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MULTIMESSENGER ERA

Mass
Spins
Eccentricity
* NS compactness and
tidal deformability
« System orientations
* Luminosity distance
 Compact object binary
rate
* Explosion asymmetry
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merger

waves /
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massive star

e Energetics 6‘44
e Magnetic field strength

e Source geometry
(beaming)

e Source environment

e Precise (arcsec) sky
localization

¢ Host galaxy

e Redshift

e Nuclear astrophysics

gravitatio n a\

- Confirmation about the progenitor

- Confidence of a GW detection

- sGRB as a trigger to detect fainter signal

- Early detection of sGRB with GW trigger

- Cosmological constant

- Knowledge about progenitors

- Rate of events and stellar evolution model

accretion disk

| /mage credit: Bartos/Based on arXiv:1212.2289



Short versus long GRBs

Difference between long and short GRB: temporal and spectral properties

Temporal properties Hardness ratio
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GRB 170817A

« GRB 170817A is 3 times more like to
be a short GRB than a long GRB

* (excluding the soft tail makes this 160

classification far more certain) 140
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GRB 170817A —
A normal short GRB ?

« Main Peak (~0.5 s)
* Epeax = (185 + 62) keV

« Soft Tail (~few s)
* kgT =(10.3+1.5) keV




GRB 170817A: EXCEEDINGLY
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GRB 170716A is 2 to 6 orders of magnitude less energetic
than previously known SGRBs with firm redshifts
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Abstract

In light of the joint multimessenger detection of a binary neutron star merger as the gamma-ray burst GRB
170817A and in gravitational waves as GW170817, we reanalyze the Fermi Gamma-ray Burst Monitor data of one
of the closest short gamma-ray bursts (SGRBs): GRB 150101B. We find that this burst is composed of a short hard
spike followed by a comparatively long soft tail. This apparent two-component nature is phenomenologically
similar to that of GRB 170817A. While GRB 170817A was distinct from the previously known population of
SGRBs in terms of its prompt intrinsic energetics, GRB 150101B is not. Despite these differences, GRB 150101B
can be modeled as a more on-axis version of GRB 170817A. Identifying a similar signature in two of the closest
SGRBs suggests that the soft tail is common, but generally undetectable in more distant events. If so, it will be
possible to identify nearby SGRBs from the prompt gamma-ray emission alone, aiding the search for kilonovae.
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So little energy !!!

Scenario i: Uniform Top-hat Jet Scenario ii: Structured Jet Scenario iii: Uniform Jet + Cocoon
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Coincidence rate estimation for AdV/aLIGO - EM satellites
Based on observations

Energy band 15-150 keV 8 keV — 40 2 — 80 keV +
MeV . =

Estimated rate 0.02+0.008
for 02 [03] [0.87
(events yr1) +0.39]

Siellez et al., 2014, MINRAS, Vol. 437, Issue 1




Coincidence rate estimation for

Based on observations
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WHERE ARE
THE COINCIDENCES?
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HOW TO FIND MORE
KILONOVAE/?/¢/

GET MORE GAMMA RAY BURSTS !!




GRB18080%h
SWIFT BAT 2018 Aug 9 Exposure: 48 5

Shield

Optical
Bench

Module
Control Bo

Power

Radiator Supply Box

BAT Detector Arra

Nitrates and
GUANO for Swift

- Hard X-rays (15-350 keV)

- 1/6 of the whole sky (~2 sr.)
FoV

- Localizes ~100 GRB/yr
onboard

« Prompt Arc-minute
localization

https://github.com/Swift-BAT/NITRATES

13



https://github.com/Swift-BAT/NITRATES
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VT
“The Visible Telescope”

Narrow-field visible telescope
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Localization accuracy < larcsec
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« The trigger camera »
Wide-field X and Gamma rays telescope
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X-rays and Gamma-rays detectors

30 keV = 5 MeV
Localization accuracy < 5°

Spectral range : 4 keV = 150 keV
Localization accuracy < 12arcmin

: MXT _ %
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Narrow-field X-ray telescope
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HOW TO FIND MORE
KILONOVAE/?/¢/

GET WIDE/DEEP FIELD SURVEY !!
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Field of View Resolution

Aerial image
_ | from an altitude of
Credit: Stewart 24km (15 miles)




STRATEGY FOR

NS-NS MERGER <20 006"
FOLLOW-UP O <30 d00°

THE ASTROPHYSICAL JOURNAL SUPPLEMENT SERIES, 260:18 (17pp), 2022 May
© 2022. The Author(s). Published by the American Astronomical Society.

OPEN ACCESS
CrossMark

Target-of-opportunity Observations of Gravitational-wave Events with Vera C. Rubin
Observatory

https://doi.org/10.3847 /1538-4365 /ac617c

20 deg2 < Qgoy, <100 degf

20deg? < Qqggy < 100 deg?

Igor Andreoni'>** @, Raffaella Margutti*©®, Om Sharan Salafia™®®, B. Parazin’, V. Ashley Villar®*'?,
Michael W. Coughlin'' @, Peter Yoachim'®, Kris Mortensen'* @, Daniel Brethauer®, S. J. Smartt'*®, Mansi M. Kasliwal'> @,
Kate D. Alexander'®®, Shreya Anand'®©, E. Berger'’ ®, Maria Grazia Bernardini® ©, Federica B. Bianco'®'*202! @
Peter K. Blanchard"®®, Joshua S. Bloom***®, Enzo Brocato™**@®, Mattia Bulla® ®, Regis Cartier’®, 8. Bradley Cenko'-,
Ryan Chornock® ®, Christopher M. Copperwheat®’ @, Alessandra Corsi** @, Filippo D’ Ammando®’®, Paolo D’ Avanzo®,
Laurence Elise Hélene Datrier™, Ryan J. Fnley31 ©®, Giancarlo Ghirlanda® @, Ariel Goobar®>®, Jonathan Grindlay”,
Aprajita Hajela'®®, Daniel E. Holz** @, Viraj Karambelkar'> @, E. C. Kool®>®, Gavin P. Lamb**®, Tanmoy Laskar™ ©,
Andrew Levan°, Kate Maguire®’ @, Morgan May®, Andrea Melandri®, Dan Milisavljevic*® ©, A. A. Miller'®®,
Matt Nicholl*'®, Samaya M. Nissanke*' @, Antonella Palmese*>>! ®, Silvia Piranomonte?’, Armin Rest*>***®,
Ana Sagués-Carracedo™”, Karelle Siellez*”, Leo P. Singer*®®, Mathew Smith*’, D. Steeghs***°®, and Nial Tanvir**®
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HOW TO FIND MORE
KILONOVAE/?/¢/

DEVELOP OPEN SOURCE TOOLS
to understand all those DATA!!



Multiwavelength/Multimessenger pipeline

Telescope I_FﬂﬂN K “asa General Coordinates ? Egl:kq

Network

Raw Alerts Data Science Data ‘
e Photometry e Supernovae
e Timestamp e Solar System object Fink-MM
e Sky localization e Kilonovae
°

Filtering v
Creation of small
substream v

N’


https://github.com/nikhil-sarin/redback/

Multiwavelength/Multimessenger module

Fink multi-messenger cross-match

75°

ZTF alert T O\ |/ /. ;| BRS
Fermi GBM % o
Neutrino cascade %
Neutrino BRONZE event
GCN error box

% o » o

-75°



HOW TO FIND MORE
KILONOVAE/?/¢/

WORK INTERNATIONALLY
TOGETHER on OPEN SOURCE
DATA with OPEN SOURCE tools
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Conference website: https://transientsdownunder.qgithub.io/


https://protect-au.mimecast.com/s/NPEiCD1jB7f571pj2hWQjOu?domain=transientsdownunder.github.io/
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https://transientsdownunder.qithub.io/
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Supplements



NITRATES (Non-Imaging Transient
Reconstruction And TEmporal Search):

A new maximum likelihood Analysis Framework for BAT data
. Using the GUANO data, and bursts with known positions and

spectra, we calibrate the BAT out-of-FoV response for the first time.
« GRBs are fully forward modelled through the instrument response,
and resultant shadowgrams are produced
. These data models are compared to the observed data with a
likelihood test

6=35",¢= 30  Fluence = 5E.06.er9/cm 6=150", ¢=30", Fluence = 5E-06 erg/cm
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NITRATES Analysis Results

NITRATES (Non-Imaging Transient
Reconstruction And TEmporal Searc

z

Spkt Riate Resuis Completed at 2023-01-04 03:34:36

Spli-Rate Results tor Best Teme Bin (0.2565 at dt = -0.06)}

Analysis Results Raw binned time-series 4 [ 2
Source Information Out 6 FOV Resuls Completed at 2022.01-01
64 ms Rates
Trigger 1672551965
ID: ALLH for OFOV Positions
Time: 2022-12-31 3500 Energy Bin (keV)
21:46:05.130000 15-25
3000 —— 2550
Name: Fermi 694215970 —— 50-100
2500 —— 100-350
Position: POINT " 15-350
(-28.11000000000001 £ 2000
21.73) 3 g
O 1500 .
Error: 5.44
1000 >
500

GUANO Information

In FOV Results Completed at 2023-01-01 05.33.01
)
Status: _ e 0 ¢ % 100
A Epeak  gamma | nlih bkg niih | TS ra_dec Imx | imy | phi_theta time timeiD d dur

Obs ID: 03111683006 005 | 21213 | 08 ANMEZ | 420438 | 1413 | (336.26 35.130) 130 | O4Z | (343321 55.481) EMIIGONGGE | E40256 0064 | 0ISE
Exposure: 200.055887 1.6 s Rates 004 | 1625 0B GEE.AT | BESDEZ | 1374 | (336252 35.157) 130 | 042 | (343377 5G.409) | GEMZIG0O0SS 1380512 | .Du128 | 0512
008 | 1825 Q5 411240 | 420438 | 1356 | (336575 23304 134 045 (341003 54835  EMIISO0SSE | 540356 0064 | O35

008 | 1885 03 411320 | 420438 | 135 | (330715 28.359) 145 |03 3,56.045) | GMIIS00S5E | BA025E D064 | 0ZSE

008 | 1825 03 ALIEJ6 | 420438 15 |0z 5.874) E40256 D064 | 0ZSE

005 | 21213 | 06 41603 | 420438 L35 | 04 | (343585, 54.624) DOBS | 02SE

006 | 21213 | 06 420438 135 |04 | (343SE5 54624)  GMIISONSSE | BA02SE D064 | 0256

09 | 185 03 470438 144 | 043 | (343506, 56.37H) | GMZIS00555 0064 | 026

047 | 1885 | 05 420438 [338.714 152 |0z 3, 57.207) 21599555 0064 | 0236

047 | 1885 | 05 ALIG08 | 420438 (336045, 17.746) 151 | 038 | (345412, 57.384) | GMZISOSSS | BA02SE 0064 | 0ESE

009 | 1825 | 05 41714 | 430438 | 1371 | (33361 F0.966} 131 | 055 | {33738 54.789) BMIIEO0S 5 | E40256 064 | 0I5E



External GRB triggered search results:

e Since Feb 2020: Triggering on GRBs
detected by Fermi, INTEGRAL, CALET,
HAWC

e These GRBs have either large (~100-
1000 deg?) or no localizations

¢ GUANO has recovered arcminute
localizations for 34 GRBs to date
(~1/month).

o >15% of all arcmin localized GRBs.

o Higher short GRB recovery fraction
o 25% vs 10% for BAT onboard

o Localizations distributed to community

for follow-up in O(hours) via GCN
o 23 of 34 got prompt follow-up
o 15 afterglows discovered

Edge of the BAT FoV (5% coded)

Many localizations unrecoverable
= = - - 31
with conventional imaging
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