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WHAT IS A GAMMA-RAY BURST?



§ High variability (ms → s)

§ Short duration (a few ms → a few min)

§ Two classes: short & long GRBs

§ Great diversity of lightcurves ; Pulses: 100 ms → 10 s

§ Non-thermal spect. = cosmic accelerators: Epeak ~ 100 keV→ 1 MeV

§ Spectral evolution

§ Spectral diversity: classical GRBs, low-L GRBs, X-ray rich GRBs, X-ray Flashes, etc.
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(TYPICAL?) GRB PROMPT SPECTRUM
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X-ray
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Fermi/GBM:
BB looked for in bright cases
& found in many cases  
Fermi/LAT: 1st catalog
extra-component in 4/28

(curvature/cutoff at 
HE very rarely seen)

Also: some cases with a unique component extending up at least 100 MeV?
(Ravasio et al. 2024)



§ Lightcurves: power-law decay, 
breaks, flares, plateaus, etc.

§ Spectral evolution:
X-rays to radio

§ Redshift: cosmological distance (Gpc)

- Mean redshift above 2 for long GRBs

- Maximum : GRB 090423 at z = 8.2 (spec.); GRB 090429B at z = 9.3 (phot.)

- Eiso ~ 1051 to 1054 erg (some under-luminous ; some monsters…)

Beppo-SAX/HETE2 era

GRB AFTERGLOW EMISSION



(TYPICAL?) GRB PROMPT-TO-AFTERGLOW LIGHTCURVE
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Also: optical, radio afterglow 
long-lasting Fermi/LAT emission

+ GRB 190114C (MAGIC)
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Afterglow
(X-rays)

initial steep decay : a = 3 - 5

Plateau
shallow decay : 

a = 0 – 0.5
“normal” decay : a = 1 - 1.5

steeper decay: a = 2 - 3

Prompt GRB
(soft g-rays)

flares

Also: prompt
optical, GeV

Swift XRT:
Early steep decay: >90%
Plateau: ~60%
Flares: ~30%

Prompt: rare cases with optical or GeV prompt emission
Afterglow: optical emission detected in many cases. Radio in some cases.
HE in some cases (LAT extended emission)
VHE in rare cases (e.g. GRB190114C, GRB190829A, GRB221009A, etc.) 
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GAMMA-RAY BURSTS PHYSICS

Prompt emission:
internal dissipation

Afterglow:
deceleration by

the ambient medium

Relativistic
ejection

Central 
engine
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GAMMA-RAY BURSTS PHYSICS: MANY OPEN QUESTIONS

Prompt emission:
internal dissipation

Afterglow:
deceleration by

the ambient medium

Relativistic
ejection

Central 
engine

Progenitor

Shock breakout?
(dissipative) Photosphere?

Internal shocks or reconnection?
Synchrotron + SSC?
Visible? HE/VHE? 

Hadronic component?

Structure of the environment?
Role of the reverse shock?

Radio? VHE?
Hadronic component?

Geometry?
Magnetisation (initial,final)?

Composition?

BH vs magnetar?
Lifetime?

Energetics?

Collapsars vs Mergers?
Others?

Origin of the GRB diversity?

Prompt to afterglow transition
at different wavelength?

GW/neutrino emission ?

Etc.



ANOTHER CHALLENGE: GRBS AS A TOOL TO PROBE THE DISTANT UNIVERSE
Classical long GRBs can be detected up
to high redshifts.

High potential if high-z GRBs can be
identified rapidly enough to allow
accurate spectroscopy with large
telescopes.

§Absorption spectroscopy
§ Host galaxy
§ Metallicity, kinematics, etc.
§ Neutral medium
§ Other absorbers on the l.o.s

§ Emission spectroscopy
§New opportunities (MUSE, JWST)
§Ionized phases

(B
er

ge
r 2

01
4)



GAMMA-RAY BURST: RECENT OBSERVATIONAL ADVANCES
§ GW170817: a multi-messenger event! (GW+em)
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§ BNS-GRB direct connection

§ Kilonova!



GAMMA-RAY BURST: RECENT OBSERVATIONAL ADVANCES
§ GW170817: a multi-messenger event! (GW+em)
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§ BNS-GRB direct link

§ GRB physics: a first offaxis event!

- Direct evidence for relativistic ejection
(superluminal motion)

- Lateral structure of the jet



GAMMA-RAY BURST: RECENT OBSERVATIONAL ADVANCES
§ GW170817: a multi-messenger event! (GW+em)

§ A consistent scenario to explain the weak prompt GRB and the lateral
structure revealed by the afterglow?

§ GRB170817 is very weak despite the very low distance (40 Mpc)

§ Ultra-relativistic jet seen very off-axis?
→ Probably not (gg opacity argument, Matsumoto+ 19)

§ Much more promising:
shock breakout ?
(interaction jet + KN ejecta)
see e.g. Bromberg+ 18

§ This interaction during the early
propagation of the jet naturally
leads to the lateral strcuture
revealed by the afterglow.
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1 TeV

GAMMA-RAY BURST: RECENT OBSERVATIONAL ADVANCES
§ GW170817: a multi-messenger event! (GW+em)

§ In this unique case the viewing angle is ideal to probe the jet geometry

§ In the future, additional VHE observations would allow to also better
constrain particle acceleration/radiative processes at the ultra-relativistic
forward shock
(see Martin Lemoine’s talk this morning)

3 GHz

Pellouin & Daigne 2024



GAMMA-RAY BURST: RECENT OBSERVATIONAL ADVANCES
§ GW170817: a multi-messenger event! (GW+em)

§ In this unique case the viewing angle is ideal to probe the jet geometry

§ In the future, additional VHE observations would allow to also better
constrain particle acceleration/radiative processes at the ultra-relativistic
forward shock
(see Martin Lemoine’s talk this morning)

VLBI

1 TeV

Spectrum@peak3 GHz

Pellouin & Daigne 2024
Slightly lower view angle + higher external density: detectable by CTA up to 100 Mpc



GAMMA-RAY BURST: RECENT OBSERVATIONAL ADVANCES
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but usually occurs at earlier times. The relatively late time at which the 
break appears in GRB 190114C would then imply a very large value of νm, 
placing it in the X-ray band at about 102 s. The millimetre light curves 
(orange symbols) also show an initial fast decay in which the emission 
is dominated by the reverse shock, followed by emission at late times 
with nearly constant flux (Extended Data Fig. 3).

The spectral energy distributions (SEDs) of the radiation detected 
by MAGIC are shown in Fig. 2, where the whole duration of the emission 
detected by MAGIC is divided into five time intervals. For the first two 
time intervals, observations in the gigaelectronvolt and X-ray bands are 
also available. During the first time interval (68–110 s; blue data points 
and blue confidence regions), Swift-XRT, Swift-BAT and Fermi-GBM data 
show that the afterglow synchrotron component peaks in the X-ray 
band. At higher energies, up to 1 GeV, the SED is a decreasing function 
of energy, as supported by the Fermi-LAT flux between 0.1 and 0.4 GeV 
(Methods). On the other hand, at even higher energies, the MAGIC flux 
above 0.2 TeV implies a spectral hardening. This evidence is independ-
ent of the EBL model adopted to correct for the attenuation (Methods). 
This demonstrates that the newly discovered teraelectronvolt radiation 
is not a simple extension of the known afterglow synchrotron emission, 
but a separate spectral component.

The extended duration and the smooth, power-law temporal decay 
of the radiation detected by MAGIC (see green data points in Fig. 1) 
suggest an intimate connection between the teraelectronvolt emission 
and the broadband afterglow emission. The most natural candidate 
is synchrotron self-Compton (SSC) radiation in the external forward 
shock: the same population of relativistic electrons responsible for the 
afterglow synchrotron emission Compton up-scatters the synchrotron 
photons, leading to a second spectral component that peaks at higher 
energies. Teraelectronvolt afterglow emission can also be produced by 
hadronic processes, such as synchrotron radiation by protons acceler-
ated to ultrahigh energies in the forward shock17–19. However, owing 

to their typically low radiation efficiency6, reproducing the luminous 
teraelectronvolt emission observed here by such processes would imply 
unrealistically large power of accelerated protons10. Teraelectronvolt 
photons can also be produced via the SSC mechanism in internal shock 
synchrotron models of the prompt emission. However, numerical mod-
elling (Methods) shows that prompt SSC radiation can account at most 
for a limited fraction ("20%) of the observed teraelectronvolt flux, and 
only at early times (t " 100 s). Henceforth, we focus on the SSC process 
in the afterglow.

SSC emission has been predicted for GRB afterglows9,12,18,20–27. How-
ever, its quantitative significance has been uncertain because the SSC 
luminosity and spectral properties depend strongly on the poorly 
constrained physical conditions in the emission region (for example, 
the magnetic field strength). The detection of the teraelectronvolt 
component in GRB 190114C and the availability of multi-band obser-
vations offer the opportunity to investigate the relevant physics at a 
deeper level. SSC radiation may have been already detected in very 
bright GRBs, such as GRB 130427A, in which photons with energies 
of 10–100 GeV are challenging to explain by synchrotron processes, 
suggesting a different origin28–30.

We model the full dataset (from the radio band to teraelectronvolt 
energies, for the first week after the explosion) as synchrotron plus SSC 
radiation, within the framework of the theory of afterglow emission 
from external forward shocks. The detailed modelling of the broad-
band emission and its evolution with time is presented in Methods. 
We discuss here the implications for the emission at t < 2,400 s and 
energies above >1 keV.

The soft spectra in the 0.2–1-TeV energy range (photon index ΓTeV < −2; 
see Extended Data Table 1) constrain the peak of the SSC component 
to below this energy range. The relatively small ratio between the spec-
tral peak energies of the SSC (E "200 GeVp

SSC ) and synchrotron 
(E ≈ 10 keVp

syn ) components implies a relatively low value for the elec-
tron Lorentz factor (γ ≈ 2 × 103). This value is hard to reconcile with the 
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Fig. 1 | Multi-wavelength light curves of GRB 190114C. Energy flux at different 
wavelengths, from radio to γ-rays, versus time after the BAT trigger, at 
T0 = 20:57:03.19 universal time (UT) on 14 January 2019. The light curve for the 
energy range 0.3–1 TeV (green circles) is compared with light curves at lower 
frequencies. Those for VLA (yellow square), ATCA (yellow stars), ALMA (orange 
circles), GMRT (purple filled triangle) and MeerKAT (purple open triangles) 
have been multiplied by 109 for clarity. The vertical dashed line marks 
approximately the end of the prompt-emission phase, identified as the end of 
the last flaring episode. For the data points, vertical bars show the 1σ errors on 
the flux, and horizontal bars represent the duration of the observation. The 
fluxes in the V, r and K filters (pink, purple and grey filled squares, respectively) 
have been corrected for extinction in the host and in our Galaxy; the 
contribution from the host galaxy has been subtracted.
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Fig. 2 | Multi-band spectra in the time interval 68–2,400 s. Five time intervals 
are considered: 68–110 s (blue), 110–180 s (yellow), 180–360 s (red), 360–625 s 
(green) and 625–2,400 s (purple). MAGIC data points have been corrected for 
attenuation caused by the EBL. Data from other instruments (Swift-XRT, Swift-
BAT, Fermi-GBM and Fermi-LAT) are shown for the first two time intervals. For 
each time interval, LAT contour regions are shown, limiting the energy to the 
range in which photons are detected. MAGIC and LAT contour regions are 
drawn from the 1σ error of their best-fit power-law functions. For Swift data, the 
regions show the 90% confidence contours for the joint fit for XRT and BAT, 
obtained by fitting a smoothly broken power law to the data. Filled regions are 
used for the first time interval (68–110 s).
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observation of the synchrotron peak at energies higher than kiloelec-
tronvolt. To explain the soft spectrum detected by MAGIC, it is neces-
sary to invoke scattering in the Klein–Nishina regime for the electrons 
radiating at the spectral peak, as well as internal γ–γ absorption31. 
Although both of these effects tend to become less important with 
time, the spectral index in the 0.2–1-TeV band remains constant in time 
(or possibly evolves to softer values; Extended Data Table 1). This 
implies that the SSC peak energy moves to lower energies and crosses 
the MAGIC energy band. The energy at which attenuation by internal 
pair production becomes important indicates that the bulk Lorentz 
factor is about 140–160 at 100 s.

An example of the theoretical modelling in this scenario is shown 
in Fig. 3 (blue solid curve; see Methods for details). The dashed line 
shows the SSC spectrum when internal absorption is neglected. The 
thin solid line shows the model spectrum including EBL attenuation, 
in comparison to the MAGIC observations (empty circles).

We find that acceptable models of the broadband SED can be obtained 
if the conditions at the source are the following. The initial kinetic 
energy of the blast wave is Ek ≳ 3 × 1053 erg (isotropic-equivalent). The 
electrons swept up from the external medium are efficiently injected 
into the acceleration process and carry a fraction εe ≈ 0.05–0.15 of the 
energy dissipated at the shock. The acceleration mechanism produces 
an electron population characterized by a non-thermal energy distri-
bution, described by a power law with index p ≈ 2.4–2.6, an injection 
Lorentz factor of γm = (0.8–2) × 104 and a maximum Lorentz factor of 
γmax ≈ 108 (at about 100 s). The magnetic field behind the shock conveys 
a fraction εB ≈ (0.05–1) × 10−3 of the dissipated energy. At t ≈ 100 s, cor-
responding to a distance from the central engine of R ≈ (8–20) × 1016 cm, 
the density of the external medium is n ≈ 0.5–5 cm−3 and the magnetic 
field strength is B ≈ 0.5–5 G. The latter implies that the magnetic field 
was efficiently amplified from values of a few microgauss, which are 
typical of the unshocked ambient medium, owing to plasma instabilities 
or other mechanisms6. Not surprisingly, we find that εe ≫ εB, which is a 
necessary condition for the efficient production of SSC radiation18,20.

The blast-wave energy inferred from the modelling is comparable 
to the amount of energy released in the form of radiation during the 
prompt phase. The prompt-emission mechanism must then have dis-
sipated and radiated no more than half of the initial jet energy, leaving 
the rest for the afterglow phase. The modelling of the multi-band data 
also allows us to infer how the total energy is shared between the syn-
chrotron and SSC components. The resultant powers of the two compo-
nents are comparable. We estimate that the energy in the synchrotron 
and SSC component are about 1.5 × 1052 erg and around 6.0 × 1051 erg, 
respectively, in the time interval 68–110 s, and about 1.3 × 1052 erg and 
around 5.4 × 1051 erg, respectively, in the time interval 110–180 s. Thus, 
previous studies of GRBs may have been missing a substantial fraction 
of the energy emitted during the afterglow phase that is essential to 
its understanding.

Finally, we note that the values of the afterglow parameters inferred 
from the modelling fall within the range of values typically inferred from 
broadband (radio to gigaelectronvolt) studies of GRB afterglow emis-
sion. This points to the possibility that SSC emission in GRBs may be a 
relatively common process that does not require special conditions to 
be produced, and its power is similar to that of synchrotron radiation.

The SSC component may then be detectable at teraelectronvolt 
energies in other relatively energetic GRBs, as long as the redshift is 
low enough to avoid severe attenuation by the EBL. This also provides 
support to earlier indications for SSC emission at gigaelectronvolt 
energies28–30.
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Fig. 3 | Modelling of the broadband spectra in the time intervals 68–110 s and 
110–180 s. Thick blue curve, modelling of the multi-band data in the 
synchrotron and SSC afterglow scenario. Thin solid lines, synchrotron and SSC 
(observed spectrum) components. Dashed lines, SSC when internal γ–γ 
opacity is neglected. The adopted parameters are: s = 0, εe = 0.07, εB = 8 × 10−5, 
p = 2.6, n0 = 0.5 and Ek = 8 × 1053 erg; see Methods. Empty circles show the 
observed MAGIC spectrum, that is, uncorrected for attenuation caused by the 
EBL. Contour regions and data points are as in Fig. 2.
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§ First detections in the TeV range ! (afterglow)

See Fabian Schüssler’s talk tomorrow



GAMMA-RAY BURST: RECENT OBSERVATIONAL ADVANCES
§GRB221009A at z = 0.15: the BOAT! (Eg,iso ~1055 erg!)

§ Early TeV detection by LHASSO, highest energy photon ~13 TeV

§ Complex prompt lightcurve, Fermi/GBM saturated during the main episod

§ Emission line at ~10 MeV!

§ Complex afterglow: structured jet?
(excellent follow-up: radio → TeV)

Springer Nature 2021 LATEX template

6 A bright MeV line in GRB 221009A

Fig. 2 Top: Count rate light curve of GRB 221009A (blue solid line), as detected by
Fermi/GBM in the energy band 8-900 keV, along with the 13 time intervals analysed in this
work (dashed black vertical lines) and the time interval excluded from the analysis (i.e. BTI,
represented by the grey area, see text for details). The first eight time intervals analysed
have been color-coded to match the corresponding colored spectra shown in the bottom
panels. Bottom Left: medians (solid lines) and 90% credible intervals (shaded areas) of the
posterior distributions of ⌫F⌫ at each fixed frequency ⌫, for the first 4 time intervals (spectra
1, 2, 3 and 4, color-coded as shown in the top panel), characterized by the typical GRB
continuum prompt spectral shape (either 2SBPL or SBPL models, see text and Extended
Data Table 1). Bottom Right: same as the left-hand panel, but for the 4 time intervals
after the BTI (i.e. spectra 5, 6, 7 and 8), showing the evolution of the Gaussian model of
the narrow feature.

we know, among the plethora of currently operational �-ray satellites that
detected GRB 221009A, none has collected usable data during the relevant
period and within the relevant spectral band (see Supplementary Information).
This unfortunately precludes an independent check of this exciting discovery.

Lines in emission and absorption over the typical continuum GRB spec-
tral shape have been reported over the years, but none was ever confirmed as
a statistically significant detection (> 5�). During the prompt GRB phase,
absorption lines at 30-70 keV and emission lines at 400-460 keV were revealed
by the Konus experiment onboard the Venera 11 and 12 missions [17] and inde-
pendently by the Ginga satellite [18]. The search for lines, mostly in absorption
and < 100 keV [19] in the first three year sample of GRBs detected by the
Burst Alert & Transient Source Experiment (BATSE) onboard the Compton
Gamma-Ray Observatory (CGRO) satellite, led to no convincing evidence of
any spectral line [20]. BeppoSAX revealed a possible transient Fe absorption
feature during the prompt emission of GRB 990705 [21] and GRB 021211
(reaching the 2.8–3.1� significance level - [22]). Line searches extending to the
afterglow emission phase revealed possible features in the soft X–ray data of
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LHAASO Collab 2023

Rise of the TeV 
afterglow detected 

by LHASSO

See Fabian Schüssler’s talk tomorrow



GAMMA-RAY BURST: RECENT OBSERVATIONAL ADVANCES
§ Short GRBs associated to collapsars…

§ … and long GRBs with a kilonova!

Levan et al. 2023

Fermi GBM lightcurve

GRB 230307A @ z=0.065 (very bright!)
A very bright long GRB associated to a kilonova! (JWST spectrum!)



GAMMA-RAY BURST: RECENT OBSERVATIONAL ADVANCES
§ The origin of the prompt GRB emission remains puzzling…

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)

Which spectral shape to fit data?
- Doubly broken power-laws? (Oganesyan et al. 17, 18 ; Ravasio et al. 18, 19 ; Toffano et al. 21)
- ISSM: a new 4-parameters function with a smoothly evolving slope
(Yassine et al. (FD) 20, Scotton et al. (FD) in preparation)

Band

2SBPL

-3/2 -2/3

(Toffano
et al. 21)
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Which spectral shape to fit data?
- Doubly broken power-laws? (Oganesyan et al. 17, 18 ; Ravasio et al. 18, 19 ; Toffano et al. 21)
- ISSM: a new 4-parameters function with a smoothly evolving slope
(Yassine et al. (FD) 20, Scotton et al. (FD) in preparation)

GRB150403AGRB150403A

Yassine et al. 20
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§ The origin of the prompt GRB emission remains puzzling…

Optically thin scenario: (marginally) fast-cooling synchrotron? 
(Daigne et al. 11, Beniamini & Piran 13)
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Daigne, F. and Bošnjak, Ž.: A&A, 693, A320 (2025)

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: Light curves in the GBM and

LAT range. The top panel shows the evolution of the parameters wm, YTh, and �c,0/�m in the co-moving frame of the shocked material. Right:
Spectra in the four time bins indicated on the light curves 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 Fig. 8.

choice of timescales for the magnetic field decay, the condition
given by Eq. (3) is fulfilled in both cases at the maximum of
the pulse. As expected, the low-energy ⌫F⌫ spectrum is much
steeper when including the magnetic field decay, with ↵ ' �0.8
in both cases.

In addition, we observed a clear spectral evolution during
the pulse, with both the peak energy and the low-energy photon
index evolving from the rise to the peak of the pulse, and then
from the peak to the decay, with a general hard-to-soft trend.
Finally, the inverse Compton emission becomes e�cient even

in case (A) during the decay phase, leading in both cases to a
slightly delayed emission in the high-energy range above 1 GeV
(see bottom-left panel in Figs. 8 and 9).

We note that all the microphysics parameters (✏e, ⇣, p, ✏B)
were assumed to be constant. Any evolution with the shock
conditions would a↵ect the details of the observed spectral
evolution, as discussed in Daigne & Mochkovitch (2003) and
Bošnjak & Daigne (2014). In addition, the ratio t0B/t

0
dyn has also

been assumed to be constant for simplicity. We discuss this
assumption in the next subsection.

A320, page 11 of 14

This regime may be favored by a decaying magnetic field
on a scale intermediate between the radiative timescale of 
electrons at gm and the dynamical timescale. 

Standard fast cooling: a = -3/2

Slow cooling limit: a = -2/3
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§ The origin of the prompt GRB emission remains puzzling…

Optically thin scenario: (marginally) fast-cooling synchrotron? 
(Daigne et al. 11, Beniamini & Piran 13)

Optically thick scenario (dissipative photosphere)?
(e.g. sub-photospheric radiation mediated shocks)
(e.g. Samuelsson-Alamaa & Ryde 2023)
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A&A proofs: manuscript no. output

Fig. 5: Observed spectral evolution (top left), light curve (top right), count spectrum of a Band fit to the time-integrated
spectrum (bottom left), and the evolution of the best-fit Band parameters (bottom right). The gray dashed line in the
top-left panel shows the time-integrated spectrum taken as the average over the first second of observations and purple
shading shows the energy range of the GBM with darker color indicating the region with the highest e�ective area. The
red dot-dashed line in the light curve shows the light curve in the BGO band scaled to the peak of the NaI light curve
to highlight the di�erence between the two. The red, blue, cyan, and green data points in the count spectrum show
the three NaI detectors and the one BGO detector used for the fit, respectively. The best-fit peak energy is given in
units Ep,2 = Ep/100 keV and the mock data set for the fit had a S/N = 50. The best fit parameters with errors for the
time-integrated spectrum are – = ≠0.90 ± 0.06, — = ≠2.65 ± 0.2, Ep = 155 ± 12 keV. All errors given represent 1‡. The
simulation parameters are given in Table 1.

comoving frame, the hardness ratio starts to decrease (see
further discussion in Section 5.4).

The red dot-dashed line shows the BGO flux scaled to
peak at the NaI maximum flux to highlight the di�erences
between the two light curves. The light curve is very simi-
lar in the two bands up until the peak but decreases more
rapidly in the BGO band. The explanation for the faster de-
cay in the BGO band is the same as that for the decreasing
hardness ratio.

5.3. Time-integrated spectrum

The observed time-integrated spectrum, taken as the av-
erage over the first second of observation, is shown by the
dashed line in the top left panel of Figure 5. Qualitatively,

it is quite similar in shape to the total comoving spectrum
at the photosphere as shown in the bottom right panel of
Figure 4. However, the superposition of radiation emitted
at a range of optical depths (di�erent spectral shapes) and
angles (di�erent Doppler boosts) leads to a time-integrated
spectrum that is broader and softer at low energies and
have a more extended high-energy power law. The spec-
trum peaks at Ep ¥ 200 keV, which is a typical value for
GRBs (Poolakkil et al. 2021). At low energies, the spectrum
has a smooth curvature from Ep down to ≥ 3 keV, below
which the spectrum becomes very steep (tending asymptot-
ically towards – ≥ 0.4, Beloborodov 2010; Lundman et al.
2013). Above the peak, the spectrum exhibits a high-energy
power law extending for ≥ 1.5 orders of magnitude with a
slope — ¥ ≠2.3 cutting o� at ≥ 5 MeV.

Article number, page 10 of 19

Time-integrated spectrum: a ~ -0.9

Non-thermal spectrum: photons crossing the RMS Compton scatter in the velocity gradient.
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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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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

Swift/Konus detection

z=4.9
« normal » afterglow

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

EP240315a/GRB230315C

The prompt X-ray emission of classical long GRBs?
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§ X-ray Prompt emission

GRBs detected with EP/WXT: emission usually longer in X-rays

Liu et al. 2024

Effect stronger than the already known
spectral evolution

First pulse of the « Fermi monster »
GRB 130427A (Preece et al. 14)

Energy band with E↘



GAMMA-RAY BURST: RECENT OBSERVATIONAL ADVANCES
§ Long GRB diversity: soft events (X-Ray Rich GRBs, X-Ray Flashes, Fast X-ray 
transients, etc.) 

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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(Soderberg et al. 08)

Shock breakout?
(X-ray lightcurve)

The soft tail of the GRB population?

Other classes of events?
Many new FXTs without associated GRB now
detected by EP/WXT: to be characterized
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SVOM AT A GLANCE
§ A spacecraft with four instruments + rapid slewing capabilities
§ Two wide-field instruments (X/g): ECLAIRs & GRM

ECLAIRs
Coded telescope
4-150 keV
Loc. accuracy < 12 arcmin
• 40% open fraction
• Detection area: 1000 cm2

• 6400 CdTe pixels (4x4x1 mm3)
• FoV 2 sr 

GRM
Gamma-Ray Monitor (3 detectors)
15 keV-5 MeV
Loc. accuracy ~ 5-10 deg
• NaI (16 cm ∅, 1.5 cm thick)
• Effective area 190 cm2 at peak
• FoV 2.6 sr per detector



Ra: 241.42° Dec: -8.39° err: 7.43'



Ra: 241.42° Dec: -8.39° err: 7.43'

GRB 250219A



SVOM AT A GLANCE
§ A spacecraft with four instruments + rapid slewing capabilities
§ Two wide-field instruments (X/g): ECLAIRs & GRM
§ Two narrow-field instruments (X/V): MXT & VT

MXT
Micro-channel X-ray Telescope
0.2-10 keV
Loc. accuracy < 1 arcmin
• Micro-pore optics (Photonis) with square

40 µm pores in a « Lobster Eye » config.
• pnCCD camera
• Effective area 27 cm2 @ 1 keV
• FoV 57x57 arcmin2VT

Visible Telescope
Blue (400-650 nm) 
& Red (650-1000 nm) channels
Loc. accuracy <2’’
• Ritchey-Chretien telescope (40 cm ∅, f=9)
• mV = 22.7 in 300 s
• FoV 26x26 arcmin2



Ra: 241.42° Dec: -8.39° err: 7.43'



SVOM AT A GLANCE
§ A VHF network for near real-time alerts
§ A nearly anti-solar pointing for optimizing the follow-up of GRBs and other

transients + a pointing law avoiding the Galactic plane

Pointing Strategy & Alert dissemination

Journées SF2A 2023 (S18) - Strasbourg

Pointing Strategy & Alert dissemination

Journées SF2A 2023 (S18) - Strasbourg

VHF network: 47 stations



VHF NETWORK: 47 STATIONS

Two gaps
§ On-board transmission → reception at FSC:

Median ~8 s

§ SVOM also uses Beidou
Median ~  81 s



The GFTs

Journées SF2A 2023 (S18) - Strasbourg

Colibri being tested at
Haute-Provence 
Observatory
!

Diameter : 130 cm
FOV: 26 x 26 arcmin
400 – 1700 nm 

The Chinese GFT at
Jilin Observatory "

Diameter : 120 cm
FOV: 90 x 90 arcmin
400 – 900nm 

SVOM AT A GLANCE
§ A ground segment for a rapid follow-up: GWAC, C-GFT, F-GFT = Colibri
§ + Many partners!

GWAC
Ground-based Wide Angle Camera
Visible 
• ~6000 deg2

• V = 16 (10 s)

GFTs
Ground Follow-up Telescopes
Visible (+NIR for F-GFT)
• C-GFT @ Weihai Obs. 

(120 cm, 90x90 arcmin2, 400-900 nm)
• F-GFT @ OAN San Pedro Mártir

(130 cm, 26x26 arcmin2, 400-1700 nm)

F-GFT = ColibriThe GFTs

Journées SF2A 2023 (S18) - Strasbourg

Colibri being tested at
Haute-Provence 
Observatory
!

Diameter : 130 cm
FOV: 26 x 26 arcmin
400 – 1700 nm 

The Chinese GFT at
Jilin Observatory "

Diameter : 120 cm
FOV: 90 x 90 arcmin
400 – 900nm 

C-GFT

G
W
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A TYPICAL GRB SEQUENCE: GRB 250205A
§ ECLAIRs trigger: detection and localization within 4.5 arcmin
§ At the same time: GRM detection



A TYPICAL GRB SEQUENCE: GRB 250205A
§ ECLAIRs trigger: detection and localization within 4.5 arcmin
§ At the same time: GRM detection
§ 20 s later: automatic slew starts
§ 132 s later: slew has finished,

the burst is in the center of ECLAIRs, MXT and VT fov.
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A TYPICAL GRB SEQUENCE: GRB 250205A
§ ECLAIRs trigger: detection and localization within 4.5 arcmin
§ At the same time: GRM detection
§ 20 s later: automatic slew starts
§ 132 s later: slew has finished
§ 450s later: first VT observation ends

593 s later: first MXT observation ends
§ Follow-up with VT for several hours
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§ ECLAIRs trigger: detection and localization within 4.5 arcmin
§ At the same time: GRM detection
§ 20 s later: automatic slew starts
§ 132 s later: slew has finished
§ 450s later: first VT observation ends

593 s later: first MXT observation ends
§ Follow-up with VT for several hours

During this sequence on-board SVOM:
• VHF data are received and processed
• Trigger & associated scientific products (early version based on VHF data)

are validated
• Notices (machine-readable) and Circulars (human-readable)

are sent via the GCN Network



A TYPICAL GRB SEQUENCE: GRB 250205A
§ ECLAIRs trigger: detection and localization within 4.5 arcmin
§ At the same time: GRM detection
§ 20 s later: automatic slew starts
§ 132 s later: slew has finished
§ 450s later: first VT observation ends

593 s later: first MXT observation ends
§ Follow-up with VT for several hours

During this sequence on-board SVOM:
• VHF data are received and processed
• Trigger & associated scientific products are validated
• Notices and Circulars are sent via the GCN Network
• SVOM on-ground telescopes react as soon as possible 

GRB250205A: detection by Colibri (F-GFT)
6.4 hours after the burst

Colibri (F-GFT) 6.4 hours
r = 22.89 ± -0.11

Pan-STARRS DR2

Already a few case with an early follow-up within 1 min
by SVOM/C-GFT or FM-GFT 



A TYPICAL GRB SEQUENCE: GRB 250205A
The GRB community (including SVOM partners) reacts to the alert:

GC
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GRB250205A: redshift z = 3.55 measured with OSIRIS+ at GTC (GCN #39160)

Repeating efficiently this sequence for the majority of SVOM/ECLAIRs GRBs will allow
to build a fully characterized GRB sample (prompt, afterglow, redshift + host galaxy, 
SN, etc.).



SWIFT/FERMI/EP/SVOM SYNERGIES!

Swift (since 2004)
BAT: 15-150 keV (large fov)
XRT: 0.3-10 keV
UVOT

Fermi (since 2008)
GBM (15 keV-30 MeV) (large fov)
LAT (100 MeV-10 GeV) (large fov)

Einstein Probe (since 2024)
WXT (0.5-4 keV) large fov
FXT (0.3-10 keV)

SVOM
(since 2024)

-Common triggers
-Swift/XRT follow-up of SVOM GRBs
-SVOM/VT follow-up of Swift GRBs

-Common triggers: spectral range! (LAT)

-Common triggers
-SVOM follow-up of WXT triggers
-EP/FXT follow-up of SVOM GRBs



1. Gamma-Ray Bursts
2. The SVOM Mission

3. GRB Studies with SVOM:
First Results & Prospects

on behalf of the SVOM consortium



SVOM GRB FIRST DETECTIONS

§ SVOM Launch: 22 June, 2024
§ Since the launch: commissioning and validation phases
§ April 2025: beginning of the nominal phase of scientific

                     operations

§ SVOM Core Program: Gamma-Ray Burst Studies 

Some stats: from Launch to end of March 2025
= 89 GRBs detected on-board SVOM

 including:
 36 GRBs also detected by Fermi/GBM
 16 GRBs also detected by Swift/BAT
 10 GRBs also detected by Konus-WIND
 7 GRBs also detected by EP/WXT

 1/3 are SVOM-only GRBs

Since April 2025: 80 new GRBs detected on-board 
SVOM (ECL or ECL+GRM: 37 ; GRM-only: 43)



SVOM: TWO TRIGGERING INSTRUMENTS

ECLAIRs

GRM



§ ECLAIRS: 
- Coded-mask telescope, 4-150 keV, 2 sr, photon counting mode
- Can trigger on many combinations of timescales, energy bands and zones in 

the detector plane, either on the count rate (CRT) or on images (IMT)

- IMT: from 20 s to 20 min
CRT: from 10 ms to 20 s (always followed by an image giving the reported SNR)

SVOM: TWO TRIGGERING INSTRUMENTS

First 29 GRBs (9.3 months) with an on-board detection by ECLAIRs:
timescales and energy bands used to trigger 



SVOM: TWO TRIGGERING INSTRUMENTS

Impact of the
5-8 keV band

~21%

~7% (first alert)
~45% (best SNR)

Among GRBs detected by ECLAIRs: 62% are SVOM-only GRBs

Impact of the 
longest timescales

First 29 GRBs (9.3 months) with an on-board detection by ECLAIRs:
timescales and energy bands used to trigger 



§ ECLAIRS: 
- 29 GRBs detected on-board in 9.3 months ~ 37 GRB/year
- % of time with active on-board trigger: 45% (July-Nov. 24) → 76% (Dec. 24-March 25) 
- Expected rate during scientific operations: 

at least ~50 GRBs detected and localized on-board per year
- Localization in a few arcmin (current median: 7.1’ (stat) + 2’ (sys))

§ GRM:
- 15 keV-5 MeV, three detectors (GRD) with a f.o.v. of 2.6 sr per detector
- Can trigger on three timescales: 0.1, 1 and 4 s, only if the signal is above thres-

hold in at least 2 GRDs
- 77 GRBs detected on-board in 9.3 months (~26% also detected by ECLAIRs): 

at least ~ 100 GRBs/yr det. on board
- No localization, except on-ground localization

for bright GRBs seen in the 3 GRDs (within ~5°)  

SVOM: TWO TRIGGERING INSTRUMENTS



SVOM: AUTOMATIC SLEW & FOLLOW-UP

MXT (0.2-10 keV)
f.o.v. 58’ x 58’ 

Accuracy < 120’’ 

VT 
f.o.v 26’ x 26’

Accurcacy <1’’
Blue (400-650 nm): AB mag. lim 22.8 in 300 s
Red (650-1000 nm): AB mag. lim 22.7 in 300 s  

VHF network: alert received on ground with a median delay of 7.6 s
§ GCN: public alert

- notice (since early Feb. 2025)
- first circular (detection, localization for ECLAIRs triggers)

§ SVOM telescopes on ground: GWAC, C-GFT, F-GFT (Colibri) + partners
§ ECL triggers: automatic ToO request for Swift/XRT (since mid Feb. 2025)

Field
instruments on 
-
-

Automatic
-
-

Automatic slew: ~50% of GRBs since launch ; ~80% since Dec. 24 (lowered thresh.)



SVOM GRBS: AFTERGLOW DETECTION & REDSHIFT MEASUREMENT

= common triggers
with Swift/BAT (8/11)

or EP/WXT (3/11)
SVOM instruments 

contribute to the follow-
up of these GRBs.

First 9.3 months
post-Launch

GRM-only
on-board-triggers: 

first 57 GRBs

ECLAIRs
on-board triggers:

first 29 GRBs

ECLAIRs
on-board triggers:
first 16/29 GRBs
with auto. slew

X-ray 
afterglow 30% (17/57) 97% (28/29) 

100% (16/16)
SVOM/MXT: 8 detections
Swift/XRT: 16 ; EP/FXT: 6

Optical/NIR 
afterglow 21% (12/57) 69% (20/29)

81% (13/16)
SVOM/VT:

12 det. + 4 early deep UL
SVOM/CGFT+FGFT: 

4 det. + 3 early UL

Redshift 19% (11/57) 41% (12/29)
56% (9/16)

Special thanks to SVOM 
partners: Stargate,NOT, 

GTC … 

(since Dec. 24: ~80% of GRBs detected on-board
by ECLAIRs triggered an automatic slew)

Already an excellent efficiency for 
the follow-up of GRBs detected on 

board SVOM with ECLAIRs
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Table 1 Afterglow detection and redshift measurement for GRBs detected on-board SVOM.

GRM-only on-board-triggers ECLAIRs on-board trigggers
First 57 GRBs First 29 GRBs First 16/29 GRBs with an automatic slew

X-ray afterglow 17/57 (30%) 28/29 (97%) 16/16 (100%)
Visible/NIR afterglow 12/57 (21%) 20/29 (69%) 13/16 (81%)
Redshift 11/57 (19%) 12/29 (41%) 9/16 (56%)

Fig. 2 Follow-up of two Swift/BAT GRBs by SVOM/VT. Left: VT observations of the afterglow of the long GRB
250129A at z = 2.151 (Schneider et al. 2025) following the initial detection by Swift/BAT (Beardmore et al. 2025). The
initially bright optical counterpart was followed by Swift Ultra-Violet/Optical Telescope (UVOT, Roming et al. 2005),
covering the early phase from 0.3 to 4.7 hours after the trigger (Siegel et al. 2025), and a second epoch up to 3 days, as
shown in purple. VT observations started less than 1 h after the trigger, and lasted for more than two weeks (red and blue
circles corresponding to the two VT filters, with a blue triangle for the VT B late upper limit). VT observations reveal a
complex variable lightcurve, with a bright flare 5.5 h after the trigger. Right: VT observations of the afterglow of GRB
241105A following the initial detection by Fermi/GBM (Fermi GBM Team 2024) and Swift/BAT (DeLaunay et al. 2024).
VT observations from 14.2 hours to 2.16 days reveal a rapidly decaying afterglow initially detected by GOTO (Julakanti
et al. 2024) and undetected by Swift/UVOT. The light curve of this GRB shows a short spike followed by an extended
emission. However the measured redshifts is z = 2.702 (Izzo et al. 2024). The puzzling nature of this burst is discussed
in Dimple et al. (2025) using VT data.
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circles corresponding to the two VT filters, with a blue triangle for the VT B late upper limit). VT observations reveal a
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VT observations from 14.2 hours to 2.16 days reveal a rapidly decaying afterglow initially detected by GOTO (Julakanti
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A puzzling flare at ~5 hours A rapidly decaying afterglow
detected up to 2.2 days
(see also Dimple et al. 25)

Physics of the deceleration of the GRB relativistic ejecta by the ambient medium.



§ Already more than 40% of ECLAIRs GRBs with a measured redshift !

§ The efficiency of the redshift measurement should still increase: 
- SVOM still on a learning curve…
- The nominal pointing law avoiding the Galactic plane was not followed for 

most of the time during the first months.
- Since Dec. 2024, increased fraction of automatic slew following ECLAIRs triggers
- Since Feb. 2025: automatic Swift/XRT ToO request following ECLAIRs triggers,

Since April 2025: automatic EP/FXT ToO request
- Ratio #redshift/#opt. afterglow ~ 70%: some additional redshifts may be 

measured via late host galaxy spectroscopic observations.
- Delay to identify optical candidates in early VT images may be reduced.

(more X band stations to get full images sooner ?)
- A new camera (CAGIRE) will be installed in coming months, allowing 

observations in J,H bands with SVOM/F-GFT (Colibri). 

SVOM GRBS: AFTERGLOW DETECTION & REDSHIFT MEASUREMENT
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Fig. 3 ECLAIRS on-board triggers: histogram of redshift.
The sample includes 12 GRBs, with 10 events detected
both by ECLAIRs and GRM (GRB 240821A, Svom/Eclair
Team et al. 2024; Schneider et al. 2024a; GRB241209B,
Svom/Eclairs Commissioning Team et al. 2024c; de
Ugarte Postigo et al. 2024; GRB2502103B, Bouchet et al.
2025b; Habeeb et al. 2025; GRB241217A, Marius et al.
2024; Schneider et al. 2024b; GRB241030B, Svom/Eclairs
Commissioning Team et al. 2024b; Tanvir et al. 2024;
GRB250329A, Wang et al. 2025a; GRB250327B, Bouchet
et al. 2025a; Malesani et al. 2025b; GRB250205A,
Saccardi et al. 2025; de Ugarte Postigo et al. 2025b;
GRB250103A, Wang et al. 2025b; de Ugarte Postigo et al.
2025a; GRB250314A, Wang et al. 2025c; Malesani et al.
2025a), and 2 soft GRBs detected only by ECLAIRs only
(GRB241001A, Svom/Eclairs Commissioning Team et al.
2024a; Palmerio et al. 2024a; GRB 250317B, Zhao et al.
2025; Thoene et al. 2025).

***Missing figures***

Fig. 4 GRB240821A, a fully characterized short GRB
with extended emission. To be discussed: left: lightcurve
in ECL and GRM ; right: ECL+GRM spectrum burst + EE
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SVOM ECLAIRS GRBS: REDSHIFT DISTRIBUTION 
§ First 12 ECLAIRs GRBs with a measured redshift: ECL+GRM = 10 ; ECL-only = 2
§ z = 0.238 to 7.3!



(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)

SVOM ECLAIRS GRBS: REDSHIFT DISTRIBUTION 
§ Impact of the 4 keV low-energy threshold?

Pop. model: all-sky rate above z=6 as a function of the peak flux limit
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Fig. 3 ECLAIRS on-board triggers: histogram of redshift.
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SVOM ECLAIRS GRBS: REDSHIFT DISTRIBUTION 

GRB 240821A = a short GRB with extended soft emission

Better understanding the short GRB-merger connection and the physics of 
ejection/emission in the post-merger phase: SVOM can contribute to
build a sample of fully characterized short GRBs, including the properties
of the host galaxy.



SHORT GRBS & THE MERGER SCENARIO: GRB240821A
§ A first example: GRB240821A (during SVOM commissioning phase) 

GRB240821A
ECLAIRs and GRM 
lightcurves: 
T90 = 52.2 ± 0.2 s (4-120 keV)

Short spike + ext. emission

ECLAIRs (5-120 keV) GRM (15-550 keV, 3 GRDs combined)



GRB240821A
ECLAIRs lightcurve: 
x
T90 = 52.2 ± 0.2 s (4-120 keV)

Short spike + ext. emission

Extended emission
- plateau-like emission
- softer = not detected above 50 keV
- non-thermal emission
(to be compared to the analysis by Chang+24
of a Fermi/GBM sample of 36 SGRB+EE)

- no strong spectral evolution
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SHORT GRBS & THE MERGER SCENARIO: GRB240821A
§ A first example: GRB240821A
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Red: short GRBs without extended emission / Blue: short GRBs with extended emission / Black: GRB240821A
X-ray afterglow = consistent with other sGRBs with EE but faint in X-rays

- Optical AG detected by Gemini and GRANDMA/SOAR
- Host galaxy: phot. & spectr. (GTC, VLT, Keck)
- Preliminary analysis (spectroscopy only): z = 0.237

Metallicity: 12 + log(O/H) = 9.1 +/- 0.1
SFR = 0.05 +0.05/-0.02 M⨀/yr (to be updated with phot.)

- Host gal. properties would be very unusual for a 
LGRB host but are consistent with SGRB hosts

BAT6, Salvaterra+12
S-BAT4, d’Avanzo+14, see Riccardo Brivio yesterday’s talk
with a sub-sample of SGRB-EE, see poster by M.M. Dinatolo

GRB240821A
Swift/XRT
EP/FXT

§ The low-energy threshold of ECLAIRs (4 keV) should help in the future
to constrain the fraction of SGRBs with EE (see also Kisaka+17)

§ Origin of the extended emission highly debated: post-merger physics!
Daigne, Zhang + SVOM collab & partners, in prep.
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Fig. 3 ECLAIRS on-board triggers: histogram of redshift.
The sample includes 12 GRBs, with 10 events detected
both by ECLAIRs and GRM (GRB 240821A, Svom/Eclair
Team et al. 2024; Schneider et al. 2024a; GRB241209B,
Svom/Eclairs Commissioning Team et al. 2024c; de
Ugarte Postigo et al. 2024; GRB2502103B, Bouchet et al.
2025b; Habeeb et al. 2025; GRB241217A, Marius et al.
2024; Schneider et al. 2024b; GRB241030B, Svom/Eclairs
Commissioning Team et al. 2024b; Tanvir et al. 2024;
GRB250329A, Wang et al. 2025a; GRB250327B, Bouchet
et al. 2025a; Malesani et al. 2025b; GRB250205A,
Saccardi et al. 2025; de Ugarte Postigo et al. 2025b;
GRB250103A, Wang et al. 2025b; de Ugarte Postigo et al.
2025a; GRB250314A, Wang et al. 2025c; Malesani et al.
2025a), and 2 soft GRBs detected only by ECLAIRs only
(GRB241001A, Svom/Eclairs Commissioning Team et al.
2024a; Palmerio et al. 2024a; GRB 250317B, Zhao et al.
2025; Thoene et al. 2025).

***Missing figures***

Fig. 4 GRB240821A, a fully characterized short GRB
with extended emission. To be discussed: left: lightcurve
in ECL and GRM ; right: ECL+GRM spectrum burst + EE
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SVOM ECLAIRS GRBS: REDSHIFT DISTRIBUTION 
SVOM/ECLAIRs detect many soft or very soft events. The characterization of 
these events (AG, redshift, host) allows to explore the underlying diversity.

GRB 241001A and GRB 250317B
= two very soft events detected only by ECLAIRs
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Fig. 5 GRB241001A, a fully characterized x-ray flash. Left: ECLAIRs background substracted lightcurve using only
pixels of the detector plane illuminated by the burst. The burst is well detected in the 4-20 keV (black) and not at
higher energy. The shaded region corresponds to the interval of T90 = 3.14 ± 0.18 s in 4-20 keV. Right: visible af-
terglow lightcurve, observed by the LCO network (Izzo & Malesani 2024), VLT/XSHOOTER (Palmerio et al. 2024b) and
SVOM/VT (SVOM/VT commissioning Team et al. 2024). The lightcurve is modeled by the sum of an afterglow compo-
nent and a supernova. The afterglow is fit by a powerlaw with a temporal decay index ↵ = 0.81 ± 0.06. The supernova
component corresponds to the type Ic broad line supernova associated to GRB980425 (Galama et al. 1998), shifted to the
redshift z = 0.573 of this GRB.

***Missing figures***

Fig. 6 GRB250317B, an X-ray Flash with an unusual early
afterglow. Figure in preparation, by Donghua Zhao. Left:
a figure with the prompt lightcurve, adapted from figure
4 in Donghua Zhao’s paper: 1 panel with ECLAIRs 5-20
keV and 1 panel with GRM 6-20 keV; Right: a figure with
the afterglow lightcurve, adapted from figure 7 in Donghua
Zhao’s paper, with only data points without the model.
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GRB241001A = A fully characterized X-ray flash

§ ECLAIRs spectrum well fitted with BB, also consistent with BPL, but PL rejected
Eiso = 8.4 1049 erg ; Ep = 7.1 keV (kT = 1.9 keV) ; subluminous at its redshift

§ Prompt emission would most probably be un-detectable in Swift/BAT
§ Faint X-ray afterglow (Swift/XRT & EP/FXT)
§ Optical afterglow weak but would still be detectable up to z~1
§ Redshift z = 0.573 by VLT/XSHOOTER (GCN#37677)
JWST follow-up: detection of an associated Ic bl supernova
(NIRSpec spectrum @21.5 days; GCN#37867)

Schneider + SVOM collab & partners, in prep.

associated SN

LCO

XSHOOTER
SVOM/VT



SOFT GAMMA-RAY BURSTS & FAST X-RAY TRANSIENTS

Physical origin of FXTs?
§ On-axis GRBs instrinscally soft?
§ Off-axis GRBs?
§ GRB-related events events with different dominant dissipative mechanisms

(e.g. shock breakout)
§ Etc.

Ho et al. 2022

With an a 
posteriori GRB 

association

Without a GRB 
association

Another new constraint: first orphan
afterglow detections with ZTF!



SOFT GAMMA-RAY BURSTS & FAST X-RAY TRANSIENTS
Einstein Probe / SVOM synergy
§ EP (launched in January 2024) detects many Fast X-Ray Transients
§ First EP catalog of extragalactic FXTs: 

- 72 FXTs (January 2024-February 2025) = EP/WXT (0.5-4 keV, 1.1 sr)
- 53 with X-ray AG candidates = EP/FXT (0.3-10 keV, 1 deg2)
- 29 with optical AG candidates = follow-up 
- 17 with redshift

§ Many of these FXTs appear as soft or very soft GRBs
= X-Ray Rich GRBs / X-Ray Flashes        (e.g. Jiang et al. 2025)

§ SVOM will contribute to the follow-up of EP FXTs
§ SVOM already detects and characterize X-Ray Rich GRBs and X-Ray Flashes

§ Towards a sample of well characterized FXTs!

Physical origin of FXTs?
§ On-axis GRBs instrinscally soft?
§ Off-axis GRBs?
§ GRB-related events events with different dominant dissipative mechanisms

(e.g. shock breakout)
§ Etc.

Preliminary results taken
from Qinyu Wu’s talk at 
the Swift20 conference
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GRB250317B at z=3.44 (GTC, GCN#39769)

§ Probably the most distant XRF?
§ Possibly a classical long GRB seen off-axis?
§ X-ray AG detected by SVOM/MXT / Follow-up with Swift/XRT and EP/FXT
§ Optical AG detected by SVOM/VT   Follow-up by many telescopes,

including SVOM/VT and SVOM/F-GFT (Colibri)

SOFT GAMMA-RAY BURSTS: EXPLORING THE DIVERSITY

Dong-Hua ZHao + SVOM collab & 
partners, in prep.
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Fig. 3 ECLAIRS on-board triggers: histogram of redshift.
The sample includes 12 GRBs, with 10 events detected
both by ECLAIRs and GRM (GRB 240821A, Svom/Eclair
Team et al. 2024; Schneider et al. 2024a; GRB241209B,
Svom/Eclairs Commissioning Team et al. 2024c; de
Ugarte Postigo et al. 2024; GRB2502103B, Bouchet et al.
2025b; Habeeb et al. 2025; GRB241217A, Marius et al.
2024; Schneider et al. 2024b; GRB241030B, Svom/Eclairs
Commissioning Team et al. 2024b; Tanvir et al. 2024;
GRB250329A, Wang et al. 2025a; GRB250327B, Bouchet
et al. 2025a; Malesani et al. 2025b; GRB250205A,
Saccardi et al. 2025; de Ugarte Postigo et al. 2025b;
GRB250103A, Wang et al. 2025b; de Ugarte Postigo et al.
2025a; GRB250314A, Wang et al. 2025c; Malesani et al.
2025a), and 2 soft GRBs detected only by ECLAIRs only
(GRB241001A, Svom/Eclairs Commissioning Team et al.
2024a; Palmerio et al. 2024a; GRB 250317B, Zhao et al.
2025; Thoene et al. 2025).

***Missing figures***

Fig. 4 GRB240821A, a fully characterized short GRB
with extended emission. To be discussed: left: lightcurve
in ECL and GRM ; right: ECL+GRM spectrum burst + EE
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SVOM ECLAIRS GRBS: REDSHIFT DISTRIBUTION 
The population of long GRBs is already better understood but SVOM can build a 
sample of well characterized long GRBs (prompt, AG, z, host) and especially 
better constrain the prompt spectrum (ECLAIRs+GRM), the early afterglow 
(MXT,VT,GFTs), or the population at high redshift. 

9 long GRBs with z = 0.575 to 7.3



LONG GRBS: LATE PROMPT & EARLY AFTERGLOW (V,X,g)
GRB241217A at z = 1.879 Physics of the prompt-to-AG transition
§ A very long GRB detected by the four instruments on board SVOM

- a precursor detected by SVOM/ECLAIRs, triggering a slew (also detected by GRM)
- main episode detected by the four instruments on-board SVOM

§ MXT and VT start observing before the end of the prompt emission
(also detected by EP/WXT)

Marius Brunet, An Li, He Gao + SVOM collab. & partners, in prep.



GRB250314A at z = 7.3
§ A long GRB detected by ECLAIRs (T90 ~20 s) and GRM (T90 ~10 s) on-board SVOM
§ Deep early upper limit with VT - NIR AG detected by NOT – Xshooter spectrum

LONG GRBS AT HIGH REDSHIFT



GRB250314A at z = 7.3
§ A long GRB detected by ECLAIRs (T90 ~20 s) and GRM (T90 ~10 s) on-board SVOM
§ Deep early upper limit with VT - NIR AG detected by NOT – Xshooter spectrum

LONG GRBS AT HIGH REDSHIFT

X-Shooter Spectrum: Lyman alpha break at ~ 10090 Å

(Cordier et al. 25)



GRB250314A at z = 7.3
§ JWST Follow-up: probable detection of the associated supernova!

LONG GRBS AT HIGH REDSHIFT

JWST/NIRCAm



GRB250314A at z = 7.3
§ Timeline: optimization is still possible!

LONG GRBS AT HIGH REDSHIFT



GRB Studies with SVOM:
Conclusions & Prospects



CONCLUSIONS & PROSPECTS
§ SVOM has started to explore the GRB diversity with a clear impact

- of the 4 keV low-energy threshold of ECLAIRs:
- soft GRBs
- long GRBs at high redshift
- to come: characterization of the soft g-ray spectrum by ECLAIRs+GRM

- of the optimization of the follow-up sequence (especially: anti-solar pointing, 
VT sensitivity, GFTs, partners):
- crucial role of Swift/XRT and EP/FXT for the observation of the X-ray AG
- already high Opt. AG detection/redshift measurement rate

(still increasing, to come in a few month: JH filters on F-GFT)
- several cases of well characterized events at the prompt/early 

afterglow transition in X-rays and optical with MXT and VT

§ Several papers on the first detected GRBs to be submitted soon.
(coordination: SVOM GRB-Science Working Group co-chaired by F. Daigne & B. Zhang)

§ Still on a learning curve, but SVOM works already very well,
with a strong support of SVOM partners and the whole GRB community!

§ Stay tuned!


