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Stages of a Binary Neutron Star merger

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

p/‘

0
M1, My, EOS 07,0(
Black hole Stable NS

Credits: Radice, Bernuzzi, Perego (2020)

2/28



AT2017gfo / GW170817 SGRB ~ 25

ot
et e

18}l
i\ & 1500

2500 4

16 r v v " v = 2300 Lightcurve from Fermi/GBM (10 — 50 keV)

Z 22501

2 20004

% 1750

g

$

a

1250 A

Lightcurve from INTEGRAL/SPI-ACS

N
~
/

120000 1 (> 100 keV)

% 17504
820} f
2 2 1500
o
=3 < 12501
o g
=22 2 w0001,
2 P ]
o @a [kl
—
©
aQ
a
<

=
£
El
£ 117500
& oo
Z 115000
26t 1 £ 112500
g A
W2, M2, Wli B '100 Gravitational-wave time-frequency map
28 F225W F275W ; - F336W,u,U 300
0 5 10 15 20 25 30 200

MJD - 57982.529

Frequency (Hz)

100

50

Villar et al ApJL 2017 0 -8 6 -4 -2 0 2 i 6

Time from merger (s)

Abbott et al PRL 2017

3/28



Index

1. Quark-Hadron Crossover equation of state
1. EOS
2. GW for QHC and Hadronic EoSs

2. Kilonova
1. Ejecta models
2. Surrogates
3. Parameter Estimation

4/28



Equation of State (EoS)

Equation of state (EoS) P(p, Ye, T) in the form of Pressure v.
density P(p)

Quter crust: ions, electrons

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

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

Quter core liquid: e”, i,
SFn, superconducting protons

Inner core: hyperons?
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Fig. 1 | Schematic of the structure of a neutron star and its internal structure. The
figureillustrates the thin atmosphere, the outer and inner crust, and the outer and inner
core, with the respective densities at different depths. Adapted with permission from
NASA, NICER Team.
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Fig. 1 | Schematic of the structure of a neutron star and its internal structure. The

figureillustrates the thin atmosphere, the outer and inner crust, and the outer and inner log(mNnB ) [g/cm3]
core, with the respective densities at different depths. Adapted with permission from

NASA, NICER Team.

Baym, Furusawa, Hatsuda et al. ApJ (2019) 885:42
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Quark-Hadron Equation of State
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QHC and hadronic EoS comparison

Pressure v Energy density
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GW Spectrum and Future detections
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GW frequencies fimax and fpeak
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Related works

e Back and forth phase transition Reverse phase transition(as density increases/decreases)
and its GW.) (Ujevic et al https://arxiv.org/abs/2211.04662 )

e Reverse phase transition - Hadron core-Quark crust (Ren & Zhang
https://arxiv.org/abs/2211.12043) QHC but with Inverted phase transition: Holds
possibilities of coexisting layers of quark matter and hadronic matter.

e Cooper triplet phase transition (Tajima et al https://arxiv.org/abs/2211.14194)

e GW signal from phase transition in BNSM Mallick et al (https://arxiv.org/abs/2212.00462 ,
https://arxiv.org/abs/2207.14485)

e GW for realistic PT (Fujimoto et al https://arxiv.org/abs/2205.03882)

e Weih, Hanauske, and Rezzolla (PRL 2020) ; Most, ... Rezzolla (PRL 2019) GW differences in
premerger and postmerger with and without PT.


https://arxiv.org/abs/2211.04662
https://arxiv.org/abs/2211.12043
https://arxiv.org/abs/2211.14194
https://arxiv.org/abs/2212.00462
https://arxiv.org/abs/2207.14485
https://arxiv.org/abs/2205.03882
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Ejecta components corresponding to kilonova spectrum

" Wind ejecta (blue cgmponent)
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EM v GW ejecta

parameter tension
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Kilonova ejecta morphologies
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Simulation setup

oRadiative transfer software using tabulated binned opacities on SuperNu. (Wollaeger et al 2013, 2014)

oComposition and radioactive heating from r-process elements, nucleosynthetic results from WinNet.
(Winteler et al. 2012)

oNuclear model
o Heating rates (Korobkin et al. )
o Thermalization model of (Barnes et al. (2016))
o Atomic opacities (Fontes et at. 2020)

oReprocessing of light from one component to another.
oActive learning to choose next set of models to reduce Chi”*2 error.

(Wollaeger et al 2013, 2014, 2018, 2021; Ristic et al, PhysRevResearch (2022))
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Ejecta profiles

TABLE 1. Ejecta morphologies and compositions studied in this
paper. The composition of the dynamical component is fixed at
Y. = 0.04. In terms of this notation, the previous investigation studied
a TPwind2 outflow [32].

Wind

Name Morphology Y, Dynamical

TP TPwind1 Peanut 0.37 Torus
TSwindl1 Spherical 0.37 Torus
TSwind2 Spherical 0.27 Torus

)© N

0.001, 0.003, 0.01, 0.03,0.1 0.05,0.15,0.3

225 + 225 (active learning sims) = 450 /Name
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Gaussian Process regression Surrogate models

mag
|

[

o

N y

—4 HEE g N r
J . H
0.125 0.

i
K

2 8 16 32
t (days)

(mdyn, vdyn, mwind, vwind) = (0.097, 0.198, 0.084, 0.298)
TSwind2

20/28



Gaussian Process regression Surrogate models
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https://zenodo.org/record/7335961#.ZAE4iXbMKsM
https://github.com/markoris/surrogate_kne

Fit Light curves (to AT2017gfo)
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https://arxiv.org/abs/2211.04363

GW v EM ejecta parameter estimate tension
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https://arxiv.org/abs/2211.04363
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.
Ongoing work
FIDUCIAL SIMPLE-HEAT MPLE-THERM

* Upgrades to the binned Opacity (Fontes et al 2022) ot
* Heating rates new formulation (Rosswog and Korobkin ="
2022) I

* Variable Ye along ejecta profiles

Mimple - Méducial

* Third component to power the missing Blue peak
cocoon shock cooling, or magnetar-like central engine :
activity. (motivated by the recent GRB211211A) SREEARRERAREL 0T L2 bR

Time since merger (days)
* Disk Wind simulations with vbhlight (Miller et al.)

AM
Ll

Simulation data : https://zenodo.org/record/7335961#.ZAE4iXbMKsM
GP Surrogate models : https://github.com/markoris/surrogate kne
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