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Outlines of the talk

Part I: The GRB mission from Partl: SVOM and Einstein Part lll: What KNC can bring into
VELA to Fermi Probe the new comers this field of research?
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Gammq raybursts

e o ...startmg durmg the Cold War



A little bit of history...

1963: USA, UK and USSR
sigh a treaty in Moscow to
ban nuclear tests

Article 1. “In the
e atmosphere, beyond its
g limits, including outer
space”
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A little bit of history...

6 days later, the U.S.
military launched two spy
satellites, the Vela

Their instruments detect
gamma-ray radiation!
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GRB 670702: the first GRB detected by the VELA satellites

Velo 40 Event = July 2, 1967 July 2,1967, a
' gamma-ray burstis
detected !
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1973: the secret is out,
| and astrophysicists
— L takeupthecase...

counts/second

500 =

Time {seconds)
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1991- 2000 : CGRO/BATSE the1 *tgame changer missioninthe GRB
world

BATSE detector

> 2000 GRBs recorded!
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1991- 2000 : CGRO/BATSE the1 *tgame changer missioninthe GRB

world
BATSE 4B Cctowg
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Where do those GRBs are coming? Milky Way sources

. . o Tgp (seconds
or cosmologic origin? 0 { )

2 classes of GRBs = 2 different astrophysical
scenario!
The “short” ones & the “long” ones
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1996 - 2002: BEPPO-SAX our2 "¢ game changer missioninthe GRB
world

GRB 970228
first x-ray afterglow detection!

BeppoSAX observation of GRI
SAX MECS 1897 Feb 28 Exj
shoomage  shooMogs  shp1mMgoe

BeppoSAX cbservation of GRES70228 field
SAX MECS 1997 Mar 3 Exposure: 16272 s
sho2™36®  sho2™og®  sho1Mazt  sho1™ist
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e  First arc-minutes position of GRBs. ‘ g . . . s
« Position determination on rapid time scale o o = o
o  First X-ray follow-up observations Broad band — — A ———
« spectroscopy of different classes of X-ray sources 0 s 5 29 73 ! 5 o P i
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1996 - 2002 : BEPPO-SAX our2 "Y game changer missionin the GRB

world
GRB 971214 x-ray GRB 971214 optical afterglow!
afterglow 3.5m ARC telescope

) . GRB 971214
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1996 - 2002 : BEPPO-SAX our2 "Y game changer missionin the GRB

GRB 980425 and its associated Core-Collapse Supernova!

The GRB viewed by BATSE and

Beppo-SAX/WEFC
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' BATSE LAD Star-forming region in ESO 184-G82 (z=0.0085)

BeppoSAX WFC § B
I
(2 — 27 keV) f

1

(%’O — 2000 keV) HST/STIS 50CCD 1240s

r -
SN1998bw/GRB 980425

|
The Survey of the Host Galaxies of Gamma-Ray Bursts
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1996 - 2002 : BEPPO-SAX our2 "Y game changer missionin the GRB

Beppo-SAX GRBs

" . GRE 970503

GRESM 214
U= -1320£0013

GRE 970222
Ge-110+0.04

1 1 | 1 1 P | 1 1 1 1 | 1 1 1

' T T T T I T l' T T I T T T T I T T L)
Some optical afterglows of

0.5 1.0 1.5
kg, time after burst {days)

We know GRBs have all different
light curves in gamma-rays but
similar spectra

They are followed by a “long”
fading afterglow emission a—roys,

optical & radio)
Long GRBs might be associated
with CCSNe
The GRB theory starts to be settled
and tested

BUT
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2000 - 2008 : HETE-II confirms the origin of Long GRBs!

SN 1998bw at day -7

GRB 030329 Apr 8 UT
continuum subtracted
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SN 1998bw at max

Stanek et al. 2003
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2004 - Now : Swift our 3 "™ game changer mission in the GRB world

The legacy of Swift is unprecedented beyond the GRB science!

e Association of a coded-mask (BAT 15-150 keV, arcmin localization)
with sensitive x-ray and UV-visible follow-up telescopes

e Very versatile platform to perform fast Target-of-Opportunity
observations 800): still today Swift performs more than 2000
ToO/year!!

For 20 years, Swift has significantly contributed to unify the
GRB community (theorist + observers) and brought new
opportunities in the field to the young generations!
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2004 - Now : Swift our 3 "™ game changer mission in the GRB world

—_

SWift/XRT GRB x-ra Thanks to Swift/XRT we have a great
y view of the early to late afterglow
behavior and diversity

|

afterglows

—

t,,:102-10% s t,,:10%10% s

lll”"’

nabsorbed flux 0.3 - 10 keV [erg.cm ™25

0

Fig. 1. A canonical X-ray afterglow lightcurve revealed by Swift XRT observations (from Zhang et al., 2006).
10~ 14 I

AU BB LT A great test lab for the GRB afterglow
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10! 10% 10° 10 10° 109 10° 103

Time since GRB [second|
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2004 - Now : Swift our 3 "™ game changer mission in the GRB world

R-band optical Thanks to Swift/XRT we have a great
afterglows view of the early to late optical
afterglow behavior and diversity

time

Fig. 2. Theoretically expected early optical afterglow lightcurves including emission from both reverse and forward shocks (from Zhang et al., 2003).

A great test lab for the GRB afterglow
theory

10° 100
Time since GRB [second]
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2004 - Now : Swift our 3 "™ game changer mission in the GRB world

) ) ) Better understanding of the GRB physics,
GRBs with redshift during 15 years of environment, host galaxy properties, use GRB as

Swift operation cosmological probes
Age of the Universe (billions of years)
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2008 - Now : Fermi reveals a more complex view of the GRB

GRB 080916C
seen by Fermi/GBM and LAT
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The GRB prompt emission
spectrum can extend up to
GeV gamma-rays
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GRB 120323A
Guiriec et al. 2013
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The GRB prompt emission
spectrum can also show

extra components at low

energy towards the x-rays
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2008 - Now : Fermi is one of the primary actor in the Multi-messenger
physics

. X ] vsouGammarays‘50w3ODke\/ GRB 170817A GW ]708]7 /GRB
it e , 170817A

5 1000
after detection [ =

LIGO-Virgo

Reported 27 minutes after detection Gravitational-wave strain GW170817

Frequency (Hz)
N

RS 4 2 0 5

Time from merger (seconds)

INTEGRAL Gamma rays, 100 keV and higher GRB 170817A

Reported 66 minutes
after detection

GRB 170817A afterglow

< S
B 110,000

Wang et al. 2022

/

--- KN afterglow

—— 1KeV(x800)
Optical(x100) /*

— 6GHz

—— 3GHz(x6)
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The GRB general (and very incomplete) picture

large offset from their host galaxy nucleus
Less energetic (prompt and afterglow)

short GRB

compact q
merger
_

\
\
= /
internal =t
shocks

long GRB
e GRBlonger Ty, >2sec regularly
associated with SN Ic days after the T .

From Gomboc 2012
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The GRB general (and very incomplete) picture

e Synchrotron?
e Dissipative photosphere?
e Others?

short GRB

2 £
compact \j
4

merger 5 g
\. GRB "
. o gy -\ B
Prompt physics ::__\ :)IEV =
condition L = B
. i T— ] e
e Direct obs. of the T A ity Ry
afterglow jet break B .
Sig natu re collapsar I'\ . :,’ s\j

long GRB

e composition?
e energy profile?
e dissipative mechanisms

Accreting BH or
magnetar?
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The GRB general (and very incomplete) picture

e very diverse, why?

e Flares and late time
activities?

e Plateau sometimes..

e Reverse shock
sometimes...

short GRB

compact [\
merger
—_—

‘ s
internal %“-—‘;»\J,,.
T N / shocks
£ N

{
collapsar \
3

long GRB

e Synchrotron from a jet/ISM
relativistic shock

e Additional components?

e Any Cosmic-ray
acceleration?
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We still have work to do...

Recent GRB detections
have reveal that

and

Type | GRBs

™ ™ ™ ™
short GRB

compact q
merger
_

internal
shocks

long GRB

Type ll GRBs
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Outlines of the talk

Partll: SVOM and Einstein
Probe the new comers
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II- SVOM and Einstein Probe the 4th game changer in the GRB world ?

¢
cnes

CENTRE NATIONAL
D'ETUDES SPATIALES

2024 - Now 2024 - Now

https://www.svom.eu/en/home/ https://ep.bao.ac.cn/ep/
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Il- EP: a satellite to study the x-ray transient sky with

unprecedented capabilities Wide fieldx=r
telescope (WXT

o5,

No reflection

Double reflection

12 modules (17kg each)
~1450 kg

Total FoV = 3600 sq.deg
(1.1sr ~1/12 of the entire sky)

Kilonova-Catcher Webinar June 10, 2025
SVON\



II- SVOM: a satellite inherited from the Swift and Fermi missions

2008 - Now
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II- 2024 June, 22nd when the SVOM story began
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e S 2024 June fz'
: A ks i et 7 "WS\YOM
Sl | - Launch
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http://www.youtube.com/watch?v=779z26hp9TQ

II- SVOM and EP are placed in a Low Earth Orbit (LEO)

SVOM Anti-Solar pointing strategy
~625 km, ~29° inclination angle, 1 orbit ~ 96min

The satellite track on Earth (here for SVOM)
+/- 30° latitude

EP Anti-Solar pointing strategy
~600 km, ~29° inclination angle, 1 orbit ~ 90min
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II- SVOM: an example of a powerful transient detection and alerting

machine Lt : " RN
Alert GCN slew+stabilization  First MXT position VT afterglow identification
>
-, 0 + ” +92=-3’ +5’ + re
| - TO TO+15 TO+2-3 TO+5 0 0 ‘lh
;@.& -
SVOM communications
» “ T | ? 2 e VHF (fast but few data products)
= fg‘,.;_ - - é S e e X-band (slow but complete
| B i . - 3 data)
S eom A R
‘ \!? F ' » i
| | & B i AT " e S-band (slow, few hours)
y e Beidou (fast, few minutes)

’ X-band / S-band
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II- The SVOM x-ray/ y-ray transient sky
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II- The SVOM x-ray/ -ray transient sky in more details

2025-06-03T07:33:08.113
Time since launch: 346.0 day

1 [deg]
Long GRBs o XRF/XRR » Last GRB: sb25053002 Last non GRB trigger: 4U 1916-053
o Short GRBs non GRB triggers

Kilonova-Catcher Webinar June 10, 2025
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II- The SVOM x-ray/ y-ray transient sky in more details

GRM detection ECL detection Total Jointly detected by other Hz

(Half time in (Half time in ECL+GRM missions
commissioning) commissioning) detection

Observed

Expected
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II- SVOM to explore the short GRB population and the merger

Our goal: Better understanding of the
: SVOM can contribute to build a sample of fully characterized short GRBs, including the properties of

the host galaxy.

the first ECLAIRs + GRM detectionis a

18:34:11 18:35:01 18:35:51

18:36:41 18:37:31 18:38:21 18:39:11 18

and

GRB 240821A

burst with an Extended soft emission tail seenatz = 0.238

:40:01 SVOM/GRM

3000

2800 4

2600

2400 A

2200

2000

1800

1600 -

ECLAIRs [4 - 150 keV]
Daigne et al. (in prep)

—— GRDO1
15-600 keV

'S
=}
<
S

Rate (Hzin 0.1s)

SVOM/GRM
—— GRD 02
15-600 keV

Rate (Hz in 0.1'5)

SVOM/GRM
— GRD 03
15-600 keV

GRM [15 - 600 keV]

N
o
S
S

Rate (Hzin 0.1's)

0 50 100

150

WWWW*%WWWW

350

200 250

Time (sec) since 2024-08-21T18:34:11.312 (UTC)

Time (s) since2024-08-21T18:36:02.700
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II- SVOM to explore the short GRB population and the merger
origin
Our goal: Better understanding of the and

: SVOM can contribute to build a sample of fully characterized short GRBs, including the properties of
the host galaxy.

GRB 241105A
An other SGRB+EE merger or a disguised collapsar GRB seen by Fermi/GBM Konus-WIND and SVOM GRM?

T

S\/OM IGRM
100 ke\/

wmww M“WW My

SVOM/GRM
100~200 keV

-‘UJJMVW"‘/‘ \.‘l #{vf »\‘-i\"l F.L,&Juﬁmﬂ

L L L L L AL L) LG P [ L) LR

21-83keV ]

Qmmﬁhmwﬂw%wwm%

_JI\I[ILIIJIJII|lJlJl!IIllIlJIllIllJlIlIIIlII

Llh/ 83-360 keV

TR L VY mwuw

\I\I[Illl‘IJIi|lJIJ|lIlllllllllll\]lllllllll

360-1360 keV |

_L’[‘J]Mwﬂﬁfﬂb MLI[JWJLJL el i 1lf ﬂﬁ“ﬂ”ﬁl:f”[f -

HV Il | | & { | | A S R | 1 | 11 ‘ 2 I | | 111 3000~5000 keV i 2 3 a3 uul gl e aanul e aaaaul e

200 150 A 7 1 1 2 2 49 50 51 52 05 54
00 50 00 50 0 50 100 150 200 25 u(.l,l T Mﬁl,unﬁkw,l m 1 10 10 10 10 10 10
T-T,(8) 0 =T 0 10 % E'y,iso (erg)

Time (s) since 2024-11-05T16:06:05
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SVOM/GRM
2§0-30QkeV

w‘w‘WMW *mw /

counts /2.944 s

SVOM/GRM
300+ |DOOk Vv

L )

SVOM/ (:RM " A 57" Short GRB (z < 0.7)

1900~ 3"00 [ = Short GRB (z > 0.7)
ﬁ' "{th | hj'}vlji W “\;‘“’\nr [~ GRB 200826A
2 GRB 241105A (main)
SVOM/GRM G RB 241105A (m un+l-l-)

PRV T e |

Countsrate Countsrate Countsrate Countsrate Countsrate Countsrate Counts rate
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& EP to explore the poorly known XRR/XRF burst population

50-120 keV

| To = 2024-08-01T09:06:20.7
i i

—t+— EP/WXT 0.5 - 4 keV

H
—— Fermi/GBM 8 - 900 keV/

50 ; 100
Time since EP/WXT trigger(s)

150 200
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XRF 240801B

il w‘\{ i

Ep,i [keV]

E @ Minaev+20 (SHORT
- @ Minaev+20 (LONG)
L % GRB 241001A

®
-

7 o
d

/’;\:/

)

’!—XRF 060218

XRF 020903

1049

1051 1053
Eiso [erg]

A very soft x-ray burst with a jetted emission

Jiang et al. (2025)
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Il- EP to explore the peculiar GRBs...

Rate [0.5 - 4 keV] (cts s~

EP 240315a at z~5 a peculiar prompt emission in x-rays!
Liu et al. (2024)

Y]

Rate (cts s71)

>1000s

—— BAT 15-350 keV/

a
i
n
2
A
2
©
24

Photon Index a

—— Konus Wind 23-1618 keV

40s

Rate (cts s71)

250 500 750 1000 1250 1500 1750
T—=To(s)

I
325 350 375 400 425 450 475 500
T-To(s)

At sub-keV energies, the GRB duration may be much longer than the one
regularly observed in the keV-MeV regime
New insights on the central engine activity with x-ray activity prior to the y-rays
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II- SVOM to explore the high-z GRB population

GRB 250314A at z~7.3!

5th most distant burst, we had to wait 12 years to get this new very high-z burst!

Redshift (z)
N

Q

GRB 090423 Y

GRB 120923A ¢
GRB 250314A
GRB 100905A @

GRB 0904298 @

P

" ) Age de I'Univers (années)
Généré avec astropy en utilisant le modéle de Planck (2018).
Arriére plan adapté de: ©ESA, ©Planck Collaboration.
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Dastro.ru.nl>
> on behalf of Daniele B. Malesani at IMAPP / Radboud University

-UvA), J. P. U. Fynbo (DAWN/NBI), B. Schneider
lgo (LAM), L. Izzo (INAF-OACn and DARK/NBI), P.
J. T. Palmerio (CEA/Irfu), N. A. Rakotondrainibe
ar), A. L. Thakur (INAF-IAPS), S. D. Vergani
sport on behalf of the Stargate collaboration:

.esani et al., GCN 39727) of the long SVOM/
VLT, using the HAWK-I near-infrared imager (on
.ipal).

15.26 UT (about 17.4 hr after the GRB). The data
f 4 exposures of 1200 s each.

- than with a generically red shape of the

:nt with the Y filter being partly dropped out.
t0 the available photometry provides a redshift z
1 the spectroscopic value.

inal, in particular Cedric Ledoux, Enrico Congiu,
and Susana Cerda.
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Outlines of the talk

Part lll: What KNC can bring
into this field of research?

7o

KILONOVACATCHER
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llI- Help studying the GRB afterglow emission at optical wavelengths

R-band optical
afterglows
. GRB afterglow require fast (to not say immediate

responses) to know where the GRB settle in the
@" population (probably not done by us)

KILONOVACATCHER

2. In second time, GRB afterglows must be monitored at
least during the first 24h continuously (this is where
KNC can be one the best telescope network in this
task)

(7))
OIRO)
> O
O O
£ 0
3 9
O_
>~2
@ O
L5
[ =e'
-0

We never know in advance
if a GRB afterglow is peculiar, bright or faint, shows
interesting features to capture before we just observe or
people report observations....

The Large telescope .=
world

102 103 10* 10° 108
Time since GRB [sccond]
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lll- Why even one detection pointisimportant ?

GRB250314A seen

by the 10.4m GTC
1. Large telescopes such as the VLT need arcsecond

localization to trigger spectroscopic observations

2. Redshift = distance measurement => much much
much more science can done!

3. Quick GCN Circular publication is important (we need
to work on that point)

Ly-o Ly-a
z2=46 z=5.0
log N(HI) =21.34£0.10  log N(HI) = 22.30%0.06

Normalized flux

GRBI111008 seen by the VLT z = 5!
Sparre et al. 2014

7500

ﬂxh. il 1 !..“d.;h..hm.lm <.nl|l“ ! '

Observed wavelength (A)
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llI- Why deep upper limits in the first 12 hr are important ?

GRB250314A seen
by the 10.4m GTC
1. A discrepancy between the observed x-ray flux and

the expected optical one -> DARK burst population is
largely unknown!

2. high-z GRB candidate -> so important for GRB
physics and cosmological studies

3. Achromatic behaviors beyond the GRB standard
model picture!

Ly-o Ly-a
z2=46 z=5.0
log N(HI) =21.34£0.10  log N(HI) = 22.30%0.06

Normalized flux

‘ ‘ | | h | i _
o o A b R !n.“lL.i‘L w”ml.lm i i.!num ‘\h o M _BY i i | GRBHIOg::ﬁzne:’ZITI;g]\l’I.LTZ =35l

i
7000 7500

Observed wavelength (A)
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lllI- My take-home messages

L

GRBs are still full of surprises in 2025! It is a vibrant research domain at the frontier with the Multi-Messenger
astronomy. New missions such as SVOM and Einstein Probe has just come into the game! Worth a try ;)

GRB observations are challenging because these are one of the shortest transient we know

When a GRB occurs we never know its scientific level of interest, they all have to be investigated with the same
care at the beginning

Every optical detection is important to asses the afterglow brightness with respect to the population, to
provide arcsecond localization for large telescopes
a. If you are able to observe within 6h after the trigger time, go no matter what information you already got

b. If you are able to observe between 6 - 12h after the trigger time, in 50% of the cases you should be able to
catch the optical afterglow

c. If you are able to observe only 12h after the trigger time, wait for information and decide to go or not
depending on the already reported brightness or U.L.

d.  After 24h, wait for more instructions from us and read the GCN Circulars. If the GRB is close enough, a
Supernova may be seen a week or two after
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Thanks for your
attention!

Any questions?
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II- SVOM & EP: a unique spectral range to study the high-energy transients

SVOM Spectral region
heavily absorbed
by dust and gas

Einstein Probe

Swift -

Fermi—

GECAM

GECAM-B

2

1073 1072 107t

T T TTTTI] T T T 11Ty T T TTTTT0]

10()

T T T TTTTq T T 1T ||H|’
10! 107
Energy (keV)

T T T 1T

103

T T TTTTI0]

10*

T T T TTTIT

107
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10(5

They (except GRM)
localize

(<10 arcmin)

+

onboard auto
follow-up of
sources
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I- SVOM: Still the need for humans in the loop 24h/7d

Trigger Trigger

validation

Main pOint Of +Y/ { neral Cuurdina:éé‘
contact / Network (GCN)
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