a given model is big, it is
difficult to distinguish them from
other nucleonic models

(Large uncertainties in the
properties of dense matter)
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Hyperons signatures on the EoS

e Different thermal behavior
between the hyperonic and
the nucleonic EoSs

* We define a quantity that is
known as thermal index:

P(T,pg,B) — P(0, pp, )

[(T,pp,B) =1+ e(T, pg, B) — €(0, pg, B)

e The introduction of the
hyperons induces a drop in
the thermal index — MODEL
INDEPENDENT FEATURE

—T =10 YN
T=30N
T =30 YN

-=-=T=50N

—T =50 YN
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Temperature (MeV)

100

=
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EoS of dense matter and relativistic simulations |

* The EoS represents the main
input needed for simulating the
violent phenomena such as core-

collapse supernovae or binary
stars mergers.

e The EoS is needed for a wide

range of the parameter values:
- Density

Neutron Stars - Temperature

0 1" Charge fraction

Proton-neutron asymmetry
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Signal of hyperons in the GW observables?
Raldice et al. ApJL 842 L10 (2017)
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Downside — this result could be obtainec
from other purely nucleonic EoS model.

(it would not be signaling

the presence of hyperons)




GW simulations and observables

COLD STARS

e The EoS uniquely determine
global properties of the stars

" 250
; 200
e The model also satisfies the &
constraints from astrophysical A zﬂ
observables - e o s

NICER Miller PSR J0740+6620

04 0.6 0.8 12 13 14 15
pp(fm=2) R (km)
dP Gpm P r3 26m\ _
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dr r PgC mc CccTr )
dm 5 (TOV equations)
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Identifying the hyperonic signature

HYPERONIC EOSs

We simulate the merger of two
neutron stars with 1.4 M mass

2D + (Fth = 175)

Af = f(3D) = f(2D + (Ten = 1.75))



Signal of hyperons in the GW observables? |

The difference in the frequencies is arXiv:2307.03710
defined as:

Af = f(3D) — f(2D + Iy, = 1.75)

All hyperonic models that reach the
onset density (density at which the
hyperons appear in cold matter) have a
positive shift.

Nucleonic models are grouped around
Af = 0.

nucleons ¥  hyperons+A

Hyperonic models that do not reach
high enough densities are behaving
like nucleonic models.



https://arxiv.org/abs/2307.03710

Signal of hyperons in the GW observables? Il

 Another useful way to illustrate the

o T arXiv:2307.03710
hyperonic imprint is to show the
following relation +  nucleons
3.00 hyperons
fpeak = fpeak (A(1-75M®)) b ¥  hyperons+A

 All hyperonic models that have
densities above the onset ones predict
frequency that lies above the second
order polynomial fit of the nucleonic
models.

 Most of the hyperonic models also lie
above the maximum deviation of the
nucleonic models.



https://arxiv.org/abs/2307.03710

