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AN OVERVIEW OF A NEUTRON STAR MERGER | . L . 3

» A central engine potentially
launches an ultra-relativistic jet.

» Ejecta from the merger and the ‘
accretion disc around the remnant
central engine powers a kilonova. *

» The jet may through some
mechanism produc '
gamma-ray. ek

4 The Je steracts with the |
- inding ISM producmg a - GRB central
i’ ¥otron radiation. TG e

Figure from Ascenzi+2020



WHAT DID WE SEE WITH GW170817? Villar+2017
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LINKING SHORT GAMMA-RAY BURSTS To THEIR PR_O-GENIT

» Short gamma-ray bursts are not only produ
also in NSBH mergers. >

3 Tentatlve hints already in the populatlon
Gompertz+2020 "

RsaRB = Js,BNSUB ‘BH



RscrB = Js,BNsBNSRBNS + [s

» We have already observed plenty : LT(/UZ
of short gamma-ray bursts and - 1000 GRBS

several neutron star binary
candidates in gravitational wave

observation
bursts with '_
‘produce them?

9 88 102

. ‘ \
- ks
+ *» g
+*4
-t
: - + - 4 *
b‘ _ A + +

0~¢ > + + + *

* +.7 B

+ ¢

2005 2006 2007 2008 2009 2010 2011 2012 2013

86 103 89 84 81 92 9%

Credit: NASA GSFC

GRB 1510278



JET-LAUNCHING FRACTIONS

RsarB = fs,BNsTBNSKBNS + [s,NSBHINSBH RNSBH

/s Bns @and f nspy are the fraction of

Galaudage+2021
BNS and NSBH mergers that launch Handaser

. Sarin+-2020
jets.

Rapid SNe
Fixed SNe Kick

Dictated by the properties of the No PISN

binaries that merge —> tellus'about

Fixed CE efficiency
binary evolution! g Unstable Case BB

Fixed mass transter
eficiency

Most assumptions about binary e
evolution predict ~1-2% and Jet launching fraction

~30% of NSBH and BNS launch
jets. v Sarin+2022b




JET-LAUNCHING FRACTIONS ' . i L. e 8

RscrB = Jfs,BNSTBNSRBNS + [s,NSBH/INSBH RNSBH
gNs @nd 7yspy are the ‘beaming

fraction’ of BNS and NSBH mergers.

Dictated by the gamma-ray burst
physics—> tell us about jet launching= =
and propagation! ' "

BNS jets are:more collimated.

Power-law jets are visible for larger

. . 0.2 0.3
range of observer viewing angle Beaming fraction

compared to a Gaussian structure.

Sarin+2022b
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JET-LAUNCHING FRACTIONS

The average opening angle of short gamma-
ray bursts is 0; ~ 15°

fsBns 2 0.4 (90% confidence)

Rules out models where there is a mass gap
between neutron stars and blaek holes

Extragalactic binary'heutron starmass
distributionis broad and not like binary
neutron stars in our Galaxy.

Get a 15% improvement on the BNS merger
rate from GWTC-2.

Sarin+2022b



THE FATE OF NEUTRON STAR MERGERS?

The first binary neutron star merger
observed in gravitational waves and
in electromagnetic radiation.

But what remained behind after the
merger?

When did the remnant collapse
into a black hole?
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AN OVERVIEW OF A NEUTRON STAR MERGER . . i T D |

» The merger outcome dictates what
the potential observables are and -
what timescales we need to observe
them. ; '

» Kilonova
» Jets
» Gravitational waves

> FRBs

GRB central
Engine

Figure from Ascenzi+2020



X-RAY AFTERGLOWS

The X- ray afterglows of a good fraction of GRBs have features that are incredi oly ¢

with the interaction of a jet with the surroundmg mterstella{ med b o
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X-RAY AFTERGLOWS - . i g e 13

These features are easily interpreted by adding an additional energy ource. T

p*ln'dOWH e d L
of a highly'magnetic, rapidly rotating neutron star! =i - P
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X-RAY AFTERGLOWS

GRB130603B -
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X-RAY AFTERGLOWS

- Interaction of jet &
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X-RAY AFTERGLOWS
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NASCENT NEUTRON STARS?
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Sarin+2019

Selecting ween a jet or neutron star interpretation for an afterglciW'is dependent on the equation

L Bﬂﬂﬁ?OBA data favours the existence of a nascent neutron star for all possible equation of states.



X-RAY AFTERGLOWS . ' . .8 -l o 18

The magnetar model commonly-

) . | | ) Rise W ¥, At the interface with /A\ Energy injection
used in the literature is missing  JRUYSYRGS Jet-ISM shock (Afterglow) through a
. s e injected energy is magnetar wind/
Crltlcal phySI-CS" | subject to radiative ' | Poynting flux.

losses.

In Sarin+2020b we extend thé -

magnetar model to include the % i fado
effect of radiative losses at the | X-ray

P

Jet ISM shock mterface
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Modified from Gao+(2013)



GRB PHYSICS

New model can naturally explain flares!

Breakout of excess energy from central engine at shock interface

GRB111020A GRB060313
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NEUTRON STAR DYNAMICS

Can measure the braking index of putative nascent neutron stars."

i
?

GRB140903A
GRB1306038
GRB111020A
GRB080430
GRB070809
GRB061121
GRB060729
GRB060313
GRB051221A
GRB050319

W
)

braking index, n

i Sarin+2020b
e |

o >__@’:0 121 potentially spins down predominantly through gravitational-wave emission.

Do we expect to detect these gravitational waves in aLIGO? No. See e.g., Sarin+2018.




USING X-RAY AFTERGLOWS ASAPOPULATION - i g B 21

1608218
160624A

Known redshift

We can Iook at the populatlon as a whole.

We measured the collapse time of 18 « ,,_k
putative long-lived neutron stars from the 4
X-ray afterglow of 72 short gamma-ray = &

bursts. =~ ' | |

1811238
160408A
150831A
120521A
120305A
100702A
081024A
080919

080702A

Unknown redshift

tcol[S]

Sarin+2020a



USING X-RAY AFTERGLOWS AS A POPULATION . 8 g

22

Known redshift

“
<
"

tcol,'z' X T3, 00,55 Mp,i'7 Vi, O, 67 M O

Unknown redshift

tcol[S]

Sarin+2020a

1608218
160624A
150120A
101219A
100117A
090515
071227
070724A
060801

1811238
160408A
150831A
120521A
120305A
100702A
081024A
080919

080702A



USING X-RAY AFTERGLOWS AS A POPULATION ' i g e 23

—20.0 —-175 —=15.0 —125 —10.0 —=7.5 A
log s~ ' braking index, (n)

Some indicaiion Neseé'post-merger remnants are quark stars, at the one-sigma level.

7A signif ra’tion of these objects spin-down p'redominantly thréugh 'grav'i't.atiohal'-"

A)AB‘V,G« mission.
J‘! , - - 1 4 |

” “""I.mﬁact on kilonova and radio remnant!




REDBACK . - . . g . %

& REDBACK # » Welcome to REDBACK’s documentation! ) Edit on GitHub
An open source bayesian inference package for | _
fitting and simulating electromagnetic transients. hE g— L e
| ‘ Installation Contents:

GRB afterglows, kilonovae, supernovae, TDE's, dre e

FBOTs, millisecond magnetar’s, engine-driven oo R

explosions, and other exotica. | ceisn . Aavetage ofthe ket 1o o5
Interface to download data for different transients ving dependency iecions. e vt g onctonaity

Fitting

from Swift/ZTF/BATSE/Lasair. |

Examples o Regular likelihoods

o More advanced likelihoods

SR L o Use your own likelihood

~15 different samplers, over ~100 modelsfor o
different electromagnetic transients. Users can'also
fit their own model.

Hosted on Github with several of examples,
documentation, unit tests. Installable with pip.

Currently in alpha with a paper in preparation.

", All contributors in alpha will be invited to be
- authors!



GW ASTRONOMY - THE CLEANEST WAY TO PROBE THE REMNANT.

w— w=  ALLIGO current-ish w— A+ design (c. 2024)
w— ALIGO design = == CE/ET (late 2030s)
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THE FUTURE OF GW ASTRONOMY
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AGWUNIVERSE - . . g . il

NEMO Engineering & Detector | Construction & | Observations &
Design commissioning operations

S — N \——
uGovirgo (04| | [ Ax AHNoyager @ ...
— S — ————

: Observations &
Cosmic s operations

comi »H H I 1in 10
Explorer | " nge CE1 .
Einstein ~ nstallation | OPServations &
* - operations

Telescope

e L L L L s )

~NEMO may begin operation in an era where it is the only gravitational-wave detector.



THE EM UNIVERSE

» Plenty of survey/all sky
telescopes in the late

2020s-2030s. jent Astrophysics Probe A
g — — | l.‘.’."'.J}\{\\;/ﬁl =

» Many electromagnetic . “ iﬁ oot

counterparts willbe =~ » O 9 e \Emstem Riob !

discovered mdependently of | NGH . .

the GW trigger. + W = Il L * el

" : sennaiugii = e ‘ s | : :
| ofljh'tn o
servatory _

» Question rea _
confidently can we associate an
EM counterpart with a GW

Adapted from a talk by Marica Branchesi



A REALISTIC POPULATION

Simulate a realistic distribution of BNS and their EM counterpart.

Is it detectable? Can the EM counterpart be confidently a'ss,oci'ated with thegGV\\/;s_i nal?

| y | n N
Use the sensitivity limits of Vera Rubin (r > 24.7), Theseus ( 2 3 % 10%rg cm_z'sfl-)"ah
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to calculate
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A REALISTIC POPULATION - . " g e 30

Kilonova only GW170817-like
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3+11(90% Cl) events per yéar
could have a detectable prompt,
afterglow, kilonova, and GW signal
and be confidently associated with
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{} N ORD I'TA . . Srodlie s

The Nordic Institute for Theoretical Physics _ UﬂlVEl'SltY

» Current constraints suggest that >40% of BNS mérg‘ers launch jets.
» Disfavours the existence of a mass gap between neutron stars and black Holes.

» The merger outcome has significant |mp||cat|ons for what we might see from ak
merger. Early X-ray afterglow observations are invaluable in determining th -
star mergers. g o e ~ -4

e

» If you want to fit a model to an electromagnetic transient consider usin{; Redb:

» NEMO will enable direct constraints on the neutron star central englne prece Te
gravitational-wave detectors at a fraction of the cost. |

» Survey telescopes provide localisation so NEMO alone can do multi-me

» ~40% of BNS mergers qut to 300 Mpc detected W|th NEMC

associated with thelr electromagnetic counterpart., .
sarin@suse MA/\AWOZ T/ —

g MONASH o
B Universﬂty | y @antiqueDB
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