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MULTI-MESSENGER STUDIES WITH GW/s
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GUIFO08)F - GRB 1F08)?A: MULTI-MESSENGER RAINBOW
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A RECENT FIELD KiLonova
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KILONOVA: PROBE OF NEVTRON STBR MERGER ENVIRONMENT
BNS
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Ot GRAVITATIONAL WAVE CAMPAIGN
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Cumulative Detections/Candidates
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About 2.3 triggers per week (at the public nominal threshold)




OBSERVATIONAL CHALLENGES

GW alert Search Area
Up to thousands of square degrees

Rapid brightness decay of the kilonova ~200 Mpc,
magnitude 22 to reach after 22h.

«\Within few
hours

EM Triggers

What is mission « chainon manquant »

Kilonova Telescope network of small and mid-size telescopes

identification Dased ICREE
on photometric ev.

S?ectral alnd . Few
empqra . weeks
characterization

2016-2017 2019-2020

EM GW170817 + ZTF GRANDMA SVOM + SKA + Athena
LSST ? CTA




FOLLOW-VP IS HARD ©
WMHEN AN ALERT COMES

AS AN ASTRONOMER...

Do you have shifters / a rota ?
Do you have automatic
processing ?

Is it Important ?

t 's Is it Urgent ?
F&C Can | solve it myself ? Do | need
ateam?

Pass or reject based on automated
criteria

Fi LTER Read manual to understand the
Process

Similar situation as before, can solve
Don’t know !

GO/ NO 6O / 2 — isitwonhitforthe experts Il

Aroo




GU ASTRONOMY REQVIRES LOTS OF OBSERVATIONS

Everyone is looking at the same region Our proposition - Coordination
of the search area to find the
counterpart of GW events Professionals + Amateurs




Global Rapid Advanced Telescopes Devoted to Multi-messenger Addicts

GRANDMA

‘ Coordination on multiple axis
P

@ ®Q - Observations
- Datareduction

- Interpretation
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@ Scientific programs of GRANDMA and Kilonova-catcher

KILONOVACATCHER

. Binary neutron stars - Kilonovae - GW counterparts
O3 run, MNRAS, 2020, Antier

. Relativistic jets - Gamma-ray bursts
ApJ, 2023, Kann et al.

Ill. Vera-Rubin Fast transients
2022, MNRAS, Agayeva

IV. Continuous Training with other opportunistics sources (SNiq, ...) ...



https://arxiv.org/abs/2004.04277
https://arxiv.org/abs/2004.04277
https://arxiv.org/abs/2004.04277
https://arxiv.org/abs/2302.06225
https://arxiv.org/abs/2302.06225
https://arxiv.org/abs/2202.09766
https://arxiv.org/abs/2202.09766

GRANDMA E-TNFRASTRUCTURE: ICARE

Karpov, et al., Online . )
Duverne et al., data processing X Communication with telescopes

Individual

Scheduling X Central Manager

Reception of any type of alert and sender

()nhm

status X Time domain Web portal
Monitor of GW/GRB observations and candidates
Candidates from online pipelines

Telescopes

VOevent

VOevent Automatic report

Le Montagner et al., R -
Target in difference (template-subtracted) image

J143000.00-350130.6 at 2025-05-07 03:10:18.559 : rmag - 0.17 (gmag - rmag) : limit 23.41: mag = 23.21 = 0.21 : S/N = 485
TEMPLATE nrvowsr

sub_target.cutou




SCIENCE PORTAL: SKYPORTAL THE KEY TOOL FOR TIME DOMAIN

Open to Europe in @, ICARE
2027 via ACME
fr Recent GCN Events Qo = Recent Sources (ZTF Kilonova/Swift) @& =
. » 250219 15:50:46 2003 0% GRB250219A 16 hours ago
Receive alerts (17 HOURS AGO) -
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Annotation i a: 11h33m06.72s ‘
. . 6: +22d41m02.40 /
Scanning candidates Q eI
Basic analysis i 250215 02:32:03 ZTF25aaftxrf 2 days ago
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KILONOVACATCHER -w

kilonovacatcher.in2p3.fr
by IJCLAB




@ Theamateurnetwork

KILONOVACATCHER

—_—D

- 59 provided photometric results

~10% can reach 21 mag inr-band

~50% provided images once

~100accounts

KILONOVACATCHER

Since 2019, +700 images uploaded and 70% science valid (for30
alerts)
We have provided sloan filtersg,r, i,z to 6 amateur astronomers




GUW ASTRONOMY / RESULTS

+

Meerlich, Black GEM, Magellan
Pillas, Antier et al., PRD, 2025

M. Pillas
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GUW ASTRONOMY / RESULTS: S2tO\t22eDp

One mocked KN (AmandBulla)
projected at distance and TO from

0.0
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GRB 22)009A __ THE MOST ENERGETIC GRB

GRANDMA and HXMT Observations of GRB
221009A: The Standard Luminosity Afterglow of
a Hyperluminous Gamma-Ray Burst-In
Gedenken an David Alexander Kann, Apj, ApJL,
948, L12, 2023

Dataset: GRANDMA (Optical)
X-ray - HXMT-LE+XRT data used for analysis

Extinction studies from both Milky Way and along the
line of sight

Synchrotron radiation from forward external shock fits
observations moderately well

Afterglow not extremely bright

Questions: Uniform CSM ? Wind-like profile ?
Structure of the jet ?

Efficiency of the magnetic field to power the
synchrotron radiation efficiency ?

1 system

magnitude in the z

Corrected

ul

ul

GRB 030329 7]
GRB 130427A 4
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INCLYSION AND DIVERSITY

The inclusion of diversity requires effort, but the fruits of this endeavor are well worth the investment.

BE INCLVSIVE, KEEP OVR DIVERSITY IDENTITY
| BUILDING NEW TNSTRVMENTS, TOOLS
) IMPROVING MODELING

S. Brunier
Amateur

On C2PU-1m, FR
~22 mag

=

KILONOVACATCHER

kilonovacatcher.in2p3.fr

20




DIVERSITY ...

+
4
)
t

GRB230812B
i+22 radio3GHz+37 ¢ radio-155GHz-46 Hussenot etal., 2023, MNRAS
7+25 ¢ radio6CGHz+40 ¢  radio-75GHz+49
J428 ¢ radio-10CHz443 ¢ radio-90GHz+52
radio-1.26GHz+34

20

30

Automatic

ag

Telescopes -
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N\

60

Amateurs

GRB230812B
Hussenot etal.,, 2023, submitted MNRAS

Last Obs 4m or more

-

\ Pro -1 -2 mtelescope

Figure 7. Best-fit light curves of the Power-law+SN model. Datapoints are
reported in the observer frame.

100 10!
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T. Hussenot
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TOWARD LSST - GET GRANDMA READY
@
| Fﬂ NK] ‘ /
A . Ficing the LSST stream (in partnership with Fink anc
Boom)

= + Telescope Ressources in south hemisphere
* Dedicated follow-up strategies
» Automatisation of the data analysis

* Enrichment filtering with LSST + GRANDMA

ROLE oF IA

+ Scientific interpretation

22



Host of the
infrastructures

LAB founder ST —

Schuling
Science portal

Data Analysis
C
Kilonovae U C
Lab Multi-

iréne Joliot-Curie messenger

Laboratoire de Physique :
des2infinis analysis

LSST follow-up

KILONOVACATCHER Connectior} to
OSUPS projects

SVOM / Euclid

23



How T FIND THE EM COVNTERPART ? 0

6&_ NG 66
FOLLOW-VP DECISION MAKING

MULTI-BAND FOLLOW-UP
DiscaveRy Qf

ONLINE CHARACTERIZATION -

EVENT PROPERTIES EXTRACTION

24
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incidence angle and distance constraints



NEW ASTRONOMY WITH GRAVITATIONAL WAVES

Transient astronomy - A race with time

Faint and not well-known sources - Only one event found in 2017 !

Poor localizations - needle in a haystack problem

Giving a “View” to the “sound” of the Universe
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