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ECLAIRs sensitive to all GRB classes: 
Classical long GRBs / Soft GRBs (XRR, XRF)
Short GRBs (but with a moderate efficiency)
ECLAIRs+GRM: improves sensitivity to short GRBs

Original catalogs
Simulation in ECLAIRs(arXiv:1610.06892)

Figure 9: Field of view of GRM in (Y, Z) ECL coordinates. ECL field of view is plotted in blue (with a cyan shaded
area for the fully coded region). Lines of constant offaxis angles 10, 20, 30, ..., 90� are plotted in red, yellow and
green for the three GRDs. They are ellipses, except for 90� where it is a straight line. The limit of the field of view
of each GRD corresponds to the line for 60

� and is plotted in thick solid line.

Figure 10: Field of view of GRM in (✓,�) coordinates. The limits of the field of view of each GRD is plotted in
solid black line. WIthin the field of view of GRM, the color codes the value of the cosine of offaxis angle for each
GRD. The location of the main axis of each GRD is indicated. The field of view of ECL is plotted in the center in
solid black line.
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SVOM CORE PROGRAM: THE TYPICAL GRB SEQUENCE
§ Trigger: ECLAIRs (4 -150 keV ; ~ 2 sr ; Loc. < 12’)
§ Expected rate: 42-80 GRB/yr
§ GRM (15 keV-5 MeV ;  ~ 5.6 sr ; Loc.: 5-10° if 3 detectors): ~90 GRB/yr

                                                               (but poor localization: no slew for GRM-only triggers)



SVOM CORE PROGRAM: THE TYPICAL GRB SEQUENCE
§ Prompt emission from 4 keV to 5 MeV with ECLAIRs and GRM
§ Visible detection/upper limit in ~10-15% of cases with GWAC

Multi-component spectrum of the Fermi burst 
GRB 100724B simulated in ECLAIRs+GRM.
(Bernardini et al. 2017)G
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SVOM CORE PROGRAM: THE TYPICAL GRB SEQUENCE
§ Slew: ~36-72 GRB/yr
§ Follow-up: detection and localization by MXT in >90% of cases (0.2-10 keV)

The X-ray afterglow of the Swift burst 
GRB 091020 simulated in MXT.
(arXiv:1610.06892)



SVOM CORE PROGRAM: THE TYPICAL GRB SEQUENCE
§ Visible/NIR early follow-up : VT/GWAC/C-GFT/F-GFT (lightcurve/photo-z)
§ Pointing strategy favors a rapid follow-up by ground-based instruments

(long-term afterglow, spectro-z, SN/KN association, host galaxy, …)
§ Objective: redshift in ~2/3 of cases

§ MXT+VT: at least 5 min of visibility in ~66% of cases
§ C-GFT+F-GFT: early follow-up possible in ~37% of cases
§ C-GFT+F-GFT+LCOGT: early follow-up possible in ~75% of cases

VT + ground segment will detect, localize and characterize the V-
NIR afterglows (lightcurve+photo-z) 
Early observation by large telescopes are favored by pointing strategy 
Redshift measurement is expected in ~2/3 of cases

The GRB follow-up

VT:

• 400-1000 nm

• Loc. <1”

+ 
GWAC: 
• 2x5000 deg2

• 500-800 nm

F-GFT:

• 1.3 m

• 400-1700 nm

C-GFT:

• 1.2 m

• 400-950 nm

GWAC
--------------------

GFTs

VT

Optical Lighcurves of long GRBs            

(Wang et al., 2013)

(Wang et al. 2013)
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A GRB SAMPLE WITH A COMPLETE DESCRIPTION
A unique sample of ~30-40 GRB/yr with
- prompt GRB over 3 decades (4-5000 keV) + V flux/limit in ~10-15 % of cases
- X/V/NIR early afterglow
- redshift

Physical mechanisms at work in GRBs
o Nature of GRB progenitors and central engines

Acceleration, composition, dissipation & radiation process of the relativistic ejecta
Diversity of GRBs: event continuum following the collapse of a massive star
o Low-luminosity GRBs / X-ray rich GRBs / X-ray Flashes and their afterglow

GRB/SN connection
Short GRBs and the merger model
o GW association / Short GRBs with extended soft emission
GRBs as a tool to study the distant Universe
o Host galaxies

Rate of very high-z GRBs similar to Swift,
better fraction of redshift measurements expected



GAMMA-RAY BURSTS PHYSICS SVOM unique sample of ~30-40 GRB/yr with
- Prompt emission

(4-5000 keV + V flux/limit: ~10-15 % of cases)
- Early afterglow(X/V/NIR)
- Long-term afterglow in many cases
- RedshiftSensitivity to soft events

thanks to the 4 keV threshold of ECLAIRs:
nature of Fast X-ray Transients/X-Ray Rich GRBs/X-Ray Flashes/Low-L GRBs…

SOFT GRBS

1.1. RÉSUMÉ DES OBSERVATIONS 19

FIG. 1.4: Sursauts riches en X (XRRs) et Flashes X
(XRFs). Ce diagramme présente, pour tous les sursauts ob-
servés par HETE-2, la fluence gamma en fonction de la
fluence X (Sakamoto et al. 2005). En plus des sursauts
« habituels » (la fluence gamma domine), on distingue clai-
rement des sursauts riches en X (les deux fluences sont com-
parables) et des flashes X (la fluence X domine).

Elle est observée dans les domaines X, visible et radio.
A l’époque de Beppo-SAX (Satellite per Astronomia X,
« Beppo » en l’honneur de Giuseppe Occhialini, un des pré-
curseurs de l’exploration spatiale européenne), cette réma-
nence est détectée plusieurs heures après le sursaut. On
constate alors que sa décroissance rapide est assez bien re-
produite par une évolution en loi de puissance (figure 1.8
et 1.12). Le spectre semble lui aussi pouvoir être décom-
posé en plusieurs lois de puissance (figure 1.9). Une fois la
rémanence éteinte, on trouve généralement à son emplace-
ment une galaxie faible que l’on identifie comme la galaxie
hôte du sursaut. Les raies d’absorption dans le spectre de
la rémanence et les raies d’émission dans le spectre de la
galaxie hôte permettent de mesurer la distance des sursauts
gamma (figure 1.13). Les décalages vers le rouge mesurés
vont actuellement de z = 0.0085 à z = 6.29 (figure 1.10).
Ceci correspond à des énergies « équivalentes isotropes »
(obtenues en supposant que le sursaut rayonne de manière
identique dans toutes les directions) qui vont de ⇠ 1048 à
⇠ 1054 erg. Dans certains sursauts, une cassure achroma-
tique est observée dans la courbe de lumière de la réma-
nence (voir GRB 990510 sur la figure 1.12). Dans le modèle
« standard » décrit ci-dessous, cette cassure est interprétée
comme un effet de la focalisation de l’émission. La position
de la cassure permet alors d’estimer l’angle d’ouverture cor-
respondant. Une fois corrigée, l’énergie réelle libérée sous
forme de photons gamma dans un sursaut resterait alors de
l’ordre de 1051 erg, soit l’équivalent de toute l’énergie ci-
nétique d’une supernova (voir cependant page 66). Le cas
particulier du sursaut gamma proche GRB 980425, associé

FIG. 1.5: La distribution en durée des sursauts observés
par BATSE (Paciesas et al. 1999).

à la supernova de type IC SN 1998bw à z = 0.0085, d’in-
tensité environ six ordres de grandeur plus faible que celle
d’un sursaut gamma classique laisse penser qu’il existe une
population de sursauts gamma « anémiques ».

Cette vision s’est singulièrement compliquée de-
puis le lancement de Swift fin 2004. Pour la première
fois, la rémanence X est découverte de manière quasi-
systématique, dès la fin du sursaut et pendant plusieurs
jours (figure 1.14). L’évolution observée est très complexe.
On observe le plus souvent trois phases caractérisées par
des pentes temporelles a différentes (figure 1.17) : une
phase de décroissance rapide (3 ⇠< a1 ⇠< 5) jusque vers
300 s ⇠< tbreak,1 ⇠< 500 s ; un « plateau » (0.2 ⇠< a2 ⇠< 0.8)
jusque vers 103 s ⇠< tbreak,2 ⇠< 104 s ; une décroissance dite
« normale » (1 ⇠< a3 ⇠< 1.5) parce que correspondant à la
phase observée à l’époque Beppo-SAX (voir la rémanence
X de GRB 990510 observée par Beppo-SAX après ⇠ 104 s
sur la figure 1.12). A cette évolution se superposent dans
un grand nombre de sursauts des « flares » dont l’intensité
est variable d’un sursaut à l’autre mais peut être très
élevée, comme dans GRB 050502B (figure 1.15). Dans
une fraction notable des sursauts détectés par Swift, le
suivi de la rémanence en optique démarre lui-aussi très tôt.
Des cassures sont observées dans les courbes de lumière,
mais elles sont souvent chromatiques : les cassures en X
et dans le visible ne sont pas observées au même moment
(figure 1.16).

3. L’association des sursauts longs avec les étoiles
massives : Cette association semble maintenant assez
bien établie, en raison d’un faisceau convergent d’indices
observationnels dont les principaux sont les indications
spectrales de formation d’étoiles dans les galaxies hôtes
des sursauts, la localisation des sursauts dans les régions
centrales de leurs galaxies hôtes, et surtout l’association
de plusieurs sursauts avec de très brillantes supernovae de
type Ic, c’est à dire des supernovae due à l’effondrement
gravitationnel d’étoiles très massives ayant perdu leurs
enveloppes d’hydrogène et d’hélium. Le meilleur cas est
celui de GRB 030329, détecté par HETE-2 et associé à une
supernova de type Ic, SN 2003dh (figure 1.18).

(Sakamoto et al. 05)
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Most importantly, the inferred rate of X-ray outbursts indicates
that all core-collapse supernovae produce detectable shock break-out
emission. Thus, we predict that future wide-field X-ray surveys will
uncover hundreds of supernovae each year at the time of explosion,
providing the long-awaited temporal and positional triggers for
neutrino and gravitational wave searches.

Discovery of the X-ray outburst

On 2008 January 9 at 13:32:49UT, we serendipitously discovered an
extremely bright X-ray transient during a scheduled Swift X-ray
Telescope (XRT) observation of the galaxy NGC2770 (distance
d5 27Mpc).PreviousXRTobservationsof the field just twodays earlier
revealed no pre-existing source at this location. The transient, hereafter
designated as X-ray outburst (XRO) 080109, lasted about 400 s, andwas
coincident with one of the galaxy’s spiral arms (Fig. 1). From observa-
tions described below, we determine that XRO080109 is indeed located
in NGC2770, and we thus adopt this association from here on.

The temporal evolution is characterized by a fast rise and expo-
nential decay, often observed for a variety of X-ray flare phenomena
(Fig. 1). We determine the onset of the X-ray emission to be 9z20

{8 s
before the beginning of the observation, implying an outburst start
time (t0) of January 9.5644 UT. The X-ray spectrum is best fitted by a
power law (N(E) / E2C, whereN and E are the photon number and
energy, respectively) with a photon index of C5 2.36 0.3, and a
hydrogen column density of NH~6:9z1:8

{1:5|1021 cm{2, in excess of
the absorption within the Milky Way (see Supplementary
Information). The inferred unabsorbed peak flux is FX,p<
6.93 10210 erg cm22 s21 (0.3–10 keV). We also measure significant
spectral softening during the outburst.

The XRO was in the field of view of the Swift Burst Alert Telescope
(BAT;15–150 keV)beginning30minbeforeandcontinuing throughout
the outburst, but no c-ray counterpart was detected. Thus, the outburst
was not a GRB (see also Supplementary Information). Integrating over
the duration of the outburst, we place a limit on the c-ray fluence of
fc= 83 1028 erg cm22 (3s), a factor of three times higher than an
extrapolation of the X-ray spectrum to the BAT energy band.

The total energy of the outburst is thus EX< 23 1046 erg, at least
three orders of magnitude lower10 than GRBs. The peak luminosity is
LX,p< 6.13 1043 erg s21, several orders of magnitude larger than the
Eddington luminosity (the maximum luminosity for a spherically
accreting source) of a solar mass object, outbursts from ultra-luminous
X-ray sources and type I X-ray bursts. In summary, the properties of
XRO080109 are distinct from those of all known X-ray transients.

The birth of a supernova

Simultaneous observations of the field with the co-aligned
Ultraviolet/Optical Telescope (UVOT) on board Swift showed no
evidence for a contemporaneous counterpart. However, UVOT
observations just 1.4 h after the outburst revealed11 a brightening
ultraviolet/optical counterpart. Subsequent ground-based optical
observations also uncovered11–13 a coincident source.

We promptly obtained optical spectroscopy of the counterpart
with the Gemini North 8-m telescope beginning 1.74 d after the
outburst (Fig. 2). The spectrum is characterized by a smooth con-
tinuum with narrow absorption lines of Na I (wavelengths 5,890
and 5,896 Å) at the redshift of NGC 2770. More importantly, we
note broad absorption features near 5,200 and 5,700 Å and a drop-
off beyond 7,000 Å, strongly suggestive of a young supernova.
Subsequent observations confirmed these spectral characteristics11,14,
and the transient was classified11,15 as type Ibc SN 2008D based on the
lack of hydrogen and weak silicon features.

Thanks to the prompt X-ray discovery, the temporal coverage of
our optical spectra exceeds those of most supernovae, rivalling even
the best-studied GRB-associated supernovae, and SN 1987A (Fig. 2).
We see a clear evolution from a mostly featureless continuum to
broad absorption lines, and finally to strong absorption features with
moderate widths. Moreover, our spectra reveal the emergence of
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Figure 1 | Discovery image and X-ray light curve of XRO080109/
SN2008D. a, X-ray (left) and ultraviolet (right) images of the field obtained
on 2008 January 7 UT during Swift observations of the type Ibc supernova
2007uy. No source is detected at the position of SN2008D to a limit of
=1023 counts s21 in the X-ray band and U> 20.3mag. b, Repeated
ultraviolet andX-ray observations of the field from January 9 UT duringwhich
we serendipitously discovered XRO080109 and its ultraviolet counterpart.
The position of XRO080109 is right ascension a5 09 h 09min 30.70 s,
declination d5 33u 089 19.10 (J2000) (63.50), about 9 kpc from the centre of
NGC2770. c, X-ray light curve of XRO080109 in the 0.3–10 keV band. The
datawere accumulated in thephotoncountingmode andwereprocessedusing
version 2.8 of the Swift software package, including themost recent calibration
and exposuremaps. The high count rate resulted in photon pile-up, which we
correct for by fitting aKing function profile to the point spread function (PSF)
to determine the radial point at which the measured PSF deviates from the
model. The counts were extracted using an annular aperture that excluded the
affected 4 pixel core of the PSF, and the count rate was corrected according to
the model. Error bars,61s. Using a fast rise, exponential decay model (red
curve), we determine the properties of the outburst, in particular its onset
time, t0, which corresponds to the explosion time of SN2008D. The best-fit
parameters are a peak time of 636 7 s after the beginning of the observation,
an e-folding time of 1296 6 s, and peak count rate of 6.26 0.4 counts s21

(90%confidence level usingCash statistics). Thebest-fit valueof t0 is January 9
13:32:40UT (that is, 9 s before the start of the observation) with a 90%
uncertainty range of 13:32:20 to 13:32:48UT.
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Most importantly, the inferred rate of X-ray outbursts indicates
that all core-collapse supernovae produce detectable shock break-out
emission. Thus, we predict that future wide-field X-ray surveys will
uncover hundreds of supernovae each year at the time of explosion,
providing the long-awaited temporal and positional triggers for
neutrino and gravitational wave searches.

Discovery of the X-ray outburst

On 2008 January 9 at 13:32:49UT, we serendipitously discovered an
extremely bright X-ray transient during a scheduled Swift X-ray
Telescope (XRT) observation of the galaxy NGC2770 (distance
d5 27Mpc).PreviousXRTobservationsof the field just twodays earlier
revealed no pre-existing source at this location. The transient, hereafter
designated as X-ray outburst (XRO) 080109, lasted about 400 s, andwas
coincident with one of the galaxy’s spiral arms (Fig. 1). From observa-
tions described below, we determine that XRO080109 is indeed located
in NGC2770, and we thus adopt this association from here on.

The temporal evolution is characterized by a fast rise and expo-
nential decay, often observed for a variety of X-ray flare phenomena
(Fig. 1). We determine the onset of the X-ray emission to be 9z20

{8 s
before the beginning of the observation, implying an outburst start
time (t0) of January 9.5644 UT. The X-ray spectrum is best fitted by a
power law (N(E) / E2C, whereN and E are the photon number and
energy, respectively) with a photon index of C5 2.36 0.3, and a
hydrogen column density of NH~6:9z1:8

{1:5|1021 cm{2, in excess of
the absorption within the Milky Way (see Supplementary
Information). The inferred unabsorbed peak flux is FX,p<
6.93 10210 erg cm22 s21 (0.3–10 keV). We also measure significant
spectral softening during the outburst.

The XRO was in the field of view of the Swift Burst Alert Telescope
(BAT;15–150 keV)beginning30minbeforeandcontinuing throughout
the outburst, but no c-ray counterpart was detected. Thus, the outburst
was not a GRB (see also Supplementary Information). Integrating over
the duration of the outburst, we place a limit on the c-ray fluence of
fc= 83 1028 erg cm22 (3s), a factor of three times higher than an
extrapolation of the X-ray spectrum to the BAT energy band.

The total energy of the outburst is thus EX< 23 1046 erg, at least
three orders of magnitude lower10 than GRBs. The peak luminosity is
LX,p< 6.13 1043 erg s21, several orders of magnitude larger than the
Eddington luminosity (the maximum luminosity for a spherically
accreting source) of a solar mass object, outbursts from ultra-luminous
X-ray sources and type I X-ray bursts. In summary, the properties of
XRO080109 are distinct from those of all known X-ray transients.

The birth of a supernova

Simultaneous observations of the field with the co-aligned
Ultraviolet/Optical Telescope (UVOT) on board Swift showed no
evidence for a contemporaneous counterpart. However, UVOT
observations just 1.4 h after the outburst revealed11 a brightening
ultraviolet/optical counterpart. Subsequent ground-based optical
observations also uncovered11–13 a coincident source.

We promptly obtained optical spectroscopy of the counterpart
with the Gemini North 8-m telescope beginning 1.74 d after the
outburst (Fig. 2). The spectrum is characterized by a smooth con-
tinuum with narrow absorption lines of Na I (wavelengths 5,890
and 5,896 Å) at the redshift of NGC 2770. More importantly, we
note broad absorption features near 5,200 and 5,700 Å and a drop-
off beyond 7,000 Å, strongly suggestive of a young supernova.
Subsequent observations confirmed these spectral characteristics11,14,
and the transient was classified11,15 as type Ibc SN 2008D based on the
lack of hydrogen and weak silicon features.

Thanks to the prompt X-ray discovery, the temporal coverage of
our optical spectra exceeds those of most supernovae, rivalling even
the best-studied GRB-associated supernovae, and SN 1987A (Fig. 2).
We see a clear evolution from a mostly featureless continuum to
broad absorption lines, and finally to strong absorption features with
moderate widths. Moreover, our spectra reveal the emergence of
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Figure 1 | Discovery image and X-ray light curve of XRO080109/
SN2008D. a, X-ray (left) and ultraviolet (right) images of the field obtained
on 2008 January 7 UT during Swift observations of the type Ibc supernova
2007uy. No source is detected at the position of SN2008D to a limit of
=1023 counts s21 in the X-ray band and U> 20.3mag. b, Repeated
ultraviolet andX-ray observations of the field from January 9 UT duringwhich
we serendipitously discovered XRO080109 and its ultraviolet counterpart.
The position of XRO080109 is right ascension a5 09 h 09min 30.70 s,
declination d5 33u 089 19.10 (J2000) (63.50), about 9 kpc from the centre of
NGC2770. c, X-ray light curve of XRO080109 in the 0.3–10 keV band. The
datawere accumulated in thephotoncountingmode andwereprocessedusing
version 2.8 of the Swift software package, including themost recent calibration
and exposuremaps. The high count rate resulted in photon pile-up, which we
correct for by fitting aKing function profile to the point spread function (PSF)
to determine the radial point at which the measured PSF deviates from the
model. The counts were extracted using an annular aperture that excluded the
affected 4 pixel core of the PSF, and the count rate was corrected according to
the model. Error bars,61s. Using a fast rise, exponential decay model (red
curve), we determine the properties of the outburst, in particular its onset
time, t0, which corresponds to the explosion time of SN2008D. The best-fit
parameters are a peak time of 636 7 s after the beginning of the observation,
an e-folding time of 1296 6 s, and peak count rate of 6.26 0.4 counts s21

(90%confidence level usingCash statistics). Thebest-fit valueof t0 is January 9
13:32:40UT (that is, 9 s before the start of the observation) with a 90%
uncertainty range of 13:32:20 to 13:32:48UT.

ARTICLES NATURE |Vol 453 |22 May 2008

470
Nature   Publishing Group©2008

(Soderberg et al. 08)

Shock breakout?
(X-ray lightcurve)
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Fig. 2: Temporal and Spectral behaviours of EP240315a/GRB 240315C during the joint de-
tection by EP-WXT, Swift-BAT and Konus-Wind in Epoch 3*. a, The multi-wavelength light
curves of EP240315a/GRB 240315C by WXT, BAT and Konus-Wind. The time bins of WXT,
BAT and Konus-Wind are 3 s, 1.6 s and 2.944 s, respectively. The X-ray and gamma-ray light
curves exhibit similar temporal profiles, overlapping at their peaks, with the soft X-ray light curve
generally broader. The red dashed lines denote the time interval of Epoch 3*. b, The joint spectral
fitting of WXT, BAT and Konus-Wind spectra in Epoch 3* with an absorbed cutoff power law. The
data points are shown with 1� uncertainty and the black line represents the best-fit CPL model. c,
The rest-frame peak energy versus isotropic energy correlation diagram. The burst locates at the
high energy end with other high-z GRBs, consistent with being a typical long GRB. The best-fit
correlations and 1� scattering regions are presented by solid lines and shaded areas, respectively.
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GAMMA-RAY BURSTS PHYSICS SVOM unique sample of ~30-40 GRB/yr with
- Prompt emission

(4-5000 keV + V flux/limit: ~10-15 % of cases)
- Early afterglow(X/V/NIR)
- Long-term afterglow in many cases
- RedshiftSensitivity to soft events

thanks to the 4 keV threshold of ECLAIRs:
nature of Fast X-ray Transients/X-Ray Rich GRBs/X-Ray Flashes/Low-L GRBs…

§ Strong synergy with Einstein Probe:
- characterization prompt+afterglow+host/environment
- diversity?

SOFT GRBSa
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Fig. 1: Soft X-ray image and light curve of the prompt emission by EP-WXT. a, The image
of the EP240315a in one of the 48 WXT CMOS chips on board the EP mission. The field of view
of one CMOS is 9.3 ⇥ 9.3 square degrees. Two other bright X-ray sources are simultaneously
detected. b, The light curve of the net count rate and spectral evolution of EP240315a in 0.5–4
keV. The grey shaded areas indicate the six epochs used for spectral analysis. The red box indicates
the time window in which gamma-ray emissions were detected by Swift-BAT and Konus-Wind.
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EP 0.5-4 keV Lightcurve

EP240315a

Swift/Konus detection

z=4.9
« normal » afterglow

(Levan et al. 24 , Liu et al. 24)

See W. Yuan’s talk



GAMMA-RAY BURSTS PHYSICS SVOM unique sample of ~30-40 GRB/yr with
- Prompt emission

(4-5000 keV + V flux/limit: ~10-15 % of cases)
- Early afterglow(X/V/NIR)
- Long-term afterglow in many cases
- RedshiftSensitivity to soft events

thanks to the 4 keV threshold of ECLAIRs:
nature of Fast X-ray Transients/X-Ray Rich GRBs/X-Ray Flashes/Low-L GRBs…

§ Strong synergy with Einstein Probe:
- characterization prompt+afterglow+host/environment
- diversity?

§ Which of these events are classical GRBs?
What do we learn on the X-ray prompt emission? (Prompt emission physics)

§ Which of these events do belong to the soft tail of the GRB population?
Conditions for low peak energies? (Prompt emission physics)

§ Which of these events are connected to GRBs but with a different dominant 
process for the prompt emission? Or different viewing conditions?
Choked jets/shock breakout emission? Off-axis jets? … (Progenitors/Jet physics)

§ Which of these events are not connected to GRBs? New transients?

SOFT GRBS



GAMMA-RAY BURSTS PHYSICS SVOM unique sample of ~30-40 GRB/yr with
- Prompt emission

(4-5000 keV + V flux/limit: ~10-15 % of cases)
- Early afterglow(X/V/NIR)
- Long-term afterglow in many cases
- RedshiftThe combination of ECLAIRs & GRM

provides good performances for the detection,
localization and spectral characterization
of short GRBs.

§ Characterization: spectrum? Soft tail?
§ Early afterglow? (MXT/VT/GFTs)
§ Diversity?
§ GW association?

SHORT GRBS

(Central engine, Progenitors)ECLAIRS+GRM

ECLAIRS + GRM OBSERVATION  
OF A SHORT GRB

Simulation of a short GRB with a soft tail  
in ECLAIRs+GRM (990712A)
Simulation
by S.Antier, M.-G. Bernardini, F. Xie et al.

(Bernardini et al. 2017)
(Wei, Cordier et al.« Scientific prospects of the SVOM mission », arXiv:1610.06892)

GRB prompt emission with SVOM 13

Fig. 7 Simulated energy density spectrum of GRB 990712A for ECLAIRs and the GRM with the best-
fitting model for the peak of the initial spike (upper panel) and the EE (lower panel) time interval.

Simulation of a 
short GRB with a 

soft tail in 
ECLAIRs+GRM: 
GRB 990712A. 

(arXiv: 
1610.06892)



GAMMA-RAY BURSTS PHYSICS SVOM unique sample of ~30-40 GRB/yr with
- Prompt emission

(4-5000 keV + V flux/limit: ~10-15 % of cases)
- Early afterglow(X/V/NIR)
- Long-term afterglow in many cases
- RedshiftGRBs in the local Universe are an

excellent target for a complete characterization

§ SVOM instruments + early follow-up strategy allows to explore the diversity
of the GRB population in the local Universe

LOCAL GRBS
SVOM CORE PROGRAM: GRB STUDIES

GRBS IN THE LOCAL UNIVERSE

▪ ECLAIRs low-energy threshold at 4 keV
allows to probe the diversity of the
long GRB population in the local
Universe.
(LL-GRBs, XRRs, XRFS,…)
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GAMMA-RAY BURSTS PHYSICS SVOM unique sample of ~30-40 GRB/yr with
- Prompt emission

(4-5000 keV + V flux/limit: ~10-15 % of cases)
- Early afterglow(X/V/NIR)
- Long-term afterglow in many cases
- RedshiftGRBs in the local Universe are an

excellent target for a complete characterization

§ SVOM instruments + early follow-up strategy allows to explore the diversity
of the GRB population in the local Universe

§ Best targets for the search for SN/KN associations
Explore diversity: e.g. GRB211211A/KN

§ Best targets for VHE counterparts

LOCAL GRBS

(Progenitors)

12

Fig. 9 Expected lightcurves in the R-band from three
Type Ic supernovae and the kilonova AT2017gfo compared
to the VT limiting magnitude. Lightcurves at z = 0.25 are
from Soderberg et al. (2005). The kilonova lightcurve is ex-
tracted from Cowperthwaite et al. (2017), originally at the
GRB 170817A redshift (z = 0.0093). The grey band repre-
sents the V-band limiting magnitude of VT for an exposure
time of 4, 800 s, corresponding to ⇠ 2 orbits of SVOM.

an associated kilonova in debated cases would solve the
issue of classification for SN-less GRBs.

Therefore having the VT optical telescope on-board
SVOM (more powerful than the Swift/UVOT) will en-
able to put stringent constraints on the presence or ab-
sence of a supernova associated to long GRBs. The pos-
sibility to reliably identify long GRBs with and with-
out a supernova will allow to better characterize the
prompt emission and afterglow of both types of GRBs,
using the full instrument suite of SVOM. This will lead
to a better understanding of the origin of long GRBs
without SN whose nature is still debated (Gehrels et al.
2006; Yang et al. 2015).

5.2 Events with gravitational waves counterparts

The coincidental detection of GW 170817, a transient
signal of gravitational waves and GRB 170817A, a short
gamma-ray burst (Abbott et al. 2017; Abbott et al.
2017; Goldstein et al. 2017; Savchenko et al. 2017)
marked an essential milestone in our understanding of
GRB physics, confirming the link between short GRBs
and binary neutron star (BNS) mergers. Based on the
results presented in Table 12, GRB 170817A would have
been detected in 63% of the ECLAIRs FoV with a maxi-
mum SNR0 ⇡ 16.4 in the centre of the FoV (see also the
internal SVOM study on GRB 170817A by S. Schane6).

6http://www.svom.fr/en/portfolio/
svom-in-the-era-of-gravitational-waves/ The results are summa-
rized in Fig. 2, which also shows that GRB 170817A would have

The ECLAIRs detection would have triggered an auto-
matic slew of the satellite, allowing the Visible Tele-
scope VT and ground-based telescopes associated with
SVOM (the French/Mexican telescope COLIBRI and
the Chinese telescope C-GFT) to observe the kilonova
associated with GW 170817.

The larger horizon of the O4 LIGO/Virgo campaign
and the advent of the Kamioka Gravitational Wave De-
tector KAGRA (Somiya 2012; Aso et al. 2013) in 2022-
2023 (Abbott et al. 2018a) will increase to 160–190 Mpc
the distance up to which gravitational waves from BNS
mergers could be detected, expanding by a factor three
the explored volume compared to the O3 campaign.
However, even if the increase in sensitivity of GW de-
tectors for O4 run will likely result in a larger number
of BNS detections, it is not clear if this will enhance
the detection of coincidental EM high-energy counter-
parts. For example, While 6 BNS merger candidates
have been Searched for EM counterparts during the O3
run of LIGO/Virgo, none has been found. This shows
how challenging is the search for EM counterpart. In-
deed, since the GRB jet axis is in general likely to be
pointed away from Earth, the GRB luminosity drops
very quickly with the o↵-axis angle. This is clearly
illustrated in the case of the o↵-axis GRB 170817A
since the prompt emission from this source would be
hardly detectable by ECLAIRs if located at a distance
larger than 50 Mpc (see Fig. 7(a)). On the other hand,
on-axis GRBs are too rare to be detected at distances
smaller than 480 Mpc (z = 0.1), too far for the detec-
tion of gravitational waves from BNS mergers (but not
for the third generation of GW detectors, Punturo et al.
2010; Reitze et al. 2019).

NS-BH mergers may also produce GRBs (Ciolfi
2018) that would be associated with strong GW sig-
nals. The eeSGRBs sub-population could be associ-
ated with NS-BH merger progenitors according to Troja
et al. (2008) and Gompertz et al. (2020). Accord-
ing to Abbott et al. (2018a), the volume sampled by
O4 for NS-BH detection, reaching a distance limit of
330 Mpc (⇠ 0.1 Gpc3), might permit the detection of
few (1+91

�1 yr�1) NS-BH mergers. The joint detection
of a GW signal and a GRB from 200 Mpc to 330 Mpc
would probably be the manifestation of such an event.
Long GRBs without SN could represent a possible third
source of transient GWs. While the origin of these
events remains mysterious, their lack of SN would be
naturally explained if they are due to mergers. Our
sample contains four events of this type (XRF 040701,

been detected by ECLAIRs up to 35 deg o↵-axis and by GRM
up to an o↵-axis angle of ⇠ 50 deg.

Associated SN/KN can be searched with 
VT/GFTs for these local events.

(Arcier et al. 2020)
VT (300 s) 22.5

GFT (300 s) 22.8

VT (4800 s) 24

SVOM
limit R-mag

(~04 BNS range)
=170817 KN

=SNIc-BL
(GRB980425)

=SNIc

=SNIc-BL

(Emission mechanisms)



GAMMA-RAY BURSTS PHYSICS SVOM unique sample of ~30-40 GRB/yr with
- Prompt emission

(4-5000 keV + V flux/limit: ~10-15 % of cases)
- Early afterglow(X/V/NIR)
- Long-term afterglow in many cases
- RedshiftGRBs are a tool to probe the distant

Universe

§ Low-energy threshold of ECLAIRs: favors the detection of high-z GRBs at z>6. 

HIGH-REDSHIFT GRBS

(Palmerio &  Daigne 2021)

Effect of the energy 
channel on the detected 

rate:
Color: energy band

From 50-300 keV 
(violet)

to 2-30 keV (blue)

Pop. model: all-sky rate above z=6
 as a function of the peak flux limit



GAMMA-RAY BURSTS PHYSICS SVOM unique sample of ~30-40 GRB/yr with
- Prompt emission

(4-5000 keV + V flux/limit: ~10-15 % of cases)
- Early afterglow(X/V/NIR)
- Long-term afterglow in many cases
- RedshiftGRBs are a tool to probe the distant

Universe

§ Low-energy threshold of ECLAIRs: favors the detection of high-z GRBs at z>6. 
§ Pointing strategy: favors a rapid follow-up (GRB is in the night hemisphere). 
§ VT/GFTs: allow a rapid identification of high z candidates. 
§ A challenge: rapid spectroscopic follow-up with very large telescopes

HIGH-REDSHIFT GRBS

(GRB progenitors)

(Host galaxies/IGM at high z)

(Palmerio &  Daigne 2021)



GAMMA-RAY BURSTS PHYSICS SVOM unique sample of ~30-40 GRB/yr with
- Prompt emission

(4-5000 keV + V flux/limit: ~10-15 % of cases)
- Early afterglow(X/V/NIR)
- Long-term afterglow in many cases
- Redshift

§ The spectral range of ECLAIRs+GRM (4 keV-5 MeV) is well adapted to test 
some of the debated scenarios for the prompt emission mechanism.

PROMPT

Multi-component spectrum of the Fermi burst 
GRB 100724B simulated in ECLAIRs+GRM.
(Bernardini et al. 2017)

SVOM CORE PROGRAM: GRB STUDIES

A GRB SAMPLE WITH A COMPLETE DESCRIPTION

Physical mechanisms at work in GRBs
Nature of GRB progenitors and central engines
Acceleration, composition, dissipation & radiation process of the relativistic ejecta

Broad spectral coverage of prompt emission will further clarify recently found 
multiple spectral breaks in long GRBs
• Evidence of incomplete electron cooling? Low fields implied (B = 1-40 G)
• Solution to low energy synchrotron slope problem? 

Ravasio+ 2020, A&A 625 A60 (2019)(Ravasio et al. 2020)
The low-energy threshold at 4 keV of 
ECLAIRs will allow to further test such 
complex spectral shapes.

see Frédéric Piron’s talk this morning



GAMMA-RAY BURSTS PHYSICS SVOM unique sample of ~30-40 GRB/yr with
- Prompt emission

(4-5000 keV + V flux/limit: ~10-15 % of cases)
- Early afterglow(X/V/NIR)
- Long-term afterglow in many cases
- Redshift

§ The spectral range of ECLAIRs+GRM (4 keV-5 MeV) is well adapted to test 
some of the debated scenarios for the prompt emission mechanism.

PROMPT

Direct: prompt emission physics (dissipation/particle acceleration/radiation proc.) 
Indirect: jet properties (magnetization?)

F. Daigne and Ž. Bošnjak: GRB prompt emission from the synchrotron radiation in a decaying magnetic field

Fig. 8. E↵ect of a decaying magnetic field in the internal shock model: reference case A with t0B/t
0
dyn = 10�4. Left: lightcurves in the GBM

and LAT range. The top panel shows the evolution of the parameters wm, YTh and �c,0/�m in the comoving frame of the shocked material. Right:
spectra in the four time bins indicated on the lightcurves and corresponding to the rise, the peak and the decay of the pulse.

Fig. 9. E↵ect of a decaying magnetic field in the internal shock model: reference case B with t0B/t
0
dyn = 10�3. Same as in figure 8.

timescale of the ejecta. Another possible assumption would be
to consider a strong correlation between the decay scale and the
plasma scale, such as a constant ratio t0B/t

0
pl, where ct0pl is the

plasma electron skin depth, given by (see e.g. Pe’er & Zhang
2006):

t0pl =
1
!0pl,e

=

r
�mme

4⇡e2n0e
, (16)

where n0e = n0p is the comoving density. In agreement with
Eq. (3), Pe’er & Zhang (2006) found that hard synchrotron spec-

trum in GRBs could be expected for t0B/t
0
pl ⇠ 105. If we assume

a constant ratio t0B/t
0
pl, the spectral evolution should be a↵ected

as the ratio t0B/t
0
dyn is now evolving. For the two cases shown in

Fig. 8 and Fig. 9, we plot in Fig. 10 the evolution of the phys-
ical conditions in the emission region in the t0B/t

0
dyn vs �c,0/�m

plane relevant for understanding the regime of the synchrotron
emission. This evolution is plotted for t0B/t

0
pl = 106, 107 and 108,

which are intermediate values between the estimates considered
by Pe’er & Zhang (2006) (⇠ 105) and Piran (2005) (⇠ 109).

Article number, page 11 of 14

Model of a GRB 
pulse

(internal shock 
scenario)

keV-GeV range
marginally fast cooling 

synchrotron+SSC
(rapid B decay)

Daigne & Bosnjak
submitted

εB=εe
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GAMMA-RAY BURSTS PHYSICS SVOM unique sample of ~30-40 GRB/yr with
- Prompt emission

(4-5000 keV + V flux/limit: ~10-15 % of cases)
- Early afterglow(X/V/NIR)
- Long-term afterglow in many cases
- Redshift

§ The spectral range of ECLAIRs+GRM (4 keV-5 MeV) is well adapted to test 
some of the debated scenarios for the prompt emission mechanism.

PROMPT

Model of a GRB 
pulse

(internal shock 
scenario)

keV-GeV range
marginally fast cooling 

synchrotron+SSC
(rapid B decay)

Daigne & Bosnjak
submitted

εB=εe/300

Direct: prompt emission physics (dissipation/particle acceleration/radiation proc.) 
Indirect: jet properties (magnetization?)



GAMMA-RAY BURSTS PHYSICS SVOM unique sample of ~30-40 GRB/yr with
- Prompt emission

(4-5000 keV + V flux/limit: ~10-15 % of cases)
- Early afterglow(X/V/NIR)
- Long-term afterglow in many cases
- Redshift

§ The spectral range of ECLAIRs+GRM (4 keV-5 MeV) is well adapted to test 
some of the debated scenarios for the prompt emission mechanism.

§ GWAC will bring additional constraints on the visible prompt emission
(+MXT for the longest bursts?)

PROMPT

Same internal dissipation mechanism than for the prompt soft gamma-rays
vs effect of the deceleration by the ambient medium (reverse shock) ?
Prompt-to-afterglow transition ? (cf. GWAC obs of GRB 201223A, Xin et al. 23)

Naked eye burst, Racusin et al. 08

Prompt optical 
emission

from internal shocks
(Hascoet, Daigne et al. 08)

GRB080319B is an 
extreme case. In other 

cases the prompt visible 
emission is very weak: 
effect of syn. self-abs. ?
Constraint on radius ?

γ-rays

visible



GAMMA-RAY BURSTS PHYSICS SVOM unique sample of ~30-40 GRB/yr with
- Prompt emission

(4-5000 keV + V flux/limit: ~10-15 % of cases)
- Early afterglow(X/V/NIR)
- Long-term afterglow in many cases
- Redshift

§ The spectral range of ECLAIRs+GRM (4 keV-5 MeV) is well adapted to test 
some of the debated scenarios for the prompt emission mechanism.

§ GWAC will bring additional constraints on the visible prompt emission
(+MXT for the longest bursts?)

§ Synergies with Einstein Probe (X-rays) / Fermi/VHE instruments (HE/VHE)

see Frédéric Piron’s talk this morning

PROMPT

SVOM & CTA: 2023+

Credits: F. Piron

SVOM



GAMMA-RAY BURSTS PHYSICS SVOM unique sample of ~30-40 GRB/yr with
- Prompt emission

(4-5000 keV + V flux/limit: ~10-15 % of cases)
- Early afterglow(X/V/NIR)
- Long-term afterglow in many cases
- Redshift

§ SVOM instruments + pointing strategy is well suited to study the prompt-to-
afterglow transition in X-rays/visible

§ This is one of the most puzzling phase in GRBs, with a lot of features (early 
steep decay, plateaus, flares, etc.), and many competitive models with very 
different implications for the central engine (nature, lifetime, etc.) and/or the 
jet radial or lateral structure.

See B. Zhang’s and E.W. Liang’s talks this morning

PROMPT TO AG TRANSITION



GAMMA-RAY BURSTS PHYSICS SVOM unique sample of ~30-40 GRB/yr with
- Prompt emission

(4-5000 keV + V flux/limit: ~10-15 % of cases)
- Early afterglow(X/V/NIR)
- Long-term afterglow in many cases
- Redshift

§ SVOM instruments + pointing strategy is well suited to study the prompt-to-
afterglow transition in X-rays/visible

§ Example: the case of plateaus and flares in X-rays
= SVOM MXT + EP FXT on long term?)
SVOM bonus: simultaneous visible observations in more cases?

PROMPT TO AG TRANSITION

Swift/XRT
afterglows: Plateau

Flare



GAMMA-RAY BURSTS PHYSICS SVOM unique sample of ~30-40 GRB/yr with
- Prompt emission

(4-5000 keV + V flux/limit: ~10-15 % of cases)
- Early afterglow(X/V/NIR)
- Long-term afterglow in many cases
- Redshift

§ The case of plateaus and flares in X-rays
= SVOM MXT + EP FXT on long term?)
SVOM bonus: simultaneous visible observations in more cases?

§ An example of a physical model with implications for the jet structure rather 
than the central engine activity: slightly off-axis structured jets

PROMPT TO AG TRANSITION

118 CHAPTER 10. A NEW MODEL FOR FLARES IN GAMMA-RAY BURST AFTERGLOWS

post-merger pulsar (Dai et al. 2006). However, in these late-
engine-activity models, the emission in the X-ray rather than
the gamma-ray bands requires an explanation. Furthermore,
producing small aspect ratios often requires to tune the sec-
ond activity’s duration to the time of quiescence between the
two episodes in an unnatural way. Other pictures for flares in-
clude emission from the reverse shock propagating in a stratified
ejecta (Hascoët et al. 2017; Lamberts & Daigne 2018; Ayache
et al. 2020) or Compton up-scattering of photons from the re-
verse shock when crossing the forward shock (Kobayashi et al.
2007). For a compact review of possible origins of afterglow
variability, see Ioka et al. (2005).

In Chap. 9, we presented a successful model for plateaus
in GRB afterglows. While we know of no quantitative assess-
ment of this fact, scrolling the Swift/XRT repository reveals
that plateau activity seems to be correlated with flaring activ-
ity. We thus set out to interpret flares in GRB afterglows within
the same physical setup: slightly misaligned lines of sight to a
structured jet. Motivated by the aforementioned similarities
between X-ray flares and GRB prompt pulses, we also posit a
common origin for the two. However, as for the plateau, we
will explain the delayed occurrence of the flares not by their
delayed emission, but rather by the light travel time between
the flare production site within the core and the misaligned ob-
server: We suggest that flares in GRB X-ray afterglows are the
manifestation of prompt dissipation in the core of the jet, as
seen from slightly o↵-axis lines of sight. Because of relativistic
e↵ects, this radiation appears delayed, dimmer and downshifted
in energy. In other words, X-ray flares are deboosted versions of
gamma-ray pulses from prompt energy dissipation in the core.

We present our unified picture for plateaus and flares in
Fig. 10.1: For an aligned viewer (A), the prompt emission
comes from the core jet shining in gamma-rays (green), and
the afterglow phase contains the early steep decay and radiation
from the decelerating forward shock; All other jet regions are
too weak and not enough boosted to contribute to the aligned
observer’s signal. For a misaligned observer (B), the prompt
emission and early steep decay come from the material down
their line of sight (red), as we showed is most often the case
in Chap. 8. Progressively the structured jet decelerates, giving
rise to the plateau phase; In the mean time, prompt photons
from the core (green) travel to the observer, and reach them as
X-ray flares, i.e., deboosted and dimmer than they would have
reached the aligned observer.

Note that we consider a single central engine activity
episode, and the delay in flare occurrence is a geometrical ef-
fect. We anticipate Sec. 10.2 in mentioning that the arrival
time for flares in such a picture is bounded to . 1000 s after
prompt trigger. We are therefore dealing with early flares. Re-
markably, these early flares seems to constitute a distinct (and
largely statistically dominant) class of flares, as shown by their
distinctive temporal behavior and flare-to-continuum contrasts
(�F/F ) with respect to late flares (& 1000 s, Margutti et al.
2011; Bernardini et al. 2011). A di↵erent origin for these two
classes, and our model’s natural restriction to the early class is
a further motivation to explore this picture.

X-rays X-rays�� s �� s

Front shock

Core

Structure

A

A (aligned) B (misaligned)

B

prompt
promptESD

ESD

plateau regular
decay

regular
decay

flares

Figure 10.1: Schematic description of our picture for
flares. The colors of the elements of the light curves correspond
with the colors of the emitting regions in the jet: core (green) or
lateral structure (red). Each component of the prompt and af-
terglow phases of aligned (A) and misaligned (B) viewers comes
from a di↵erent region, according to our picture. For the mis-
aligned observer, the emission from the core matter appears as
flares in the X-ray band, atop the ESD and the plateau phase.

10.2 Model outline and first proper-
ties

We consider a shell of ultra-relativistic matter with Lorentz fac-
tor � ejected at a time tej from the central engine, within the
core of the jet. At an emission time te, this shell reaches a dis-
sipation radius Re = � (te � tej) and radiates energy which, for
an aligned observer appears as gamma rays. For this aligned
observer, this radiation is observed at time:

ton = tej +
1 � �

�

Re

c
(10.1)

where � ⇠ 1 is the shell’s velocity.
We now consider a misaligned observer, lying at a viewing

angle ✓v from the jet’s core, with ✓v > ✓j , and ✓j is the core’s
half-opening angle. For this observer, the first photons from
this shell’s radiation arrives at time to↵ = tej+

1�� cos(✓v�✓j)
�

Re
c .

This is:
to↵ = Ston � (S � 1)tej (10.2)

where we have denoted:

S ⌘ 1 � � cos (✓v � ✓j)

1 � �
, (10.3)

referred to as the stretch factor. This factor is the ratio of the
Doppler boosts between the aligned and misaligned observers.
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Figure 9.1: Plateaus arising from structured jets with slightly misaligned observers: X-ray light-curves for a struc-
tured jet with a = 8, b = 10 and di↵erent observation angles; from top to bottom: �✓ = 0 � 0.03 in steps of 0.005. The X-rays
are initially dominated by high-latitude emission, and at later times by the forward shock afterglow. Results are shown for an
uniform medium (left) with n = 1 cm�3 and a wind medium (right) with A⇤ = 0.1. We have also taken here: 4⇡✏j = 1054 erg,
✓j = 0.1, �j = 400, ⌘� = 0.1, ✏e = 0.1, ✏B = 0.01, p = 2.2. [Beniamini et al. 2020a]

Figure 9.2: Correlations between plateau properties expected from the structured-jet model: Lp/E�,iso–tp (left)
and Lp–E� (right) as deduced from Eqs. 9.2, 9.3, 9.8 for uniform (red) and wind environments (blue). Results are shown for
a = 8, b � 1, ✓j = 0.1, ⌘� = 0.05 � 0.2, p = 2.2, 4⇡✏j = 1053�54 erg, �j = 400, ✏e = 0.1, ✏B = 0.01 as well as n = 0.1 � 1 cm�3

for uniform and A⇤ = 0.1 � 1 for wind. The solid lines depict the median choice of parameters in both cases, varying only
the viewing angle and leaving all other parameters fixed. Circles mark observed GRB data, adapted from (Tang et al. 2019).
[Beniamini et al. 2020a]
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GAMMA-RAY BURSTS PHYSICS SVOM unique sample of ~30-40 GRB/yr with
- Prompt emission

(4-5000 keV + V flux/limit: ~10-15 % of cases)
- Early afterglow(X/V/NIR)
- Long-term afterglow in many cases
- RedshiftThe sample of SVOM GRBs with a

detailed characterization (prompt+afterglow+redshift) will allow to probe in 
details the physics of GRB ejecta.

Many physical diagnostics: see E.W. Liang’s, Z. Jin’s and B.B. Zhang’s talks this morning
§ Prompt spectrum: non-thermal/thermal ratio ; magnetization at large distance

Tests of dissipation/acceleration/radiation models
§ Early afterglow: Lorentz factor at the end of the prompt phase

Magnetization at the end of the prompt phase (reverse shock)
§ Afterglow: energetics, environment, opening angle/lateral structure
§ Prompt+afterglow+redshift: prompt efficiency

(see recent detections of on-axis orphan afterglows by ZTF, Ho, Perley et al. 22,24)
§ Local GRBs: fraction of associated SN/KN, VHE emission
§ Host/environment: GRB-star formation delay, progenitors, …
§ Etc.

SVOM sample should make it possible to perform such diagnostics on GRBs 
belonging to many sub-classes of GRBs and should help to develop a consistent 
physical picture of the whole population.

PROMPT+AG+REDSHIFT



GAMMA-RAY BURSTS PHYSICS SVOM unique sample of ~30-40 GRB/yr with
- Prompt emission

(4-5000 keV + V flux/limit: ~10-15 % of cases)
- Early afterglow(X/V/NIR)
- Long-term afterglow in many cases
- RedshiftThe sample of SVOM GRBs with a

detailed characterization (prompt+afterglow+redshift) will allow to probe in 
details the physics of GRB ejecta.

Many physical diagnostics

SVOM sample should make it possible to perform such diagnostics on GRBs 
belonging to many sub-classes of GRBs and should help to develop a consistent 
physical picture of the whole population.

Main challenge: follow-up!
• SVOM instruments (MXT/VT/GWAC/GFTs): mostly the early afterglow
• Also needed: long-term afterglow

- X-rays, visible + radio is also important!
- spectroscopic redshift
- deep photometry: search for KN/SN associations
- host galaxy/environment

PROMPT+AG+REDSHIFT



GAMMA-RAY BURSTS PHYSICS SVOM unique sample of ~30-40 GRB/yr with
- Prompt emission

(4-5000 keV + V flux/limit: ~10-15 % of cases)
- Early afterglow(X/V/NIR)
- Long-term afterglow in many cases
- RedshiftThe sample of SVOM GRBs with a

detailed characterization (prompt+afterglow+redshift) will allow to probe in 
details the physics of GRB ejecta.

Many physical diagnostics

SVOM sample should make it possible to perform such diagnostics on GRBs 
belonging to many sub-classes of GRBs and should help to develop a consistent 
physical picture of the whole population.

Main challenge: follow-up!
• SVOM instruments (MXT/VT/GWAC/GFTs): mostly the early afterglow
• Also needed: long-term afterglow
• With luck: HE (Fermi-LAT) and/or VHE (HESS/MAGIC/LHAASO/CTA) 
• With even more luck: GW association? Neutrino association?

See N. Leroy’s talk
• Even a few of these rare events are of the greatest interest.

For instance VHE data allow to much better constraints emission model
See X. Wang’s talk

PROMPT+AG+REDSHIFT



GAMMA-RAY BURSTS PHYSICS SVOM unique sample of ~30-40 GRB/yr with
- Prompt emission

(4-5000 keV + V flux/limit: ~10-15 % of cases)
- Early afterglow(X/V/NIR)
- Long-term afterglow in many cases
- RedshiftThe sample of SVOM GRBs with a

detailed characterization (prompt+afterglow+redshift) will allow to probe in 
details the physics of GRB ejecta.

Many physical diagnostics

Example: 170817

PROMPT+AG+REDSHIFT
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Fig. 7. Posterior distribution of the radio light curves at
⌫obs = 3 GHz for the "SSC (with KN)" fit of the afterglow
of GW 170817. Solid lines represent the median value at each
observing time, dark contours the 68% confidence interval and
light contours the 97.5% confidence interval. Late-time observa-
tions not used in the fit are shown in blue.

ratio and not the two parameters independently, which is
confirmed by the correlation observed in Fig. 6. This differ-
ence is probably due to the flat and broad priors we use for
these two parameters, whereas most previous studies use
much stricter priors based on an external constraint, either
on the viewing angle derived from GW data using the value
of the Hubble constant from Planck (as in Troja et al. 2019;
Ryan et al. 2020) or a constraint on the viewing angle and
the core jet using VLBI imagery (as in Ghirlanda et al.
2019; Lamb et al. 2019). The marginalized distributions of
✓v and ✓c show that a restricted region of the parameter
space has been explored by the MCMC chains for these
parameters, as is also visible on Fig. B.2.

When comparing with the results of Ryan et al. (2020),
where the assumptions are the closest to those of our "no
SSC" fit and where the light curves are computed using
afterglowpy with which we compared our model in Sec-
tion 3, we also find that our predicted values for Ec

0,iso and
next are about one order of magnitude higher. From Fig. 6,
it appears that it is also an effect of our different priors for
the angles. However we observe the expected strong corre-
lation between these two parameters and the inferred ratio
Ec

0,iso/next ⇠ 10
55

erg · cm
�3 (Table 5) is close to the value

obtained by Ryan et al. (2020). Using similar priors for
the angles, or including a constraint on the external den-
sity from the observation of the host galaxy (Hallinan et al.
2017; Hajela et al. 2019) would then reduce the inferred
values for these two parameters. We discuss below the fact
that detections in the VHE range would help to break this
degeneracy and allow for a more precise determination of
the energy and external density independently of such ex-
ternal constraints.

The inferred values for the microphysics parameters ✏B
and p are very close to those obtained in previous stud-
ies. The value of ✏e is slightly lower, but we also find that
the median value for the fraction of accelerated electrons
is ⇠ 0.15, whereas this parameter is not included in past
studies. Both parameters are strongly correlated, as seen in
Fig. 6. Overall, the values of these microphysics parame-
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Fig. 8. Posterior distribution of the VHE light curves at
h⌫obs = 1 TeV for the "SSC (with KN)" fit of the afterglow
of GW 170817. Same conventions as in Fig. 7. Note that this
is a prediction of the model, with no observational constraint
included in the fit.

ters, including ⇣, are in a good agreement with the current
understanding of the plasma physics at work in relativistic
collisionless shocks (see e.g. Sironi et al. 2015) and compa-
rable to values obtained for cosmological short GRBs by
Fong et al. (2015). The inferred value ⇣ < 1 leads to the
question of a possible contribution to the radiation of the
remaining thermal electrons (see e.g. Warren et al. 2022).
Assuming ⇣ = 1 as in previous studies is relevant in the
case of GW 170817 as the observed emission is dominated
by the synchrotron radiation, and the cooling break ⌫c,obs

is not detected. However these microphysics parameter im-
pact the synchrotron and SSC components in different man-
ners, as discussed below, and must therefore be considered
to predict the VHE emission.

As shown in the second row of Fig. 5 and in Table 5,
the inferred values of the parameters describing the initial
lateral structure of the ejecta are in good agreement with
the conditions established in Beniamini et al. (2020b) and
listed in § 2.2 to get a single-peak light curve: note that in
practice, double-peak light curves are not excluded a pri-
ori in our MCMC, but are disfavored due to the inclusion
of early upper limits (Table 2). Finally, we note that the
initial distribution of the Lorentz factor (�c

0 and b) is not
well constrained, which was expected as most of the ob-
served emission is produced in the self-similar stage of the
deceleration. A correlation is observed between �

c
0 and b.

This can be explained by the fact that the lateral struc-
ture is required to reproduce the early-time slow rise of the
light curve (Nakar & Piran 2018). Specifically, some mate-
rial needs to have lower initial Lorentz factors to overcome
effects of Doppler boosting out of the line of sight. With
a higher core �

c
0, a steeper decrease in �0(✓) is required

for material at a given latitude ✓ to have a sufficiently low
initial Lorentz factor that the observed slow rise can be
reproduced, leading to higher values of b.
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Fig. 9. Posterior distribution of the afterglow spectrum around
its peak (tobs = 110 days) for the "SSC (with KN)" fit of the af-
terglow of GW 170817. Data points show the multi-wavelength
observations at tobs ± 4 days. The upper limit from H.E.S.S.
is also indicated (Abdalla et al. 2020). The low-energy com-
ponent (solid line) is produced by synchrotron radiation, while
the high-energy emission (dashed line) is powered by SSC diffu-
sions. Thick lines represent the median value at each observing
frequency, dark contours the 68% confidence interval and light
contours the 97.5% confidence interval. Some instrument observ-
ing spectral ranges are shown in colors.

4.4. Discussion: the predicted VHE emission of GW 170817

We now discuss the predicted VHE emission of the after-
glow of GW 170817. The predicted light curve at 1 TeV is
plotted in Fig. 8 and the VHE component of the spectrum
at the peak of the light curve is shown in Fig. 9, where is
also indicated the upper limit obtained by H.E.S.S. (Ab-
dalla et al. 2020). It appears that (i) the synchrotron emis-
sion extends at most up to the GeV range4 (due to the
synchrotron burnoff limit, see Appendix A) and the VHE
emission is then entirely due to the SSC process; (ii) even
taking into account the dispersion, the predicted flux at 1
TeV is at least two orders of magnitude below the upper
limit of 3.2 ⇥ 10

�13
erg · s

�1 · cm
�2 obtained around the

peak by H.E.S.S. (Abdalla et al. 2020), which is therefore
not constraining. It is also clear when comparing Figs. 7
and 8 that the dispersion of the predicted VHE flux is
much larger than for the synchrotron component which is
well constrained by the observations from radio to X-rays.
This is also shown in the distribution of the predicted peak
flux and peak time in radio and at 1 TeV in Fig. 10. Note
that the VHE light curve peaks a few days before the light
curves from radio to X-rays, due to a different evolution of
the synchrotron and SSC components. This result is due
to the fact that the dependency of the SSC component on
the model parameters is complex and very different from
the dependencies of the synchrotron component identified
by Sari et al. (1998). This also highlights the interest of
detecting the VHE emission for the inference of model pa-

4 The emission in the 0.1 � 1 GeV range is then dominated
by the synchrotron radiation. For comparison with Fig. 9, the
sensitivity of Fermi/LAT above 100 MeV is of the order of
10

�11
erg · s�1 · cm�2 for a ⇠ 1 day observation (Abdollahi et al.

2020, 2022). The afterglow of GW 170817 was therefore unde-
tectable by Fermi/LAT at any time.
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Fig. 10. Posterior distributions of the VHE peak flux density
(top) and the radio (dashed grey line) and VHE (solid black
line) peak times (bottom) for the "SSC (with KN)" fit of the
afterglow of GW 170817.

rameters, as some of the degeneracies visible in Fig. 6 would
be broken.

In the afterglow of GW 170817, the synchrotron spec-
trum is in slow cooling, with a spectral peak determined
by the critical Lorentz factor �c. If IC scatterings occurred
in Thomson regime, the peak of the SSC component would
be due to the diffusion of photons at ⌫c by the electrons
at �c (Sari & Esin 2001), and this peak should be intense
as ✏e � ✏B (see Equation (60)). However, the predicted
VHE emission is actually very weak because of a strong KN
attenuation. To illustrate this effect, we select in Table 6
two reference sets of parameters, taken from the posterior
sample. They are respectively in the 68% and 97.5% confi-
dence intervals for the "SSC (with KN)" fit and fit perfectly
well the observed light curves. The first set of parameters
("Moderate") corresponds to a predicted VHE flux which
is close to the median, whereas the second set of param-
eters ("Optimistic") corresponds to a predicted VHE flux
on the highest end of the confidence interval: see the two
predicted VHE light curves and peak spectra in Fig. 11.
In both cases, we selected sets of parameters having a low
density, and therefore a low energy (see discussion in § 4.3).

Fig. 12 shows for these two reference cases the evolution
of Y (�c) and �c/b�c for the core jet, computing the SSC emis-
sion either by assuming that all scatterings are in Thomson
regime like in the "SSC (Thomson)" fit, or by including the
KN attenuation like in the "SSC (with KN)" fit. The figure
shows that, in the full calculation, �c/b�c � 1 during the
whole evolution, so that the scatterings of photons at ⌫c

by electrons at �c are strongly reduced by the KN regime.
The Compton parameter Y (�c) then remains very low. This
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spectrum at 110 days

VHE AG of 170817
becomes detectable
by CTA above 100 Mpc 
for
- slightly less off-axis obs. 
- higher external density 
(fast mergers?) 



SVOM will bring many new observations to explore
the exciting physics of Gamma-Ray Bursts:
let’s wait for the first detections!  
Today...

• The 4 instruments are fully integrated on the payload
module, itself mounted on the satellite (top right).

• Tests are going smoothly in the premises of the prime 
contractor in Shanghai.

• Heading for a launch in the first quarter of 2024.

• The Colibrí F-GFT has left OHP on June 19th (4 days
ago), on its way to Mexico (bottom right).

• The GWAC and C-GFT are already operational.

• The majority of the VHF stations are installed and 
operational

Journées SF2A 2023 (S18) - Strasbourg

Pictures are not to scale


