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ABSTRACT

Context. Gamma-ray burst GRB 241030A (z = 1.411) exhibited a particularly bright afterglow (similar to the ‘BOAT’, GRB 221009A), detected
across gamma-ray, X-ray, UV, and optical bands. The extensive, multi-wavelength observations of this remarkable event provide a valuable
opportunity to advance our understanding of GRB afterglow physics.

Aims. We aim to constrain the physical properties of the jet, its microphysics, and the characteristics of the circumburst environment in the context
of forward-shock emission.

Methods. We compiled multi-wavelength observations spanning from a minute to a week after the prompt emission, processing the data through a
unified photometry pipeline. Leveraging this comprehensive dataset, we analysed the observations both analytically and using Bayesian inference
with two independent models. Our models assume that the afterglow emission arises from the strong forward shock of a laterally structured jet,
with possible contributions from synchrotron self-Compton (SSC) scatterings.

Results. We find that our models do reproduce the afterglow observations accurately, from the X-rays to the optical, favouring a jet propagating into
a constant-density interstellar medium, with a viewing angle within the jet core. However, both analyses — with and without the inclusion of SSC
scatterings — require parameter values that are extreme compared to expectations from standard theory. In particular, our results imply extremely
energetic jets despite regular prompt energy, leading to a very inefficient prompt emission. Furthermore, the jets are particularly inefficient at
accelerating particles, with low €. and eg, leading to significant SSC emission. Finally, our analyses indicate that the jets have large opening angles
and propagate in high-density media.

Conclusions. If the afterglow is indeed powered by radiation emitted behind a strong forward shock, our results place GRB 241030A within a
sub-class of GRBs characterised by extreme kinetic energies, large jet opening angles, and very low prompt emission efficiencies, below 1073,
with strong SSC radiation. These predictions are difficult to reconcile with typical expectations from other GRBs. We therefore suggest that the
afterglow of GRB 241030A is not solely powered by forward shock emission, and we discuss other options such as a long-lasting reverse-shock
contribution.

Key words. radiation mechanisms: non-thermal — methods: statistical — techniques: photometric — gamma-ray burst: general —
gamma-ray burst: individual: GRB241030A

1. Introduction divided into two broad categories based on the duration of their
gamma-ray emission and the hardness of their spectra: long-
duration bursts, which last more than two seconds and have ‘soft’
spectra, and short-duration bursts, which last less than two sec-
onds and have ‘hard’ spectra. Long GRBs are generally asso-

* Corresponding authors: nguessoum@aus . edu; ciated with the core collapse of massive stars, events that are
yfliang@mo.ac.cn;marion.pillas@iap. fr often referred to as ‘collapsars’, while short GRBs are due to the

Gamma-ray bursts (GRBs) are among the most energetic and
luminous events occurring in the Universe. They are typically
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merger of a neutron star with another neutron star or a black
hole (e.g. Cano et al. 2017; Abbott et al. 2017). At least one
(GRB 170817A) has been associated with gravitational waves
(Abbott et al. 2017; Goldstein et al. 2017). In both long and short
GRBs, highly relativistic jets are launched from the vicinity of
the newly formed compact object. As these jets propagate out-
wards and interact with the surrounding environment, they gen-
erate shocks that allow for particle acceleration and give rise to
the so-called afterglow emission, from radio to very high ener-
gies (Sari et al. 1998; Sari & Piran 1999; Sari et al. 1999; Piran
2004).

GRB 241030A is a long GRB detected at 7y = 05:48:03 UT
(used in the following as reference #g) on 2024 October 30 (Toy =
1665 in 50-300 keV) by the Fermi Gamma-ray Burst Moni-
tor (GBM; de Barra et al. 2024). It was also detected by many
other gamma-ray detectors. An observational campaign includ-
ing several follow-up facilities led to the discovery of the X-
ray and optical counterparts and is summarised in Appendix D.
Spectroscopic observations provided a redshift measurement of
z = 1.411 (Zheng et al. 2024; Li et al. 2024).

Previous studies have shown a moderate correlation between
the afterglow brightness and the isotropic equivalent energy
of the prompt gamma-ray emission, Ejy, (Gehrels et al. 2008;
Nysewander et al. 2009; Kann et al. 2010, 2011). The case of
GRB 241030A offers an opportunity to explore these connec-
tions further, to probe the structure and environment of the GRB
jet and test the limits of models in which only synchrotron emis-
sion is accounted for.

In the standard model for GRB afterglows, the GRB jet inter-
acts with the surrounding medium, forming a relativistic forward
shock behind which the magnetic field is amplified and electrons
are accelerated. This general model, first proposed in the late
1990s, successfully explains the broad-band, smoothly decaying
light curves observed in many GRBs (Mészaros & Rees 1997;
Sari et al. 1998; Piran 1999). These accelerated electrons emit
synchrotron radiation, whose spectral and temporal evolution
depends on microphysical parameters (e.g. €., €p, the fractions
in the electrons and magnetic field of the total internal energy
in the shocked material behind the shock, and p, the power-law
index of the energy distribution of the electrons) and the density
profile of the circumburst medium, n(r), where r is the radial
distance to the source, of the surrounding medium.

Two main types of circumburst media are typically con-
sidered: a uniform interstellar medium (ISM) and a stellar
wind environment with a density decreasing as r~2. The ISM
model is appropriate for GRBs occurring in constant-density
regions, potentially short GRBs associated with mergers that
have migrated in their host galaxy away from star-forming
regions, while the wind model is consistent with progenitors
such as Wolf-Rayet stars that eject strong stellar winds prior
to collapse (Cohen & Piran 1998; Cen et al. 2000). The evolu-
tion of the afterglow flux and spectral breaks (for example, the
cooling frequency, v.) differs significantly between these envi-
ronments, and distinguishing between them provides an insight
into the nature of the progenitor and its surroundings.

Furthermore, reverse shocks propagating into the ejecta can
produce early-time optical flashes, providing further diagnos-
tics of the outflow properties (Sari & Piran 1999; Kobayashi
2000). Synchrotron photons can be upscattered to higher ener-
gies by the seed electron population, a process known as syn-
chrotron self-Compton (SSC) radiation. This can power the
very high-energy (VHE) emission detected in some GRB after-
glows, such as GRB 190114C (MAGIC Collaboration 2019a,b)
or GRB 221009A (LHAASO Collaboration 2023). Under cer-

A79, page 2 of 19

tain conditions (e.g. a very low magnetisation), SSC can signifi-
cantly alter the synchrotron spectrum across all wavelengths and
should therefore be included in afterglow models, even in the
absence of VHE detection (Sari & Esin 2001; Nakar et al. 2009;
McCarthy & Laskar 2024; Pellouin & Daigne 2024; Hope et al.
2025).

Further research advances extended afterglow modelling to
include structured jets, energy injection, and magnetisation. In
structured jet models, the energy per solid angle varies with the
angle from the jet axis (see early works by e.g. Mészaros et al.
1998; Panaitescu & Kumar 2003), which can account for the
observed diversity in afterglow behaviour and explain events
observed off-axis, such as GRB 170817A (Lamb & Kobayashi
2017; Troja et al. 2017; Hallinan et al. 2017; Liang et al. 2018;
Ghirlanda et al. 2018; Granot et al. 2018).

In the case of GRB 241030A, interest in following this burst
quickly emerged because its afterglow appeared very bright in
UV/optical in the initial observations. Its well-sampled after-
glow across the X-ray, optical, and infrared bands provides an
excellent opportunity to test afterglow models. The temporal
and spectral evolution of the emission may help discriminate
between an ISM or wind-like environment, constrain the jet
geometry, and evaluate the role of energy injection or jet struc-
ture.

Yet, Wang et al. (2025) have investigated the prompt thermal
X-ray emission component and origins of the very early UVOT
clear and U band emission. Using early Swift-XRT and Swift-
UVOT observations of GRB 241030A, Wang et al. (2025) found
strong optical variability that traces the gamma-ray activity, pos-
sibly from internal shocks. A thermal component, likely photo-
spheric, was found with a temperature of a few kilo-electronvolts
and an inferred Lorentz factor between 20 and 80. A sharp rise
in the U band suggested the onset of external shock emission.
Thus, we aim to complement these investigations by looking
at the multi-wavelength afterglow observation from a minute
to 9.5 days after the prompt emission. Additional studies of
the prompt emission have been presented in Wang et al. (2026),
Varun et al. (2026), which analyse the gamma-ray and early X-
ray emission of GRB 241030A.

In Sect. 2 we present the multi-wavelength (gamma-ray to
optical) afterglow observations of GRB 241030A. In Sect. 3 we
determine the line-of-sight extinction and leverage our optical
follow-up observations to search for the host galaxy. Section 4
is dedicated to the multi-wavelength study of the afterglow of
GRB 241030A, using an analytical approach and Bayesian infer-
ence with two different models. Finally, in Sect. 5 we discuss our
findings and conclude this work in Sect. 6.

2. Multi-wavelength observations of GRB 241030A

The gamma-ray and X-ray observations used in the following
analysis are presented in Appendix E, Table E.1 and shown in
Fig. 1. The UV/optical observations used in the analysis are pre-
sented in Table E.2 and also shown in Fig. 1. The optical data
points are also accessible in the Skyportal page of the event.

2.1. Prompt: Ei, computation

We calculated the total isotropic-equivalent energy released
in gamma-rays using measurements from both Fermi-GBM
and Konus-Wind. Ridnaia et al. (2024) report the Konus-Wind
measurement of Ej,, = (2.8411):22) x 1073 erg. For Fermi-
GBM we utilised the initially reported time-integrated spectral

results from the Fermi-GBM team (de Barra et al. 2024). This
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corresponds to a fluence of (6.2 + 0.1) x 10~ erg - cm~2, from a
best-fit Band function with a peak energy Epeax = (130+10) keV,
low-energy index @ = —1.35 + 0.02, and high-energy index
B = —2.3 £ 0.1. Accounting for the cosmological k correction
(Bloom et al. 2001), we calculated Ej, = (4.0 £ 0.1) x 10°3 erg.
We also extracted time-resolved spectra from the Fermi-GBM
data, and by combining the fluxes from the best-fit Band func-
tion in each interval, we yielded a consistent Ejs, = (4.4 £0.2) X
103 erg. A similar order of magnitude, Ej;, = (3.3 + 0.1) X
10°% erg, was also reported by Varun et al. (2026), employing
smoothly broken power-law models with a high-energy cut-off.

2.2. Early afterglow with Swift

After slewing to the burst, Swift-UVOT started collecting data at
approximately 7y + 80 s, while the GRB was still in its prompt
phase (T9o ~ 200 s). In the white band, the emission appears to
rise until around #y + 120 s, at which point it peaks (with an AB
mag of about 15.6), then fades shortly after. At about 7y + 200 s,
the emission starts to rise again. In the u# band, the emission rises
again until about 7y + 400 s, peaking at 13.6 mag (AB), after
which point it begins to fade again following a power-law decay.
Thus, we refer to times before ¢y +400 s as the prompt emission,
and times after 7y + 400 s as the afterglow.

In X-rays, during the prompt emission phase a very bright
flare can be seen from about 80 s to 430 s post-trigger. The
flare exhibits substantial variability, but the average brightness
peaks at around 180 s. After 430 s, the X-ray emission begins
to follow a power-law decay. A joint analysis of the X-ray
and gamma-ray (Swift-BAT) data by Wang et al. (2025) found
the presence of a thermal component with a temperature of a
few kilo-electronvolts during the flare period, which the authors
interpreted as the photosphere radiation. They also attribute the
u-band peak to the onset of the external shock emission.

2.3. Afterglow: Gamma-ray data

The burst was detected by the Fermi-LAT (Atwood et al. 2009)
in the 100 MeV-100 GeV range (Pillera et al. 2024), occur-
ring 19° from the LAT boresight at the time of the GBM trig-
ger (fp) and remaining in the field of view (FoV) for ~800s.
In this time interval, we performed a standard LAT data anal-
ysis, following the procedure described in Ajello et al. (2019),
and implemented with the ‘Multi-Mission Maximum Likeli-
hood’ (ThreeML; Vianello et al. 2015). We detected nine high-
energy photons that had a more than 90% probability of being
associated with the GRB. The highest-energy photon detected
was a 2 GeV event at ty + 470 s. Therefore, the analysis was
restricted to the 100 MeV-10 GeV range. The Fermi-LAT events
were binned, with each bin containing at least three significant
photons and a detection with at least 30~ significance. For each
time interval, using the FermiLATLike plugin, we conducted an
unbinned maximum likelihood fit of the energy spectrum using

a simple power-law (PL) model, F(E) = Fy X (EEO) y, where
the flux normalisation Fy and the photon index y were treated
as free parameters. The resulting light curve is shown in Fig. 1
(black dots) and the data is provided in Table E.1. The GRB
position re-enteres the LAT FoV from about 5 ks and until about
13 ks. Standard analysis resulted in no detection and we com-
puted upper limits. We searched for an extended emission cov-
ering the whole afterglow period observed by the other instru-
ments (until 700 ks), but no significant high-energy emission was
detected. More details are available in Appendix B.

2.4. Afterglow: X-ray data

We analysed X-ray data from Swift-XRT, EP-WXT, and EP-
FXT. First, the XRT light curve (0.3—10 keV) of GRB 241030A
was acquired from the UK Swift Science Data Center and
extracted from the burst analyser1 (Evans et al. 2007, 2009).
We performed a re-binning of the XRT light curve by dividing
the observations into fifteen time windows in the same way as
in Kann et al. (2023). For each time window we computed the
mean value and standard deviation to produce single data points.
The light curve is presented in Fig. 1 and the data is provided in
Table E. 1.

Secondly, we analysed observations from EP-WXT
(Cheng et al. 2025) from 2715 seconds after 7y with an expo-
sure of approximately 1.2 ks. The light curve exhibited no
significant variability throughout the observation. The spec-
trum was fitted in XSPEC by an absorbed power-law model
tbabs * ztbabs * powerlaw (Arnaud et al. 1999), where a fixed
redshift of 1.411 was used, and the column density was fixed
at the Galactic value of Ngal = 1.79 x 10%' cm™2. It should
be noted that the flux derived from WXT corresponds to the
0.5-4 keV energy band. Subsequently, we performed three
follow-up observations with the FXT (Chen et al. 2021) in the
0.5-10 keV band. For the spectral fitting, we applied the same
model used for the WXT data. Due to the low photon statistics
in the last FXT observation, we combined data from the final
two observational epochs to perform a joint fit. We provide the
results in Table E.1 and include the light curve in Fig. 1.

2.5. Afterglow: UV/optical data

The Swift-UVOT data were analysed using the standard UVOT
tools included with HEASoft (v6.34). Most of the data from the
first orbit (i.e. data collected before 06:03 UTC on 2024 October
30) were taken with UVOT operating in Event Mode (in which
each event is time-tagged with a resolution of 11 ms), so we used
uvotevtlc to create background-subtracted light curves from
the event data, using a time binning of 20 seconds. For the rest
of the data, collected in imaging mode, we calculated the magni-
tudes using the standard tool uvotsource for all filters (white,
v, b, u, uwwwl, uvm2, and uvw?2). Due to the source’s high bright-
ness during the first orbit, we used an r = 15” source extrac-
tion radius (i.e. aperture), and an r = 6" extraction radius for
all subsequent data. We used two source-free regions (r = 20”
and r = 45”) within 1.5" of the burst position for the back-
ground regions (required input by uvotsource and uvotevtlc
for background subtraction).

Besides, we processed in a coherent approach all the optical
images from GRANDMA, KNC, and COLIBRI together with
images from TRT-SRO R band presented by Wang et al. (2025).
All images in clear, GAIA—-RP,R,V, I, B, ¢’, v, i’, and 7’ under-
went telescope-specific pre-processing, including bias, dark sub-
traction, and flat-fielding. For some images, co-addition was
performed using the SWarp software (Bertin 2010) to enhance
signal-to-noise ratio, and astrometric solutions were acquired
using Astrometry.net (Lang et al. 2010). All data were reduced
by a single data processing pipeline, STDPIPE? (Karpov 2021,
2025), a Python package that uses pre-configured scripts for
image analysis. Specifically, we used the online implementation
of the package called STDweb?. For photometric calibration, the

' https://www.swift.ac.uk/burst_analyser/
2 https://gitlab.in2p3.fr/icare/stdpipe
3 Available at http://stdweb. favor2.info/
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Fig. 1. Light curves of GRB 241030A, corrected for Galactic and host extinction. Observations after the vertical dashed line (shown at 400 s post
TO) were used for the afterglow analysis in Sect. 4. Grey stars are GRB 221009A r’ band magnitude from Kann et al. (2023), adjusted to redshift
1.411 with k correction, —2.5 magnitude for comparison with the GRB 241030A 1’ light curve (see Sect. 4.3).

catalogues were chosen based on the filters used in the images.
The images acquired with sloan filters were calibrated using the
Pan-STARRS DRI catalogue (Chambers et al. 2016). Images
observed with Johnson-Cousins filters were calibrated using the
Gaia DR3 Syntphot catalogue (Gaia Collaboration 2023), which
offers synthetic photometry from low-resolution (XP) spectra of
stars observed by Gaia. Lastly, images observed without a filter
cover a broad wavelength range, making standard calibration dif-
ficult. Hence, we used the G band from the Gaia eDR3 catalogue
(Gaia Collaboration 2023) to handle these images. For the anal-
ysis below, we corrected UV/optical observation for Galactic
extinction using the approach of Schlafly & Finkbeiner (2011).

3. Host galaxy extinction and characterisation
3.1. Line-of-sight extinction

To estimate the line-of-sight host galaxy dust extinction, we cre-
ated an X-ray-to-optical spectral energy distribution (SED) with
Swift-XRT and optical data in the u, b bands from Swift-UVOT,;
B, R, from TRT and r from COLIBRI at a common time of
t — ty ~ 3 h after the burst trigger. The optical data were inter-
polated to this mid-time and the time-sliced X-ray spectrum was
acquired from the automated data products provided by the pub-
lic Swift-XRT repository (Evans et al. 2007).

We performed the SED fit by following a standard routine
using the typical extinction curves of the Milky Way (MW)
and the Large and Small Magellanic Clouds (LMC and SMC,
respectively) prescribed in Pei (1992). The intrinsic X-ray-to-
optical spectrum was modelled with a single or broken power
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law according to the afterglow theory (Sari et al. 1998). Accord-
ing to the standard afterglow model, in the slow cooling regime
the spectral index above the cooling frequency is expected to
be steeper by 0.5 than that below it (see Sect. 4.1). We there-
fore fixed the X-ray slope to be 0.5 larger than the optical
one, i.e. AB = Bx — Bo = 0.5. By fixing the redshift and the
Galactic foreground absorption of Ng’al = 179 x 10*" cm™
(HI4PI Collaboration 2016; Willingale et al. 2013), the best fit
is given by a broken power law with a MW extinction curve
(Fig. 2). The best fit parameters are Bx = 8,+0.5 = 1.045+0.062
(Epreak = 0.022 £ 0.016 keV), and E(B — V) < 0.195 mag at
a 30 confidence level with y?/d.o.f. = 19.057/17. The fit with
the LMC extinction curve also gives a reasonable fit (y?/d.o.f.
= 20077/17) yielding fx = Bo + 0.5 = 1.045 = 0.059 (Epreax
= 0.043 = 0.029 keV), and E(B — V) < 0.102 mag. This is
compatible with standard values observed for long GRBs at this
redshift (e.g. Schady et al. 2012; Rakotondrainibe et al. 2024).
However, with the lack of NIR data, this amount of extinction
might be underestimated. The process of determining optical
extinction is more complex without NIR data points, which are
less affected by dust extinction than the UV and blue bands. In
addition, they can play a role as an anchor for the determina-
tion of the intrinsic spectral shape of the afterglow. As a fur-
ther test, we performed the SED fit at two different epochs, i.e.
t—ty ~ 0.19 h, using uvw?2, uvm2, uwwl, u, b, v bands and ~ 22 h,
with uow2, uvm?2, uowl, u, b, v, g, r, i, in the same manner as pre-
viously. The resulting values of the extinction remained consis-
tent with this limit of E(B — V) < 0.195 mag. In light of this
analysis, we used in the following an E(B — V) = 0.1 mag to
correct our observations from the host extinction.
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Fig. 2. SED of the afterglow of GRB 241030A at t — 7o ~ 3 h. The
dashed line corresponds to the intrinsic broken power-law model. The
solid line represents the best fit to the data, and includes the absorption
in the X-ray band.

3.2. Host galaxy study

We first used the long-term follow-up observation from COL-
IBRI to stack all the images acquired from June 6 to June 10,
2025 (from 219 to 223 days post-trigger) with a total of about
21.43 hours of images. This allowed us to get a deep image of
the field at a time when the afterglow contribution was low and to
search for a potential host galaxy. In this image, we identified an
extended object near the afterglow position at RA = 343.1419,
Dec = 80.4496 (deg), which we initially considered as a putative
host galaxy of the GRB. Thus, we requested observation with
CFHT-MegaCam in r and i bands and with GTC-HiPERCAM
in u, g, r, i, and z bands. The putative host was well detected
in these observations, but these precise measurements of the
galaxy allowed us to measure an offset of 1.74+0.18 arcsec with
the afterglow position. Assuming the Planck Collaboration VI
(2020)’s cosmological parameters, at GRB 241030A’s redshift
z = 1.411, this would represent a physical offset of 15.10 +
1.56 kpc. This value being significantly larger than typical
long GRB offsets (e.g. Blanchard et al. 2016), we discarded this
galaxy as candidate host. To confirm this rejection, we per-
formed the SED fitting of this galaxy using CIGALE* (Code
Investigating GALaxy Emission; Boquien et al. 2019), adopting
a parameter space similar to Corre et al. (2018), keeping the red-
shift as free parameter in the range [0.4,1.5]. We hence obtained
a photometric redshift of z = O.SOig'%g. This redshift is compat-
ible with absorption lines detected at lower redshift in the after-
glow spectrum (Zheng et al. 2024). We hence conclude it is not
the host of GRB 241030A but a foreground galaxy. No other
sources are detected in CFHT and GTC images near the after-
glow position down to magnitudes i < 25.62 and r < 25.82. The
non-detection of a host at z = 1.411 is consistent with previ-
ous long GRBs at similar redshifts, for which hosts were found
to be faint (r > 25-26 mag) or undetected even in deep obser-
vations (e.g. Cenko et al. 2008; Greiner et al. 2015; Perley et al.
2016b,a). Our limiting magnitudes thus do not exclude the pres-
ence of a typical faint GRB host, especially if moderately dust-
obscured.

4 http://cigale.lam.fr

4. Multi-band afterglow modelling
4.1. Empirical light curve analysis

We started by analysing the afterglow of GRB 241030A empiri-
cally; that is, using a power-law function of the form F, o r~%y#
to characterise its temporal and spectral evolution. We obtained
a temporal decay slope, @ = 1.23+0.01, and a spectral slope, 5 =
0.70 + 0.01, across all X-ray and optical filter bands and before
~10* s, when the X-ray light curve steepens slightly. These val-
ues are typical of long GRB afterglows (e.g. Evans et al. 2009;
Del Vecchio et al. 2016) and in agreement with standard syn-
chrotron emission from the region behind the forward shock
(Sari et al. 1998).

The long-term GRB afterglow synchrotron emission is usu-
ally expected to be in the slow-cooling regime for standard jet
and environment parameters (e.g. Granot & Sari 2002). Assum-
ing that all radiation is emitted behind the forward shock and
that all measured bands fall between the minimum injection fre-
quency, v, and the cooling frequency, v., we can use the analyt-
ical relations between p, the electron energy distribution index,
a, and B (Sari et al. 1998; Panaitescu & Kumar 2000) to esti-
mate p from the values of @. A homogeneous medium gives
a = %(p — 1), which results in p = 2.64 + 0.01, while a wind-

like medium gives a = %, corresponding to p = 1.97 = 0.01.

For the spectral slope, 8 = pT_l, which yields p = 2.40 + 0.01.
There is a discrepancy between the values of p obtained from
the spectral and the temporal analyses, which hints at a poten-
tially more complex radiation scenario that includes other effects
such as contributions from the lateral structure of the jet, or
modifications to the emitted spectrum by SSC scatterings (see
Sect. 4.4). The values of p are substantially inconsistent in
the case of a wind-like medium, while the value of p ~ 2.5
resulting from a homogeneous medium (Sari et al. 1998), is
a reasonable index for particle acceleration in shocks. In this
scenario, the slight steepening of the X-ray light curve after
~10* s can be interpreted by the passage of v, in the X-ray band.
Based on this first analysis, we now investigate the scenario
in which the observed afterglow is dominated by synchrotron
radiation from a forward shock propagating in a homogeneous
medium.

4.2. Bayesian methods and data analysis

To study the physical properties of the jet, we fitted the observed
light curve data with two physical GRB afterglow models.
Specifically, we relied on AFTERGLOWPY (Ryan et al. 2020) and
on the afterglow model from Pellouin & Daigne (2024), here-
after referred to as PD24. Both of these models assume that
the emission arises when a laterally structured relativistic jet
interacts with the cool, constant-density ISM and treat the for-
ward shock dynamics and radiation emission in a semi-analytical
fashion. The AFTERGLOWPY framework includes a treatment
of the late-time lateral expansion of the jet, providing a more
accurate calculation of the jet deceleration than PD24 in the
trans-relativistic and Newtonian regimes. On the other hand,
PD24 includes a treatment of SSC scattering in both Thomson
and Klein-Nishina regimes, which can decrease the synchrotron
emissivity and modify the synchrotron spectral shape (see
Pellouin & Daigne 2024; Nakar et al. 2009; Aguilar-Ruiz et al.
2026). The initial coasting phase is also included in PD24.

In both analyses, we relied on the Gaussian jet model
in which the initial isotropic-equivalent kinetic energy of the
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Table 1. Parameters and priors used for the Bayesian analyses using the
physical afterglow models.

Parameters Symbol Prior NMMA/ PD24
AFTERGLOWPY

cos inclination [rad] cos(t) [0,1] 0.97+002 0.99*900

log isotropic  kinetic  log;o(Eo) [50, 60] 56.971 56.2+0

energy [erg]

Jet core angle [deg] 0 [0.056, 10] 8.67)3 9.7491

Wing factor ay [0.2,3.5] 272472 -

log interstellar medium log;((7tism) [-6,4] 2.9:{:2 2.5f8;

density [em ™3]

Electron spectrum power P [2,3] 2.621903 2.57+04¢

index

log electron energy frac-  logo(e) [-4,0] —2.254947 -3.327047

tion

log magnetic energy frac-  log,y(es) [-8,0] —6.9825 4177978

tion

log accelerated electrons  log;o({) [-3,0] - -0.70*3¢1

fraction

Initial Lorentz factor o [50, 500] - 432+%3,

Systematic  uncertainty Tsys [0.01,2] 0.21’:8% -

[mag]

Notes. The two last columns contain the 95% credible posterior interval
for each particular parameter. The bar indicates that the parameter is not
used by that model.

blastwave at any angle, 6, follows the distribution

92

E0) = Eo eXP( 293) , (1)
with 6 the polar co-ordinate angle measured from the jet axis
and 6, the core angle, a free parameter of both models, and
Ey the energy measured at the jet axis (¢ = 0). For the anal-
ysis with AFTERGLOWPY, we sampled the posterior distribu-
tion of the light curve using the NMMA (Nuclear-physics and
Multi-Messenger Astrophysics) Bayesian inference framework
(Pang et al. 2023). The posterior on the model parameters, 6, was
determined in NMMA by invoking the likelihood function

N ok (t. 2
In £(6ld) = _Z(l(’"(fﬂ m*(t,,0))

2 o)+ ofys )

+ InQ2n(or(t;)* + agys))).

Here, m(t;) are the observed magnitudes with corresponding
measurement uncertainties o-(tj)z, and m*(t;,0) is the corre-
sponding prediction of the AFTERGLOWPY Gaussian jet model
for a given set of parameters, 6. The parameter oy, accounts for
possible systematic uncertainties caused by simplifying assump-
tions in the model. Since the latter is hard to assess a priori,
we introduced oy as a sampling parameter and assessed the
need for a systematic error on the fly during the inference. This
method has been suggested in Jhawar et al. (2025) and is imple-
mented in NMMA. Specifically, the prior for oy is uniform
between 0.01 and 2 mag.

For the analysis with PD24, we used a similar Gaussian jet
model and the likelihood function is expressed as in Eq. 2, with-
out the introduction of the free parameter, oy,. Instead, we intro-
duced a systematic contribution to the errors in the data such that
each observation has at least a 0.2 mag error. As shown by the fit
with NMMA/AFTERGLOWPY (see Fig. C.1), this is a reasonable
assumption, since oy, converges on values around that error.

The priors for the analyses are listed in Table 1. For the
common parameters in the AFTERGLOWPY and PD24 models,
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the priors are kept identical. As discussed above, oy is only
introduced in NMMA/AFTERGLOWPY, as well as the wing fac-
tor, ay, which determines the angular extent of the lateral struc-
ture. PD24 includes two additional free parameters: £, describing
the fraction of electrons which are accelerated behind the shock;
and Iy, the initial Lorentz factor of the jet until the deceleration
radius (during the coasting phase). Note that Iy is kept uniform
and does not have an angular profile.

We only fitted data points measured more than 400 s post-
trigger time, to avoid any influence of the prompt emission on
the analysis and focus on the external shock as suggested by
Wang et al. (2025). The upper limits were not included in the fit,
as none of them was expected to provide significant constraints,
particularly given the large size of the dataset. Luminosity dis-
tance and redshift were fixed to di, = 10.3Gpc and z = 1.411,
respectively. Moreover, we excluded data points in the UV band-
passes that include wavelengths below the Lyman-a break for
this particular redshift, i.e. below 2190 A. Specifically, these are
the Swift-UVOT uvw1, uvw?2, uvm?2, and white filters.

In the analyses with NMMA/AFTERGLOWPY, we excluded
the LAT data points and the early XRT data before 10° s. If
we include the early XRT data in the NMMA/AFTERGLOWPY
analyses, it causes a bimodality in the inferred electron power-
law index, p. We suggest that this behaviour is due to the slight
change of slope in the XRT data from early to late times, lead-
ing the AFTERGLOWPY model to overestimate the flux at early
times when fitting to the slope of the late-time X-ray data. To
offset this, the sampler finds a second mode with higher p that
captures the early part of the light curve better. However, this
mode predicts even more extreme values for the jet energy and
fraction of energy accelerating electrons €, as well as a larger
inclination, and fits less well to the majority of the XRT data.
Additionally, this set of solutions leads to coasting phase dura-
tions of about 10 s, which are not accounted for by the model.
Hence, we conclude that this second mode is unphysical and
exclude the early XRT data in the NMMA/AFTERGLOWPY anal-
yses to avoid impact on our conclusions. Observations between
400 and 1000 s are included in the fit with PD24.

4.3. Results from NMMA/arTerGcLowpY.: Synchrotron

The best-fit light curves for the AFTERGLOWPY analysis are
shown in Fig. 3. In Appendix C we show the posterior dis-
tribution of the fits in Fig. C.1 (light blue contours). We also
show the posterior for a fit with PD24 that does not include
SSC (pink contours), giving a very good consistency between
the two models. In this section we thus discuss only the results
from NMMA/AFTERGLOWPY. Overall, the model manages to
fit the light curve within the expected systematic modelling
uncertainties. The fit slightly underestimates the early UV data,
which could originate from an additional radiating region (e.g. a
reverse shock, as discussed in Wang et al. 2025). The resulting
posteriors (Appendix C, light blue contours) demonstrate that
the NMMA/AFTERGLOWPY sampling appropriately explores the
parameter space and retrieves the degeneracies usually observed
in afterglow modelling. This analysis favours solutions corre-
sponding to the analytical description of Sect. 4.1: the emission
is powered by synchrotron emission of slow-cooling electrons
between v,, and v, in all bands until ~10* s, where v, crosses the
X-ray band, which is a standard case of afterglow observations.

What deviates from standard afterglow theory is the values
of some of the parameters inferred by the Bayesian fit. The
analysis points to an energetic jet with log o(Eg) = 56.9%]9.
(The intervals throughout this article mark the 95% credibility
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Fig. 3. Light curve fits for selected filters from the NMMA inference
with the AFTERGLOWPY Gaussian jet model. Observed data and their
uncertainties are shown as error bars; the solid lines indicate the median
value of the posterior sample at each time. The shaded contours corre-
spond to the 68% and 95% quantiles of the posterior distribution. The
two transparent XRT data points before 10° s were not included in the
fit.

limit.) The typical afterglow kinetic jet energy, Ey, is usually lim-
ited to <10°%erg (Lloyd-Ronning & Zhang 2004; Aksulu et al.
2022), but the high energy we find for this GRB afterglow is
in agreement with Wang et al. (2025), as their analysis sug-

gests log,o(Eg) = 55.83*)1%. These high energy values are

partially correlated to the low value for €, < 1072 that our anal-
ysis also infers. The fraction ez is also found to be very low:
ez ~ 1077, As a secondary check, we thus reran the analy-
ses with ¢, fixed to a more canonical value of 0.1. However,
while these analyses indeed recover more moderate values for
the energy at around 10> erg, they deliver worse fits for most
bands and increase the overall y?-residuals notably. Fixing €,
in the NMMA/AFTERGLOWPY analyses also causes gy, to rail
against the upper prior bound of 10* cm™3 while the Bayesian
evidence drops by a factor of 900 compared to the case where €,
is left free.

We investigated the energy budget of GRB 241030A by com-
puting the kinetic energy corrected from the beaming, assuming
a Gaussian jet structure and using the results from our (most
energetic) afterglowpy run (see Appendix C). We obtain

O 2

v Ey %
Exin =2 do sin(6) — -——
kin ﬂj(; sin(6) In exp( 293)

~8.7x 10 erg .

3

In comparison, for the very bright GRB 221009A the esti-
mates are between Ey = 10°* and 10% erg, but with a much
narrower jet core, leading to more typical values of Ey, (e.g.
O’Connor et al. 2023; Gill & Granot 2023). Under this scenario,
this afterglow would be almost two orders of magnitude more
energetic than GRB 221009A, making it one of the most ener-
getic GRB afterglows so far. What stands out directly from our
observations is that the afterglow of GRB 241030A is indeed
very bright. We illustrate this by plotting the GRB 221009A r’
band light curve, placed at z = 1.411, against our GRB 241030A
light curve in Fig. 1 (grey stars), for comparison, which shows
similar luminosities. However, the model parameters that we

obtain here are much more extreme: given the GRB prompt
duration of 300 s, accounting for breakout from the star, the jet
power needed to accumulate this much energy corresponds to a
jet luminosity of Lj ~ 5 x 10°% erg s™!, which may be difficult to
explain in the collapsar scenario.

It is also noteworthy that, contrary to GRB 221009A, such
a high kinetic energy is much higher than the prompt emis-
sion energy, Ei,, = 4 X 1073 erg, as determined in Sect. 2.1,
and our values for E; would imply a prompt emission effi-
ciency of n < 1073, where we define = Eio/Eiotiso =
1/(1 + Ey/Eis,), where we assumed that the Lorentz factor
of the ejected material along the line of sight is identical to
the prompt Lorentz factor. Typical expected values for n are
within 0.01-0.9 (Beniamini et al. 2016; Racusin et al. 2011),
though we should note that a new sample of low-efficiency
long GRBs recently emerged due to more sensitive transient
detection facilities (Sarin et al. 2022; Ye et al. 2024; Li et al.
2025). We also performed a NMMA/AFTERGLOWPY analysis
where we set a lower limit on 7 of 0.01, effectively constrain-
ing log,o(Ep) < 54.9; however, this delivers a notably worse fit
compared to a free log,,(Ep). Specifically, we find a Bayes fac-
tor of 300000 in favour of the inference with a uniform prior
log,o(Ep) ~ U(50,60) against the inference with a uniform
prior n ~ U(0.01, 1). Additionally, we performed a fit with the
AFTERGLOWPY top-hat jet model; however, this does not result
in lower energy values either and is decisively disfavoured with a
Bayes factor of 230 compared to the Gaussian jet model. Similar
results are obtained with the top-hat model with PD24. Finally,
we also conducted a fit for a top-hat jet propagating in a wind
environment with the PD24 model. This analysis did not per-
form better than for the case with a constant external density. We
thus conclude that, if the afterglow is powered by synchrotron
radiation of electrons accelerated behind a forward shock at the
measured redshift z = 1.411, the high jet energy coupled to a
weak radiative efficiency (low €., eg) offers the best explanation
for the brightness observed in the afterglow of GRB 241030A.

Moreover, our analyses find a relatively large opening angle
for the core of the jet, §. = 8.6, which is impacted by our
upper prior bound of 10°. Such opening angles are larger than
for typical GRB jets, but still consistent with jet ejection theory.

Goldstein et al. (2016) typically find 6. < 15° for their sam-
ple of long GRBs. Moreover, the fact that we do not observe
a visible jet break in our observations up to ~8 days after the
burst may indeed be indicative of a large opening angle. While
Wang et al. (2025) propose a jet break near 2 x 10° s and con-
sequently find a smaller half-opening angle of §; = 4.5*}9., our
observations are more complete at later times, in particular with
the late EP observation to confirm the X-ray behaviour, and do
not support this angular model and evolution.

4.4. Analytical discussion

A striking result from the analysis presented in Sect. 4.3 is the
combination of a VHE Ej ~ 10°° erg and a very low eg < 107,
Alternative parameter combinations with lower E and higher eg
would yield comparable luminosities and are more commonly
observed in GRB afterglows. We found that this unusual com-
bination is favoured by the sampler because of (1) the absence
of a clear break in the optical light curve, meaning v, should
be below the optical bands at early times, and (2) to accommo-
date for the passage of v, in the X-rays around 10* s. In the
slow cooling regime, these two elements place strong constraints
on the possible parameter space. We note from our results that
the viewing angle is close to or within the jet core. We can
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therefore, with good accuracy, look at analytical formulae in the
standard top-hat, on-axis case. Following Panaitescu & Kumar
(2000) and assuming that the emission is in the slow cooling
regime, with v, passing in the X-ray band at 10* s, we have the
following four constraints:

— The model must reproduce the early time X-ray and optical
temporal slope, @, which leads to a constraint on the injection
slope, p, @ = %(p — 1), for v, < ¥ < v, in a constant-density
ISM;

— The model must reproduce the normalisation of the flux in
the optical band, which places a constraint on Ey, njgy, €,
and eg (Eq. B.7, F\(t) oc BV nll2el™! P04y By
construction, this constraint combined with the value for p
gives the correct normalisation of the flux in X-rays before
the break;

— The passage of v, in the X-rays at 10* s places a new con-
straint on Ey, njsm, and e (Eq. 27, v, o Eal/zngin };3/2t—1/2);

— Because v, only decreases with time, its value must be below
the optical bands as early as the first data points considered,
which places another constraint on Ey, €, and eg (Eq. 22,
Vm & Eé/zeezeé/zt‘3/2).

Starting from the best-fit parameters, working on the three last
conditions and the corresponding equations implies the follow-
ing correlations to any change in Ej, so that the normalisation,
and the values of v, and v, are kept identical:

Alog(nism) = =5 Alog(Ey)
Alog(e.) = — Alog(Ey)
Alog(eg) = 3 Alog(Ep)

“

Starting from log;,(Eo) = 56.6 (best-fit model), a lower value of
log,((Ep) = 55 maintaining these constraints would imply even
more extreme values of log;,(nism) = 10.6, log;o(e.) = —1 and
log,o(es) = —12. Such values are even more extreme and well
outside our range of priors.

With a very low magnetisation (g < 107°), it is expected
that SSC should strongly affect the emitted spectrum throughout
the afterglow. We employed the model of PD24 to explore this
effect.

To illustrate the potential importance of SSC scatterings on
the model predictions, we performed a diagnostic test by taking
the results from the fits presented in Sect. 4.3, and computing
the afterglow emission, this time accounting for SSC scatterings.
A new fit, this time including SSC emission, is presented in
Sect. 4.5.

All models corresponding to the highest likelihood posterior
are significantly affected by SSC. The corresponding light curves
then fail to match the afterglow observations. An example with
the set of parameters which provide the best fit without SSC is
provided in Fig. 4. This spectrum is taken after the passage of v,
in the X-ray band, which can be seen as the second break in the
spectrum (solid line).

We can understand this effect by looking at the model param-
eters. It is noteworthy that, in the fits without SSC, €./eg > 10*
(see the light blue contours in Fig. C.1), which is an unusually
high value and should lead to significant SSC emission. Indeed,
if Klein-Nishina effects are ignored (SSC scatterings then occur
only in the Thomson regime), then the ratio of SSC power to syn-

chrotron power is YporkN ~ ,/:—; in the fast cooling regime and
p-2
2 . . .
YiokN ~ 4 / :—; (y”y") in the slow cooling regime. In both cases,
Yookn > 1. Even with the inclusion of Klein-Nishina correc-
tions in PD24, the synchrotron emission is significantly altered,
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Fig. 4. Observed spectrum at f,,, = 8 x 10* 5. The blue error bars show
the fitted data points with 7.5 x 10* s < £ < 8.5 X 10* s (optical and
X-ray data). The solid curve represents the spectrum computed with
the best-fit set of parameters found when SSC is not included in the
model. The dashed curve represents the spectrum computed with the
same parameters, this time including SSC.

as shown in Fig. 4. In this example, SSC scatterings occur in
the Thomson regime, and v, is significantly lowered below the
optical band, while all the emission in the X-rays and at higher
energies is dominated by SSC.

We therefore deduce from this analytical study that the high-
est likelihood posterior values in the case without SSC radiation
are highly constrained by three elements that are difficult to rec-
oncile: (i) a high optical and X-ray luminosity, driving high Ej
and njgy, (i) v passing in the X-ray band at ~10* s while (iii)
vi 1s already below the optical bands at the earliest times (here
400 s), which strongly constrains the microphysics behind the
shock. In addition, these sets of parameters (in particular, the
high value of €. /eg) imply strong SSC emission. This affects the
predictions and limits the validity of any model that ignores SSC
scatterings (see Fig. 4). We therefore use the model of PD24 in
Sect. 4.5 to assess other potential types of solution to the after-
glow of GRB 241030A.

4.5. Results from PD24: Synchrotron and SSC

In this section we show the results of the fit to the afterglow data
from 400 s post-#y with the PD24 model, including the effects of
SSC and using the parameters and priors described in Sect. 4.2
and Table 1. The best fit light curves for this analysis are shown
in Fig. 5. The posterior distribution for this fit are shown in
Fig. C.1 (dark blue contours), and the 95% credible intervals for
each parameters are given in the last column of Table 1.

With this analysis, we find a similar overall trend as
found with NMMA/AFTERGLOWPY: the jet is very energetic,
log,((Eop) = 56.2f8:;, and the jet opening angle is also large, 6. =
9.7f?:§°, ramming against the upper limit of our prior. We again
find very high external medium densities: log,(ism) = 2.5%07.
The analysis from PD24 suggests a lower value of € < 1073,
and higher values of log,(eg) = —4.17*075. These differences
are likely driven by the inclusion of SSC in the model, which
affects in particular the value of v..

The fitted data set includes two Fermi-LAT observations. We
found that our afterglow model under-predicts the emission in
this band. This is a consequence of the larger errors on these
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Fig. 5. Light curve fits from the inference with the afterglow model
from Pellouin & Daigne (2024) for selected filters. Observed data and
their errors are shown, and the solid line indicates the median value of
the posterior sample at each time. The shaded contours correspond to
the 68% and 95% quantiles of the posterior distribution.
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Fig. 6. Afterglow spectra at f,5, = 5 X 10° s (purple) and f,, = 8 X 10* s
(orange) computed with the model from Pellouin & Daigne (2024). The
grey error bars show the fitted data points with 4 x 10% s < tops < 6 %
10° s, while the black error bars show the fitted data points with 7.5 x
10% s < tos < 8.5 x 10* s (optical and X-ray data). The shaded contours
correspond to the 68% and 95% quantiles of the posterior distribution.

observations and of the low statistical weight of these two points
on the whole data set, which the sampling algorithm does not
seek to optimise as much as the optical and X-ray observations.

We observe from Fig. 5 that the multi-wavelength light
curves are well reproduced by our analysis when SSC is
included. However, as we show in Fig. 6, the X-ray LC is domi-
nated by SSC emission, while the optical LC transitions through
time from being synchrotron-dominated to SSC-dominated. This
result is extremely unusual, and it is generally not expected
that the X-ray emission be dominated by SSC. Overall, even
the inclusion of SSC in the model does not resolve the tension
detailed in Sect. 4.4 and the sampling algorithm still favours
extreme parameter values which provide a good fit to the data,
while corresponding to a scenario for the radiating mechanisms
beyond usual assumptions for afterglow models.

5. Discussion

GRB 241030A is a long GRB with a high-luminosity after-
glow. We presented a complete multi-wavelength data set of
the afterglow observations from optical to X-rays, and cover-
ing epochs up to 8 x 10° s (~ 9.3 days) post-trigger. In par-
ticular, we presented for the first time the observations from
GRANDMA, KNC and COLIBRI. All optical/UV observations
were processed in a consistent manner, and the consequences
of line-of-sight extinction were coherently accounted for. Upon
analysis of the optical images around the afterglow region, we
did not find a host galaxy near the afterglow position, down to
magnitudes i < 25.62 and r < 25.82. This suggests a relatively
faint host galaxy.

We conducted multi-wavelength Bayesian analyses of the
afterglow of GRB 241030A with two physical models: AFTER-
GLOWPY (Ryan et al. 2020) within the NMMA Bayesian frame-
work (Pang et al. 2023), and the model from Pellouin & Daigne
(2024), which both assume radiation is emitted behind the
forward shock of a structured jet, possibly viewed off-axis.
Pellouin & Daigne (2024) also account for SSC scatterings. Our
analyses conclusively show that this afterglow is powered by a
highly energetic jet propagating in a high-density environment
(nism = 10% cm™). The absence of a clear multi-band jet break
suggests that the emission is observed close to on-axis with a jet
core angle (6, > 8°), and that the jet edges have not yet become
visible within the observed time span.

Beyond these general results, our analyses face some chal-
lenges. The overall afterglow luminosity is very high and results
in fits with high isotropic kinetic energy equivalents E, ~
10°® erg. The absence of a jet break in the afterglow data further
points to a large jet opening angle, our analyses find 6, = 9°,
which is close to the upper boundary of our Bayesian prior.
These large estimates for the opening angles also lead to large
values for the kinetic energy of the jet, of order 10°* erg. Assum-
ing that 1% of the ejecta energy is converted into the jet, this
would imply that the rest-mass equivalent energy of several tens
of solar masses be dynamically ejected before jet launching.

If our assumption that the emission is powered by a
population of electrons emitting synchrotron and SSC pho-
tons behind a forward shock is correct, then our results have
strong consequences for the physical conditions of this after-
glow. The very high jet kinetic energy is in contrast with the
prompt emission energy, which is a relatively standard 4 X
103 erg, implying unusually low values for the prompt emis-
sion efficiency n < 1073. Hence, GRB 241030A might be
among a sample of a rare population of GRBs with very low
prompt emission efficiency (Sarin et al. 2022; Ye et al. 2024,
Li et al. 2025). Li et al. (2025) identified six afterglows discov-
ered in optical-survey data between 2019 and 2023 with no
detected prompt emission but with a measured redshift (between
1.06 and 2.9). Sarinetal. (2022) had modelled AT2020blt
(ZTF20aajnksq) and AT202lany (ZTF2laaeyldq), giving an
efficiency of <0.3-4.5% for AT2020blt. Ye et al. (2024) stud-
ied AT20211lfa (ZTF2laayokph) and gave an exceptionally
low radiation efficiency of < 0.02%. Lietal. (2025) added
AT2023lcr (ZTF23aaoohpy) and gave an efficiency of $2.3%.
Note in addition that the initial jet Lorentz factor has values
of Ty > 300, strongly conflicting with the hypothesis that
it is in a ‘dirty fireball’ or ‘failed gamma-ray burst’ situation
(Huang et al. 2002; Rhoads 2003). We also found unusually
small values of € (< 1072) and e (< 107), and fits where
€ was fixed to a more canonical value of 0.1 were strongly
disfavoured. The combination of a very low magnetic energy
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fraction, a small electron energy fraction, and a large isotropic-
equivalent kinetic energy suggests that the afterglow emission
is largely adiabatic, with likely <1% of the total energy being
radiated.

This first analysis, assuming no SSC scatterings, gave quanti-
tatively good fits, but corresponds to an extreme case of an other-
wise quite standard scenario to explain the afterglow light curve.
The optical bands are at all times in the v, < v < v, regime,
with a slow-cooling electron population. The X-rays are initially
in the same regime and transition to v > v, after t ~ 10* s, lead-
ing to a mild steepening of the X-ray light curve. However, we
found that the unusual physical parameters associated with the
highest-likelihood models lead in fact to a strong SSC contribu-
tion to the afterglow. When SSC is included, the resulting light
curves and spectra with the same parameters fail to reproduce
the observations.

We therefore relied on the model of Pellouin & Daigne
(2024) to include SSC scatterings in the Thomson and Klein-
Nishina regimes and conducted the same analysis. We found
qualitatively similar results (a very energetic jet, seen within the
jet core, with a large opening angle and unusually small values
of € and eg). This time again, the multi-wavelength fit was sat-
isfactory. However, in this scenario, we found a very strong SSC
component, which is responsible for the emission in X-rays, and
even down to the optical bands at late times. This scenario also
challenges standard afterglow theory.

Analytical analysis in the synchrotron-only scenario sug-
gested that these difficulties are due to the unusual combina-
tion of a very bright afterglow luminosity, the passage of v, in
the X-rays at 10* s, while simultaneously v,, remains below
the optical bands even at the earliest times. These constraints
impose unusually low values of e, which naturally imply a
strong SSC component (Ypoxn o (&/€8)/*(ym/y ") P~2/?).
When SSC is included, solutions favour X-ray emission from
the SSC component, which releases the constraint on v, but
adds a new constraint to have very strong SSC emission. There-
fore, the parameters differ slightly but the conclusions remain
similar.

If the early-time optical afterglow emission is instead pow-
ered by another site (e.g. a reverse shock), then it is possible
to release the constraint on vy, slightly. We performed another
Bayesian fit with the model from Pellouin & Daigne (2024),
this time assuming that the optical afterglow only starts after
2x 10* s. We still found results with the same qualitative proper-
ties already discussed here, which suggests that our findings are
intrinsic to the afterglow of GRB 241030A. In addition, in such
a scenario another difficulty would be to explain the smooth con-
nection without a temporal or spectral break between the early
and late optical light curves, if there are indeed two different
emitting regions or processes.

Our analysed data set contains observations from optical
to X-rays, with high energy photons up to 2 GeV. To better
constrain the physical scenario behind this unusual afterglow,
radio observations would be particularly useful, as they would
provide constraints in the lower-frequency part of the spectrum
below vy,. This would therefore help constrain the value of vy,
much better and thus clarify our conclusions. We also found
that the Fermi-LAT observations did not contribute significantly
to constrain the fit, but in such a scenario with strong SSC
radiation, VHE observations around 1 TeV and by instruments
such as the CTAO (Cherenkov Telescope Array Consortium
2019) would provide very strong constraints on the
SSC component and deepen our understanding of such
afterglows.
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6. Conclusions

In summary, GRB 241030A exhibits a very bright GRB after-
glow compared to the vast majority of the population. This work
presents deep observations of its emission from gamma rays to
IR. This kind of (bright afterglow) GRB offers a chance to obtain
well-sampled multi-wavelength afterglow light curves, and thus
an opportunity to conduct sophisticated analyses to constrain the
GRB jet structure, environment, and afterglow emission model.
We conducted both empirical and Bayesian analyses on the rich
data of GRB 241030A, which yielded extreme model parame-
ters. They point to a powerful jet propagating in a dense medium,
with isotropic-equivalent kinetic energies of the order of 10
erg and large jet angles, supported by the absence of a jet break
within 8 days. If these parameters can be trusted, they impose
strong conclusions about a very low prompt gamma-ray emis-
sion efficiency, 7 < 1073, even when SSC effects are accounted
for. In this scenario, the emission in X-rays is dominated by SSC,
which is also non-standard and challenges our model assump-
tions. Our study shows that SSC scatterings play an impor-
tant role in bright GRB afterglows and should be accounted
for, but that even including this effect in our models may not
be enough to reach a complete understanding of the radiative
mechanisms in such events without complete spectral coverage
of the afterglow observations from radio to very high energies.
GRB 241030A might join the small but growing sample of long
GRBs with a low radiative efficiency.

Data availability

Images and raw data are available upon request.
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Appendix B: Details about Fermi-LAT data
reduction

For the LAT analysis we followed the standard approach (as
described in Ajello et al. 2019) using the ‘P8R3* (Atwood et al.
2013; Brueletal. 2018) processed events. Specifically, we
employed the P8R3_TRANSIENT_O10E event class, during the
time interval where we have significant detections, which is opti-
mised for transient source analysis, along with the correspond-
ing instrument response functions’. For the extended emission
search, we used the cleaner class PSR3_SOURCE.

Events were chosen within the time interval from 7, to
to + 13ks covering the energy range from 100 MeV to 100
GeV in a region of 10° centred on the UVOT position. For
the spectral analysis we used Multi-Mission Maximum Likeli-
hood (ThreeML; Vianello et al. 2015), a Python-based software
package for parameter inference with maximum likelihood that
provides an interface to the instrument response files and data
in plugins. For the LAT data, two different plugins are avail-
able: FermiLATLike for unbinned analysis (which interfaces

> http://www.slac.stanford.edu/exp/glast/groups/canda/

latPerformance.htm
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with gtburst®, part of the fermitools 7), and FermipyLike
for binned likelihood analysis with and interface to fermipy
(Wood et al. 2017). The results of the time resolved spectral
analysis are shown in Table B.1.

We performed an unbinned likelihood analysis of the burst
spanning from #y to fy + 800s, using the FermiLATLike plu-
gin, using the PSR3_TRANSIENT_O010E event class. This analy-
sis returned a test-statistic value of TS ~ 49, corresponding to a
significance o= ~ 7, using o ~ VTS. The result of the spectral
analysis is displayed in Fig. B.1.

Table B.1. Time-resolved spectral analysis of GRB 241030A with LAT.

Interval Flux (Mevs~' em™) Spec.index TS Class
T - Ty [s] 0.1-10GeV r

1.2-292 (107} x 107 2607078 113 T
292 - 403 (42750 x107  —1.91*9% 104 T
403 - 556 (28732 x 107 20704 228 T
556 - 767 (3324 x 107 -2.03%038 218 T
5.3k - 7.1k <1.7x1073 -250 118 S
9.7k - 13k <52x107* -250 039 S
15.5k - 22.7k* <1.1x107 -250  -034 S
22.7k - 33.1k* <12x107 -250  -025 S
33.1k - 48.4k* <L.1x107 -250 057 S
48.4k - 70.6k* <1.0x107 -250  -050 S
70.6k - 103.1k* < 4.0x10™* -250 082 S
103.1k - 150.6k* < 6.0x 10~ -250 034 S
150.6k - 219.9k* < 1.0x 107 -250 073 S
219.9k - 321.2k* < 1.0x 107 -250 -1.07 S
321.2k - 469.0k*  <9.9x 107 -250 198 S
469.0k - 684.8k* < 1.1x107° -250 221 S

Notes. The symbol * indicates a binned analysis (unbinned otherwise).
A detection is considered significant in case of TS> 9. For upper limits,
the spectral index has been fixed to —2.50. The event class “T” refers to
P8R3_TRANSIENT_OQ10E, and ‘S’ refers to PBR3_SOURCE.

Appendix C: Posterior corner plot for the Bayesian
analyses

We show the posterior corner plots from the inferences in Sect. 4
in Fig. C.1.

Appendix D: Observational campaign

GRB 241030A was detected at #y) = 05:48:03 UT on 2024
October 30 (Tyg = 1665 in 50-300 keV) by the Fermi GBM
(de Barra et al. 2024). It was also independently detected by
Konus-Wind (KW; Ridnaia et al. 2024) at 2024-10-30 05:49:56
in the 18 keV-1 MeV band (Tyy = 211 s), by Gamma-Ray Burst
Alpha (GRBAlpha; Pal et al. 2024) at 2024-10-30 05:50 in the
80-950 keV band (T99 = 208s), by the SVOM Gamma-Ray
Monitor (GRM) at 2024-10-30 05:48:14 in the 15 keV-5 MeV

% https://fermi.gsfc.nasa.gov/ssc/data/analysis/
scitools/gtburst.html
7 https://github.com/fermi-lat/Fermitools-conda/

A79, page 14 of 19

10-6 —— Galactic template
\ —— Isotropic template
I —— Power law fit

—_ LAT data (1.24 - 766.77 s)
i
1
3 10774 \
~
-
]
(%]
1%]
2
S 10-8
3 1074
=
]
&
©
=
-
% 10-94

10-10

n 24

©

3

B i e mh e e ittt

Q

o

—2
10° 106 107
Energy [keV]

Fig. B.1. Fermi-LAT count spectrum (in counts counts per second per
kiloelectronvolt) and residuals (in sigma units) for the PL model for the
time integrated analysis.

range (SVOM/GRM Team 2024b), and by the Neil Gehrels Swift
Observatory (Swift) Burst Alert Telescope (BAT; Klingler et al.
2024) in the 15-150 keV band (Tyy = 173 s; Krimm et al. 2024).
Further characteristics of its prompt emission are described in
Wang et al. (2025), Varun et al. (2026).

The optical counterpart was rapidly detected by the Swift
Ultraviolet/Optical Telescope (UVOT), providing an accurate
position of the event (RA = 343.13987, DEC = 80.44996,
0.61 arcsec uncertainty; Klingler et al. 2024) thanks to Swift’s
rapid slewing capabilities (Roming et al. 2005). As mentioned in
Wang et al. (2024), the UVOT instrument covered part of the UV
and optical prompt emission as observations started 80s post-t.
This prompt sequence was followed by a multi-wavelength cam-
paign in the hard X-ray, soft X-ray, optical, and infrared bands,
including: the Transiting Exoplanet Survey Satellite (TESS;
Jayaraman et al. 2024), the COSMOS-8k camera on board the
1-m telescope at Palomar (Schneider et al. 2024), the Special
Astrophysical Observatory of the Russian Academy of Sci-
ences (SAO RAS; Moskvitin et al. 2024), and the SVOM Chi-
nese Ground Follow-up Telescope (C-GFT; SVOM/GRM Team
2024a).

In this work, we collected data from many facilities.
First, the GRB afterglow was detected at high energies by
the Fermi Large Area Telescope (LAT; Pilleraetal. 2024).
In X-rays, the Wide-field X-ray Telescope (WXT; Wu et al.
2024) and the Follow-up X-ray Telescope (FXT; Liang et al.
2024) on board the Einstein Probe (EP; Yuan etal. 2022),
together with the Swift-XRT, also detected the X-ray afterglow
(Klingler et al. 2024). On the ground, we can cite in particu-
lar the Global Rapid Advanced Network for Multi-messenger
Addicts (GRANDMA; Antier et al. 2020; Aivazyan et al. 2022;
Kann et al. 2023; Tostae Melo et al. 2024) network, which
includes contributions from the Abastumani Observatory 70-
cm telescope and 1.5m telescope (AbAO-T70, AbAO-T150),
the MegaCam instrument on board the Canada—France—Hawaii
Telescope (CFHT), the F/(Ph)otometric Robotic Atmospheric


https://fermi.gsfc.nasa.gov/ssc/data/analysis/scitools/gtburst.html
https://fermi.gsfc.nasa.gov/ssc/data/analysis/scitools/gtburst.html
https://github.com/fermi-lat/Fermitools-conda/
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Fig. C.1. Posterior corner plot for the Bayesian analyses with the NMMA/AFTERGLOWPY Gaussian jet model (light blue) and the PD24 model
without SSC (pink) and with SSC (dark blue). Due to the different model parameters, certain columns and rows only show the posterior for either
the NMMA/AFTERGLOWPY inference or the inference with PD24. The contours show the 39% and 86% credible regions.

Monitor (FRAM), the Gran Telescopio Canarias with the Opti-
cal System for Imaging and low-Intermediate-Resolution Inte-
grated Spectroscopy (GTC/OSIRIS), the 50-cm telescope of the
High Atlas Observatory (HAO), the 2-m telescope of the Kot-
tamia Astronomical Observatory (KAO), the 1.5-m AZ1500 and
2-m telescopes of the Rozhen National Astronomical Obser-
vatory of Bulgaria (NAO-1.5m, NAO-2m), the Thai Robotic
Telescope at Sierra Remote Observatories (TRT/SRO), the Tele-
scope a Actions Rapides of Calern (TAROT/TCA), and the
80-cm Tsinghua-Nanshan Optical Telescope (TNOT). This net-
work during the follow-up was also associated with the COLI-

BRI telescope, equipped with the commissioning camera named
OGSE, and the GRANDMA/Kilonova-Catcher (KNC) amateur
program®. In addition to the photometric reports, a spectro-
scopic redshift measurement of GRB 241030A yields z = 1.411
(Zheng et al. 2024; Li et al. 2024). Similarly (13:15:33 UT on
2024 October 30), we also conducted spectroscopic observations
of GRB 241030A during 1h using the Gao-Mei-Gu (GMG) 2.4-
meter telescope at Lijiang Observatory (Xin et al. 2020). The
spectroscopic observations used the GMG grating—prism dis-
perser #3, which provides a wavelength coverage of 3400-9100

8 http://kilonovacatcher.in2p3.fr/
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A (Wang et al. 2019), but we were not able to identify a clear Table E.1. Gamma/X-ray observations of GRB 241030A.
signature that would have enabled redshift determination.

AT MJD Flux Instrument Analysis

Appendix E: Observational data (days) dy)
0.00116 60613.24286 1.13 +0.153 x 1073 Swift-XRT

0.00170 60613.243401  1.077128x 1070 Fermi-LAT
0.00194 60613.243645 2.63 +0.348 x 10 Swifi-XRT
0.00315 60613.244847 1.02+0.169 x 10 Swifi-XRT
0.00403 60613.245727  6.0077% x 1070 Fermi-LAT
0.00428 60613.245983 1.88 +0.257 x 10~  Swifi-XRT
0.00555 60613.247253  4.03%0 x 1070 Fermi-LAT

0.00622 60613.247925 3.77 £0.575x 107 Swift-XRT
0.00766 60613.249357  4.74+343 x 10710 Fermi-LAT

1.73

T - I I T ST T

0.00914 60613.250838 2.28 +0.375x 107  Swift-XRT
0.03142 60613.273125 1.17 £0.636 x 10> EP-WXT

T
v}

0.05687 60613.298567 4.20 +0.920 X 1078 Swift-XRT ~ A-P
0.12295 60613.364652 2.16 + 0.478 x 10 Swift--XRT ~ A-P
0.27378 60613.515478 5.57+1.23x 1077  Swift-XRT  A-P
0.45894 60613.700644 2.47 +0.563 X 1077 Swift-XRT ~ A-P
0.88551 60614.127212 1.02 +0.256 X 1077 Swift--XRT ~ A-P
0.90176 60614.143461 6.66 +0.653 x 108  EP-FXT A-P
2.55774 60615.799437 1.70 +0.321 x 10™®  Swift-XRT ~ A-P
2.84056 60616.082257 1.14 +0.266 x 10°®  EP-FXT A-P
3.67543 60616.917135 839+2.33x 10 Swift-XRT  A-P
4.45853 60617.700231 5.53+1.31x10°  EP-FXT A-P
6.38300 60619.624706 3.72+1.15x 107  Swift-XRT  A-P
8.84158 60622.083285 220+ 1.20x 10 Swift-XRT  A-P

Notes. Column (1) is the time delay between the observation and the
GRB T} in days. Column (3) is the unabsorbed flux density in Jy. Flux
densities are computed at 2.77 keV for the Swift-XRT, EP-WXT and
EP-FXT instruments, and at 1 GeV for Fermi-LAT. In Column (5), X
indicates data points not used in the Bayesian light-curve analysis, while
A and P denote data used in NMMA/AFTERGLOWPY or PD24, respec-
tively.
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Table E.2. UV/optical observations of GRB 241030A.

Table E.2. continued.

AT MJD Magnitude Filter Telescope Analysis AT MID Magnitude Filter Telescope Analysis
(days) (AB) (days) (AB)

(1) ) 3) 4) 3) (6) (D 2 (3) “4) (5) (6)
0.00091 60613.24261 1624 +0.27 v UvoT X 0.00713 60613.24883 16.89 +0.11 uvw2 UVOT X
0.00102 60613.242717 1621 +0.04 w UvoT X 0.00716 60613.24886 13.52+0.06 v UvoT A-P
0.00113 60613.242832 16.15+0.03 w UvoT X 0.00751 60613.249207 13.66 +0.06 v UVOT A-P
0.00125 60613.242948 16.04 +0.03 w UvoT X 0.00787 60613.249571 1631 +£0.1 uvm2 UVOT X
0.00136 60613.243064 15.65+0.09 w UvoT X 0.00798 60613.249683 15.59 +0.06 uvwl UVOT X
0.00148 60613.243179 15.65+0.09 w UVvOT X 0.00817 60613.249867 14.58 +0.04 u UvoT A-P
0.00159 60613.243295 15.71 +0.08 w UvoT X 0.0084 60613.250099 14.52 +0.08 u UvoT A-P
0.00171 60613.243411 15.55+0.09 w UvoT X 0.00847 60613.250167 14.06 +0.04 b UvOoT A-P
0.00183 60613.243527 15.89 +0.02 w UvoT X 0.00865 60613.250355 14.82 +0.22 w UvoT X
0.00194 60613.243642 15.97 +0.02 w UvoT X 0.00869 60613.250387 14.21 +0.08 b UVOoT A-P
0.00206 60613.243758 16.25 +0.04 w UvoT X 0.00877 60613.250471 14.84 +0.16 w UvoT X
0.00217 60613.243874 16.45+0.04 w UvoT X 0.00886 60613.250566 17.52 +0.25 uvw2 UVOT X
0.00229 60613.24399 16.61 +0.05 w UvoT X 0.00889 60613.250587 14.84 +0.21 w UvoT X
0.0024 60613.244105 16.68 +0.05 w UvoT X 0.00921 60613.250913 17.43 +0.18 uvw2 UVOT X
0.00252 60613.244221 16.64 +0.05 w UvoT X 0.00924 60613.250943 14.04 +0.06 v UvVOT A-P
0.00264 60613.244337 1649 +0.04 w UVOT X 0.00926 60613.250959 16.82 +0.23 uvm2 UVOT X
0.00354 60613.245238 1442 +0.03 u UvoT X 0.00959 60613.25129 13.83+0.09 v UvoT A-P
0.00377 60613.245469 14.08+0.03 u UvoT X 0.00972 60613.251419 16.15 +0.14 uvwl UVOT X
0.004 60613245701 13.77+0.02 u UvoT X 0.00995 60613.251654 16.6 +0.14 uvm2 UVOT X
0.00423 60613.245932 13.66 +0.02 u UVvOT X 0.01007 60613.251766 15.86 + 0.08 uvwl UVOT X
0.00446 60613.246164 13.65+0.02 u UvoT X 0.01859 60613.260289 14.96 +0.01 R  TRT-SRO A-P
0.00469 60613.246395 13.62+0.02 u UvoT A-P 0.01945 60613.261148 15.05+0.01 R  TRT-SRO A-P
0.00493 60613.246627 13.79+0.03 u UvoT A-P 0.02029 60613.261996 15.08 +0.01 R  TRT-SRO A-P
0.00516 60613.246858 13.88+0.03 u UvoT A-P 0.02316 60613.26486 15.29+0.01 R  TRT-SRO A-P
0.00539 60613.24709 13.9 + 0.03 u UvoT A-P 0.02485 60613.266556 15.4+0.01 R  TRT-SRO A-P
0.00562 60613.247321 14.0 £ 0.03 u UvoT A-P 0.02653 60613.268234 1547 +0.01 R  TRT-SRO A-P
0.00585 60613.247553 14.05+0.03 u UVvOoT A-P 0.02822 60613.269922 15.56 +0.01 R  TRT-SRO A-P
0.00608 60613.247784 14.05+0.03 u UvoT A-P 0.03309 60613.274792 15.72+0.01 R  TRT-SRO A-P
0.00631 60613.248016 14.2+0.04 u uvoT A-P 0.0356  60613.2773 158+0.01 R  TRT-SRO A-P
0.00649 60613.248188 13.72+0.03 b UvoT A-P 0.03809 60613.279796 15.88 +0.01 R  TRT-SRO A-P
0.00669 60613.248388 14.43 +0.35 w UvoT X 0.04061 60613.282308 15.96 +0.01 R  TRT-SRO A-P
0.0068 60613.248504 14.42 +0.32 w UvoT X 0.0431 60613.284797 16.0+0.01 R  TRT-SRO A-P
0.00692 60613.248619 14.5+045 w UvoT X 0.04558 60613.287284 16.08 +0.01 R  TRT-SRO A-P

0.04809 60613.289789 16.15+0.01 R  TRT-SRO A-P
Notes. Column (1) is the time delay between the observation and the 0.05095 60613292653 1621001 R  TRL.SRO AP

GRB T in days. Column (3) gives apparent magnitudes in the AB sys-
tem, without any correction. In Column (6), a X means we did not
use this data point for the Bayesian light curve analysis, an A or a
P means this data point has been used for NMMA/AFTERGLOWPY or
PD24, respectively.

A79, page 17 of 19



Table E.2. continued.

Ducoin, J.-G., et al.: A&A, 711, A79 (2026)

Table E.2. continued.

AT MJD Magnitude Filter Telescope Analysis AT MJD Magnitude Filter Telescope Analysis
(days) (AB) (days) (AB)

@ &) €)) “) &) 6) @ &) 3) “ %) (6)
0.05389 60613.295587 1642+0.05 r COLIBRI ~ A-P 038192 60613.623623 1892004 R AbAO-TT0  A-P
0.05451 60613.296211 1631001 R TRT-SRO AP 039121 60613.632913 20.74 £0.15 uvwl  UVOT X
0.05805 60613.299752 1636+0.02 R TRT-SRO AP 04485 60613.690206 20.14=0.11 u  UVOT A-P
0.06161 60613.303312 1642+001 R TRT-SRO AP 045857 60613.700272 20.13£0.19 b  UVOT A-P
0.06829 60613.309987 16.56+0.02 R TRT-SRO AP 04998 60613.741503 19.06+0.08 1’ KAO A-P
0.07496 60613.316663 16.67+0.02 R TRT-SRO AP 050522 60613.746921 18.94+0.05 i’ KAO A-P
0.0776 60613319305 1673+005 r COLIBRI  A-P 051064 60613.752342 18.75+0.04 z  KAO A-P
0.08109 60613.322792 16.79+0.05 r COLIBRI AP  0.52452 60613.766222 21.04+0.18 uvwl  UVOT X
0.08457 60613.326273 16.83+0.05 r  COLIBRI A-P 0.53737 60613.779069 19.65+0.05 g KNC A-P
0.08472 60613.326419 16.81+0.02 R  TRT-SRO AP 055271 60613.794411 19.31£0.07 1’ KNC A-P
0.08819 60613.329893 16.9+0.05 r  COLIBRI AP 060878 60613.85048 19.68 +0.16 r’ KNC A-P
0.09139 60613.33309 16.89+0.02 R  TRT-SRO A-P 0.6637 60613.905404 19.9+0.05 g KNC A-P
0.09205 60613.333755 16.96 +0.05 r COLIBRI AP 068166 60613.923361 19.75+0.07 R HAO A-P
0.09585 60613.337554 16.98+0.05 r  COLIBRI A-Pp 0.68487 60613.92657 19.47+0.06 KNC A-P
0.09809 60613.33979 17.02+0.02 R  TRT-SRO AP 070787 60613949575 20.14+0.07 ¢’ KNC A-P
0.09978 6061334148 17.06+0.05 1  COLIBRf AP 07271 60613.968801 20.27+0.06 g’ HAO A-P
0.10372 60613.345418 17.13+0.05 r COLIBRI ~ A-p 072935 60613.97105 19901 ¢  KAO AP
0.10478 60613.346482 17.09+002 R TRT-SRO AP 07322 606139739 196+013 r  KNC AP
0.10716 60613.348864 17.18£0.05 r COLIBRI ~ A-p  0-74699 60613988689 2043+02 r — KAO AP
0.11147 6061335317 17.16£0.02 R TRT-SRO  A-p 073972 60614001423 199£0.07 i KAO AP
0.11816 60613.359859 173004 R TRT-SRO AP 077125 60614012949 1982+ 008 ¢ KNC AP
0.11915 60613.360847 18.14£0.05 u  UVOT A-p 077282 60614.014519 20.36 £007 R KNC AP
019566 60613364361 18194005 u  UVOT Ap 077584 60614.017546 21.55+032 uvwl  UVOT X
012482 6061336652 1735+005 R TRLSRO  Ap 077628 60614017986 19.76+024 R  FR/CTAN A-P
0.12617 60613.367876 1828 £0.05 u  UVOT A-p 078616 60614.027859 20.65+£0.16 w  UVOT AP
0.12871 60613.370408 17.8£0.08 b  UVOT A-p 079275 60614034449 1959 0.14 2 KAO AP
0.1315 60613373205 179005 B TRLSRO ~ Ap 08157 60614057401 200£025 V. KNC AP
014236 60613.384065 1771 <004 V TRLSRO  Ap 083943 60614.081134 1995006 r  COLIBRI A-P
0.14601 60613.387715 17.59+004 R TRT-SRO AP 084117 60614082875 2047028 b UVOT AP
0.15327 60613.394973 17.16+0.06 1 TRT-SRO  A-p 085432 60614.096023 2095+03 B TRT-SRO AP
0.25098 60613.492679 20.25 +0.17 uvwl UVOT x 087975 60614.121453 19.71+0.13 vV TRT-SRO AP
03166 60613.558303 1954007 u  UVOT Ap 090525 60614.146949 23.82+2.11 uvw2  UVOT X
032652 60613.568218 19.14+0.09 b  UVOT A-p 091086 60614.152565 21.0£2.94 v UVOT AP
037101 60613.612708 1849006 1  KNC Ap 09498 60614.191502 19.99£0.06 R  TRT-SRO A-P
0.38187 60613.623569 21.61 +0.41 uvm2 UVOT x 09643 60614.206005 19.67+0.12 1 TRT-SRO AP
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AT MJD Magnitude Filter Telescope Analysis
(days) (AB)

(1) @ 3) @) 8) ©)
0.96999 60614211694 20.35+031 b UvVOT A-P
1.13104 60614.372737 2047 +0.23 V TRT-SRO A-P
1.16712 60614.408819 22.26 + 0.83 uvm2 UVOT X
1.17731 60614.419011 23.63 +1.42 uvwl UVOT X
1.18869 60614.430387 20.62+0.1 r COLIBRI A-P
1.2294  60614.4711 20.45+0.06 r COLIBRI A-P
1.22986 60614.471558 21.04 +048 u UvoT A-P
1.23027 60614.471968 20.66 +0.29 r’ COLIBRI A-P
1.23271 60614.474416 20.4+0.22 R TRT-SRO A-P
1.24359 60614.485294 19.7 +0.19 I TRT-SRO A-P
1.2545 60614.496205 20.7 0.2 B TRT-SRO A-P
1.25696 60614.49866 20.7 +0.1 r COLIBRI A-P
1.40663 60614.648327 20.0 + 0.1 i’ TNOT A-P
1.52624 60614.767941 20.34 +0.06 i° AbAO-T150 X
1.52714 60614.768844 20.63 +0.05 1 AbAO-T150 X
1.65471 60614.896412 20.8 +0.1 i KAO A-P
1.67051 60614912209 2099 +0.19 R HAO A-P
1.6857 60614.927398 21.5 + 0.1 g KAO A-P
1.72339 60614.965087 20.7+£0.16 r’ KAO A-P
1.86734 60615.109039 21.52+02 r COLIBRI A-P
2.18275 60615.424456 20.57 +0.04 TNOT A-P
2.49951 60615.741216 21.6 +0.2 i’ KAO A-P
2.52714 60615.768394 21.83+0.1 r  AbAO-T150 X
2.57294 60615.814643 2143 +0.11 KAO A-P
7.84252 60621.084225 22.62+0.15 R NAO-2m A-P
8.46644 60621.708137 23.86 +£0.28 R  NAO-1.5m A-P
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