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ABSTRACT

Context. The detection and follow-up observations of high-redshift (z > 6) gamma-ray bursts (GRBs) provide a unique opportunity to explore the
properties of the distant Universe. Unfortunately, they are rather rare, with only a dozen of them identified so far.
Aims. We present here the discovery of the GRB with the second highest spectroscopic redshift measured to date, GRB 240218A at z = 6.782,
and the broadband analysis of its afterglow. Following the detection by high-energy satellites, we obtained multi-epoch and multi-wavelength
photometric follow-up observations, from 68 s to ∼48 d after the detection. These data allow us to perform a comprehensive study of the emission
and physical properties of this event. We also compare these properties with GRBs observed at high and low redshift.
Methods. We built the X-ray, near-infrared, and radio light curves and studied their temporal evolution. Moreover, we investigated the spectral
energy distribution (SED) at different times to trace possible spectral evolution. We also compared the prompt phase properties, X-ray luminosity,
and optical extinction of GRB 240218A with those of the long-duration GRB (LGRB) population.
Results. The SED analysis reveals a typical afterglow-like behaviour at late times. The origin of the early-time emission is uncertain, with the
probable presence of an additional contribution on top of the afterglow emission. From the broadband physical modelling of the afterglow, we
identify a narrow Gaussian jet seen slightly off-axis, θv = 2.52+0.57

−0.29 deg, and pinpoint the presence of a possible jet break ∼0.86 d after the trigger.
Conclusions. The results of the analysis and the comparison with other high-z GRBs reveal that we can consider GRB 240218A as a ‘standard’
high-redshift LGRB: the prompt phase properties, the X-ray luminosity, and the optical extinction are consistent with the values derived for the
LGRB population. The jet opening angle is narrower but compatible with those of high-z bursts, possibly pointing to more collimated jets at high
redshift.
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1. Introduction

The investigation of the early Universe is one of the most inter-
esting, yet challenging, tasks in modern astrophysics. Long-
duration gamma-ray bursts (LGRBs) provide an optimal tool
to explore it since they are potentially detectable up to z ∼
10 (Cucchiara et al. 2011) or even at z > 10 (see, e.g.
Gou et al. 2004; Kann et al. 2024). It has been established that
the large majority of LGRBs are powered by the collapse of
massive stars, associated with type-Ic broad-line (BL) super-
novae (SNe), and intimately linked to the young stellar pop-
ulations in their host galaxies (see, e.g. Hjorth et al. 2003;
Fruchter et al. 2006; Woosley & Bloom 2006; Hjorth & Bloom
2012; Cano et al. 2017; Corsi & Lazzati 2021). The observa-
tion and investigation of high-redshift bursts could give us hints
about the formation of the first stars, the ionisation of the early
Universe and its metal enrichment history, and the properties
of distant galaxies that cannot be studied with standard tech-
niques such as direct imaging or spectroscopy. In particular,
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high-z gamma-ray bursts (GRBs) provide an effective probe
for investigating the evolution of the star formation rate (SFR)
across cosmic time (Kistler et al. 2008; Robertson & Ellis 2012;
Jakobsson et al. 2012; Matsumoto et al. 2024) and the effects
of metallicity on the type-Ic BL SNe and GRB progenitors
(Grieco et al. 2012). The cosmic SFR is expected to receive a
larger contribution from population III (Pop III) stars at larger
redshift than from nearby Pop I/II stars. The former probably
played a role in the occurrence of LGRBs in the early Universe
(e.g. Salvaterra 2015) if we assume that Pop III massive stars can
be the progenitors of long GRBs in such environments (see, e.g.
Mészáros & Rees 2010; Suwa & Ioka 2011). The early galax-
ies and the reionisation of the young Universe can be explored
thanks to afterglow spectroscopy, which has been proven to be
the cornerstone in the study of events at such high redshifts (e.g.
Saccardi et al. 2023).

The discovery of new distant events is thus of the utmost
importance. However, to date, fewer than ∼1% of GRBs with
a well-constrained spectroscopic redshift have been found at
z & 6, and all of them belong to the LGRB class: GRB 050904
(z = 6.295; Tagliaferri et al. 2005; Kawai et al. 2006),
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GRB 080913 (z = 6.733; Greiner et al. 2009; Patel et al. 2010),
GRB 090423A (z = 8.23; Salvaterra et al. 2009; Tanvir et al.
2009), GRB 130606A1 (z = 5.913; Chornock et al. 2013;
Hartoog et al. 2015), GRB 140515A (z = 6.327; Melandri et al.
2015), and GRB 210905A (z = 6.312; Rossi et al. 2022;
Saccardi et al. 2023). Other high-redshift GRBs have been dis-
covered, but only a photometric redshift has been derived, or
a low signal-to-noise spectrum was available: GRB 090429B
(zph ' 9.4; Cucchiara et al. 2011), GRB 100905A (zph ' 7.88;
Bolmer et al. 2018), GRB 120521C (zph ' 6; Laskar et al. 2014),
and GRB 120923A (z ' 7.8; Tanvir et al. 2018).

Despite the small sample of high-z events, it is still possi-
ble to study their properties and compare them with the pop-
ulation of bursts at lower redshift. The detection of events at
very large distances increases the robustness of the prompt and
afterglow rest-frame correlations, with most of the LGRBs fol-
lowing the Epeak − Eiso (‘Amati’ relation; Amati et al. 2002) and
Epeak − Liso (‘Yonetoku’ relation; Yonetoku et al. 2004) prompt
emission correlations regardless of their distance. This suggests
that the prompt phase properties are intrinsic in the GRBs and
not biased by their redshift measurement. Besides, the X-ray
afterglow luminosity of high-z GRBs is consistent with the
rest of the LGRB population (Salvaterra 2015), pointing to a
common mechanism powering the afterglow emission across
all redshifts. High-z bursts have also been found to consis-
tently show a negligible rest-frame optical extinction with the
majority of LGRBs (see Melandri et al. 2015; Zafar et al. 2018),
while a possible evolution of the rest-frame hydrogen-equivalent
column density, NH , has been suggested (Watson et al. 2013).
However, this may be ascribed to the absorption from inter-
vening systems and the diffuse intergalactic medium along
the line of sight (Campana et al. 2010, 2012). Due to tem-
poral dilation, very high-redshift events are also optimal can-
didates for the study of early afterglow light curves, which
can display a wide variety of behaviours, from the X-rays to
the infrared (IR), and encode crucial information about the
physics of the ejecta, such as the Lorentz factor of the ini-
tial fireball (Molinari et al. 2007). The geometry of GRB jets
can be investigated as well, with some hints of more colli-
mated jets at high redshift rather than at lower z (for exam-
ple, see Laskar et al. 2014, 2018; Lloyd-Ronning et al. 2019,
2020a). Such an anti-correlation between the jet opening angle,
θjet, and the redshift has significant implications for the prop-
erties of high-redshift GRB progenitors and their evolution over
cosmic time. Narrow jets could originate from massive stars with
compact envelopes and low metallicity (Woosley & Heger 2006;
Sanyal et al. 2017), which were found to be more common at
large redshifts (see e.g. Bromm et al. 2009; Toma et al. 2016).
This in turn implies that the typical progenitor mass evolves
with time, potentially indicating a top-heavier initial mass func-
tion (IMF) at higher z (e.g. van Dokkum & van der Marel 2007;
Davé 2008; Leja et al. 2020). In addition, time-evolving progen-
itors also impact the GRB production rate and the SFR esti-
mates at large distances (Lloyd-Ronning et al. 2020b). On the
other hand, selection effects may play a role in favouring the
observations of jets with smaller θjet, but Lloyd-Ronning et al.
(2020a) demonstrated that even after accounting for them, the
θjet − z correlation remains statistically significant, suggesting
that it reflects an intrinsic property of GRB progenitors and their
evolution over cosmic time.

Here, we present the discovery, observations, and analysis of
GRB 240218A, which is the LGRB with the second largest spec-

1 We include also this GRB since it lies just below the z = 6 threshold.

troscopic redshift discovered to date, z = 6.782 (Saccardi et al.
2024). After the initial discovery by the Neil Gehrels Swift
Observatory (hereafter Swift; Gehrels et al. 2004) and the Fermi
Gamma-ray Space Telescope telescope, it was observed with
several instruments on the ground, allowing for the determina-
tion of a multi-band and multi-epoch light curve. In this work,
we analyse the X-rays, near-infrared (NIR), and radio light
curves in detail, as well as the broadband spectral energy dis-
tribution (SED) at different epochs. We also compare its prop-
erties with other high-z GRBs discovered to date and with the
population of LGRBs at lower distances.

The paper is organised as follows. In Sect. 2, we present the
broadband observations of GRB 240218A, from the gamma-rays
to the radio band, and in Sect. 3 we describe the analysis of such
data. In Sect. 4, we discuss the results, while our conclusions are
summarised in Sect. 5.

We adopt the ΛCDM model with cosmological parameters
of ΩM = 0.308, ΩΛ = 0.692, and H0 = 67.8 km s−1 Mpc−1

(Planck Collaboration XIII 2016). All magnitudes presented in
this work are given in the AB system. Errors are at a 1σ confidence
level (c.l.) and upper limits at a 3σ level, unless stated otherwise.
For the flux density, we adopt the convention Fν(t) ∝ tανβ.

2. Observations

2.1. Prompt phase

GRB 240218A was detected by the Swift Burst Alert Telescope
(BAT; Barthelmy et al. 2005) on February 18 2024 at t0 =
02:00:00 UT (Page et al. 2024a; Barthelmy et al. 2024), at the
position (J2000) RA = 10:47:14.4, Dec = +01:17:40.2, with
an uncertainty of 1.3′ (radius, 90% c.l.). Its duration in the
15–350 keV band was T90 = 66.93±11.28 s. The mask-weighted
light curve shows two major pulses separated by ∼20 s. The peak
count rate was ∼1400 counts s−1 (15–350 keV) at ∼22 s after the
trigger.

GRB 240218A also triggered the Konus-Wind satellite
(Svinkin et al. 2024). The Konus-Wind burst light curve shows a
multi-peaked structure with the brightest peak around 20 s after
the trigger, consistent with the BAT light curve. The total fluence
of the burst is 7.62+1.72

−2.22×10−6 erg cm−2, and the peak energy flux,
measured from 19.74 s, is 5.29+2.21

−1.49 × 10−7 erg cm−2 s−1 (both
in the 20 keV–10 MeV energy range). The time-integrated spec-
trum for the burst measured from t0−12.646 s to t0+25.626 s was
modelled with a power law plus an exponential cut-off (CPL)
model, dN/dE ∼ Eγe−E(2+γ)/Ep , yielding an index γ > −0.56 and
a peak energy in the spectrum Ep = 180+77

−74 keV. The same CPL
model applied to the spectrum near the peak count rate (mea-
sured from t0 + 19.738 s to t0 + 25.626 s) gives γ = −1.33+0.53

−0.29
and Ep = 293+207

−120 keV.
Moreover, the burst was detected by the Fermi Gamma-ray

Burst Monitor (GBM) on February 18 2024 at 02:00:21.72 UT
(Veres & Meegan 2024). The GBM light curve consists of a sin-
gle pulse followed by weaker emission with a duration of about
38 s in the 50−300 keV band. The time-averaged spectrum from
t0 − 2.6 s to t0 + 30.2 s is best fit by a Band function2 with
Ep = 100 ± 20 keV, γ = −0.3 ± 0.3, and βB = −1.9 ± 0.1.
The fluence in this time interval in the 10−1000 keV band is
(5.2 ± 0.4) × 10−6 erg cm−2, the 1-s peak photon flux measured
starting from t0 + 1.5 s is 3.1 ± 0.2 ph cm−2 s−1.

2 A Band function (Band et al. 1993) is a broken power law with low-
and high-energy spectral indices γ and βB, smoothly connected by an
exponential cut-off at Ep.
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Fig. 1. Finding chart for the REM/REMIR H-band observation of
GRB 240218A field taken on February 18 2024. The position of the
NIR afterglow is marked with a blue circle.

2.2. Afterglow phase: X-rays

The Swift X-ray Telescope (XRT; Burrows et al. 2005) began
observing the field at 02:02:30.1 UT, 149.4 seconds after
the BAT trigger, and found a bright, uncatalogued, fading
X-ray source (Evans et al. 2024; Page et al. 2024b), located
at the enhanced position (J2000) RA = 10:47:11.24, Dec =
+01:16:34.8, with an uncertainty of 4.2′′ (radius, 90% c.l.).
Follow-up observations were carried out up to ∼3.47 days after
t0.

The burst was also observed with the Chandra X-ray Obser-
vatory (CXO) beginning on March 4 2024 at 23:02:14 UT ('16
days post-burst, obsID: 29317, PI Peña) for a total exposure
of 20 ks (Peña et al. 2024). The source was detected with a
count rate of 5.5 × 10−4 counts s−1 (0.3–8 keV band) at a posi-
tion consistent with that of the X-ray, NIR and radio afterglow
(Evans et al. 2024; D’Avanzo et al. 2024; Schroeder et al. 2024).

2.3. Afterglow phase: Optical/NIR

The NIR afterglow of GRB 240218A was discovered by the
Rapid Eye Mount (REM) telescope 68 s after the Swift trigger
(D’Avanzo et al. 2024). Following this first detection, the after-
glow of GRB 240218A was observed and followed up by sev-
eral telescopes, while one detection only in the optical (z band)
was derived. We present here all the observations carried out in
these bands. A finding chart displaying the position of the NIR
afterglow is shown in Fig. 1, and the results of the observations
described below are reported in Table A.1.

2.3.1. REM

We obtained optical/NIR observations with the 0.6 m robotic
REM telescope (Zerbi et al. 2001; Covino et al. 2004), located
at the European Southern Observatory (ESO) at La Silla (Chile).
The observations started on February 18 2024 at 02:01:08 UT,
which is 68 s after the burst, and continued for about 3 h with the
source still visible. All the images were automatically reduced
through the jitter script of the eclipse package (Devillard

1997), which aligns and stacks five individual images to obtain
one average frame for each sequence, and it also performs sky
subtraction. Within the Swift/XRT error circle, a bright NIR
afterglow was detected in the H band. The coordinates of the
source are (J2000) RA = 10:47:11.51, Dec = +01:16:35.09, with
an uncertainty of 0.5′′. Upper limits were derived for the g, r, i,
and z optical bands, while the J and K filters were not available
at the time of the observations.

2.3.2. MeerLICHT

Early observations of GRB 240218A were obtained with the
0.6 m wide-field MeerLICHT optical telescope (Bloemen et al.
2016) located at the South African Astronomical Observa-
tory (SAAO) site in Sutherland, South Africa. Observations
began 96 s post-trigger and continued for about 1 h, and con-
sisted of a series of 60 s exposures in the u, g, r, i, z, and
q (440–720 nm) filters following the repeating filter sequence
quqgqrqiqz. No optical source was detected at the position
of GRB 240218A in any of the individual 60 s exposures
(de Wet et al. 2024). We therefore coadded the exposures in each
filter to obtain deeper 3σ upper limits at a mid-time of 36 min
post-trigger.

2.3.3. VLT/X-shooter

The field of GRB 240218A was observed twice with the X-
shooter instrument (Vernet et al. 2011) mounted on the ESO
Very Large Telescope (VLT) UT3 at the Paranal Observatory,
Chile. During the first observation, around 1 h after the trig-
ger, no afterglow candidate was detected in the optical acqui-
sition camera, which obtained images in the g, r, and z bands
(Malesani & Le Floch 2024). Following the identification of
the NIR afterglow, a spectroscopic sequence was successfully
obtained, revealing the presence of multiple absorption features,
all at a common redshift z = 6.782 (Saccardi et al. 2024). The
details describing the X-shooter spectral analysis can be found
in Saccardi et al. (in prep.).

2.3.4. VLT/FORS2

The optical afterglow was detected with the ESO-VLT UT1
(Kueyen) equipped with the FOcal Reducer/low dispersion
Spectrograph 2 (FORS2; Appenzeller et al. 1998). Our first
observation was carried out at a mid-time of t − t0 = 2.925 h
in the z filter, following the non-detection of the afterglow in the
X-shooter acquisition camera. These deeper images allowed for
the detection of a new, transient source in the coadded image,
for a total exposure time of 1080 s (Malesani 2024). The mag-
nitude measured for the optical afterglow is z = 23.8 ± 0.15,
which was calibrated against the Pan-STARRS DR1 catalogue
(Chambers et al. 2016). A further observation was performed the
following night at a mid-time of t − t0 = 26.215 h in the R filter.
This observation was requested when the GRB redshift was not
known yet, and was intended as a ‘veto’ observation (a detec-
tion in the R band would rule out z & 5). Consistently with the
measured redshift, no optical source was detected down to an
approximate 3σ upper limit of r = 26.3.

2.3.5. LBT

The night after the GRB was detected, observations were
taken in the J (texp ∼ 35 min), H (texp ∼ 53 min), and
KS (texp ∼ 87 min) bands with the LUCI cameras mounted on
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the Large Binocular Telescope (LBT) at Mount Graham, USA
(Seifert et al. 2003). They started on February 19 2024 at a mid-
time of 08:02:00 UT, ∼1.3 days after the trigger. The afterglow
was clearly detected in all three bands (Rossi et al. 2024).

2.3.6. TNG

Following the NIR multiple detections, additional observations
were obtained with the Near Infrared Camera Spectrometer
(NICS) mounted on the Telescopio Nazionale Galileo (TNG) at
La Palma, Spain (Baffa et al. 2001). They were secured at mid
times of t − t0 ∼ 2.96 and ∼5.90 days. Data were reduced and
stacked together with the jitter tool of the eclipse package
to obtain a co-added frame for each epoch, and the NIR after-
glow was detected at both epochs.

2.3.7. GTC

Optical observations of the GRB field were also obtained
with the Optical System for Imaging and low-Intermediate-
Resolution Integrated Spectroscopy (OSIRIS) mounted on the
10.4 m Gran Telescopio de Canarias (GTC) at La Palma,
Spain. The observations commenced on February 19 2024 at
03:08:03 UT, approximately 1.1 days after the trigger, and were
performed with the r (texp = 360 s), i (texp = 400 s), and z
(texp = 120 s) filters. The afterglow was not detected at the burst
location and upper limits were determined.

Further observations were obtained in the J, H, and KS
filters with the Espectrografo Multiobjeto Infra-Rojo (EMIR),
mounted on the GTC (Garzón et al. 2022). The observations
consisted of 30 min on target per band in each filter (189 × 10 s
in J, 265 × 6 s in H, and 3 × 588 s in KS ) and had mid epochs
on February 21 2024 at 03:04:38, 01:40:53, and 04:04:45 UT
(3.0449, 2.9867, and 3.0866 days after the burst), respectively,
and the afterglow was detected in all bands.

The data were reduced using a self-developed pipeline based
on shell scripts, Python and IRAF (Tody 1986). Raw images
(both science and calibration) were corrected for differential col-
umn readout level by averaging overscan pixels at the first and
last rows. As a second step, we calculated the median of the twi-
light sky images for each filter, excluding bad pixels and star
images with a sigma clipping, to create a flat field that is then
normalised. All the science frames were then divided by the nor-
malised flat field for each filter. We then calculated a sky frame
for each observing cycle, by calculating the median level of the
science dithered images. While creating this median frame, we
excluded the highest pixels to eliminate the contribution of stars
in the field. Finally, each sky frame was normalised. This nor-
malised sky frame was multiplied by the median of each flat-
fielded sky frame and the result was subtracted from it to create
a science frame clean of sky background. The astrometry of
the science frames was then tweaked to match the first frame
by calculating an average offset of the stars in the field, using
SExtractor (Bertin & Arnouts 1996) for object detection and
a self-made Python code for the offset calculation and header
correction. As a final step, all the science frames were combined
to create the final image for each filter using Swarp (Bertin et al.
2002).

2.3.8. GROND

Additional NIR data were obtained with GROND (Gamma-
Ray Burst Optical Near-Infrared Detector; Greiner et al. 2008)

mounted at the 2.2 m MPG telescope at ESO La Silla Obser-
vatory, at a common mid-time of t − t0 ∼ 4.08 d. The NIR
counterpart was not detected in the images down to 3σ upper
limits of J > 20.0, H > 19.4, and KS > 16.9, calibrated
against the 2MASS catalogue (Skrutskie et al. 2006). Data were
reduced in a standard fashion using IRAF tasks implemented in
the pipeline written to reduce GROND data (Krühler et al. 2008;
Küpcü Yoldaş et al. 2008).

2.3.9. VLT/HAWK-I

Observations continued at later times with the VLT HAWK-I
(High Acuity Widefield K-band Imager; Pirard et al. 2004;
Kissler-Patig et al. 2008) NIR imager at Paranal Observatory, at
mid times of ∼12 and ∼17 days after the trigger. The data were
reduced using the HAWK-I pipeline under the ESOReflex envi-
ronment (Freudling et al. 2013). The afterglow was detected in
the first epoch, while an upper limit was obtained from the sec-
ond observation.

2.4. Afterlgow phase: Radio-mm

2.4.1. VLA

We performed observations with the Karl G. Jansky Very Large
Array (VLA) 8.19 (February 26 2024), 18.15 (March 7 2024),
and 38.08 (March 27 2024) days post-burst (PI: Giarratana;
project code: SF161095) at the central frequencies of 6 (C band)
and 10 GHz (X band), with a bandwidth of 4 GHz. The target and
the phase calibrator J1058+0133 were observed in ten-minute
cycles, with eight minutes on the former and two minutes on
the latter. The distance between the target and the phase cal-
ibrator was about 2.84◦. Each observation included scans on
the flux and bandpass calibrator J1331+3030 (3C286). The data
were calibrated using the custom casa pipeline (Version 6.5.4;
McMullin et al. 2007) and visually inspected for possible radio
frequency interference. The final images were produced with
the tclean task in casa (Version 5.5.0). A point-like source
was detected at both frequencies at the position RA(J2000) =
10:47:11.485, Dec(J2000) = +01:16:35.41, with an uncertainty
of 0.1′′. The final flux density error was estimated as the squared
sum of the root mean square (RMS) and a typical 5% accuracy
for the amplitude scale calibration. The results of the analysis
are reported in Table 2.

In addition, we retrieved the results of the first VLA observa-
tions of GRB 240218A obtained on February 23 2024, beginning
at 09:38:35 UT (5.32 days post-burst) and lasting 2.5 hours at
multiple frequencies (Schroeder et al. 2024). A radio source at a
mean frequency of 9.8 GHz with a flux density of ∼280 µJy was
found at the position: RA(J2000) = 10:47:11.480, Dec(J2000) =
+01:16:35.29, with an uncertainty of ∼0.2′′ in each coordinate.
This is consistent with the X-ray and NIR positions.

2.4.2. ATCA

Following the determination of the spectroscopic redshift, radio
observations were obtained with the Australian Telescope Com-
pact Array (ATCA) under programme C3546 (PI Thakur) for
high-redshift GRB follow-up. Observations were obtained in the
C and X bands at three epochs, 15, 33, and 48 days post-burst.
The datasets were processed in Miriad (Sault et al. 1995) using
standard flagging, calibration, and imaging procedures. The pri-
mary and bandpass calibrator was 1934-638 and the phase
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calibrator was 1038+064. At the Fourier inversion stage, a
robustness parameter of r = 0 was chosen to maximise the sensi-
tivity of a detection experiment. The afterglow was detected at a
location consistent with the X-ray and NIR positions. Flux den-
sities were evaluated at the source peak position in the restored
images, as this is the best estimate for point-like sources. The
RMS noise in the final radio maps was computed away from the
target and bright side sources. The multiplicative term related
to residual gain calibration errors, evaluated to be 5% for 4-cm
receivers, was negligible in the flux density error budget as the
source was detected with low enough signal-to-noise. The results
are reported in Table 2.

2.4.3. e-MERLIN

To improve the angular resolution and exclude possible confus-
ing sources in the field of the GRB, we also requested a Direc-
tor’s Discretionary Time (DDT) observations with the Enhanced
Multi-Element Remotely Linked Interferometer Network (e-
MERLIN, Project ID DD17002, PI Thakur). They were carried
out in the C band and in two epochs, 15 and 18 days after the
burst, including the following antennas: Mk2, Pi, Da, Kn, De,
and Cm. The phase calibrator was 1048+0055, while 3C286 was
adopted for amplitude calibration. Each run had a total duration
of ∼13 hours. Data were processed with the eMERLIN pipeline
(eMCP; Moldon 2021), and imaging was performed with casa
(McMullin et al. 2007) at a central frequency of 5.1 GHz, adopt-
ing natural weighting. The source peak was derived from the
image statistics, and RMS was measured in a region surround-
ing the target. The final flux density error was estimated as
the squared sum of the RMS and a typical 10% accuracy for
the amplitude scale calibration. We display the results for these
observations in Table 2.

2.4.4. Other observations

The source was also detected with the Atacama Large Mil-
limeter/Submillimeter Array (ALMA) in the millimetre band,
at 97.5 GHz (Laskar et al. 2024). The observations began on
March 2 2024 at 02:46:33 UT (13.0 d after the burst), and a
millimetre source with a flux density of ∼0.1 mJy was found at
the position RA (J2000) = 10:47:11.5, Dec (J2000) = 1:16:36.0,
with an uncertainty of ∼0.3′′ in each coordinate. This is con-
sistent with the X-ray, NIR, and radio positions. Moreover,
a 3σ upper limit of 65 µJy was obtained with NOEMA at
74 and 90 GHz at a mean epoch 10.88 days after the burst
(de Ugarte Postigo et al. 2024).

3. Data analysis and results

3.1. Gamma-rays

We analysed the prompt emission spectrum by combining the
Fermi/GBM and Swift/BAT data. The time-integrated spectrum
of Fermi/GBM was accumulated over the time interval [−2, 30] s
(shaded yellow region in Fig. 2). The background spectrum was
computed considering two time intervals before and after the
one containing the burst. A third-order polynomial was fitted to
these intervals and interpolated in the time interval of the burst.
Data of NaI #1,2 and BGO1 were reduced with Fermitools
2.2.0. The spectrum corresponding to the peak time of the burst
was extracted over the 1.024 s time interval shown by the cyan-
shaded region in Fig. 2. We analysed Swift/BAT data and pro-
cessed them with the standard Swift analysis software included

Fig. 2. Fermi/GBM and Swift/BAT (15–150 keV) light curve. The
shaded yellow and cyan regions mark the time interval over which the
time-integrated and peak spectra were extracted. The times were com-
puted from the Fermi/GBM trigger time.

Table 1. Prompt emission spectral analysis results.

log(Liso) Ebreak β1 β2 Epeak
[erg s−1] [keV] [keV]

[−2, 30] s 52.90+0.07
−0.09 32.09+13.92

−8.22 0.48+0.32
−0.64 1.69+0.20

−0.19 293+343
−194

Peak 53.19+0.11
−0.11 0.76+1.25

−0.80 134+47
−26

Notes. Results of the spectral analysis of prompt emission Swift/BAT
and Fermi/GBM data. β1 and β2 indicate the spectral slopes of the best-
fit model (see Sect. 3.1).

in the NASA’s HEASARC software (HEASOFT, ver.6.31) and
the relevant calibration files, and we extracted 15–150 keV BAT
spectra and response matrices with the batbinevt tasks in
FTOOLS in different time intervals. Since Swift was slewing
after 10.5 s, we divided the time interval [−2, 30] s into five sub-
intervals, one pre-slew, [−2, 10.5] s, and four during the slew,
[10.5, 30] s, each with a duration of 5 s so that the source is not
appreciably moving in the BAT field of view.

The time-integrated spectrum of Fermi/GBM was fitted
together with the five BAT spectra with the same model. We
considered three spectral models with an increasing number of
free parameters: a power law with a high energy cut-off (CPL),
a smoothly broken power law (SBPL), and an SBPL with a high
energy cut-off (SBPLCT). Both the SBPL and the SBPLCT pro-
duce a significantly better fit with respect to the CPL model and
the best-fit parameters for the SBPLCT fit are reported in Table 1
along with their 95% confidence intervals. The posterior distri-
butions of the model parameters are shown in Fig. B.1. The time-
averaged spectrum is shown in Fig. 3. In Table 1, we also report
the parameters of the fit of the peak spectrum, which, owing to
the smaller signal, can only be fitted by a CPL model.

Adopting the results obtained, we then derived the burst
rest-frame peak energy both from the time-integrated and
the peak spectrum, yielding Ep,z = 2280+2669

−1510 keV and
Ep,z,pk = 1043+366

−202 keV, respectively. The isotropic peak lumi-
nosity, Liso, is reported in Table 1, while the isotropic equivalent
energy is log(Eiso/erg) = 53.51+0.07

−0.09. We considered a complete,
flux-limited sample of LGRBs, the BAT6 sample
(Salvaterra et al. 2012), for a comparison with the popula-
tion of long bursts. We found that GRB 240218A lies within
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Table 2. GRB 240218A radio observations.

t − t0 Fν σFν
Telescope Frequency

[d] [µJy] [µJy] [GHz]

15 147 28 e-MERLIN 5.1
18 96.5 18.7 e-MERLIN 5.1
15 205 16 ATCA 5.5
33 <51 − ATCA 5.5
48 <39 − ATCA 5.5
8.13 131 16 VLA 6
18.19 115 10 VLA 6
38.08 <42 − VLA 6
15 108 20 ATCA 9
33 39 10 ATCA 9
48 <30 − ATCA 9
8.13 203 12 VLA 10
18.19 97 8 VLA 10
38.08 <24 − VLA 10

Notes. Results for radio observations obtained with different facilities.

Fig. 3. Spectral energy distribution of the prompt emission spectrum,
averaged over the [−2, 30] s time interval. The SBPLCT model is shown
by the solid line with the 68% confidence region shown by the shading.
The data points are reported with their 1σ errors.

the 3σ confidence region (data from Nava et al. 2012) for
the Eiso − Ep,z Amati relation and the Liso − Ep,z Yonetoku
relation. This tells us that GRB 240218A, like other high-z
GRBs (Salvaterra 2015), is consistent with the population of
LGRBs in terms of prompt-phase energetics.

3.2. X-rays

We retrieved the Swift/XRT light curve of GRB 240218A from
the GRB XRT light curve repository3 (Evans et al. 2007, 2009).
The light curve comprises 5.7 ks of data obtained from t0 +137 s
to t0 + 149.4 ks, 118 s of which are in windowed timing (WT)
mode, and the remainder in photon counting (PC) mode. We
fitted the light curve with a double-broken power law, exclud-
ing the WT-mode data from 188 s after the trigger, which are
related to flaring activity in the X-rays. The best-fit yields the
following results: the light curve initially decays with index
αX

1 = −2.11±0.06, then with αX
2 = −0.56±0.24 from t0 +1540 s

to t0 + 90259 s, and at later times with αX
3 = −2.29 ± 0.70. The

3 https://www.swift.ac.uk/xrt_curves/01215912

Fig. 4. Top panel: Rest frame X-ray light curve of GRB 240218A (blue
line) compared with those of the BAT6 sample (grey curves), all in the
common rest-frame energy range 2–10 keV. The burst is consistent with
the most luminous curves of the sample. Bottom panel: Same as above
but normalised with respect to the isotropic equivalent energy, Eiso (data
for the BAT6 sample from Nava et al. 2012). GRB 240218A is fully
consistent with the population of LGRBs.

χ2/d.o.f. decreases from 1.40 to 1.26 with respect to a fit with
a broken power law. The XRT spectral analysis is not discussed
here, but we refer to Sect. 3.5 in the broader context of the SED
analysis.

Besides the prompt phase correlations presented above,
D’Avanzo et al. (2012) derived prompt-afterglow correlations
for the BAT6 sample comparing the prompt phase quantities
with the rest-frame X-ray luminosity at different rest-frame
times: 5 min, 1 h, 11 h, and 24 h. We put the X-ray light
curve in the burst rest frame to test its consistency with the
LGRBs belonging to the BAT6 sample. We first retrieved the
observed 0.3–10 keV unabsorbed fluxes and the time-resolved
measured photon spectral index, Γ, from the Swift Burst Anal-
yser4 (Evans et al. 2009), then we used the relation

f rf
X (2−10 keV) = fX(0.3−10 keV)

(
10

1 + z

)2−Γ

−

(
2

1 + z

)2−Γ

102−Γ − 0.32−Γ
(1)

to obtain the light curve in the rest-frame 2–10 keV energy
band. The luminosity was then obtained considering the lumi-
nosity distance of the burst. We show it and the curves of the
BAT6 sample in the top panel of Fig. 4: the GRB 240218A
light curve is fully consistent with the range spanned by BAT6
long GRBs; in particular, it lies on the region of the most
luminous curves of the distribution, as is expected, it being a

4 http://www.swift.ac.uk/burst_analyser/
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Fig. 5. Rest frame optical-NIR light curve of GRB 240218A (brown
line) compared with those of the BAT6 sample (grey curves). The curves
were corrected for Galactic and intrinsic absorption. GRB 240218A is
consistent with the population of LGRBs at early times, while it is
brighter by about one order of magnitude than all (but one) curves from
∼104 s after the burst trigger.

high-redshift event. We also derived the X-ray rest frame light
curve normalised to the Eiso for GRB 240218A and the BAT6
sample, and the curve is fully consistent with the population of
LGRBs (see Fig. 4, bottom panel). This confirms the findings
of Salvaterra (2015): high-redshift events do not show differ-
ent Eiso-normalised X-ray rest-frame luminosity with respect to
lower redshift bursts. We then obtained the X-ray luminosity at
the four rest-frame times of 5 min, 1 h, 11 h, and 24 h from
the best fit of the X-ray rest-frame light curve of GRB 240218A.
These values were then compared with the prompt phase prop-
erties; that is, Eiso, Liso, Ep,z. Our results are consistent with
the prompt-afterglow correlations derived by D’Avanzo et al.
(2012), further strengthening the similarity of high- and low-
z bursts in terms of X-ray luminosity compared to their rest-
frame properties. We also re-analysed the CXO observation
and we derived an unabsorbed flux in the 0.3–8 keV range of
FX,CXO = 1.23+10.23

−0.91 × 10−14 erg cm−2 s−1 (errors at 90% c.l.),
consistent with that reported by Peña et al. (2024).

3.3. Optical, NIR, and radio

We analysed all the optical-NIR observations presented in
Sect. 2.3 and we derived the afterglow magnitude by performing
PSF photometry with the DAOPHOT (Stetson 1987) and ALL-
STAR packages. All the NIR photometry was calibrated against
the UKIDSS catalogue (Warren et al. 2007) using a common set
of field stars. We present the results of the photometric analy-
sis of the optical-NIR afterglow in Table A.1, and in Table 2
we summarise the radio flux densities from the observations
described in Sect. 2.4. The H-band NIR curve was fitted with
a double broken power law, obtaining a slope αH

1 = −0.63±0.10
until t0 + 20417 s, a flattening with decay αH

2 = 0.46± 0.63 up to
t − t0 = 83176 s, and a later time slope αH

3 = −1.63 ± 0.14. The
decay of the last branch of the double broken power law in the
X-ray and the NIR curves are consistent within a 1σ c.l., and the
second break time in the NIR curve is close to that in the X-rays
(see Sect. 3.2). These two results suggest a common origin for
the emission.

Similar to the X-ray light curve, we put the observed NIR
light curve in the rest frame by adopting the procedure applied
by Melandri et al. (2014) for the curves of the BAT6 sample.
We adopted the values derived from the analysis of the late-time
SED (see Sect. 3.5) to put the observed data in the common U-

band rest frame and we show the results in Fig. 5. GRB 240218A
light curve is fully consistent with LGRBs population at early
time, then is brighter than the other curves but one. To investi-
gate if this is a peculiar property of this event or is characteristic
of high-z bursts we performed a deeper analysis of the event, as
is presented in Sect. 3.6.

For the radio light curve, we modelled separately the data
at 5.1, 5.5, and 6 GHz (C band) with a single power law from
t− t0 = 1.3×106 s, with slope αR = −2.86±0.57, and the data at
9 and 10 GHz (X band) with a broken power law. For the X-band
curve, we obtain a decay of αR

1 = −0.78±0.82 before 1.19×106 s
after the trigger and αR

2 = −1.34 ± 0.36 afterwards. The X-band,
NIR, and X-ray late time decays are consistent with each other
at the 1σ level, while the C-band slope is consistent at a 2σ c.l.
The X-ray-to-radio light curves are shown in Fig. 6.

3.4. Combined analysis of X-ray and NIR light curves

We performed a combined X-ray-NIR light curve fit, covering a
timescale from ∼102 to ∼106 s after the trigger, to investigate
their evolution from early to late time. Radio data were thus
excluded from this analysis since they were all obtained after
t − t0 ∼ 7 × 105 s. We used a single and double broken power
law for the X-ray and NIR curves, respectively, with the X-ray
break time and the second NIR break time fitted as a common
parameter (tb). Indeed, the late-time slopes obtained above may
indicate that a jet break (Rhoads 1999) is present in the light
curves. For the X-rays, only PC mode Swift/XRT data were con-
sidered for the fit since the WT mode data show high variability
and flares. We fitted the data using maximum likelihood esti-
mation and sampled the posterior distributions using the Python
package emcee (Foreman-Mackey et al. 2013). We used uniform
priors for each parameter listed in Table 3. The observations are
in good agreement with the model, with the results for the fit
reported in Table 3 and the contour plots shown in Fig. C.1. We
note that αX,1/αH,1 and αX,2/αH,3 ratios are consistent at a 1σ
level, in agreement with the results obtained from the analysis of
the SED built at that time (see Sect. 3.5), which supports the jet
break nature for the common break. The αH,2 parameter, despite
the considerable uncertainty stemming from the paucity of NIR
data between 104 and 105 s after the burst, is consistent with a
plateau. Moreover, the value we derived for the Chandra obser-
vation is consistent with the extrapolation of our fit.

To assess the goodness of the result, we also performed a
fit with two separate parameters for the X-ray break time and
the second NIR break time, yielding log(tXRT/s) = 4.90+0.46

−0.47 and
log(tH/s) = 4.96+0.11

−0.20, respectively. They are consistent at a 1σ
level with each other and with the common break parameter, tb.
Moreover, from a Bayesian information criterion (BIC; Schwarz
1978) test the model with the common break time is preferred,
with ∆BIC ' 4. As a last check, we also performed a fit with a
double broken power law model for both curves, and we found
∆BIC ' 2.4 with respect to the model presented above. There-
fore, there is no strong evidence of a better fit of the X-ray curve
with a double broken power law rather than with a single broken
power law model.

3.5. SED modelling

We identified four time intervals (the grey-shaded areas in Fig. 6)
to build SEDs including observations at different frequencies
from the multi-wavelength data collected for GRB 240218A.
The first time interval (t ∼ 150 s after the trigger) includes data
from Swift/BAT, Swift/XRT, and REM, from the gamma-rays to
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Fig. 6. X-rays and NIR light curves, along with the best fit and 1σ errors shown with dashed coloured lines. The vertical black lines mark the
common break time (solid line) along with its errors (dashed lines). The X-ray light curve is computed at 1.73 keV, the log-mean of the XRT band.
The radio light curves are also shown with their power-law best-fit results presented in Sect. 3.3, and empty points report data taken from GCNs.
The vertical grey-shaded areas indicate the data used for SED modelling (see Sect. 3.5), and the letters next to them refer to the SEDs shown in
Fig. 7. Optical upper limits are not shown for display purposes.

Table 3. X-ray/NIR light curve fit results.

Parameter Value

αX,1 −0.49+0.25
−0.18

αX,2 −2.04+0.80
−0.88

αH,1 −0.62+0.09
−0.09

αH,2 0.41+0.88
−0.49

αH,3 −1.63+0.10
−0.11

tH [s] 16 218+20 090
−6668

tb [s] 74 132+25 516
−27 358

Notes. Results for the X-ray/NIR light curves best fit, with a common
break time tb in the two bands. tH is the first break time in the NIR light
curve. Reported values are the median of the posterior distributions;
errors are at the 1σ level.

the H band. The second one (t − t0 ∼ 103 s) comprises observa-
tions from XRT and REM; the third (t ∼ 1.26 d after the trigger)
and fourth (t − t0 ∼ 3 d) from the X-rays to the KS band from
XRT-LBT and XRT-GTC, respectively.

Data analysis was carried out by modelling BAT, XRT, and
NIR data together by the JSPEC package5 in a Bayesian frame-
work. NIR extinction (UV in the rest-frame) was modelled fol-
lowing a Small-Magellanic Cloud recipe (Gordon et al. 2016) as

5 https://github.com/stefanocovino/JSPEC.jl.git

implemented in the Dust Extinction package6. Other recipes
did not provide an acceptable fit to the data. X-ray extinction was
modelled following Morrison & McCammon (1983) as imple-
mented in the FittingFunction package7. The model was
developed within the Turing probabilistic framework8.

In the early-time SED, the second NIR observation is simul-
taneous to the XRT-WT data, which show large flaring activity.
Later, the observed X-ray flux drops by ∼2–3 order of magni-
tudes, suggesting that the γ and X-ray emission at early time are
produced in the prompt phase. With the aim of tracking a possi-
ble spectral evolution within this time interval, we split the NIR
datapoint obtained with REM into five sub-intervals. Indeed, it
is possible to obtain five sub-frames from each REM observa-
tion, as is explained in Sect. 2.3.1, and the afterglow flux can
be derived for each. In principle, a BAT-to-REM SED can be
derived for every sub-interval, but we obtained a detection with
REM in the first two sub-frames only. For this reason, we mod-
elled the SED from the gamma rays to the NIR in these two
intervals. The E(B − V) and the log(NH) parameters were fixed
due to the sparse statistics, leaving the other parameters free.
The two fixed values are well constrained by the analysis of
the late-time SED, which can be safely associated with a pure
afterglow emission (see below), yielding E(B − V) = 0.12 mag
and log(NH/cm−2) = 21.0. Given the low statistics, we did not
separate the Galactic and intrinsic components of NH; therefore,

6 https://github.com/JuliaAstro/DustExtinction.jl
7 https://github.com/stefanocovino/FittingFunction.jl.
git
8 https://turing.ml/
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Fig. 7. Spectral energy distribution modelling of GRB 240218A at different times. The top figures refer to BAT, XRT, and REM data in the t− t0 =
[160–170] s (left) and [178–188] s (right) intervals (indicated by (a) and (b) in Fig. 6). The bottom left panel shows the SED including XRT and
REM points taken ∼103 seconds after the trigger, and the bottom right plot displays the modelling of XRT-LBT data at t − t0 = 1.26 d. The best
model for each SED (shown with blue lines in the plots) and the corresponding parameters are reported in Table 4.

Table 4. Spectral energy distribution modelling results.

Time interval Data Model Parameters p value

(from t0) Γ1 Γ2 Eb [keV] E(B − V) [mag] log(NH) [cm−2]
160–170 s BAT + XRT + REM SBPL −0.8+0.5

−0.3 −1.6+0.05
−0.05 0.06+0.19

−0.04 0.12a 21.0(a) 0.35
178–188 s ′′ ′′ −1.39+0.02

−0.02 −2.9+0.9
−1.5 4.27+1.48

−1.64 0.12a 21.0(a) 0.05
195–205 s BAT + XRT ′′ −1.20+0.07

−0.07 −1.82+0.15
−0.22 7.76+4.26

−2.26 0.12a 21.0(a) 0.27
213–223 s ′′ ′′ −1.30+0.05

−0.06 −2.8+0.5
−0.9 7.04+2.09

−1.21 0.12a 21.0(a) 0.27
230–240 s ′′ ′′ −1.60+0.08

−0.07 −2.6+0.6
−1.6 10.0+29.8

−6.0 0.12a 21.0(a) 0.14
∼103 s XRT + REM SBPL −1.80+0.17

−0.04 −2.4+0.5
−1.0 1.6+1.5

−1.6 0.12+0.01
−0.01 20.6+0.6

−1.0 0.81
∼103 s XRT + REM SBPL −1.7+0.4

−0.1 −2.4+0.1
−0.4 0.20+1.06

−0.17 0.12a 21.0(a) 0.94
1.26–1.52 d XRT + LBT (JHK) PL −1.99+0.02

−0.03 − − 0.12+0.01
−0.01 21.0+0.2

−0.4 0.05
2.98–3.06 d XRT + GTC (JHK) PL −1.99+0.02

−0.03 − − 0.12+0.01
−0.01 21.0+0.3

−0.4 0.05

Notes. Spectral energy distribution analysis of GRB 240218A in different time intervals. The results coming from the best modelling are shown
for each SED. The spectral slopes, Γ1 and Γ2, are reported as photon indices (Γ = β + 1). The Bayesian p values shown in the last column were
computed according to Lucy (2016, 2018). (a)Fixed parameter in the fit.

we modelled it at z = 0 also including the Galactic component
log(NH,Gal/cm−2) = 20.6 (Willingale et al. 2013). The model
that best describes the early-time spectral behaviour is a SBPL.
The top two panels of Fig. 7 show the results, and the best-fit
values are presented in Table 4. For the three other sub-intervals
without a NIR detection, we modelled the BAT-XRT SED and
extrapolated the flux up to the H band to check if it was con-

sistent with the upper limit we obtained from the correspond-
ing sub-frames. In all cases, the extrapolated NIR flux from the
model is compatible with the limits derived from REM analysis,
even if the large uncertainties yield a range of acceptable NIR
fluxes spanning some orders of magnitude. From this analysis,
it is not possible to safely state if the gamma, X-ray, and NIR
emissions share the same physical origin. Unlike the high-energy

A239, page 9 of 22



Brivio, R., et al.: A&A, 695, A239 (2025)

Fig. 8. Light curves in the optical, X-ray, and radio bands. The dashed lines show the on-axis top-hat model, while the solid lines represent the
off-axis Gaussian model. The shaded coloured regions represent how the model changes with and without the spreading of the jet. In particular,
the lower part of these regions represents the model with spreading (coinciding with the solid line), while the top part corresponds to the model
without spreading. The vertical shaded regions in the first two panels represent the deceleration time 1σ region. Before that, a likely contribution
from the late-time activity of the central engine is at play. Here, afterglowpy modelling is not reliable and data before 0.1 d from the trigger
were excluded from the fit.

radiation, NIR data do not indicate flaring activity and the flux
evolves with a shallow decay, so no drop is observed. Two main
scenarios can be identified to explain the behaviour in the NIR
band. First, the XRT variability is also present in the H band, but
the additional contribution coming from the emerging afterglow
makes this negligible and not observable. On the other hand,
there can be no variability at NIR frequencies (e.g. Tanvir et al.
2009) and only a standard synchrotron emission powering the
afterglow is at play. The presence of an additional contribution
on top of the afterglow is suggested by the physical modelling
described in Sect. 3.6.

We then modelled the SED in the second time interval at
t − t0 ∼ 103 s, which includes XRT and REM observations. The
model that best fits the data is again a SBPL. We performed the
fit both with E(B − V) and NH values fixed from the late-time
SED and leaving all the parameters free. The results from the
two fits are consistent with each other and the optical extinction
and the X-ray equivalent column density are compatible with the
fixed value. We decided to keep the results with the two values
fixed because of the better statistics and we show the fit in the
bottom left panel of Fig. 7. Moreover, the break energy param-
eter is not very well constrained, but the addition of a spectral
break between 0.01 and 10 keV yields a better fit compared to a
simple power law model. The difference between the two spec-
tral slopes is consistent with 0.5, which leads us to interpret this
as the cooling break, assuming to be in the slow cooling regime
(see e.g. Sari et al. 1998; Piran 2004).

The SED at t − t0 ∼ 1.26 d includes data from the X-rays to
the KS band, all obtained after the break time, tb, found from the
combined light curve fit. We modelled this SED with a simple
power law (see Fig. 7, bottom right panel) with all parameters
left free to vary. Indeed, the good statistics enabled us to con-
strain the optical extinction, E(B − V), and the X-ray column
density, NH . Therefore, as was anticipated above, we adopted
these values for the SED modelling when worse statistics pre-
vented us from modelling the data with all parameters left free
to vary. In addition, the derived value of Γ1 is consistent with
Γ2 from the previous SED at t − t0 ∼ 103 s (see Table 4) and
the cooling frequency dropped below the optical band at 1.26 d.
These findings are consistent with expectations from the forward
shock (FS) model in a uniform interstellar medium (ISM): the

spectral slopes do not vary, and the cooling break evolves as
νc ∝ t−1/2. Thus, our results suggest the presence of a homo-
geneous medium. The spectral slope obtained is also consistent
with typical values expected for synchrotron emission from FS
after tb. This strengthens its interpretation as a jet break and con-
firms that the observed radiation at these times belongs to the
afterglow phase. In the last SED, we considered XRT and GTC
data taken at t − t0 ∼ 3 d, and the modelling yields the same
results as the previous SED. For this reason, the corresponding
plot is not shown. These analyses unambiguously confirm that
the emission after tb belongs to the afterglow phase and that the
afterglow spectrum after the jet break does not evolve.

3.6. Broadband light curve physical modelling

Besides the empirical analyses of the X-ray/NIR light curves
and of the SEDs reported above, we also included the radio
data (all obtained after tb) to fit the multi-band afterglow using
the afterglowpy package (Ryan et al. 2020). It estimates the
observer frame flux at a specific time and frequency depending
on the input parameters. We performed two fits, assuming a top-
hat and a Gaussian structure for the jet. The parameters describ-
ing the jet geometry are the jet core (half-)angle, θc, the jet total
angular width, θw (only in the case of the Gaussian jet), the on-
axis isotropic equivalent kinetic energy of the blast wave, E0,
and the viewing angle (the angle between our line of sight and
the jet axis), θv. The main part of the emission in the afterglow
is from the FS-accelerated electrons that emit synchrotron radi-
ation. Their energy distribution is a power law with slope −p,
the fraction of their post-shock internal energy is εe, whereas the
fraction of post-shock internal energy in the magnetic field is
denoted by εB. The circumburst medium number density is n0.
The luminosity distance and the redshift are fixed, and the frac-
tion of electrons accelerated to the non-thermal energy distribu-
tion χN is fixed to 1.0. Moreover, we assumed a constant-density
environment. We fitted the dataset using dynamic nested sam-
pling (Python package Dynesty; Speagle 2020), using 1000 live
points and multiple bounding ellipsoids as the bounding strategy.
The priors are uniform for θw in [0◦, 90◦], θc in [0◦, 90◦], and p in
[2, 3]; log-uniform for E0 in [50, 56], εe in [−5, 0], εB in [−5, 0],
and n0 in [−3, 3]; sinusoidal for θv in [0◦, 90◦].
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The fitted dataset is represented in Fig. 8, with four panels
representing the H band, the X-rays and the radio bands. With
the above modelling, a purely on-axis top-hat model (dashed
line) fits the radio and X-ray light curves sufficiently well. How-
ever, it overpredicts the flux in the NIR before t − t0 ∼ 1 d.
The corresponding corner plot is shown in Fig. D.1. The flat part
of the optical light curve between 0.1 and 1 day is suggestive
of an off-axis jet, indeed providing a good match to the data
in the NIR, radio, and X-rays after ∼0.1 d. The model under-
predicts the early X-ray and NIR fluxes, which, in this context,
could be due to some still-ongoing central engine activity, as is
also supported by the observed flaring activity. This contrasts
with the possible afterglow-only origin of the NIR emission at
the early time mentioned in Sect. 3.5. Indeed, the deceleration
time (estimated from the parameter results), at which the after-
glow emission is expected to start, is represented by the vertical
shaded grey region, which is superimposed on the early X-ray
data points. Before that, afterglowpy modelling is not reli-
able; therefore, data before t − t0 < 0.1 d were excluded from
the fit. An alternative interpretation for the early-time obser-
vations could be the presence of a reverse shock (RS) com-
ponent. Although a RS is typically linked to an optical flash
(e.g. Yi et al. 2020), we do not observe such a clear signature
in this case. However, our observations began at t − t0 = 68 s,
and the peak may have occurred earlier (see e.g. Vestrand et al.
2014). In this scenario, we are likely observing the decay phase
following the flash, making it difficult to distinguish between
this interpretation and the late-time activity of the central
engine.

The off-axis Gaussian jet fit (corner plot is shown in Fig. E.1)
suggests a very narrow jet with a significant kinetic energy (and
a total jet energy of log(Ejet/erg) = 52.5) and an ISM density
of log(n/cm−3) = 1.2. These results include the spreading of
the jet in the modelling and are represented by the lower bound-
ary of the shaded regions shown in Fig. 8. In the non-spreading
case (upper boundary of the shaded regions), the slope of the
late-time light curve is shallower and fits the last data points
in the optical band better. The parameters of this fit are very
similar to the spreading case, and the corner plot is represented
in Fig. E.2. In particular, we obtain a jet with a core opening
angle of θc = 1.26+0.17

−0.06 deg, while the observer viewing angle
is θv = 2.52+0.57

−0.29 deg. The off-axis Gaussian jet fit results, both
in the case of a spreading and a non-spreading jet, are reported
in Table 5. From our modelling, we cannot directly determine
the initial Lorentz factor, Γ0. However, we can estimate its lower
limit since it depends on the peak of the optical afterglow, under
the assumption that the same jet powers both the prompt and the
afterglow emission. Even if the optical peak is not identified in
this case, it is located before the peak time due to the observer
viewing angle, which is t− t0 ∼ 0.5 d. It is possible to estimate
the initial Lorentz factor (Sari & Piran 1999) through the follow-
ing equation:

Γ0 ∼ 270
(

Eiso,53

n1η3t3
p,2

)1/8

, (2)

where Eiso,53 is the isotropic equivalent energy in units of
1053 erg, n1 is the circumburst density in units of 1 cm−1, and tp,2
is the time of the optical peak in units of 100 seconds. Adopting
the modelling results, we derive a lower limit, Γ0 & 80, from
which it is possible to compute the limit on the Doppler factor,
δ ∼ 14. This allowed us to provide an estimate for the correction
of Eiso and Epeak for the jet inclination (Amati 2006), taking into
account the high-energy spectral index, β2, of the prompt emis-

Table 5. Broadband light curve physical modelling results.

Parameter Spreading jet Non-spreading jet

θv [rad] 0.05+0.01
−0.01 0.04+0.003

−0.005
θc [rad] 0.01+0.002

−0.002 0.01+0.001
−0.001

θw [rad] 0.72+0.41
−0.44 0.79+0.51

−0.46
log(E0) [erg] 54.72+0.11

−0.08 55.10+0.08
−0.06

log(n0) [cm−3] 1.24+0.35
−0.44 1.79+0.23

−0.27
p 2.05+0.01

−0.01 2.11+0.02
−0.02

log(εe) –0.13+0.11
−0.03 –0.53+0.06

−0.07
log(εB) –2.48+0.27

−0.21 –4.70+0.19
−0.19

Notes. Results of the broadband light curve physical modelling with
an off-axis Gaussian jet. The fit results for both a spreading and non-
spreading jet are presented. The reported values represent the medi-
ans of the posterior distributions, with errors corresponding to the 16th
and 84th percentiles. The corresponding corner plots are shown in
Appendix E.

sion (see Table 1). We then obtain Eiso,corr & 2 × 1054 erg and
Ep,z,corr & 104 keV. Thus, GRB 240218A is more energetic than
the majority of LGRBs but still within the 3σ scatter region of
the Amati relation, as we would expect given the small observer
viewing angle, θv.

4. Discussion

The light curve of GRB 240218A was first empirically mod-
elled with a series of power laws and requiring that the X-ray
and NIR light curves share a common break, which we found
to be at tb = t − t0 ∼ 74 132 s = 0.86 d. Here, we investigate
its interpretation as a jet break by discussing the results further
and comparing them with theoretical expectations. According to
the standard external FS model for the afterglow emission, we
expect a flux decrease, reflected in an achromatic steepening of
the light curve, as the blast wave decelerates over the Lorentz
factor ΓL ∼ 1/θjet (for ΓL � 1; Mészáros & Rees 1999): this is
known as jet break. This is first a geometrical effect: the observer
has access to a larger portion of the jet, corresponding to 1/ΓL,
as the jet expands and slows down, until its edges are reached
at ΓL = 1/θjet, and the whole cone is observable (Rhoads 1999).
This effect alone results in a post-jet break steepening as t−3/4 or
t−1/2, in case of a uniform or wind-like ISM, respectively. One
can also consider a lateral spreading of the jet, which leads to
an exponential decay of its Lorentz factor and is reflected in a
steeper post-jet break decay. From numerical simulations (e.g.
van Eerten & MacFadyen 2012), it is not clear how significant
the contribution of the sideways expansion is, even if it seems to
provide a good estimate of the post-break decay index. The late-
time indices in turn depend on the specific ordering of the self-
absorption (νa), cooling (νc), and peak (νm) frequencies of the
afterglow spectrum (Sari et al. 1999; Rhoads 1999). The most
common case at typical jet break times is νa < νm < νc, cor-
responding to a constant flux for ν < νa, to decays as t−1/3 for
νa < ν < νm, and t−p for ν > νm, where p is the index of the
electron distribution, n(e) ∝ γ−p, and typically ranges from 2 to
3. This is valid for both a uniform and a wind-like ISM, and we
considered the case ν > νm for a comparison with our results.
The late time slopes in the X-rays and H band are consistent
with each other within 1σ errors and that of the NIR curve is
significantly shallower than −2, in contrast with expectations.
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Generally, a possible explanation for this behaviour may be a
prolonged activity of the central engine with an energy injec-
tion mechanism, which supplies additional energy to the ejecta
and produces a less steep decay than expected. We computed the
expected light curve decay after the jet break according to this
hypothesis following the relations derived for a constant density
medium and below the cooling frequency (Zhang et al. 2006;
Panaitescu et al. 2006; de Pasquale et al. 2009; Racusin et al.
2009), yielding a slope of −1.58. This result is consistent with
the post-break decays obtained from our empirical model (see
Sect. 3.4) both for the NIR and the X-ray curves within the
uncertainties. A possible further qualitative argument support-
ing this interpretation may be the larger luminosity of the rest-
frame NIR curve of GRB 240218A with respect to the LGRB
population after ∼104 seconds (see Fig. 5). However, the pres-
ence of a Gaussian jet without lateral expansion and observed
slightly off-axis can explain the late-time behaviour, while the
observations before t − t0 ∼ 0.1 days can be attributed to
prolonged activity from the central engine, as is discussed in
Sect. 3.6. Moreover, the broadband modelling of the afterglow
with a Gaussian jet structure yields a jet break time consis-
tent with that derived from our empirical broken-power law
description, confirming what we estimated without a physi-
cal model and supporting the interpretation of tb as the jet
break.

To properly discuss the jet opening angle, θjet, of
GRB 240218A compared to the GRBs population, we note
that in most cases it can only be estimated assuming a top-
hat jet, both for low- and high-redshift events. For this rea-
son, we estimated θjet for GRB 240218A from the jet break
time under this assumption. We used the formulae from Rhoads
(1999), Sari et al. (1999), Frail et al. (2001) for a uniform
ISM:

θjet = 6.88
(

t3
bn1

EK,53(1 + z)3

)1/8

deg, (3)

where the break time, tb, is expressed in days, n1 is the cir-
cumburst density n in units of 1 cm−3, and EK,53 is the kinetic
energy of the outflow assuming isotropy in units of 1053 erg.
A typical value for the efficiency, η = Eγ,iso/Etot = 0.2, were
adopted for consistency with previous studies on high-z GRBs
(e.g. Melandri et al. 2015; Rossi et al. 2022). We obtained θjet =

2.20+0.32
−0.39 deg, from which we then corrected the isotropic equiv-

alent energy to Eγ = Eγ,iso(1 − cos θjet) = 2.41+1.31
−1.08 × 1050

erg. The jet opening angle we estimated is narrower than for
the majority of long GRBs, for which the median value for
bursts at z ∼ 1 is θz∼1 = 7.4+11

−6.6 deg (errors at a 90% c.l.;
Laskar et al. 2014). For high-z GRBs, Laskar et al. (2014) anal-
ysed three events, namely GRBs 050904, 090423, and 120521C,
and found a mean value of θz>6 ∼ (3.6 ± 0.7) deg, which is a bit
larger than the one derived for GRB 240218A. Lower values for
the jet opening angle are not unprecedented and they are consis-
tent with the average value of the sample of LGRBs with an early
(t − t0 . 1 d) jet break, θjet = (2.5 ± 1.0) deg (Wang et al. 2018).
On the other hand, Rossi et al. (2022) derived θjet = (7.9 ± 1.6)
deg for GRB 210905A at z = 6.312, which would suggest a
different behaviour, being more in agreement with the popula-
tion of nearby events. In addition, Lloyd-Ronning et al. (2019,
2020a) investigated the dependence of the jet opening angle on
the redshift and found that the θjet of high-z GRBs is, on aver-
age, narrower than that of closer events, as has also been sug-
gested by Laskar et al. (2014, 2018). GRB 240218A supports the
hypothesis of more collimated jets at high redshift since it agrees

with the θjet − (1 + z) correlation derived by Lloyd-Ronning et al.
(2020a). This correlation would imply a higher intrinsic rate
of bursts at large distances, with important consequences for
the properties of long GRB progenitors at high redshifts. First,
narrower jets require denser stellar environments to facilitate
their collimation and successful launching. Such higher stellar
densities are expected if the IMF evolves with cosmic time,
with a top-heavier mass function at larger z. Assuming that the
stellar density scales with the progenitor mass and taking into
account the anti-correlation between θjet and z it is possible to
derive the expected dependence of the stellar density on the red-
shift. The result, as is shown by Lloyd-Ronning et al. (2020a),
is consistent with proposed IMF evolution models (e.g. Davé
2008), and the necessary conditions for successful jet collima-
tion and launching in terms of luminosity are met when assum-
ing typical progenitor parameters and a relatively low radiative
efficiency for some LGRBs (Lloyd-Ronning et al. 2020a). Pro-
genitor properties are also closely tied to metallicity, with low-
metallicity environments (more typical at high redshift) required
to explain the observed narrow jet opening angles. Furthermore,
if both the IMF and the θjet evolve with redshift the estimates of
the SFR derived from the observed GRB rate must be revised
including appropriate corrections (Lloyd-Ronning et al. 2020b).
A potential alternative to explain the proposed correlation and
the absence of large θjet for high-z GRBs involves selection
biases. However, Lloyd-Ronning et al. (2020a) showed that the
redshift distributions of GRBs with jet opening angle measure-
ments and the overall GRB population are statistically equiva-
lent, with the same relative fraction of θjet measurement (∼1/3) at
both low and high redshift. This suggests that a significant frac-
tion of GRBs with large opening angles at high-z is not missing
from current samples. Indeed, even after accounting for strong
truncation and selection effects, the anti-correlation remains sta-
tistically significant (Lloyd-Ronning et al. 2020a), despite being
based on a dispersed sample with relatively few high-z GRBs.
Despite these arguments, the different results derived for other
bursts (e.g. GRB 210905A) would call for a larger sample of
such events with determined jet break time to derive better con-
straints on this possible correlation. In addition, the future detec-
tion of high-z GRBs would allow us to test possible implica-
tions on the GRB rate at large redshift and the SFR across
cosmic time. In the case of GRB 240218A, the core open-
ing angle, θc, obtained from the Gaussian jet modelling (see
Sect. 3.6) is lower than the values estimated here for a top-hat
jet. Nevertheless, we can apply similar arguments as the dis-
cussion above: θc = 1.26+0.17

−0.06 deg is lower than the majority
of the bursts, suggesting the possible presence of narrower jets
at larger redshift, but is consistent (at 2σ level) with the aver-
age opening angle of LGRBs with early jet break derived by
Wang et al. (2018).

Using the jet energy we derived coupled with the rest frame
Epeak, we then investigated the Eγ − Epeak relation (Ghirlanda
relation; Ghirlanda et al. 2004). Considering the sample of
LGRBs from Wang et al. (2018), GRB 240218A satisfies the
Ghirlanda relation consistently with LGRBs with early jet break
time. This, along with the consistency with the Amati and Yone-
toku relations for LGRBs, further confirms that GRB 240218A
is not different in terms of energetics from low redshift bursts,
nor does it support the presence of different progenitors, such
as Pop III stars, for high-z bursts. No indication of different
properties for high-redshift GRBs can be drawn for the com-
parison of the jet energy with the beaming-corrected energy
for other GRBs since this parameter spans a range as large as
that for low-z events and no redshift evolution has been found

A239, page 12 of 22



Brivio, R., et al.: A&A, 695, A239 (2025)

Fig. 9. Expected U-band equivalent rest-frame light curves for
SN1998bw (blue line) and SN2006aj (purple line) at z = 6.782. They
would peak at t − t0 = 118.5 d and t − t0 = 44.2 d, respectively.

(Lloyd-Ronning et al. 2019). The value we derive is similar to
the median values for long GRBs, 〈Eγ〉 = 8.1+11

−4.3 × 1050 erg
(Laskar et al. 2014).

4.1. Supernova expectations at z = 6.78

A SN accompanying LGRBs is expected; therefore, we derived
the magnitude that a typical GRB-related SN would reach at
such a large distance. We collected the observed optical light
curve of two paradigmatic SNe associated with LGRBs, namely
SN1998bw (Galama et al. 1998) and SN2006aj (Campana et al.
2006), and put them at the distance corresponding to z = 6.782.
In particular, we moved the U-band observed curves to the GRB
rest frame, where the corresponding wavelength is ∼ 28 000 Å.
This is within the F277W filter of the James Webb Space Tele-
scope (JWST), which is the only instrument to date with the
capability to perform a follow-up at these distances (with an
exposure of ∼1 h), assuming that the SNe associated with a GRB
at high redshift are similar to those observed so far related to
lower z bursts. An SN199bw-like SN would peak at mAB = 28.22
after 118.5 days, while SN2006aj would reach the brightest mag-
nitude of mAB = 28.15 at t − t0 = 44.2 d. The rest-frame light
curves for the two SNe are shown in Fig. 9.

4.2. Dust extinction

The results obtained from the late-time SED analysis allow us to
discuss the role of dust absorption for GRB 240218A and com-
pare it with the population of LGRBs and other high-z GRBs in
particular. Their host galaxies populate the faint end of the lumi-
nosity function (Salvaterra et al. 2011; Tanvir et al. 2012); there-
fore, low absorption is expected for such events, as was also found
in previous studies on high-redshift bursts (see e.g. Zafar et al.
2010; Melandri et al. 2015; Zafar et al. 2018; Rossi et al. 2022).
We obtained from our SED modelling E(B−V) = 0.12 mag, cor-
responding to AV = 0.35 mag assuming an SMC-like extinction,
and we compared it with the same values derived by Covino et al.
(2013) for the LGRBs belonging to the BAT6 sample (see Fig. 10,
top panel). Two populations were identified for the BAT6 LGRBs:

87% (50%) of the events display AV < 2 (AV < 0.4) mag while the
remaining 13% are characterised by a large (AV > 2 mag) extinc-
tion. The existence of a small population of highly extinguished
bursts was also independently confirmed by Perley et al. (2016).
We then retrieved the same quantities for high-redshift GRBs (see
Melandri et al. 2015, their Table 5, and Rossi et al. 2022): their
optical rest-frame extinction is consistent with GRB 240218A
and with the LGRBs population showing negligible extinction.
The absence of a population with large extinction at high-z is
probably due to an observational bias since it is difficult to per-
form ground-based follow-up of locally high extinguished and
distant events. These considerations could point to a redshift-
independent behaviour of AV .

We then computed the rest-frame X-ray hydrogen-equivalent
column density log(NH,rf/cm−2) = 23.1, which is consistent with
the other high-z GRBs (Fig. 10, middle panel) and seems to
confirm the possible redshift evolution for this parameter (see,
e.g. Watson et al. 2013). As a consequence, also the NH/AV
ratio indicates that higher values are obtained for most distant
bursts (Fig. 10, bottom panel). However, this behaviour can be
explained by the lack of low NH values for high-z events because
of absorption from intervening systems and the diffuse inter-
galactic medium along the line of sight (Campana et al. 2010,
2012; Starling et al. 2013). Indeed, the values derived for pre-
vious z > 6 GRBs and GRB 240218A are consistent with the
effect of intervening material along the line of sight estimated by
Campana et al. (2015). The effect would be thus independent of
the progenitor and the local environment. Therefore, the results
derived for GRB 240218A support the picture of z > 6 bursts
displaying low optical extinction and large hydrogen-equivalent
column density, with the latter ascribed to the effect of interven-
ing systems along the line of sight.

5. Conclusions

GRB 240218A is a long GRB with the second-largest spectro-
scopically confirmed redshift, z = 6.782. We performed an
extensive multi-wavelength follow-up of this event, from the
gamma-rays to the radio, from 68 seconds after the burst was
triggered by Swift up to ∼48 days later. This allowed us to per-
form a complete analysis of this event, including the study of the
light curve and the SED at different times.

The prompt phase observations obtained with Swift/BAT and
Fermi/GBM allowed us to constrain the energetics of this event.
It is fully consistent with lower redshift LGRBs from its com-
patibility with the Amati and Yonetoku relations. Moreover,
from the X-ray observations, we found that it is consistent with
the prompt-afterglow correlations derived for the population of
LGRBs belonging to the BAT6 sample. Its rest-frame luminosity
is large, yet not exceptional, and the Eiso-normalised rest-frame
X-ray curve is consistent with the BAT6 sample.

The broadband (X-rays, NIR, and radio) light curve physical
modelling from ∼0.1 d is suggestive of the presence of a nar-
row, Gaussian jet observed slightly off-axis, leaving uncertain
the origin of the early-time X-ray and NIR light curves. Both our
empirical and physical models agree on the presence of a com-
mon break in the light curves at tb = 0.86 d, which we interpret
as the jet break. The SED analysis confirmed the afterglow ori-
gin for the late-time (i.e. after the jet break) observations, while
the earlier emission interpretation is more complex: the X-ray
emission is associated with the prompt phase, whereas the NIR
emission probably comes from both the afterglow and additional
contributions from a prolonged activity of the central engine or
a RS. We also estimated the jet opening angle and the corre-
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Fig. 10. Rest frame optical extinction (top panel) and X-ray hydrogen-
equivalent column density (middle panel) of GRB 240218A compared
with those of long GRBs belonging to the BAT6 sample and with other
high-z GRBs. The ratio NH/AV is shown in the bottom panel, with only
points for which at least one value between NH and AV is not a limit.

sponding beaming-corrected gamma-ray energy: the former is
consistent with the interpretation of narrow opening angles for
high-z events, as has already been suggested by Laskar et al.
(2014) and Lloyd-Ronning et al. (2020a). However, this is not
true for every high-redshift GRB (for example GRB 210905A;
Rossi et al. 2022). Thus, only a larger sample of such events
would help us better constrain this result.

The SED results also allowed us to compare the optical rest-
frame extinction and the X-ray column density with those of the
population of LGRBs and of other high-z bursts. GRB 240218A
shows rest-frame AV and NH parameters that are fully consistent
with high-redshift events. This confirms that the optical extinc-
tion of high-z GRBs is similar to the population of LGRBs with
negligible AV and a trend for the NH with the redshift is present.
However, the latter can be explained through the effect of inter-
vening material along the line of sight, which also mimics the
evolution of the NH/AV ratio with redshift.

This work confirms the importance of (promptly) following
up on high-redshift GRBs to build a larger sample of such rare
events. The combined effort of high-energy and lower-frequency
facilities also allows us to acquire a broadband dataset that is cru-
cial for properly interpreting and investigating these phenomena.
New z > 6 GRBs are expected to be discovered by the recently
launched SVOM (see Godet et al. 2014; Wei et al. 2016, for high-
z GRB rate predictions) and Einstein Probe (Yuan et al. 2016)
missions. Moreover, the foreseen launch of future missions,
such as THESEUS (Amati et al. 2018; Tanvir et al. 2021) and
the Gamow Explorer (White et al. 2021), will open a window
onto the high-z Universe, providing more and more data on these

distant events. Comparable results can be obtained with HUGO
(the High-z Universe GRB Observatory), shadowing from the
ground the Rubin survey with a comparable field-of-view NIR
telescope (Campana et al. 2022). This will also allow us to inves-
tigate some open questions, such as the evolution of the SFR and
metallicity across cosmic time or the origin of Pop III stars.
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Appendix A: Optical-NIR photometric data

In this appendix we provide the optical and NIR photometric dataset collected for GRB 240218A.

Table A.1. GRB 240218A optical-NIR photometry.

t − t0 [s] Mag (AB) σmag Fν [mJy] σFν
[mJy] Telescope Instrument Filter

108 16.36 0.18 1.040 0.172 REM REMIR H
200 16.53 0.20 0.887 0.163 REM REMIR H
292 16.57 0.24 0.855 0.189 REM REMIR H
526 17.02 0.12 0.565 0.062 REM REMIR H
718 17.39 0.17 0.402 0.063 REM REMIR H
1006 17.72 0.14 0.297 0.038 REM REMIR H
1390 17.51 0.12 0.360 0.040 REM REMIR H
1775 17.77 0.13 0.283 0.034 REM REMIR H
2351 17.90 0.14 0.251 0.032 REM REMIR H
2900 18.36 0.21 0.164 0.032 REM REMIR H
9623 19.64 0.16 0.051 0.007 REM REMIR H
109200 19.67 0.02 0.049 0.91×10−3 LBT LUCI H
255947 21.12 0.05 0.013 0.60×10−3 TNG NICS H
258054 21.24 0.05 0.012 0.53×10−3 GTC EMIR H
355800 > 19.3 − < 0.063 − MPG GROND H
509760 22.19 0.16 4.74 × 10−3 0.70 × 10−3 TNG NICS H
1037460 23.70 0.26 1.20 × 10−3 0.29 × 10−3 VLT HAWK-I H
1468301 > 24.23 − < 0.74 × 10−3 − VLT HAWK-I H
108960 20.51 0.02 0.023 0.42 × 10−3 LBT LUCI J
355800 > 19.9 − < 0.036 − MPG GROND J
263373 22.11 0.09 5.20 × 10−3 0.43 × 10−3 GTC EMIR J
108780 19.42 0.07 0.062 0.004 LBT LUCI KS
355800 > 16.8 − < 0.631 − MPG GROND KS
266685 20.81 0.04 0.017 0.63 × 10−3 GTC EMIR KS
2160 > 20.33 − < 0.027 − MeerLICHT WFC u
1748 > 18.52 − < 0.142 − REM ROS2 g
2160 > 21.61 − < 8.24 × 10−3 − MeerLICHT WFC g
4051 > 22.30 − < 4.37 × 10−3 − VLT X-shooter g
9403 > 20.56 − < 0.022 − REM ROS2 g
1748 > 18.82 − < 0.108 − REM ROS2 r
2160 > 21.21 − < 0.012 − MeerLICHT WFC r
3592 > 23.00 − < 2.29 × 10−3 − VLT X-shooter r
9403 > 20.27 − < 0.027 − REM ROS2 r
93617 > 25.20 − < 3.02 × 10−4 − GTC OSIRIS r
94373 > 26.30 − < 1.10 × 10−4 − VLT FORS2 r
1748 > 18.20 − < 0.191 − REM ROS2 i
2160 > 20.54 − < 0.022 − MeerLICHT WFC i
9403 > 19.51 − < 0.057 − REM ROS2 i
90869 > 24.05 − < 8.71 × 10−4 − GTC OSIRIS i
1748 > 17.79 − < 0.278 − REM ROS2 z
2160 > 19.54 − < 0.055 − MeerLICHT WFC z
3750 > 21.50 − < 9.12 × 10−3 − VLT X-shooter z
9403 > 18.44 − < 0.153 − REM ROS2 z
10530 23.80 0.11 1.10 × 10−3 0.11 × 10−3 VLT FORS2 z
93419 > 23.20 − < 1.91 × 10−3 − GTC OSIRIS z

Notes. Results for the optical and NIR observations of GRB 240218A. Values without errors are upper limits at the 3σ c.l. The values are not
corrected for Galactic extinction along the line of sight, E(B − V) = 0.04 mag (Schlafly & Finkbeiner 2011).
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Appendix B: Contour plot for prompt-phase time-integrated spectrum

Fig. B.1. Posterior distribution of the model parameters for the fit of the time-integrated spectrum. Errors on the parameter values are 95%
confidence intervals, Ebreak and Ep parameters are reported in units of keV.
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Appendix C: Contour plot for X-ray/NIR light curve fit

Fig. C.1. Posterior distributions of the combined fit of the X-ray and NIR light curves with double and single broken power law models, respec-
tively. The X-ray break time and the second NIR break time were fitted as a single common parameter. The log(tbreak) values are reported in
seconds, the normalisation parameter is in Jansky.
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Appendix D: Contour plot for broadband fit with top-hat jet

Fig. D.1. Corner plot for the top-hat jet fit of the X-ray, NIR, and radio light curves.
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Appendix E: Contour plot for broadband fit with Gaussian jet

Fig. E.1. Corner plot for the Gaussian spreading jet fit of the X-ray, NIR, and radio light curves.
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Fig. E.2. Corner plot for the Gaussian jet fit, without jet spreading, of the X-ray, NIR, and radio light curves.
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