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Multi-messenger astronomy is the
observation of astronomical
events through a variety of signals
of different physical origin.

In the past, we could only observe
the universe using visible light.
Then, we moved to multi-
wavelength astronomy with
gamma rays, X-rays, UV rays and
radio waves.

Today, we have access to a new
form of observation with
gravitational waves: the vibrations
of space-time, emitted during
violent events.
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HOW EVERY THING
STARTED 7

Einstein predicted the
existence of gravitational
waves in 1916

First experiments began in
1960s

First indirect observation In
1990s

First direct detection in
2015

First multi-messenger
event, combining
gravitational waves and
light in 2017




HOW-DOES IT WORK 7

We are trying to observe the coalescences
between two compact astronomical objects:
black holes and neutron stars.

Coalescences occur when two of these
objects enter the final orbits around each
other until they collide and merge. This is
when the emission of gravitational waves is at
its peak.




HOW DOES IT WORK 7

During and after collision, when there is at
least one neutron star involved in a
coalescence, there is the formation of heavy,
unstable atomic nuclei by the capture of
neutrons and protons, called the r-process.
As these new atomic nuclei are unstable, they
will decay until stable atomic nuclei are
formed. During this process, heavy elements
such as gold are produced.

Kilonovae are manifestations of this
radioactivity through the heat produced by the
thermalized matter. They are between 1,000
and 10,000 times brighter than novae and
between 10 and 100 times less luminous than
supernovae.




HOW-DOLES IT WORK?

Current interferometers are tools composed of two
orthogonal arms of several kilometers. As the wave
passes, the optical path varies between the two arms,
expanding in one direction and contracting in the
other, depending on the orientation of the
gravitational wave.

There are currently 4 of them working through the
globe:

Virgo: Cascina, ltaly

LIGO: Livingston, USA

LIGO: Hanford, USA

KAGRA: Mozumi, Japan

GEOG600, outside of Hannover Germany, also serves
as a test bed for the technology for these detectors.

By analyzing the wave’s arrival time on those
Interferometers, it is possible to determine in which
area of the sky the event occurred, by triangulation.




WHAT'S OUR GOAL 7

Studies of violent events permit
us to have a new perspective of
our Universe and its mechanisms,
iIncluding its rate of expansion.

It also helps wunderstand how
heavy elements are synthesized
and understand the physics at
play In extreme condition where
matter is ultra-condensed.

Fun fact: During_2017’s event,_ it produced ~10 times Earth’s

mass in gold.
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COMBINE IMAGE
WITH SOUND

As soon as gravitational waves are detected,
an alert is sent to all observers of the
collaboration; we invite you to look for the
electromagnetic signal associated with this
event.

The light source’s Dbrightness diminishes
rapidly so we must react quickly.




Before joining us and becaming one of our
contributors, you need to complete a few
steps.




JOIN
KILONOVACATCHER

http://kilonovacatcher.in2p3.fr/

Choose your username
and password

KILONOVA CATCHER VISIT GRANDMA MENU =

PLEASE SIGN UP

Last name : First name : mail adress:

Username : Password :

Verify your account
through the link sent at
your email




E REGISTER YOUR
TELESCOPE

e Tab "telescope”
e Tab « add telescope »

#& CAMPAIGN 7% TELESCOPE ~ [=) PREVIOUSEVENTS (*)MY DBSERVATIONS FAD (Z) ACCOUNT ~ [ LOGOUT

KILONDVACATCHER

YOUR TELESCOPE INFORMATIONS

NAME*

TCA, C2PU

ALIAS *

C2PU

TELESCOPE TYPE *

visible

TELESCOPE APPERTURE (METER] *

1.3




REGISTER YOUR
TELESCOPE

e Tab "telescope”
e "list of my telescopes”

@ & CAMPAIGN % TELESCOPE ~ [=) PREVIOUS EVENTS (2 MY DBSERVATIONS

KILONOVACATCHER
LISTOF MY TELESCOPES

ADD TELESCOPE

Name Alias Aperture {m)
TCA, C2PU 1.3 )
C2PU Modify
Telescope
details Qbservatories: Instruments:
Instr. name: TCA,
Latitude : C2PU
43.75203 FoV (sq.deg): 0.0529
Longitude : OCD Size X 1 0.23
697353
CCD Size ¥ - 023
Aldtude - 1320
Mode: 1
URL
Delete
Delete

Add an
observatory

FAD (@ ACCOUNT >~ [=» LOGOUT

Add an
instrument

Delete
Telescope
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RECEIVE YOUR
ALERTS

* In case of an alert: you will receive the sky map of the
gravitational wave’s location
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RECEIVE YOUR
ALERTS

e You will also receive an observation plan
corresponding to your telescope’s field of view.
These will either be targets corresponding to the
most likely galaxies to host the event or a
transient source that may be the source of the
event.

TION P

BIINES

HAi Aladin La=s
Telescope [eleg] i Wik ehseryalion

B4, 85525

2 Proba Metic 3 Name RA_center DEC center fiishill &




SHARE YOUR IMAGES
FEW RULES

e We favor stacked images
If you have taken several
Images during the hour
of observation of a
target

e With the best signal-to-
noise ratio: SNR

e Only images in FITS
format

« Always pre-process your images : apply dark and
bias (flats preferred but optional) and calibrate them

e File name without spaces or "+" or "-" and without
accents

» Always check that you are uploading the image for
the right target (this can be tricky if there are many
targets, so please double check)

To ensure that we can use your images, use this tool before sending it
along. This will ensure astrometric calibration if possible.

HTTPS://NOVA.ASTROMETRY.NET/UPLOAD




l GRB221009A 2022 10-14T20-13-34 - R=21.1 4
Denls Marchais / KNC — 60 miff— T400 /3 ASI533MC

Above, we have an Iimage by one of our
participating amateur astronomers of the gamma-
ray burst GRB221009A that has been observed
around the world since October 9, 2022.

This is a very rare event resulting from the
collapse of a massive star into a neutron star or
into black hole.

Although we were not able to detect the event’s
gravitational waves, as the gravitational wave
detectors are being upgraded, we have here an
example of what kind of observations we expect
from you.

In total, astronomers from the kilonova-catcher
project have sent us more than 200 images,
invaluable sources of information to study the
genesis of black holes.




KILONOVACATCHER
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KILONOVA CATCHER AND
GRANDMA'S COLLABORATION

Map of GRANDMA's affiliated telescopes

Kilonova Catcher is a platform developed by
GRANDMA’'s network in collaboration with
Université Paris Cité.

It allows all astronomers, amateurs or not, to
contribute to the observation of gravitational
waves, in order to optimize all our resources in
favor of gravitational wave astronomy.

The multi-messenger event on August 17, 2017
mobilized more than 70 ground-based and
space-based telescopes, including Hubble.




MEET OUR TEAM

DAMIEN TURPIN SARAH ANTIER ALAIN KLOTZ
Kilonova-catcher's SRS [FieEet Astrophysicist
) ;zrojehct mantag(:el:fA Asfrq;:;}?s%ist University lecturer
strophysicist, ' Observatoire de la Cote IRAP, Toulouse
Saclay ,
d’Azur
damien.turpin@cea.fr sarah.antier@oca.eu alain.klotz@irap.omp.eu
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@ https://grandma.ijclab.in2p3.fr Contact us for any additional informations

on the project

» @grandmacollaboration




GRANDMA and Kilonova-catcher are supported by :

) Universite

’ Paris Cité

Programme national hautes énergies



