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EOS & observables
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Traditonal approach to constrain NS EOS

Piecewise polytope,
Read+ PRD 2008

T T T . Hierarchical Bayesian statistics to infer NS EOS
| r, (My PhD thesis, arXiv: 2204.08555)
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1usS constraints

Current mass-rad

B. Biswas and S. Datta, PRD 2022
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Thank you for your attention!



Effect of Spin in Binary Neutron Star
Mergers
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Introduction

Prompt BH formation <—m > My, Qb m < My,, — MNS formation

8 N
/ Hydrodynamics/

viscous evolution

m < Mmax,spin

>

BH + tine disk BH + disk BH + disk

SMNS + disk

Viscous evolution of disk
Disk matter infall/outflow I

Spin down
Isolated BH Collapse

Higher total mass, m

CDO| down

Shibata and Hotokezaka, 2019

e M, >2.8Mo
e M___ >24Mo

max,spin

M____<m=<M,, HMNS

max,spin

m<M -, SMNS

max,spin?

Masses 1.3 - 1.4 Mo (Thorsett and Chakrabarty, 1998,
valentim et al., 2011)

* PSR JO453+1559 (Martinez et al., 2015): most
asymmetric having g= 0.75

PSR J1748-2446ad: fastest f._. =716 Hz (Hessels et al.,

spin
2006)
PSR J092-067 fastest (MW) and the most massive
(Bassa et al., 2017; Wynn C., Ho, 2019, Romani et al.,
2022) f.. =707Hz, My = 2.3520.17 Mo >

spin



IDs and Tools

Total Mass Spin

2.5456 g=1; (0,0), (+04,+04), (-04,0) , (+04,0), (-04,+04), (-065,+065), (-
0.65, -0.65), (+0.67, +0.67)

3.05 For g=1; (0,0), (+0.4, +0.4) - For g=2.05; (0, 0), (0, +0.6)

4.1 g=1; (0,0), (-0.65, -0.65), (-0.65, +0.65), (+0.67, +0.67)

(+,+) : aligned-aligned

(-,-) : anti aligned-anti aligned
(+,-) : aligned-anti aligned

(0, +): irrotational-aligned
(0,-) : irrotational-anti aligned

(0,0) : irrotational

R1.35 (km) CNS I\/IMax

SFHo (Steiner et al., 2013, 11.9 0.167 2.06
stellarcollapse.org)

Kyutoku et al., 2021
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BNS mergers

200

» To probe physics of matter at
extreme densities.

ylkm]

¢ Neutron star (NS) interior : n, p,
gX, e”, e, v, Quarks, Hyperons,

Pions, etc. Incompletely known - 50

equation of state (EoS).

—-20 —10 0 10
x[km]

(a) Base DD2

*  Neutron-proton chemical potential difference is large enough for the presence
of pions, 77, n* and 70, since m = =139.6 MeV and m o =134.9 MeV.

* Pions can exist as condensate and thermal pions, i.e.

Yﬂ S Y,rcondensate + Ynlhermal .



BNS mergers

¢ Considered two base EoSs: SFHo
and DD2 (includes n, p, éX, e, e,
v)

e Pions included as non-interacting

ylkm]

boson gas. In thermal and chemical
equilibrium with nucleons through
the strong interaction.

* Mgt =F(un—pp) and p0 =0

e Charge neutrality :
Yp:YC+Y7T:YC+Y7T7 —Yﬂ-+ (b) DD2+7{,mﬂ-:VaC.maSS

*  Chosen effective mass of the pions: Vaccuum mass, 170MeV and 200MeV.



NS EoS + Pions

20F
T T T
= —— SFHo + 7, m; = vacuum mass [
Z L e r
Saxiot SFHo & 7, m; = 170MeV 15F
= —— SFHo + &, m; = 200 MeV = r
3 — SFHo = f
: 3 U1.0F ]
& r SFHo + 71, my; = Vac. mass
> r SFHo + 77, 1 = 170 MeV
I 05F —— SFHo + 71, 11z = 200MeV ]
=3 L P —— SFHo
Q-QXN)”H FEr————— T L L L | I | 1 |
1071 100 107 107 050 075 100 125 150 175
T [MeV] o [10%g/cm?)
Toof 1
=
Soaf
0.0 b 1 | L
107! 10" 10! 10%
T [MeV] 10.5 11.0 115 12.0 125
R [km]
Pressure and Y, .
TOV properties

e Overall reduction of the pressure and the softening of the EoS.



BNS merger
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Results
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*  Shift of the dominant postmerger gravitational-wave frequency by up to
150Hz to higher frequencies (stronger for smaller effective pion masses).

¢ Evaluated empirical relations between the threshold mass or the fpeq and
stellar parameters of nonrotating neutron stars remain valid to good accuracy.



Results

0.030 ;

[ = SFHo + 71, mz = Vac. mass ]
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* Reduction of the threshold binary mass for prompt black-hole formation by up
to 0.07M¢ (stronger for smaller effective pion masses).

* Pronounced changes in the ejecta mass.
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Merger of Black Hole-Neutron Star Binaries in General Relativity
Jodo de Jesus

m Under certain conditions of mass ratio and black hole spin, black
hole-neutron star binaries can emmit jets of short-hard gamma ray bursts.

m We intend to study the ejection of jets in high mass ratio systems
(Mgu/Mxs 2 7) with rapidly spinning BHs (a/m > 0.9).

/M = 2108

[ 0.5¢



and their impact on Trapped Neutrinos e

Eleonora Loffredo*, Albino Perego, Domenico Logoteta, Marica Branchesi INFN
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&8¢\ | Muons in the aftermath of Neutron Star mergers o) S

*eleonora.loffredo@gssi.it
Fraction of Muons

Muons relevant in Results: I101

microphysics of Cold NSs . 10

and SII\)Ie}./ 1. Muon fraction {1
~ 30% + 70 % of net electron 10
fraction — muons needed for

State-of-the-art sismulations
of BNS mergers don’t
include muons!

accurate modelling of merger

2. Muons modify the neutrino

Our aim: estimating impact hierarchy 1n the aftermath

of muons on the merger . 20
remnant and on the trapped ]f’; Remna'nt pressure modified B
neutrino component 1n post- Y UOns: -
' . . N = Of
PLOLESSILS. — Possibly implications for -
’ 1 —10
Published on A& A co.llapse time, ejecta, and
Kilonova! —20 |
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Taming systematics in redshift measurements with
current and future gravitational-wave detectors

Adriano Frattale Mascioli, Sapienza University of Rome & INFN Roma

In collaboration with Francesco Pannarale, Paolo Pani & Costantino Pacilio

Some goals with GW .
astrongomy A limiting problem How to solve it

) . Accurate distance (redshift) * Secondary effects may
. . q —} .
S T it measurements needed; U] D .
+ Po ulition inference: * Distance degenerate with *Consider higher modes in
) Ang many others ' inclination. the inference analysis.
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Detectability of a phase transition in neutron
star matter with third generation gravitational

wave Interferometers

Chiranjib Mondal
M. Antonelli, F. Gulminelli, M. Mancini, J. Novak, M. Oertel
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Impact of the geometry of the seed magnetic
field on jet launching in binary neutron stars

Inés Rainho !

!Departamento de Astronomia y Astrofisica, Universitat de Valéncia, Spain

M = 4606

0.5¢

® The aim is to understand if more general magnetic field
configurations can launch magnetically driven jets. The
results may explain NICER observations of pulsars, which
show they have non-dipolar magnetic fields.



Numerical simulations of NS using primitive variables and spectral methods
The variables D = mgngl?, S; = (e + p)r2U; Recovery procedures to compute the metric +
and 7 = (e + p)I'2 — p, with solving Riemann problems is expensive. ldea:

= (1-U;U)Y?inu=(D,S;,7) obey Dong =777

Oru + div(F(u)) = source orU; =177

Figure: Lights of Paris from Meudon

Gaél SERVIGNAT (Paris Obs) NS Oscillations GWsNS, Aussois, Jun 7, 2023



Strong magnetic fields and pasta phases
reexamined
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