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A B S T R A C T 

Gamma-ray bursts (GRBs) offer a powerful window to probe the progenitor systems responsible for the formation of heavy 

elements through the rapid neutron capture ( r -) process, thanks to their exceptional luminosity, which allows them to be observed 

across vast cosmic distances. GRB 241105A, observed at a redshift of z = 2 . 681, features a short initial spike ( ∼1.5 s) and a 
prolonged weak emission lasting about 64 s, positioning it as a candidate for a compact binary merger and potentially marking 

it as the most distant merger-driven GRB observed to date. However, the emerging ambiguity in GRB classification necessitates 
further investigation into the burst’s true nature. Prompt emission analyses, such as hardness ratio, spectral lag, and minimum 

variability time-scales, yield mixed classifications, while machine-learning-based clustering places GRB 241105A near both 

long-duration mergers and collapsar GRBs. We conducted observations using the James Webb Space Telescope ( JWST ) to search 

for a potential supernova counterpart. Although no conclusive evidence was found for a supernova, the host galaxy’s properties 
derived from the JWST observations suggest active star formation with low metallicity, and a sub-kpc offset of the afterglow 

from the host, which appears broadly consistent with a collapsar origin. Nevertheless, a compact binary merger origin cannot 
be ruled out, as the burst may plausibly arise from a fast progenitor channel. This would have important implications for heavy 

element enrichment in the early Universe. 

Key words: gamma-ray burst: individual: GRB 241105A – gamma-ray bursts. 

1

G  

u  

H  

T  

�

a  

w  

m  

2  

o  

2  

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/544/1/548/8256866 by guest on 19 N
ovem

ber 2025
 I N T RO D U C T I O N  

amma-ray bursts (GRBs) are the most powerful explosions in the
niverse, releasing an enormous amount of energy in a short period.
istorically, GRBs have been divided into two observational classes.
hose with durations of up to two seconds (termed ‘short’ GRBs)
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re thought to be powered by neutron star mergers, while those
ith longer durations (‘long’ GRBs) come from the collapse of very
assive stars (Kouveliotou et al. 1993 , see also Zhang & Mészáros

004 ; Zhang et al. 2006 , 2009 ; Zhang 2014 ). However, the limitations
f this framework have been recognized over time (Fynbo et al.
006 ; Gehrels et al. 2006 ; Zhang et al. 2009 ; Dimple et al. 2022a ).
ecent advances have shown that this duration-based division does
ot cleanly separate mergers from collapsars. In particular, the
iscovery of kilonovae accompanying GRBs 211211A (Mei et al.
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022 ; Rastinejad et al. 2022 ; Troja et al. 2022 ; Yang et al. 2022 )
nd 230307A (Gillanders et al. 2023 ; Levan et al. 2024 ; Yang et al.
024 ), both with durations of ∼ 30 s, has changed the canonical
lassification scheme. Such long-lasting merger-powered GRBs are 
ncompatible with the short accretion time-scale expected under the 
tandard assumption that the merging neutron star binary promptly 
ollapses to a black hole, and may indicate the need for additional
hysics-like magnetic field effects (Proga & Zhang 2006 ; Gottlieb 
t al. 2023 ), a longer-lasting central engine (Metzger et al. 2011 ;
ucciantini et al. 2012 ; Gompertz et al. 2013 ; Rowlinson et al.
013 ; Gompertz, O’Brien & Wynn 2014 ), or the merger of a neutron
tar–black hole binary system (e.g. Desai, Metzger & Foucart 2019 ; 
ompertz, Levan & Tanvir 2020 ; Dimple, Misra & Arun 2023 ). 
The current classification uncertainty has intensified interest in 
ethods to reliably separate GRBs powered by collapsing stars 

rom those powered by merging compact objects based on the 
rompt gamma-ray emission. Potential diagnostic properties include 
pparently distinct correlations between the isotropic equivalent 
nergy emitted in gamma-rays ( Eiso ) and the peak spectral energy 
 Ep ; the ‘Amati relation;’ Amati et al. 2002 ; Amati 2006 ; Minaev &
ozanenko 2020 ); non-zero lags in the arrival times of soft gamma-
ay photons relative to hard ones in collapsar GRBs (Norris 2002 );
nd disparate minimum variability time-scales (MVTs) between the 
wo engine types (MacLachlan et al. 2013 ) which may probe the size
f the emission region. Lately, efforts have turned to classifications 
ased on machine learning (ML) techniques (Chattopadhyay & 

aitra 2017 ; Acuner & Ryde 2018 ; Jespersen et al. 2020 ; Salmon,
anlon & Martin-Carrillo 2022 ; Dimple et al. 2023 , 2024b ; Stein-
ardt et al. 2023 ; Mehta & Iyyani 2024 ; Zhu et al. 2024 ). The
pplication of unsupervised ML algorithms on prompt emission light 
urves observed by the Burst Alert Telescope (BAT; Barthelmy et al. 
005a ) on the Neil Gehrels Swift Observatory ( Swift; Gehrels et al.
004 ) and the Gamma-ray Burst Monitor (GBM, Meegan et al. 2009 )
nboard the Fermi spacecraft, revealed multiple clusters within the 
RB population, suggesting the tantalizing possibility that some 

lusters correspond to specific progenitor types. 
Ultimately, measurements that can definitively identify the pro- 

enitor type will be required to verify the robustness of any prompt
mission-based classification schemes. For collapsars, this is the 
dentification of a supernova (SN, e.g. Galama et al. 1998 ; Hjorth
t al. 2003 ; Stanek et al. 2003 ), the smoking gun of a collapsing
tar. Recent examples of this include the identification of SNe 
ccompanying the nominally short GRB 200826A (Ahumada et al. 
021 ; Zhang et al. 2021 ; Rossi et al. 2022 ), the shortest known
ollapsar event; the unusually soft GRB 201015A (Patel et al. 2023 ;
elkin et al. 2024 ); and the Fast X-ray Transient (FXT) EP240414a

van Dalen et al. 2025 ), whose broad-lined Type Ic SN links it to
RB progenitor stars. For mergers, positive confirmation can come 

n the form of accompanying gravitational wave (GW) radiations 
Abbott et al. 2017 ) or kilonovae (Berger, Fong & Chornock 2013 ;
anvir et al. 2013 ; Jin et al. 2015 , 2016 , 2018 , 2020 ; Yang et al. 2015 ;
asliwal et al. 2017 ; Villar et al. 2017 ; Gompertz et al. 2018 ; Troja

t al. 2018 , 2019 , 2022 ; Eyles et al. 2019 ; Lamb et al. 2019 ; Fong et al.
021 ; O’Connor et al. 2021 ; Mei et al. 2022 ; Yang et al. 2022 , 2024 ;
evan et al. 2024 ), but also from the definitive exclusion of SNe. A

ecent notable example of this was GRB 191019A, which may be the
rst example of a merger formed through dynamical capture (Levan 
t al. 2023 ; Stratta et al. 2025 ), possibly in the accretion disc of an
ctive galactic nucleus (Lazzati et al. 2023 ). 

Historically, the exclusion of an SN associated with the nearby 
 z = 0 . 125) long GRB 060 614 to limits 100 × fainter than any
reviously known example (Fynbo et al. 2006 ; Gal-Yam et al. 2006 ;
ehrels et al. 2006 ) led to the recognition of the subpopulation
f so-called extended emission (EE) GRBs, of which 211211A 

nd 230307A are members (Gompertz et al. 2023 ). EE events
re characterized by short, hard ‘spikes’ of gamma-ray emission 
ith typical durations of less than two seconds, followed by lower

uminosity and spectrally softer gamma-ray emission that can last 
or tens to hundreds of seconds (Norris & Bonnell 2006 ; Norris,
ehrels & Scargle 2010 ). The initial spikes are well matched to

lassic short GRBs, while the formal duration of EE GRBs extends
ell into the long GRB range. The ratio of the energy contained in the

pike and the EE has been shown to be highly variable (Perley et al.
009 ), suggesting a continuum running from short GRBs with no EE
hrough to rare examples of EE-dominated events like GRBs 080 503
Perley et al. 2009 ) and 191019A (Levan et al. 2023 ; Stratta et al.
025 ). EE is often attributed to the spin-down of a newly formed
agnetar (Metzger et al. 2011 ; Bucciantini et al. 2012 ; Gompertz

t al. 2013 ; Gompertz et al. 2014 ) or fallback accretion processes
e.g. Rosswog 2007 ), potentially due to a neutron star–black hole
inary system (Troja et al. 2008 ; Desai et al. 2019 ; Gompertz et al.
020 ). 
GRB 241105A, detected at a redshift of z = 2 . 681 (Izzo et al.

024 ), emerges as a pivotal case in this evolving paradigm. Its
ight-curve morphology, with an initial hard spike lasting ∼ 1 . 5
 followed by weaker emission extending to ∼ 64 s (The Fermi
BM team 2024 ), is consistent with a short GRB with potential
E, positioning it as a candidate for a compact binary merger

DeLaunay et al. 2024 ; The Fermi GBM team 2024 ). If confirmed
s a merger-driven event, GRB 241105A would be the most distant
uch GRB observed to date, offering a unique probe of neutron star
erger rates in the early Universe. This is particularly significant 

or understanding r -process nucleosynthesis, as standard merger 
odels predict long delay times (hundreds of millions of years) 

hat challenge their ability to enrich the early Universe with heavy
lements (Hotokezaka, Beniamini & Piran 2018 ; Cˆ oté et al. 2019 ;
kinner & Wise 2024 ). Confirming GRB 241105A as a higher
edshift merger could support models for rapid binary evolution 
r strong natal kicks, enabling faster merger channels (Belczynski, 
alogera & Bulik 2002 ; Belczynski et al. 2006 ; O’Shaughnessy,
elczynski & Kalogera 2008 ; Tauris et al. 2013 ; Beniamini & Piran
019 ). As such, it would provide crucial observational evidence for
he rapid production of heavy elements, representing a significant 
tep toward solving the long-standing puzzle of chemical enrichment 
n the early Universe. Conversely, identifying it as a collapsar 
ould cast further doubt on EE-like phenomenology as a reliable 
iscriminant of progenitor type, deepening the GRB classification 
risis. In both scenarios, this burst serves as a critical test case for
RB classification and rapid channels for r -process nucleosynthesis, 
aking its study essential for advancing our understanding of GRB 

rogenitors. 
In this paper, we perform a multiwavelength study of 

RB 241105Ato probe its origin. The structure of this paper is
s follows. In Section 2 , we present multiwavelength observations 
nd data analysis of GRB 241105A. Section 3 examines the prompt
mission characteristics of the burst. Section 4 presents the afterglow 

odelling using multiband data. Section 5 discusses the properties of 
he host galaxy, including SED fitting and afterglow offset analysis 
ased on the James Webb Space Telescope ( JWST ) imaging. Finally,
n Section 6 , we discuss the progenitor scenario for the burst
ased on its prompt, afterglow and host properties. We assume 
 flat universe ( �k = 0) with the cosmological parameters H0 

 70 km s−1 Mpc−1 , and the density parameters �� 

= 0 . 7, and
m 

= 0 . 3. 
MNRAS 544, 548–571 (2025)
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Figure 1. Light curves of GRB 241105A as detected by Fermi /GBM(left), Swift /BAT(middle), and SVOM /GRM (right) in different energy bands. The red lines 
are the fitted background. The bottom panel in the GBM plot (left) shows T90 of 69.0 s overlaid on the combined NaI light curve in the 8–900 keV range. 
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 OBSERVATION S  A N D  DATA  R E D U C T I O N  

RB 241105Atriggered the Fermi /GBM flight software at
6:06:04.66 UTC ( T0 ), 752515569 MET (trigger id: bn 241105671),
nd was identified as a short burst featuring a short spike followed by a
eak EE. Fermi /GBM distributed an automated localization through

he General Coordinates Network. The burst was also detected by
wift /BAT (DeLaunay et al. 2024 ), Konus-Wind (Frederiks et al.
024 ), and SVOM (Space-based multiband astronomical Variable
bjects Monitor)/GRM (SVOM/GRM Team 2024 ), with all missions

onfirming the presence of the weak emission following the main
urst. The burst triggered an extensive multiwavelength campaign
panning gamma-ray, ultraviolet (UV), optical, near-infrared (NIR),
nd radio wavelengths. This section outlines the observational data
ollected across these bands and the methodologies employed to
nalyse the event. 

.1 High-energy observations 

.1.1 Fermi /GBM 

e extracted the time-tagged event ( TTE ) data for the event, and
erformed analysis using the GBM Data Tools , 1 PYTHON library
Goldstein, Cleveland & Kocevski 2023 ). The left panel of Fig. 1
hows the combined Fermi /GBM light curve for the Sodium–Iodide
NaI) detectors Na and Nb, along with the B1 Bismuth–Germanate
BGO) detector, which detects higher energy photons up to 40

eV. The 2 NaI detectors were combined based on their source
ngle relative to the burst. Due to the relationship between detector
ffective area and source angle (Bissaldi et al. 2009 ), detectors with
ource angles � 60◦ are typically not used in temporal and spectral
nalyses. The burst also triggered detector N6. However, this detector
ould have been occulted by the spacecraft, and the initial pulse

s not visible in the TTEs. Therefore, it is not included here. The
ackground in the surrounding intervals was fit with a first-order
olynomial and is shown in red in the left panel of Fig. 1 . We
stimated the T90 for the burst using the GBM TTE and RMFIT 2 
NRAS 544, 548–571 (2025)

 https://fermi.gsfc.nasa.gov/ssc/data/analysis/gbm/
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m  

G  

t  

e  
oftware, in the 50–300 keV band. The T90 duration is 69 . 0 ± 13 . 5 s,
lacing it well into the regime of long-duration GRBs. However, this
uration includes a short, initial hard spike lasting ∼1.5 s, followed by
 prolonged weaker emission of around ∼64 s. We divided the event
n two emission episodes; episode 1 from T0 − 0 . 256 to T0 + 1 . 28 s
nd episode 2 from T0 + 1 . 28 to T0 + 69 . 0 s. We extracted the spectra
or these two episodes using GBM Data Tools . For this, we used
he TTE data in the energy channels in the range of 8–900 keV for
aI detectors (Na and Nb) and 0.3–35 MeV for BGO detectors (B1).

.1.2 Swift /BAT 

wift /BAT did not trigger on GRB 241105A in real time. However,
he Fermi notice triggered the Gamma-ray Urgent Archiver for Novel
pportunities (Tohuvavohu et al. 2020 ), which prompted the BAT

vent data between T0 − 50 and T0 + 150 s to be saved and delivered
o the ground. Ground analysis of these data revealed a detection of
he GRB (see DeLaunay et al. 2024 ). 

BAT data were downloaded from the UK Swift Science Data Cen-
re (UKSSDC; Evans et al. 2007 , 2009 ). Per the header information
n the event file, a Swift clock correction of −34 . 4815s was applied
o the photon arrival times to make them consistent with the data
rom the other high-energy satellites. The event data were processed
sing the standard High Energy Astrophysics Software ( HEASOFT ;
asa High Energy Astrophysics Science Archive Research Center

 HEASARC ) 2014 ) tools to apply mask weighting and a ray tracing
olution. Spectra were created with the BATBINEVT routine, and
esponse matrices with the BATDRMGEN script. The Swift /BAT light
urve of GRB 241105A is shown in the middle panel of Fig. 1 . 

.1.3 SVOM /GRM 

he SVOM (Cordier et al. 2015 ; Wei et al. 2016 ; Atteia, Cordier &
ei 2022 ) carries two wide-field high-energy instruments: a coded-
ask gamma-ray imager (the ECLAIRs; Godet et al. 2014 ) and a
amma-Ray Monitor (GRM; Dong et al. 2010 ; Wen et al. 2021 ); and

wo narrow-field telescopes: a Microchannel X-ray Telescope (Götz
t al. 2023 ), and a Visible-band Telescope (VT; Fan et al. 2020 ).

https://fermi.gsfc.nasa.gov/ssc/data/analysis/gbm/
https://fermi.gsfc.nasa.gov/ssc/data/analysis/rmfit
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Table 1. Photometric observations of the afterglow of GRB 241105A. 
Magnitudes are in the AB system and are not corrected for Galactic extinction. 

�t (h) Filter Magnitude (AB) Telescope 

0.48 L 17 . 21 ± 0 . 01 GOTO 

9.90 r 19 . 20 ± 0 . 20 BOOTES-7a 

11.08 R 19 . 51 ± 0 . 02 VLT/FORS2 
14.36 R 19 . 88 ± 0 . 03 SVOM/VT 

16.04 R 20 . 22 ± 0 . 03 SVOM/VT 

17.72 R 20 . 68 ± 0 . 04 SVOM/VT 

19.37 R 20 . 84 ± 0 . 05 SVOM/VT 

35.50 r 22 . 66 ± 0 . 10 ePESSTO + NTT 

51.76 R 22 . 33 ± 0 . 15 SVOM/VT 

14.36 B 20 . 79 ± 0 . 05 SVOM/VT 

16.04 B 21 . 21 ± 0 . 06 SVOM/VT 

17.72 B 21 . 57 ± 0 . 07 SVOM/VT 

19.37 B 21 . 52 ± 0 . 06 SVOM/VT 

51.76 B > 23 . 7 SVOM/VT 

14.68 White 22 . 24+ 0 . 11 
−0 . 10 Swift /UVOT 

16.84 o 19 . 65 ± 0 . 14 ATLAS 
27.40 White 23 . 73+ 0 . 53 

−0 . 36 Swift /UVOT 

35.61 z 22 . 88 ± 0 . 25 ePESSTO + NTT 

68.44 L > 19 . 81 GOTO 

Note. a Hu et al. ( 2024 ). 
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VOM /GRM was triggered in-flight by GRB 241105A ( SVOM burst-
d: sb24110502) at 2024-11-05T16:06:05 UT by individual GRM 

etectors GRD01 and GRD03 (SVOM/GRM Team 2024 ). The 
nergy of GRM event data were calibrated using the GRM CALDB . 3 

he right panel of Fig. 1 shows the SVOM /GRM light curve combined
ith all three GRDs in different energy bands. It shows that the burst

onsists of a short single pulse with a duration of about 2 s and a
eaker EE with a duration of about 50 s. The spectra were created
ithin the same time intervals as Fermi /GBM. The background of
VOM /GRM is estimated by fitting the data from T0 − 50 to T0 − 10
 and T0 + 150 to T0 + 200 s with first-order polynomials. The
esponse matrices were created from GRM CALDB . A joint gamma- 
ay spectral analysis incorporating SVOM /GRM, Fermi /GBM, and 
wift /BAT is performed later in Section 3.1 . 

.2 Optical/UV observations 

hotometric and spectroscopic follow-up of GRB 241105A was 
onducted across multiple facilities and filters, with observations 
panning the ultraviolet to IR wavelengths. All measured magnitudes 
nd upper limits are compiled in Table 1 . 

.2.1 GOTO afterglow discovery 

he Gravitational-wave Optical Transient Observer (GOTO, Dyer 
t al. 2020 , 2024 ; Steeghs et al. 2022 ) responded autonomously (Dyer
020 ) to the Fermi GCN notice (The Fermi GBM team 2024 ) from
ts southern site at Siding Spring Observatory in New South Wales, 
ustralia. Across 10 unique pointings, GOTO-South tiled 277.9 deg2 

ithin the Fermi /GBM 90 per cent localization region between 2024- 
1-05 16:19:10 UT ( + 0.22 h post-trigger) to 2024-11-05 17:42:50 
T ( + 1.61 h post-trigger), achieving a total coverage of 84.3 per cent
f the 2D localization probability. Each pointing consisted of 4 ×
0 s exposures in GOTO L band (400–700 nm). Over the course of
 https://grm.ihep.ac.cn/CALDB.jhtml 

i  

e
c

his imaging campaign, 104 images were captured with an average 
-sigma depth of L = 20 . 4 mag. 
The data were processed promptly upon acquisition using the 

OTO pipeline (Lyman et al. in preparation), incorporating dif- 
erence imaging against deeper template observations of the same 
ointings to identify transient sources. An automated ML classifier 
Killestein et al. 2021 ) was employed to initially filter source
andidates, which were subsequently cross-matched with contex- 
ual and minor planet catalogs to eliminate false positives. Any 
andidates passing these automated checks underwent real-time 
uman vetting, ensuring rigorous verification of potential transient 
vents. 

After filtering out galactic variables and other false positives, a 
ew optical source (internal name GOTO24ibf; IAU designation AT 

024aaon) was identified in images taken at 2024-11-05 16:34:35 
 + 0.48 h post-trigger) at J2000 coordinates α = 04h 24m 59 . 00s , δ =
49◦45′ 09 . 33′′ (Julakanti et al. 2024 ). The source was not present

n earlier GOTO observations taken on 2024-11-05 at 10:48:54 UT, 
.29 h before the GRB trigger, with a 3 σ limiting magnitude of
 > 20 . 6 (see Fig. 2 ). Furthermore, no evidence of the source was

ound in archival data from the Asteroid Terrestrial-impact Last 
lert System (ATLAS; Tonry et al. 2018a ) forced photometry server

Shingles et al. 2021 ), supporting its classification as a new transient
ource. The GOTO discovery refined the localization precision of 
RB 241105A from hundreds of square degrees to sub-arcsecond, 

nabling subsequent multiwavelength observations that ultimately 
onfirmed GOTO24ibf/AT 2024aaon as the afterglow (Dichiara 
t al. 2024 ; Hu et al. 2024 ; Kennea et al. 2024 ; Qui et al. 2024 ;
astinejad et al. 2024 ; Siegel et al. 2024 ; Tsalapatas et al. 2024 ;

zzo et al. 2024 ; Anderson et al. 2024c ). Magnitudes and upper
imits in the GOTO L band were derived using forced photometry
erformed through the GOTO Lightcurve Service (Jarvis et al. in 
reparation). 

.2.2 VLT/FORS2 spectroscopy and redshift determination 

e observed the optical counterpart (Julakanti et al. 2024 ) of GRB
41105A using the FOcal Reducer and low-dispersion Spectrograph 
FORS2) mounted on the Very Large Telescope (VLT) Unit Tele- 
cope 1 (UT1; Antu, Appenzeller et al. 1998 ). The instrument was
quipped with grisms 300V (without an order-sorting filter) and 300I 
with the OG590 filter). We started observations on 2024 November 
6 at 03:11:31 UT with an exposure time of 600 s per grism. The
ptical counterpart was clearly detected in the acquisition image 
Izzo et al. 2024 ). The magnitude is calibrated using the SkyMapper
atalogue and is tabulated in Table 1 . 

The spectral data were reduced using standard procedures. The 
nal combined spectrum is shown in Fig. 3 . A continuum is detected
ver the entire wavelength range from 3500 to 10 000 Å and a trough
ue to Ly α absorption is visible at the blue end. We identify several
etal absorption features such as S II , Si II , Si II ∗, O I , C II , C II ∗, Fe II ,
l II , N V , C IV , Si IV , and Al III . The line profiles of low-ionization

ransitions show a single strong component centred at z = 2 . 681
see Fig. 3 ). High-ionization absorption lines also show only one
omponent but blueshifted by ∼ −150 km s−1 . Further details on the
bsorption lines analysis are discussed in Section 5 and Appendix B .
ith a secure spectroscopic redshift of z = 2 . 681, GRB 241105A
ay represent the most distant short GRB known to date; if its origin

s confirmed to be a neutron star merger, it would be the farthest such
vent yet discovered, significantly extending the redshift frontier for 
ompact-binary merger-driven GRBs. 
MNRAS 544, 548–571 (2025)
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Figure 2. Left: a pre-trigger GOTO image of the field taken as part of the all-sky survey at 10:48:54 UT ( T0 −5.29 h), showing no source at the afterglow 

position. Right: the GOTO discovery image of the afterglow of GRB 241105A, taken at 16:34:35 UT on 2024 November 05 ( T0 + 0.48 h), shows the transient 
marked at the burst location. 

Figure 3. VLT/FORS2 optical afterglow spectrum of GRB 241105A at redshift z = 2 . 681. Data are in black, the error spectrum is in red, and the horizontal 
dotted line in grey corresponds to Fλ = 0. The green vertical lines correspond to the labelled absorption lines. 
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.2.3 NTT 

he advanced Public ESO Spectroscopic Survey for Transient
bjects (ePESSTO + ; Smartt et al. 2015 ) started observing the
eld of GRB241105A with the ESO New Technology Telescope
NTT) at La Silla, equipped with the ESO Faint Object Spectrograph
nd Camera 2 (EFOSC2), in imaging mode. Observations started on
024 November 07 at 03:21:27 UT, using the r and z Gunn filters.
he r and z images consisted of five exposures of 180 s each. The
-band images were dithered to enable the fringing correction prior
NRAS 544, 548–571 (2025)
o alignment and stacking using a 2 ×2 re-binned ESO NTT-EFOSC2
ringing mask provided by ESO. 4 Magnitudes were calibrated against
he ATLAS-REFCAT2 catalogue (Tonry et al. 2018b ). The afterglow
as clearly detected in r and z bands (Tsalapatas et al. 2024 ), and

he magnitudes are reported in Table 1 . 

https://www.eso.org/sci/facilities/lasilla/instruments/efosc/inst/fringing.html
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Figure 4. The position of GRB241105A overlaid on a composite JWST 
NIRCam image combining filters F 070 W , F 115 W , and F 150 W , as described 
in Section 5.3 . The disturbed/irregular morphology of the host is clearly 
visible. 1 σ (solid circle, 36 mas) and 2 σ (dashed circle, 72 mas) uncertainties 
on the transient position are shown. 

Table 2. JWST /NIRCam AB magnitudes of the host galaxy of GRB 241105A 

measured in two apertures. 

Filter 0.1 arcsec aperture (mag) 1 arcsec aperture (mag) 

F 070 W 24 . 52 ± 0 . 006 23 . 28 ± 0 . 15 
F 115 W 24 . 30 ± 0 . 004 23 . 14 ± 0 . 05 
F 150 W 24 . 89 ± 0 . 005 22 . 87 ± 0 . 05 
F 277 W 23 . 87 ± 0 . 001 22 . 54 ± 0 . 03 
F 356 W 24 . 06 ± 0 . 002 22 . 67 ± 0 . 04 
F 444 W 23 . 73 ± 0 . 002 22 . 54 ± 0 . 03 
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.2.4 SVOM /VT 

VOM / VT has an effective aperture of 43 cm and a field of view
f 26 ×26 arcmin2 , giving a pixel scale of 0 . 76 arcsec . It conducts
bservations with two channels, VT B and VT R, simultaneously, 
overing wavelengths of 400–650 and 650–1000 nm, respectively. 
etailed information on VT will be presented in Qiu et al. (in prepara-

ion). During the commissioning phase, VT observed GRB 241105A 

sing the target-of-opportunity (ToO) mode on 2024 November 06 
nd 07. Five orbits covering 7 h were scheduled with the earliest
bservation starting on 2024 November 06, about 14.2 h post- 
rigger time. The counterpart was clearly detected in all stacked 
mages in each orbit (Qui et al. 2024 ). On 2024 November 07, the
ounterpart was marginally detected in R -band stacked images at 
bout 51.7 h post-trigger time and undetected in B -band stacked 
mages with a total exposure time of 6800 s. For all observa-
ions, individual exposures were set to 20 s per frame. All data
ere processed in a standard manner, including zero correction, 
ark correction, and flat-field correction. After pre-processing, 
he images for each band obtained during each observation were 
tacked to increase the signal-to-noise ratio. Photometric measure- 
ents, calibrated in the AB magnitude system, are presented in 
able 1 . 

.2.5 Swift/UVOT 

he Swift /Ultra-Violet and Optical Telescope (UVOT, Roming et al. 
005 ) began observations of the field of GRB 241105A around 10.6 h
fter the Fermi /GBM trigger (Siegel et al. 2024 ). Observations were
aken with the white filter only. A faint fading source was detected
t the afterglow position (Siegel et al. 2024 ). Source counts were
xtracted from the UVOT image mode data using a source region 
f 5 arcsec radius. Background counts were extracted using four 
ircular regions of radius 10 arcsec located in source-free regions 
ear the GRB. The count rates were obtained from the co-added 
mages using the Swift tool uvotsource . They were converted to 

agnitudes using the UVOT photometric zero-points (Poole et al. 
008 ; Breeveld et al. 2011 ). 

.3 JWST observations 

e conducted ToO observations with JWST under Director’s Dis- 
retionary Time (ID: 9228, PI: Dimple). Observations were taken 
ith the Near InfraRed Camera (NIRCam; Rieke et al. 2023 ) in six
ide filters ( F 070 W , F 115 W , F 150 W , F 277 W , F 356 W , and F 444 W ),
eginning on 2024 December 22 at 17:26:00 UT – approximately 
7 d after the burst ( ∼ 12 . 7 d in the GRB rest frame), close to
he predicted observer-frame peak of any accompanying SN (e.g. 
alama et al. 1998 ; Patat et al. 2001 ). We detected a galaxy in

ll the observed bands, which archival images (Julakanti et al. 
024 ) had previously identified. The galaxy was resolved into at 
east two distinct extended regions separated by ∼ 0 . 2 arcsec , as
hown in Fig. 4 . We performed photometric analysis in a 0 . 1 arcsec
perture at the afterglow location. We obtained a magnitude of 
 277 W (AB) = 23 . 87 ± 0 . 001, approximately 2.4 mag brighter than

he anticipated SN 1998bw-like peak, which makes host subtraction 
ssential to reveal any transient. In addition, we performed photo- 
etric analysis for the complete galaxy, which was later used for

he host analysis. All photometric measurements are reported in 
able 2 . 
.4 Radio observations 

.4.1 ATCA 

bservations with the Australia Telescope Compact Array (ATCA) 
 cm dual receiver (central frequencies of 5.5 and 9 GHz both with
 2 GHz bandwidth) commenced 4.8 d post-burst under program 

3204 (PI: Anderson). Following the standard techniques, the data 
ere processed using MIRIAD (Sault, Teuben & Wright 1995 ) with
KS 1934 −638 and PKS 0437 −454 as the primary and gain cali-
rator, respectively. While no radio counterpart was detected during 
his first epoch (Anderson et al. 2024b ), a follow-up observation 15 d
ost-burst detected the afterglow at 9 GHz (Anderson et al. 2024c ).
e then performed higher frequency follow-up with the 15 mm dual

eceiver (central frequencies of 17 and 19 GHz) at 17 d post-burst,
hich was combined in the visibility plane to obtain a detection at
8 GHz. A further observation was obtained 22 d post-burst showing
he afterglow had brightened at both 9 and 18 GHz. The resulting
ux densities and 3 σ upper limits (three times the rms) can be found

n Table 3 . 

 PROMPT  EMISSION  ANALYSI S  

.1 Joint spectral analysis 

e performed a joint fit of the Fermi /GBM, Swift /BAT, and
VOM /GRM data to maximize the signal-to-noise ratio, allowing 
ore robust constraints on spectral parameters. Spectra were ex- 

racted in the same time intervals as Fermi /GBM as defined in
MNRAS 544, 548–571 (2025)
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Table 3. Radio flux density measurements of the radio afterglow of 
GRB 241105A. All errors are 1 σ . The 3 σ thresholds are three times the 
rms and correspond to the upper limit for all non-detections. 

Time post-burst Frequency ν Flux density 3 σ threshold 
(d) (GHz) (μJy beam−1 ) (μJy beam−1 ) 

4.8 5.5 – 54 
4.8 9.0 – 39 
15.0 5.5 – 36 
15.0 9.0 115 ± 43 33 
17.1 18.0 343 ± 46 96 
22.1 5.5 47 ± 45 114 
22.1 9.0 220 ± 61 78 
22.1 18.0 571 ± 154 180 
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Figure 5. Lag–luminosity correlation of GRBs using data from Ukwatta 
et al. ( 2010 ). GRB 241105A follows the lag–luminosity trend typical of long 
GRBs, unlike short GRBs. 
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ection 2.1.1 . The fitting was performed in XSPEC v12.14.1 (Arnaud
996 ). We fit the power-law, Comptonized, and Band function
odels and compare their goodness-of-fit statistics using Akaike’s

nformation Criterion (Akaike 1974 ). A more complex model is
referred when �AIC ≥ 4, otherwise the simpler model is chosen.
ree normalizations were included in the model fits to account for the
elative effective areas between detectors on the different satellites.

e found that the GRM detectors also required free normalizations
elative to one another, as determined by �AIC . We found that the
nclusion of SVOM /GRM for the episode 2 and complete burst fits
nly added noise and resulted in a less constrained fit, so these epochs
ere fit with Fermi /GBM and Swift /BAT data only. The best-fitting
odels are presented in Table 4 . Using these values, we computed

he isotropic-equivalent energies and source-frame peak energies for
oth emission episodes and the whole burst, which are reported in
able 4 . 

.2 Spectral lag 

e computed the spectral lag, which refers to the delay in the arrival
imes of low-energy photons relative to high-energy photons. Long
RBs typically exhibit significant spectral lags, with delays of up to a

ew seconds in their light curves across different energy channels. In
ontrast, short GRBs generally show little or no spectral lag (Cheng
t al. 1995 ; Yi et al. 2006 ). For Swift /BAT data, we estimated the lag
etween the 15–25 and 50–100 keV light curves using the cross-
orrelation function method (Bernardini et al. 2015 ). The lag is
ound to be τCC = 376 ± 11 ms. Also, an anticorrelation between
he bolometric peak luminosity and the spectral lag of GRBs has
een identified by Norris ( 2002 ), and subsequently confirmed by
ehrels et al. ( 2006 ) and Ukwatta et al. ( 2010 ). Fig. 5 shows the
osition of GRB 241105Ain the lag–luminosity plane. The burst lies
ithin the 2 σ region of the correlation defined by long GRBs, as also

een previously for the short collapsar GRB 200826A (Rossi et al.
022 ; Dimple et al. 2022b ). For Fermi /GBM data, we computed
he spectral lag between the 25–50 and 100–300 keV light curves.
NRAS 544, 548–571 (2025)

able 4. Spectral fitting results for GRB 241105A in different time intervals. Unce

mission region Time range (s) Model Fluxa 

pisode 1 −0 . 256 to 1.28 Band 12 . 4 ± 0 . 4 3

pisode 2 1.28 to 64.961 Cut-off PL 1 . 12+ 0 . 05 
−0 . 06 31

hole burst −0 . 256 to 64.961 Cut-off PL 1 . 43+ 0 . 05 
−0 . 06 23

ote. a Flux is given in units of 10−7 erg s−1 cm−2 . b Isotropic equivalent energy E
he lag is found to be τCC = 130 . 8 ± 230 . 8 ms, and is therefore too
oorly constrained to be informative. 

.3 Hardness ratio 

e computed the hardness ratio (HR) as the fluence ratio between
igher and lower energy bands, using data from both Swift /BAT
nd Fermi /GBM for both the emission episodes as mentioned in
ection 2.1 . Using Swift /BAT data, we calculated the HR between

he 50–100 and 25–50 keV bands. For episode 1 ( T0 –0.256 to
0 + 1.28 s), the HR is measured to be 1 . 34 ± 0 . 17. For episode
, the HR is 1 . 60 ± 0 . 25, and for the whole burst duration, it is
 . 58 ± 0 . 20. We fitted a Bayesian Gaussian mixture model (BGMM)
n the T90 versus HR distribution, using the Swift /BAT sample
Lien et al. 2016 ), to estimate the likelihood of the burst belonging
o the short or long GRB classes. Fig. 6 shows the location of
RB 241105A in the HR–T90 plane relative to these EE GRBs. The
ackground contours represent the probability density distribution
f the two Gaussian components (dividing them into two classes,
lass 1 and class 2) derived from the fitted BGMM model. The
robability of episode 1 belonging to class 1 (which is closer to
hort GRBs) is P (class 1 ) = 0 . 886, indicating a strong association
ith the short-hard GRB population. In contrast, episode 2 yields
 (class 1 ) = 0 . 030, aligning more closely with the long-soft GRB
lass. The whole emission has P (class 1 ) = 0 . 032, which also aligns
ith a long burst. 
We also performed an HR analysis using GBM data, calculating

he fluence ratio between the 50–300 and 10–50 keV bands. The HR
or episode 1 is 0 . 856 ± 0 . 211, while for the whole burst it decreases
o 0 . 625 ± 0 . 034. The HR for episode 2 alone is 0 . 354 ± 0 . 328,
rtainties correspond to 1 σ confidence intervals. 

Ep (keV) α β Eiso 
b χ2 /d . o . f. 

12 . 0+ 168 . 2 
−134 . 1 1 . 15+ 0 . 12 

−0 . 17 2 . 08+ 0 . 29 
−0 . 15 3 . 20+ 0 . 10 

−0 . 10 1.13 

27 . 8+ 3015 . 7 
−1750 . 3 1 . 25+ 0 . 11 

−0 . 12 – 11 . 97+ 0 . 53 
−0 . 64 1.79 

81 . 6+ 2014 . 0 
−1291 . 2 1 . 24+ 0 . 09 

−0 . 11 – 15 . 65+ 0 . 55 
−0 . 66 1.78 

iso is in units of 1052 erg. 
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Figure 6. The positions of GRB 241105A (episodes 1 and 2) are shown in 
the log ( T90 )–HR plane, overlaid on the Swift /BAT GRB population alongside 
three well-known short GRBs with EE and long mergers with EE. The 
background contours represent the probability density of two components 
identified by the BGMM, corresponding to the short-hard and long-soft GRB 

classes, with the colour bar indicating the probability of belonging to the 
short class. Marginal histograms show the distributions of T90 and HR, with 
dashed lines marking the mean values for each class. 
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Figure 7. Location of GRB 241105A on the Amati plane ( Ep,i versus Eγ,iso ) 
along with short and long GRBs using the data set from Minaev & Pozanenko 
( 2020 ). 
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lthough this measurement is affected by larger uncertainties due to 
ower photon statistics. 

Further, we examined whether this burst aligns with classical 
E GRBs, characterized by a hard initial spike followed by softer,
rolonged emission (Norris & Bonnell 2006 ; Perley et al. 2009 ). We
ompared the HR of GRB 241105A with three well-studied short 
RBs exhibiting EE: GRB 050724 (Barthelmy et al. 2005b ), GRB
60614 (Gehrels et al. 2006 ), and GRB 080503 (Perley et al. 2009 ),
s shown in Fig. 6 . We also included the long merger GRB 211211A
n our analysis, which also exhibits the characteristics of an EE
urst. In typical EE events, the extended component is spectrally 
ofter than the initial spike (e.g. Kaneko et al. 2015 ). However,
n the case of GRB 241105A, we find that the second episode is
pectrally harder than the first, in contrast to the canonical soft EE.

hile the temporal structure superficially resembles EE GRBs, the 
istinct spectral behaviour suggests that episode 2 may not represent 
 classical EE component. 

.4 Location on the Amati plane 

sing the values derived in Section 3.1 , we placed episodes 1, 2,
nd the whole burst in the Amati plane, alongside the short and
ong GRBs, using the data set from Minaev & Pozanenko ( 2020 )
s shown in Fig. 7 . Episode 1 lies near the overlapping region of
ong and short GRBs. However, episode 2 and the whole burst are
ocated within the region typically occupied by short GRBs. It is
mportant to note that this comparison involves a heterogeneous data 
et compiled from multiple instruments and missions, each with dif- 
ering sensitivities, calibrations, and analysis methodologies, which 
ay introduce systematic uncertainties in the derived parameters. 
e also locate GRB 090426 and GRB 111117A, short GRBs at

edshift z > 2. Interestingly, GRB 090 426 is located within the
egion typically occupied by long GRBs in the Amati plane. In
ddition, the main emissions (MEs) and whole emissions of GRB 

60614, GRB 211211A, and GRB 230307A (compiled from Zhu 
t al. 2022 ; Peng, Chen & Mao 2024 ) are also included in our sample,
hich are long mergers with EE, as confirmed either by the detection
f a kilonova or the exclusion of an SN. 

.5 ML insights 

n addition to traditional classification methods, ML has become an 
ndispensable tool in clustering GRBs, enabling the identification 
f underlying patterns and subpopulations within their complex data 
ets (Jespersen et al. 2020 ; Dimple et al. 2023 , 2024b ). To investigate
he properties of GRB 241105A, we employed an ML pipeline that
ntegrates principal component analysis (PCA; Hotelling 1933 ) with 
niform manifold approximation and projection (UMAP; McInnes, 
ealy & Melville 2018 ). This analysis utilized prompt emission light

urves from the Fermi /GBM catalogue across three energy bands –
–50, 50–300, and 300–1000 keV – with a temporal resolution of 
6 ms. We pre-processed the light curves by normalizing the fluence,
ligning the start times, zero-padding to achieve uniform duration, 
nd applying a discrete-time Fourier transform to preserve temporal 
elay signatures as detailed in Dimple et al. ( 2023 , 2024b ). We first
sed PCA to reduce the dimensionality of the data by transforming
t into orthogonal principal components, retaining approximately 
9 per cent of the total variance to capture salient features of the data
hile suppressing noise. Subsequently, UMAP is used to project 

he PCA-reduced data into a 2D embedding space, preserving both 
ocal and global structures through a topological similarity matrix. 

e optimized UMAP’s performance using the hyperparameters 
neighbors = 25 and min dist = 0.01, identified through 

terative tuning. 
Fig. 8 shows the connectivity map for Fermi /GBM bursts. In

his map, GRBs lying close to each other suggest that they share
MNRAS 544, 548–571 (2025)
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Figure 8. 2D embedding obtained using UMAP initialized by PCA obtained 
using Fermi /GBM light curves in different energy bands. The distances 
between points in the embedding give an idea of the similarity between 
the two events. 
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imilar properties in the high-dimensional feature space. As the
nput comprises prompt emission light curves, such similarity may
ot necessarily reflect progenitor type, but could instead indicate
imilarities in central engine behaviour or radiation mechanisms.
he proximity of GRB 241105Ain the ML embedding to both
ollapsars and long-duration mergers indicates similarities in their
entral engines (e.g. black hole accretion or magnetar spin-down)
r emission mechanisms (e.g. prolonged jet activity or synchrotron
adiation), rather than a common progenitor. This degeneracy neces-
itates multiwavelength data to confirm the progenitor. In addition,
e located both episodes separately on the map; it is interesting to see

hat even episode 1 lies in the cluster surrounded by long GRBs. Both
pisodes and the whole burst lie far from short-duration mergers,
ndicating that if GRB 241105A is merger-driven, it resembles long-
uration mergers rather than short-duration mergers. 

.6 Minimum variability time-scale 

VT, which traces the shortest resolvable time-scales in the light
urve, provides constraints on the size and dynamics of the emitting
egion and the central engine (MacLachlan et al. 2013 ; Golkhou,
utler & Littlejohns 2015 ; Camisasca et al. 2023 ; Maccary et al.
025 ). We estimated the MVT following the method of Golkhou
t al. ( 2015 ), using both Swift /BAT and Fermi /GBM data following
olkhou et al. ( 2015 ). For the Fermi /GBM data in the 8–900 keV

nergy range, episode 1 exhibits an MVT = 0 . 31 ± 0 . 09 s, while
pisode 2 shows a significantly longer MVT of 22 . 58 ± 4 . 07 s. These
alues are illustrated in Fig. 9 , which shows the MVT distribution for
he Fermi /GBM sample from Golkhou et al. ( 2015 ). The yellow and
reen lines mark the MVTs for both episodes, respectively, while
he red and blue dashed lines indicate the mean MVT values for the
hort and long GRB populations. The MVT of the first episode falls
etween the characteristic mean values for short and long GRBs. In
ontrast, the second component aligns closely with the long GRB
opulation, exhibiting longer variability time-scales. Similar trends
re seen for Swift /BAT data in the 15–350 keV band, where we find
hat episode 1 has an MVT of 0 . 50 ± 0 . 17 s, while episode 2 exhibits
NRAS 544, 548–571 (2025)
 significantly longer MVT of 27 . 37 ± 0 . 15 s. These results suggest
 notable transition in the temporal properties of GRB 241105A
etween the two emission episodes. 

 AFTERGLOW  M O D E L L I N G  

.1 Model description 

e modelled the afterglow observations of GRB 241105A within
he standard synchrotron framework (Sari, Piran & Narayan 1998 ),
here a point deposition of energy ( EK, iso ) into a circumstellar
edium with density, ρ = AR−k generates a relativistic forward

hock that accelerates electrons into a power-law distribution, Nγ ∝
−p above a minimum Lorentz factor, γ > γmin . We considered

wo standard possibilities for the radial density profile: a uniform
ensity interstellar medium (ISM) model ( k = 0, A ≡ n0 mp ; Sari
t al. 1998 ) and a wind-like model ( k = 2, A ≡ 5 × 1011 g cm−1 A∗;
hevalier & Li 2000 ). The observed spectral shape of the resulting

adiation is described by three break frequencies: the self-absorption
requency, νa ; the characteristic injection frequency, νm 

; and the
ooling frequency, νc ; as well as the flux density normalization,
ν, m 

(Granot & Sari 2002 ). We utilized the weighting prescription
escribed in Laskar et al. ( 2014 ) to compute smooth light curves dur-
ng transitions between the different asymptotic regimes (Granot &
ari 2002 ). 
We assumed that the afterglow jet is viewed on-axis, such that

he above prescriptions (relevant for spherical outflows) apply. In
ddition, we utilized the formalism described in Rhoads ( 1999 ) to
ncorporate the jet break effect. We accounted for inverse Comp-
on cooling and Klein–Nishina corrections using the prescription
rovided by McCarthy & Laskar ( 2024 ). We included Milky Way
xtinction of AV , MW 

= 0 . 03 mag in our model (Schlafly & Finkbeiner
011 ), and assume a Small Megallanic Cloud-type extinction for
he host galaxy appropriate for GRB hosts (Schady et al. 2007 ,
012 ), with AV as a free parameter (Pei 1992 ). At radio wavelengths,
e computed 5 the effect of scintillation for visualization purposes,
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Figure 10. Light curves (left) and SEDs (right) for our best-fitting ISM model for the afterglow observations of GRB 241105A. Data points plotted in open 
symbols are not included in the analysis. Shaded bands indicate 1 σ variability at each time expected from interstellar scintillation for reference. The flattening 
in the VT/ R -band and R + r ′ -band light curves is due to a fixed host contribution of 1 . 8μJy included in the modelling. Correlation contours for all physical 
parameters included in the fit, along with the derived parameters of θjet and EK 

, are presented in Fig. 11 . 
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y computing the corresponding modulation index following the 
rescription of Goodman & Narayan ( 2006 ) as described in Laskar
t al. ( 2014 ). 

.2 Data used in afterglow modelling 

n addition to the UV/optical and radio observations reported here, 
e included X-ray data from Swift /XRT, which we converted 

rom a count-rate to a flux density at 1 keV using the spectral
odel reported on the UKSSDC website (photon index, �X = 

 . 3 and 0.3–10 keV unabsorbed counts-to-flux conversion factor, 
 . 9 × 10−11 erg cm 

−2 count −1 ). We further included two epochs of 
ollow-up observations taken with the Follow-up X-ray Telescope 
n board Einstein Probe at 0.92 and 1.58 d as reported by Zhou et al.
 2024 ), which we also converted to flux density at 1 keV using the
wift /XRT photon index. 
The wide filter bandpass of the SVOM /VT R and B bands

henceforth, VT/ R band and VT/ B band, respectively), along with the
yman- α absorption in the spectrum (which lies within the B band) 
enders interband photometric comparison against other optical data 
hallenging. To account for this, we derived a more accurate central 
avelength for each filter given the observed spectrum. We fitted a 

ontinuum to the VLT spectrum using contfit in PYTHON and 
ntegrated the resultant model under the SVOM /VT filters, from 

hich we computed effective wavelengths of 5218 and 7750 Å for 
he VT/ B and R bands, respectively. We note that the latter is actually
loser to i ′ band. In addition, we found that the integrated flux within
ach band is lower (and therefore needs to be increased) relative 
o the values of the continuum at the effective wavelength by 19
er cent in the VT/ B band and 9 per cent in VT/ R band. The flux
uppression is higher in VT/ B band due to Ly α absorption. Under
he assumption that the spectral shape does not change significantly 
ver the course of the SVOM /VT observations, we applied these 
orrections uniformly to the VT data in subsequent discussion in this
ection. 
ignificantly downweights the radio data, which is a specific concern for this 
ather small data set ( ∼ 27 data points). 

s  

β  

6

The NTT r ′ photometry at 1.47 d is a factor of 2.5 fainter than
he expected flux density of ≈ 8μJy expected from interpolating 
etween the VT/ R band points at ≈ 0 . 8 and ≈ 2 . 2 d. Additionally,
he NTT z′ –r ′ spectral index 6 of β = 0 . 5 ± 0 . 7 is positive at this time,
n strong contrast to the optical spectral index between the SVOM /VT
 and R bands, which is βR−B = −2 . 08 ± 0 . 16 (even after the pre-
iously described correction, which increases the B -band flux more 
han that of the R band). Similarly, the ATLAS o-band observation
t 0.7 d, nominally in between the VT/ B and R bands in centre
avelength and obtained after the SVOM observations at 0.67 d, 

s nevertheless brighter than both, and cannot be easily explained. 
e therefore did not include the NTT or ATLAS photometry in our

nalysis and instead plotted these data points on subsequent figures as
pen symbols. 

.3 Preliminary modelling considerations 

.3.1 Optical and X-rays: Jet break, circumstellar density profile, 
ost contribution, and relative locations of νm 

and νc 

e further investigated the light curves (Fig. 10 , left panel) and
pectral energy distributions (SEDs; Fig. 10 , right panel) of the
fterglow to inform our modelling. The X-ray light curve comprising 
hree Swift /XRT points and two Einstein Probe /FXT points can be
tted with a single power law with a steep decay, αX = −2 . 3 ± 0 . 2
rom 0.5–1.6 d. The optical light curve declines equally steeply 
uring this period, with α′ 

r = −1 . 9 ± 0 . 3 from the BOOTES-7 data
oint at 0.41 d and the Gemini-South observation at 1.4 d. The
VOM optical light curves start at 0.6 d and are consistent with this
teep decay, with αVT −B = −2 . 5 ± 0 . 6 and αVT −R , 1 = −3 . 0 ± 0 . 6.
n the standard synchrotron framework, the steepest decline possible 
s in the regime νm 

< ν < νc , with α = (1 − 3 p) / 4 in the wind
odel. If the X-ray and optical bands are in this regime, then

he X-ray decline rate would imply p = 3 . 4 ± 0 . 3 and require
 spectral index of β = (1 − p) / 2 = −1 . 2 ± 0 . 1. The observed
pectral index between the VT/ R band and the X-rays at ≈ 0 . 67 d is
R−X = −1 . 05 ± 0 . 04, which is consistent with the requirement.
MNRAS 544, 548–571 (2025)

 We use the convention, Fν ∝ tανβ throughout. 
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lthough we are constrained in our modelling to p < 3 by our
N correction framework, which does not allow us to consider
alues of p > 3, we are able to find a model that matches the
ough features of the light curves with p ≈ 3; however, this model
nderpredicts the radio observations by factors of 5–10, and we do
ot discuss this case further. Instead, a more natural explanation
s afforded by considering the steep decline to be associated with
ost-jet break evolution. In the remainder of this discussion, we
ocused on that scenario, which then indicates tjet � 0 . 5 d and
 ∼ 2 . 3. 
Since the light-curve evolution is the same in both ISM and wind

ases after the jet break, and very little data exist prior to 0.5 d
Fig. 10 , left panel), it is not possible to determine the nature of
he pre-explosion environment in this case. In the remainder of this
ection, we focused on the ISM case (which ends up providing a
lightly lower reduced χ2 , as we discuss in Section 4.4 ), and present
he wind model in Appendix A . 

The temporal decline between the last two VT/ R -band points at
.81 and 2.16 d (Fig. 10 , left panel) of αVT −R , 2 = −1 . 40 ± 0 . 16
s much shallower than αVT −R , 1 = −3 . 0 ± 0 . 6, consistent with the
etection of the host galaxy in our JWST imaging (Section 2.3 ).
n our subsequent analysis, we assumed a fixed 7 (and equal) host
ontribution in the r ′ and VT/ R bands corresponding to a flux density
f 1 . 8μJy of the host measured in a 1 arcsec aperture within the
losest JWST filter available ( F 070 W ; Table 2 ). 

The temporal decay of α = −0 . 64 ± 0 . 06 between the GOTO
 -band observation at 0.02 d and the VLT r ′ -band observation at
.46 d is shallower than the slowest afterglow decay rate possi-
le, which is α = (3 − 3 p) / 4 = −0 . 98 ± 0 . 15 in the νm 

< ν < νc 

egime. Instead, the fast-cooling model νc < ν < νm 

allows for the
dditional possibility of α = −2 / 3 in the νa < ν < νc regime (wind
ase) and α = −1 / 4 in the νc < ν < νm 

regime (wind or ISM case).
e found that both are plausible; the first matches the observed decay

losely, while the latter can still be accommodated with moving
he jet break earlier. In either case, a fast cooling segment in the
arly light curves ( � 0 . 5 days) is required, indicative of either a
igh magnetic field or a high-density environment, both of which
an result in a lower cooling frequency. We return to this point in
ection 4.3.2 . 
The spectral index between the VT/ R and VT/ B bands, βR −B =
2 . 08 ± 0 . 16, is much steeper than the spectral index from either

he VT/ R band or the VT/ B band to the X-rays, which are βR−X =
1 . 05 ± 0 . 04 and βB−X = −0 . 99 ± 0 . 05, respectively, indicating

hat extinction is present 8 (Fig. 10 , right panel). The observed spectral
ndex of β ≈ −1 between the optical and X-rays is marginally
hallower than the spectral index expected in the regime νm 

, νc < ν

f β = −p/ 2 = −1 . 15 ± 0 . 10, which may arise from either the
forementioned extinction or from a spectral break proximate to
he optical wavelengths. Since the afterglow is expected to be in fast
ooling, this is suggestive of the presence of νc close to the optical
ands. We return to this point in Section 4.4 . 
NRAS 544, 548–571 (2025)

 While it is possible to keep this parameter free, we found that doing so 
esults in best-fitting values differing by a factor of ≈ 3 between the two 
early identical bands, commensurate with the limited late-time ( � 1 d) 
hotometric information available. In this situation, fixing this parameter to 
 reasonable value yields better model convergence. 
 The X-ray spectral index from Swift /XRT, βX = −1 . 3+ 0 . 8 

−0 . 7 is consistent with 
he optical-to-X-ray spectral index, but is otherwise not constraining due to 
he large uncertainty. 
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.3.2 Radio: synchrotron self-absorption 

 power-law fit to the radio detections at ≈ 22 d yields a spectral
ndex of βradio , 22 = 1 . 7 ± 0 . 4, which is consistent with the spectral
ndex between the ATCA X band (9.0 GHz) and Ku /15mm band
18 GHz) at 15–17 d βXU = 2 . 4 ± 1 . 0 as well as with the 5 GHz
on-detection in this earlier epoch, together indicating a strongly
elf-absorbed synchrotron spectrum, νa � 18 GHz until ≈ 22 d,
ndicative of a high-density pre-explosion environment. This is
onsistent with the low cooling frequency inferred from the early
 � 0 . 5 d) optical light curve, as discussed in Section 4.3 . 

In the framework where the radio emission arises from the after-
low forward shock and in the scenario that the jet break ( tjet � 0 . 5
) has already occurred at by the time the radio observations
ommence, the radio light curves are expected to be constant in
his regime; instead, the light curves appear to rise both at 18 GHz
 α18 GHz = 2 . 0 ± 1 . 3) and at 9 GHz ( α9 GHz = 1 . 7 ± 1 . 3; and also
t 5.5 GHz, although the rise rate in that band is much harder to
easure, since the first two epochs yielded non-detections and the

ole detection in the third epoch has very large uncertainties). This
ehaviour is unexpected in the standard framework (although, see
lso van Eerten et al. 2011 ). One possibility is that this may be due
o scintillation; however, detailed analysis of this possibility requires
dditional radio observations. We nevertheless included the radio
bservations in our modelling and discuss deviations from the best-
tting model further in Section 4.4 . 

.4 Markov Chain Monte Carlo Analysis 

e explored the multidimensional likelihood space for the param-
ters of the afterglow model using a Markov Chain Monte Carlo
MCMC) with EMCEE . Further details of the modelling procedure,
ncluding the likelihood function employed, are described elsewhere
Laskar et al. 2013 , 2014 , 2016 ). To account for flux calibration
ffsets between observations across telescopes, we included a
ystematic uncertainty of 10 per cent added in quadrature to all
easurements. We employed uniform priors on p and the extinction,
V and Jeffreys ( 1946 ) priors for the remaining parameters ( εe , εB ,
K, iso , 52 , n0 , A∗, and tjet ). We run 512 chains for 2000 iterations

testing for convergence by tracking the mean likelihood with
teration) and discard the initial 50 steps as burn-in. 

As discussed above, we focused on the ISM model here and present
he wind model in Appendix A . Our best-fitting ISM model has p =
 . 24, εe = 0 . 49, εB = 0 . 43, n0 = 1 . 9 × 102 , EK, iso = 4 . 8 × 1052 erg,

jet = 0 . 13 d, and AV = 0 . 19 mag. For these parameters, νm 

≈ 4 . 1 ×
015 Hz at ≈ 0 . 1 d. This break passes through the optical bands
etween 0.1–0.4 d, consistent with the expectations in Section 4.3 .
he afterglow is in fast cooling with νc < νm 

. In this regime, the self-
bsorption break splits into two ( νac and νsa ), and for these parameters
he spectral peak is at νsa ≈ 7 . 6 × 1011 Hz with a peak flux density
f ≈ 16 mJy. The cooling break, νc ≈ 3 × 1010 Hz at this time and is
nobservable, while νac ≈ 1 . 1 × 109 Hz only crosses above 5.5 GHz
t ≈ 7 . 5 d and is, therefore, weakly constrained. In this spectral
egime, 9 the decline rate in the optical bands is α = −1 / 4; this is
teepened in the model light curves by the jet break, and the optical
ight curves further steepen subsequently when νm 

passes through
he observing band. We plot light curves and SEDs from the radio
o X-rays of the best-fitting model in Fig. 10 and provide corner
 We note that in this regime where νsa , νc < ν < νm 

corresponding to 
he Fν ∝ ν−1 / 2 spectral power-law segment, the optical light curves are 
nsensitive to the density profile. 
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Figure 11. Correlations and marginalized posterior density for all free parameters in the afterglow model. EK, iso and EK 

are in units of erg, tjet in days, 
θjet in degrees, and AV in magnitudes. The contours enclose 39.3 per cent, 86.4 per cent, and 98.9 per cent of the probability mass in each correlation plot 
(corresponding to 1 σ , 2 σ , and 3 σ regions for 2D Gaussian distributions, respectively. The dashed lines indicate the 15.9 per cent, 50 per cent, and 84.1 per cent 
quantiles, corresponding to the median and ±1 σ for 1D Gaussian distributions. 
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10 We note that in the standard framework ignoring IC cooling, νc can be 
inferred using a combination of νsa , νac , and νm 

; however, the addition of 
Compton Y as an additional parameter results in the specific degeneracies 
described here. 
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lots of the correlations and marginalized posterior density for all 
tted parameters (and the derived parameters, θjet and EK 

) from 

ur MCMC analysis in Fig. 11 . We list our derived parameters in
able 5 . 
The contour plots reveal correlations between the physical parame- 

ers. Upon investigation, we associate these degeneracies with a range 
f allowed values for the Compton Y-parameter that nevertheless 
esult in similar light curves and SEDs in the absence of a clear
dentification of the cooling break (the latter being hidden below 

sa for all parameter ranges spanned by this model). Following the 
ramework of Laskar et al. ( 2014 ), we quantify these degeneracies
y explicitly asking which segments of the SEDs are constrained by 
he data. From Fig. 10 , we identify these to be the flux on power-
aw segments C, F, and H (Granot & Sari 2002 ), FC ≡ Fνac <ν<νsa ,

F ≡ Fνsa <ν<νm , and FH ≡ Fν<νm , which are constrained by the 
adio, optical, and X-ray observations, respectively. Solving for 
he physical parameters in terms of these three fluxes and the 
unobserved) cooling frequency, while accounting for the expected 
ffects of IC cooling as described in Granot & Sari ( 2002 ), we
xpect εe ∝ ν−1 / 4 

c , εB ∝ ν7 / 4 
c , n0 ∝ ν−5 / 4 

c , and EK, iso ∝ ν−3 / 4 
c . The

esulting expected correlations between the physical parameters due 
o the unknown value of νc are then EK, iso ∝ n

3 / 5 
0 ∝ ε

−3 / 7 
B ∝ ε3 

e ,

0 ∝ ε5 
e ∝ ε

−5 / 7 
B , and εB ∝ ε−7 

e , all of which are fully consistent with
he sense and roughly consistent with the slopes of the corresponding
bserved correlations. Since νc is unobservable in this model, 10 

ew observational constraints could help resolve this particular 
egeneracy. 
MNRAS 544, 548–571 (2025)
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Table 5. Afterglow model parameters. 

ISM Winda 

Parameter Best fit MCMC Best fit MCMC 

p 2.24 2 . 24+ 0 . 05 
−0 . 04 2.21 2 . 21+ 0 . 05 

−0 . 04 

log εe −0 . 31 −0 . 30+ 0 . 11 
−0 . 13 −0 . 31 −0 . 23+ 0 . 14 

−0 . 17 

log εB −0 . 37 −0 . 59+ 0 . 25 
−0 . 63 −0 . 81 −1 . 21+ 0 . 67 

−1 . 01 

log n0 2.27 2 . 51+ 0 . 40 
−0 . 26 ... ... 

log A∗ ... ... 0.40 0 . 63+ 0 . 55 
−0 . 32 

log ( EK, iso /erg) 52.7 52 . 71+ 0 . 16 
−0 . 11 52.7 52 . 75+ 0 . 35 

−0 . 19 

AV / mag 0.19 0 . 19 ± 0 . 04 0.20 0 . 19 ± 0 . 04 

tjet /days 0.13 0 . 17+ 0 . 07 
−0 . 05 0.17 0 . 20+ 0 . 08 

−0 . 05 

θjet /deg 4.31 5 . 10+ 0 . 97 
−0 . 81 4.62 5 . 23+ 1 . 11 

−0 . 85 

log ( EK /erg) 50.1 50 . 28+ 0 . 24 
−0 . 14 50.2 50 . 35+ 0 . 47 

−0 . 25 

log ( νac /Hz)b 9.1 ... 9.2 ... 

log ( νsa /Hz) 11.9 ... 12.0 ... 

log ( νc /Hz)b 10.5 ... 9.0 ... 

log ( νm 

/Hz) 15.6 ... 15.4 ... 

Fν, sa /mJy 15.9 ... 13.6 ... 

Note. a The wind model is discussed further in Appendix A . b This break 
frequency is not directly constrained by the data. All break frequencies and 
fluxes are provided at 0.1 d. 

Table 6. List of transitions and corresponding column densities of low- and 
high-ionization absorption lines identified in the GRB 241105A VLT/FORS2 
spectrum using the Voigt fit procedure. All listed transitions are observed at 
the common redshift z = 2 . 681. Column density measurements are derived 
assuming a Doppler parameter b = 118 ± 20 km s−1 from the simultaneous 
fit of low-ionization transitions with a single component. High-ionization 
transitions exhibit a blueward shift of ∼ −150 km s−1 and a larger Doppler 
parameter b = 143 ± 20 km s−1 . Saturated transitions are reported as 3 σ
lower limits to maintain conservatism given resolution and hidden saturation 
effects. 

Transitions (Å) log ( N/cm 

−2 ) 

S II λ1253 , λ1255 , λ1259 > 15 . 0 
Si II λ1260 , λ1304 , λ1527 , λ1808 16 . 1 ± 0 . 2 
Si II ∗ λ1264 , λ1265 , λ1533 14 . 0 ± 0 . 2 
O I λ1302 > 16 . 5 
C II λ1334 > 16 . 0 
C II ∗ λ1335 > 14 . 5 
Fe II λ1608 , λ2344 , λ2374 , λ2382 , λ2587 , λ2600 15 . 1 ± 0 . 2 
Al II λ1670 > 14 . 2 
N V λ1238 , λ1242 > 14 . 4 
Si IV λ1393 , λ1402 > 15 . 1 
C IV λ1548 , λ1550 > 14 . 4 
Al III λ1854 , λ1862 > 13 . 9 
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 H O S T  C H A R AC T E R I S T I C S  

.1 Kinematics of the host environment 

s described in Section 2 , the VLT/FORS2 spectrum of the after-
low of GRB 241105A shows a strong Ly α absorption trough and
umerous metal absorption lines at a common redshift of z = 2 . 681,
hich we adopt as the systemic redshift of the host galaxy. We

stimated the neutral hydrogen column density ( NHI ) along the line
f sight to GRB 241105A from the broad Ly α absorption feature
bserved at the host redshift. The absorption profile is modelled using
oigtFit (Krogager 2018 ), incorporating the spectral resolution
f the data. The redshift ( z) and Doppler parameter ( b) were
NRAS 544, 548–571 (2025)
xed to the values derived from metal line fitting (see below),
eaving NHI as the only free parameter. The best-fitting model yields
og ( NHI /cm 

−2 ) = 21 . 15 ± 0 . 10, consistent with values commonly
bserved in long GRB hosts at z � 2 (Jakobsson et al. 2006 ; Fynbo
t al. 2009 ; Selsing et al. 2019 ; Heintz et al. 2023 ). 

We fitted the identified metal absorption lines with the ASTROCOOK

oftware (Cupani et al. 2020 ), a PYTHON code environment to analyse
pectra modelled with Voigt profiles, depending on the system
edshift z, its column density N , and its Doppler broadening b . The
oigt profile fitting of each identified transition is shown in Fig. 12
nd the corresponding column densities are reported in Table 6 . We
nfer a high Doppler parameter (i.e. b = 118 ± 20 km s−1 for low-
onization absorption lines) given the resolution of the spectrum,
ence we are not able to really dissect the ISM into several gas cloud
omponents. Furthermore, several absorption lines are saturated and
e decide to provide 3 σ column density lower limits. There are a

ew exceptions such as Si II , Si II ∗, and Fe II , given the flux residuals
f some transitions belonging to the same multiplet which allowed
s to provide a column density measurement. 
To cross-validate the Voigt profile fitting, we also performed a

urve-of-growth (CoG) analysis using a subset of unblended lines
f low-ionization electronic transitions. The Doppler parameter
btained by constraining the CoG with several equivalent width (EW)
easurements (by using a combination of the lines with different

scillator strengths) is b = 112 . 3 ± 35 . 8 km s−1 , consistent with the
oigt results. A potential overestimate in the column density of C II

s noted due to unresolved blending with C II ∗. Further details of the
oG fitting procedure and results are provided in Appendix B . 

.2 Host SED fitting 

e fit the available JWST photometry with PROSPECTOR (Johnson
t al. 2021 ), with a delay τ star formation history (SFH) and BPASS

or the spectral synthesis (Eldridge et al. 2017 ; Stanway & Eldridge
018 ). We let the stellar mass, visual attenuation, SFH e-folding time,
nd burst age vary freely within flat priors, and explored the parameter
pace using MCMC sampling with EMCEE (Foreman-Mackey et al.
013 ). Metallicity is treated with a top-hat prior, with lower and upper
ounds of log10 ( Z /Z
) = −1.3 and 0.3, respectively. The lower bound
s constrained by [S/H], as measured in the afterglow spectrum.
he predicted SED of the host galaxy, along with the measured
hotometry, is shown in the left panel of Fig. 13 . The properties
erived from the fit shown in Table 7 (see also Fig. 14 ) indicate the
ost galaxy is rather massive, star-forming, and with low metallicity.
To investigate whether there are significant variations across

he host, we aligned the six JWST images, degrading the short-
avelength filters to the same pixel scale as the long wavelengths,

nd smoothing each with a Gaussian filter to match the FWHM of the
 070 W image. We then selected pixels with a flux level more than 5 σ
bove the background in all six filters, in a 10 ×10 pixel region around
he GRB location, and plotted their SEDs in the right panel of Fig. 13 .
lthough the pixel SEDs show deviations on a filter to filter level, the
verall SED shape is similar across the host. We therefore deem the
ost-integrated properties (namely extinction, age, and metallicity)
o be representative of the transient location, although we caution
hat metallicities from SED fitting do suffer from systematics (Leja
t al. 2019 ; Johnson et al. 2021 ). 

.3 GRB offset and host morphology 

e determined the position of the afterglow in the JWST reference
rame by identifying sources in common between the stacked FORS2
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Figure 12. VLT/FORS2 optical afterglow spectrum of GRB 241105A at 
redshift z = 2 . 681. Top panel: low-ionization absorption lines of the GRB 

host galaxy system. Here and in the bottom panel data are in black, the fit is 
in green, the error spectrum is in red, the continuum in blue and the vertical 
green dashed lines indicate the centre of the components. Bottom panel: fine 
structure lines and high-ionization absorption lines. 
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-band detection images, and the F 070 W JWST image. Using 
AOStarFinder routines in PHOTUTILS module of PYTHON (Bradley 
t al. 2024 ), we found five good cross-match objects which are
ompact and symmetrical. The field is relatively sparse with few 

uitable cross-match objects, others were available but rejected due 
o saturation or diffuse/EE (i.e. galaxies) for which the centroid is
ess certain. We fixed the transformation between the two known 
ixel scales and allow for x–y shifts and rotation, to find a mapping
rom the FORS2 reference frame to that of the JWST image which
inimizes the root mean square (rms) of the positional offsets post-

ransformation. The rms of the final transformation is 36 mas. The
ositional uncertainty of the afterglow centroid in the FORS2 image 
given by the FWHM/(2.35 ×SNR)) is 16 mas, for a total positional
ncertainty of the afterglow in the JWST frame of 39 mas. The burst
ocation is shown in Fig. 4 . 

We also measured the morphological properties of the host 
alaxy with STATMORPH (Rodriguez-Gomez et al. 2019 ). A Sérsic 
t (shown in Fig. 15 yields a half-light radius r50 = 170 mas, if
e take the galaxy (which is composed of two prominent clumps)

s one object. At z = 2 . 681 this corresponds to a physical size of
.4 kpc. Using the x , y centroid of the galaxy from the STATMORPH

érsic fit and the refined afterglow position, we found a projected
ost offset of 23+ 37 

−23 mas, or 0.18+ 0 . 29 
−0 . 18 kpc. The uncertainties are at 

he 1 σ level and are calculated assuming a Rice distribution. The
orresponding host-normalized offset is rnorm 

= 0 . 13+ 0 . 21 
−0 . 13 . Such a 

ow projected offset is routinely observed for collapsar GRBs (albeit 
t the low end of the distribution), and extremely rare for compact
bject merger progenitors (e.g. Fong et al. 2022 ). Furthermore, the
oncentration and asymmetry values for the host galaxy ( C = 2 . 97
nd A = 0 . 27, respectively) lie in the spiral/irregular/merger region
n C–A parameter space. This is consistent with its star-forming 
ature, and with the population of collapsar host galaxies (Conselice 
t al. 2005 ; Schneider et al. 2022 ). 

 DI SCUSSI ONS  

.1 An ambiguous ‘short + EE’ burst 

RB 241105A, with a initial short spike followed by prolonged, 
eaker emission, places it firmly within the so-called short + EE
RB population. While this two-component profile is a defining 

haracteristic of these events, GRB 241105A exhibits a crucial dif- 
erence that sets it apart from the classical examples of merger-driven
E GRBs like GRB 060614, GRB 211211A, and GRB 230307A. 
he EE in the case of GRB 241105A is not as spectrally soft as

ypically observed in these well-studied events. Similar behaviour 
as been noted in other nominally short GRBs at higher redshifts
Dichiara et al. 2021 ), where EE is seen in the higher energy bands
or short GRBs with z > 1, challenging the conventional definition
f EE GRBs. 

.2 A bright afterglow 

e compared the X-ray (0.3–10 keV), optical ( R band), and radio
ight curves of GRB 241105A with the short GRB population. The
eftmost panel of Fig. 16 presents the X-ray light curves (in the
.3–10 keV band) for a sample of short GRBs, shown in grey,
ith GRB241105A overplotted in magenta. The flux light curves 
ere taken from the Swift XRT repository 11 and converted to rest-

rame luminosities using standard cosmological parameters. As is 
vident from the figure, GRB241105A exhibits significantly higher 
-ray luminosity than the majority of short GRBs at comparable 

pochs. 
In the central panel of Fig. 16 , we show the rest-frame R-band

ight curves of short GRB afterglows, compiled from the data 
MNRAS 544, 548–571 (2025)
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Table 7. Host-galaxy properties of GRB 241105A. The uncertainties corre- 
spond to 1 σ confidence intervals. 

Parameter Value 

log ( M∗/M
) 10 . 16+ 0 . 04 
−0 . 02 

SFR [M
 yr−1 ] 135+ 456 
−102 

tage (Gyr) 0 . 37+ 0 . 20 
−0 . 14 

log ( Z/Z
) −1 . 03+ 0 . 13 
−0 . 12 

AV (mag) 0 . 18+ 0 . 25 
−0 . 14 

Offset (kpc) 0 . 18+ 0 . 29 
−0 . 18 
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ic.oup.com
/m

nras/article/544/1/548/825
ets of Fong et al. ( 2015 ) and Rastinejad et al. ( 2021 ), plotted in
rey. GRB241105A is again shown in magenta. All magnitudes are
orrected for Galactic extinction and converted to flux densities.
mong the entire short GRB sample, GRB241105A stands out as

he brightest known optical afterglow. 
Only 18 confirmed short (merger driven) GRBs have been detected

n the radio band (Berger et al. 2005 ; Soderberg et al. 2006 ; Fong et al.
014 , 2015 , 2021 ; Lamb et al. 2019 ; Troja et al. 2019 ; Laskar et al.
022 ; Chastain et al. 2024 ; Levan et al. 2024 ; Schroeder et al. 2024 ,
025a ; Anderson et al. 2024a ; Schroeder, Fong & Laskar 2025b ),
epresenting 13 per cent of the population (Schroeder et al. 2025a ).
ote that we include the long-duration merger GRB 230307A (Levan

t al. 2024 ) in this sample but not GW170817/GRB 170817A (Abbott
t al. 2017 ). Two-thirds of this radio-detected sample was detected
ithin 1 − 2 d post-burst, most of which faded below detectability
ithin 4–9 d (Anderson et al. 2024a ), indicating short GRBs usually
ave short-lived radio afterglows. Meanwhile, GRB 241105A was
ndetected by ATCA at ∼ 5 d, but then the rising radio afterglow
as detected at 15 d (see Table 3 ). GRB 210726A is the other

xample of a short GRB that was undetected in the radio band
ntil > 10 d post-burst, at which point it underwent a radio flare
etween 11 − 62 d that was likely caused by energy injection or a
everse shock from a shell collision (Schroeder et al. 2024 ). The
NRAS 544, 548–571 (2025)

G  

10−9

4 × 10−10

6 × 10−10

2 × 10−9

f ν
[m

ag
gi

es
]

Model spectrum

Filter profiles

Observed photometry

104 105

Wavelength [Å]
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686
volution of the radio light curve of GRB 241105A is quite different
rom that of the radio-detected short GRB population, which in
early all cases are declining by ∼ 6 d in the rest frame when
RB 241105A still appears to be brightening (see the left panel of
ig. 16 ). 
GRB 241105A is also more radio luminous than the radio-detected

hort GRB population. As shown in the rightmost panel of Fig.
6 , the majority of these short GRBs have a radio luminosity
 1030 erg s−1 Hz−1 , which is fainter than long GRBs (radio lumi-

osities usually between ∼ 1030 − 1032 erg s−1 Hz−1 up to ∼ 100 d
ost-burst; Chandra & Frail 2012 ; Anderson et al. 2018 ). Only
RB 241105A and GRB 210726A are more luminous than the

verage radio luminosity of long GRBs of 1 . 1 × 103 1 erg s−1 Hz−1 ,
ith GRB 241105A being the only one brighter than a canonical

ong GRB mean luminosity of ∼ 2 × 1031 erg s−1 Hz−1 between 3–
 d in the rest frame (Chandra & Frail 2012 ). As a result, the radio
uminosity and evolution of GRB 241105A is more consistent with
he long GRB radio-detected population. 

The prompt efficiency ( ηγ ≈ 75 per cent ; see Tables 5 and 8 ) of
he whole burst is high but nevertheless consistent with the median
γ for both long- and short-duration GRBs (Zhang et al. 2007 ; Fong
t al. 2015 ; Laskar et al. 2015 ). On the other hand, the isotropic-
quivalent kinetic energy derived from multiwavelength afterglow
odelling is more typical of long-duration collapsar GRBs than

f short, merger-driven bursts (Fong et al. 2015 ). Similarly, the
ircumburst density is orders of magnitude higher than the densities
ommonly inferred for compact-object merger environments (Fong
t al. 2015 ). Such high circumburst densities are extremely rare
or merger-driven GRBs, but are common in the actively star-
orming, gas-rich environments of collapsar events (Schulze et al.
011 ). 

.3 A star-forming galaxy 

he host galaxy of GRB 241105A is moderately massive, actively
tar-forming, and metal-poor. We compared the host properties of
RB 241105A with the short GRB population using data from
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Figure 14. Corner plot for the posterior distribution of the parameters used in the SED fit for the host galaxy of GRB 241105A. This figure was created using 
the CORNER.PY package (Foreman-Mackey 2016 ). The best-fitting parameters and their uncertainties are provided in Table 7 . 

Figure 15. The Sérsic profile fit to the host galaxy, as described in 
Section 5.3 . 1D slices through the host centroid in x and y are also shown. 
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ugent et al. ( 2024 ). The host has quite high star formation rate
s compared to short GRB hosts (see the left panel of Fig. 17 ).
e further included long GRB hosts from Palmerio et al. ( 2019 )

nd Tanvir et al. ( 2019 ). At this stellar mass and redshift, only
bout 15 per cent of star forming galaxies have similarly high star
ormation rates (Whitaker et al. 2012 ), indicating rapidly forming 
tellar populations. Further, comparison of metallicity with the 
hort GRBs reveals that the host has relatively low metallicity as
ompared to the short GRBs (see the right panel of Fig. 17 ). The
etallicity is lower ( ∼0.5 dex) than expected from the mass-star

ormation rate–metallicity relation (Mannucci et al. 2010 ; Davé, 
inlator & Oppenheimer 2012 ), consistent with the overall young 
ge. The burst has a small offset from the host centre, and the host’s
rregular, clumpy morphology, and structural parameters are typical 
f collapsar hosts. The observed offset of GRB 241105Aa ligns more
losely with expectations for collapsar progenitors than for compact 
bject mergers (which generally occur at larger distances due to natal
icks; Narayan, Paczynski & Piran 1992 ; Bloom, Sigurdsson & Pols
999 ; Perna & Belczynski 2002 ). 
We note that another short GRB 090426 ( T90 = 1 . 28 s and z =

 . 609), exhibited a host galaxy that was blue, luminous, and actively
tar-forming with a small angular offset – characteristics more typical 
f long GRBs from collapsar progenitors (Antonelli et al. 2009 ), and
imilar to what we observe for GRB 241105A. However, this is not
he case for all high-redshift short bursts; for example, GRB 111117A
 z = 2 . 211) had host galaxy properties and an offset from its host
entre that are more consistent with merger-driven GRBs (Selsing 
t al. 2018 ). These contrasting examples highlight that, while host
alaxy properties can offer valuable clues, they alone are not always
efinitive for distinguishing between progenitor scenarios, especially 
t high redshift. 

 SUMMARY  

e present a comprehensive multiwavelength analysis of 
RB 241105A, an ambiguous GRB, exhibiting both short and long 
RB characteristics. The key results of our study are summarized 
elow: 

(i) The prolonged emission episode of GRB 241105A is spectrally 
arder than the short, initial pulse. This contrasts with the typical
ehaviour of extended-emission GRBs from mergers, where the later 
mission is generally softer than the initial spike. 

(ii) Initial emission pulse exhibits a short MVT, aligning with 
xpectations for compact central engines in short GRBs, while the 
omparatively longer variability time-scale of the later emission 
pisode points to extended activity. 
MNRAS 544, 548–571 (2025)
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Figure 16. Light curves of short GRBs in the X-ray (0.3–10 keV), optical ( R band), and radio (8–10 GHz) bands, shown in the left, centre, and right panels, 
respectively. In all panels, GRB241105A is highlighted in magenta, comparison short GRBs are shown in grey, and open triangles represent 3 σ upper limits. 
GRB 241105A exhibits the brightest optical afterglow among the short GRB population. In the right panel, the dotted line shows the average long GRB 

luminosity of 1 . 1 × 1031 erg s−1 Hz−1 and dot–dashed line shows the mean luminosity between 3 − 6 d post-burst in the rest frame of ∼ 2 × 1031 erg s−1 Hz−1 

(Chandra & Frail 2012 ). 
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Table 8. Prompt emission properties of GRB 241105A for episode 1, episode 2, and the full burst, as measured from 

Swift /BAT and Fermi data. 

Instrument Emission episode Hardness ratio MVT (s) Spectral l ag (ms) 

Swift /BAT Episode 1 1 . 34 ± 0 . 17 0 . 50 ± 0 . 17 376 ± 11 
Episode 2 1 . 60 ± 0 . 25 27 . 37 ± 0 . 15 –
Full Burst 1 . 58 ± 0 . 29 – –

Fermi /GBM Episode 1 0 . 856 ± 0 . 211 0 . 31 ± 0 . 09 130 . 8 ± 230 . 8 
Episode 2 0 . 354 ± 0 . 328 22 . 58 ± 4 . 07 –
Full Burst 0 . 625 ± 0 . 034 – –
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(iii) The spectral lag of the initial short pulse is consistent with
he lag–luminosity relation, which is usually seen in the case of long
RBs. 
(iv) In the Amati plane, the initial short pulse occupies a position

ear the overlapping region between short and long GRBs. In
ontrast, the prolonged emission and the whole burst are well located
ithin the short GRB plane. 
(v) PCA-UMAP clustering places GRB 241105A near both long

ollapsars and long-duration mergers, suggesting shared temporal
NRAS 544, 548–571 (2025)
nd spectral characteristics with both populations. This proximity
uggests shared characteristics, possibly in central engine behaviour
e.g. black hole accretion or magnetar activity) or emission mech-
nisms (e.g. prolonged jet activity or synchrotron radiation), rather
han a definitive progenitor type. 

(vi) The afterglow emission is exceptionally luminous in the X-
ay, optical, and radio bands compared to the majority of short
RBs. Modelling requires a high-density circumburst medium,



GRB 241105A 565

i
p

a
t  

w

c
t  

d
p
G
g  

S  

2  

a
h

s
z  

d  

h  

T
t
p
u
i
h
a  

s
D  

Y
s  

i
m
t
l
c

f
t
m
n
f
U

A

D
S
e
I
I
p
p
F
S
c
U
t
o

t
o
A
s  

p  

C
E
t
k
p
p
d
n
e
I
f
a
I
N
R
R
1
f
M
1
p
p
S
b
J  

M
e
f
f  

t  

c
o

D

T
a
i  

S  

H

r
b
p
G
r
a

R

A
A
A
A

12 https://heasarc.gsfc.nasa.gov/
13 https://mast.stsci.edu/

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/544/1/548/8256866 by guest on 19 N
ovem

ber 2025
mplying a dense, star-forming environment consistent with collapsar 
rogenitors. 
(vii) The host galaxy is moderately massive, actively star-forming, 

nd metal-poor, with a star formation rate higher than that observed in 
ypical short GRB hosts. The burst exhibits a small projected offset,
hich also favours collapsar. 

The prompt emission characteristics of GRB 241105A present a 
omplex and non-trivial picture. While the host galaxy properties and 
he burst environment lend support to a collapsar origin, they do not
efinitively exclude a compact-binary merger scenario. Notably, the 
resence of a star-forming environment is not in itself conclusive: 
RB 060505, for example, occurred in a vigorously star-forming 
alaxy, coincided with an H II region showed a spectral lag, yet no
N was detected (Fynbo et al. 2006 ; McBreen et al. 2008 ; Xu et al.
009 ). Such cases suggest the existence of SN-less collapsars or
lternative progenitor channels and caution against relying solely on 
ost galaxy properties for classification. 
A compact-binary merger origin remains possible; population 

imulations of neutron star mergers indicate that merger transients at 
 = 2 . 681 would have an event probability of ∼ 1-in-1000 for Swift
etected short GRBs, and would likely be well associated with its
ost galaxy (i.e. have a low impact parameter; Mandhai et al. 2022 ).
hus, both progenitor scenarios remain viable for GRB 241105A. If 

his GRB does indeed have a compact-binary merger origin, it would 
rovide observational support for models invoking rapid, early- 
niverse binary evolution and short delay times, which would help to 
nvestigate the chemical evolution of the early Universe. On the other 
and, if GRB 241105A originated from a collapsar, it may resemble 
 growing set of high-redshift events that exhibit a bright initial short
pike followed by weaker EE. Several such GRBs, identified by 
ichiara et al. ( 2021 ); Dimple et al. ( 2022b ); and Dimple, Misra &
adav ( 2024a ), occur in collapsar-like environments, yet mimic the 
hort + EE light-curve morphology. However, in these cases, the EE
s detected predominantly in the higher energy bands. GRB 241105A 

ay therefore belong to this ambiguous subset of bursts, suggesting 
hat some similar events might have been misclassified and high- 
ighting the need for a careful re-examination of GRB classification 
riteria. 

GRB 241105A thus sits at the boundary of traditional GRB 

rameworks, emphasizing the need for more nuanced classifica- 
ion schemes. Whether it marks the most distant compact-binary 
erger or a rare collapsar with atypical properties, its ambiguous 

ature makes it a benchmark case for progenitor identification and 
or probing star formation and chemical enrichment in the early 
niverse. 
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Figure A1. Light curves (left) and SEDs (right) for our best-fitting wind model for the afterglow observations of GRB 241105A. Data points plotted in open 
symbols are not included in the analysis. Shaded bands indicate 1 σ variability at each time expected from interstellar scintillation for reference. The flattening 
in the VT/ R -band and R + r ′ -band light curves is due to a fixed host contribution of 1 . 8μJy included in the modelling. Correlation contours for all physical 
parameters included in the fit, along with the derived parameters of θjet and EK 

, are presented in Fig. A2 and the corresponding model is discussed in Appendix A . 
See Fig. 10 for the corresponding light curve and SED plots for the ISM model. 
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PPENDIX  A :  W I N D  M O D E L  

s discussed in Section 4.3 , the observations are degenerate with
espect to the circumstellar density profile, and thus both ISM
nd wind models are feasible. The ISM model is discussed in
ection 4.4 . In this section, we discuss the wind model. We perform
n MCMC analysis identical to that described in Section 4.4 .
ur best-fitting wind model has p = 2 . 21, εe = 0 . 49, εB = 0 . 15,
∗ = 2 . 5, EK, iso = 4 . 6 × 1052 erg, tjet = 0 . 17 d, and AV = 0 . 20
ag. For these parameters, νm 

≈ 2 . 4 × 1015 Hz at ≈ 0 . 1 d, passing
hrough the optical at 0.1–0.4 d, similar to the ISM case. The
fterglow is again in fast cooling with νc < νm 

. The remaining break
requencies for the best-fitting wind model are listed in Table 5 . We
lot light curves and SEDs from the radio to X-rays of the best-
tting model in Fig. A1 and provide corner plots of the correlations
NRAS 544, 548–571 (2025)
nd marginalized posterior density for all fitted parameters (and
he derived parameters, θjet and EK 

) from our MCMC analysis
n Fig. A2 . We note that the wind model fit results in a slightly
oorer χ2 

wind = 43 (18 d.o.f.) compared with that for the ISM model
 χ2 

ISM 

= 41, 18 d.o.f) due to a marginally poorer fit to the radio data,
ut the two models are otherwise indistinguishable. We also note
hat both models result in very similar values for most of the model
arameters. The sole exception is εB , which is, however, strongly
egenerate with both the energy and the density (both of which allow
or acceptable fits over a range of at least one order of magnitude)
ue to the unconstrained cooling break. Despite this, the beaming-
orrected kinetic energy is consistent at log EK ≈ 50 . 3 between both
ases. 
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Figure A2. Correlations and marginalized posterior density for all free parameters in the afterglow model in a wind environment. EK, iso and EK 

are in units 
of erg, tjet in days, θjet in degrees, and AV in magnitudes. The contours enclose 39.3 per cent, 86.4 per cent, and 98.9 per cent of the probability mass in each 
correlation plot (corresponding to 1 σ , 2 σ , and 3 σ regions for 2D Gaussian distributions, respectively). The dashed lines indicate the 15.9 per cent, 50 per cent, 
and 84.1 per cent quantiles, corresponding to the median and ±1 σ for 1D Gaussian distributions. See Fig. 11 for the corresponding corner plot for the ISM 

model. 
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PPEN D IX  B:  C U RV E  O F  G ROW T H  

e conducted the CoG analysis following Spitzer ( 1998 ). We identi-
ed distinct absorption lines of low-excitation electronic transitions, 
nblended with other absorption lines or telluric features, to measure 
he EW of the absorption lines. The Si II 1260,1808 Å lines from
he ground state were then used to establish the Doppler parameter, 
esulting in b = 112 . 3 ± 35 . 8 km s−1 , which aligns well with the
oigt fit analysis. A comprehensive explanation of this methodology 
an be found in the examination of the high-redshift ultralong GRB
20627A (de Wet et al. 2023 ). Subsequently, we conducted a fit
ncorporating the entire set of absorption lines listed in Table B1 ,
hich exhibit very similar excitation energies, under the assumption 

hat the particles responsible for the absorption features are located 
n ISM clouds with similar velocity distributions (same b parameter). 
lthough higher excitation features were detected in the spectrum 

f GRB 241105A, only Si IV 1393,1404 Å were not blended with 
ther features, so we skip the CoG analysis for these high-excitation
ines. The findings of our analysis are presented in Table B1 and
ig. B1 . Moreover, it is worth noting that the relatively high column
ensity of C II 1334 Å is likely influenced by the presence of an
nderlying C II ∗ transition, which enhances the EW measured for 
his line and the corresponding column density. It is important to
emark that the majority of the absorption features in this analysis
all in the flat/saturated regime of the CoG, indicating that the column
ensities obtained through this methodology should be approached 
ith caution and considered as lower limits to the actual density
f absorbers in the ISM clouds (Prochaska 2006 ). The low spectral
esolution of FORS2 primarily drives this conclusion. At an average 
esolving power of R = 440 (grism 300V) and R = 660 (grism
00I), the dispersion velocity resolution measured is approximately 
v ≈ 550 km s−1 at 6655 Å , which corresponds to the observed 
avelength of Si II 1808 Å . This implies that we cannot resolve

ndividual ISM clouds, particularly those located in the immediate 
MNRAS 544, 548–571 (2025)
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Table B1. Column densities derived via the CoG method for various ionic 
transitions. EWs and observed wavelengths are reported alongside their 
respective column densities, with uncertainties reflecting 1 σ confidence 
intervals. 

Ion λobs (Å) EWλ (Å) log NX 

Si II 1260 4639.6 6 . 74 ± 3 . 17 15 . 90+ 0 . 53 
−0 . 53 

Si II 1527 5619.8 7 . 93 ± 3 . 01 15 . 90+ 0 . 53 
−0 . 53 

Si II 1808 6655.3 2 . 55 ± 0 . 73 15 . 90+ 0 . 53 
−0 . 53 

C II 1334 4912.4 9 . 93 ± 3 . 18 16 . 84+ 0 . 80 
−1 . 00 

Si II ∗ 1533 5644.6 1 . 30 ± 0 . 44 14 . 10+ 0 . 18 
−0 . 27 

Fe II 1608 5920.7 3 . 99 ± 1 . 31 15 . 43+ 0 . 32 
−0 . 31 

Fe II 2344 8629.0 10 . 22 ± 3 . 95 15 . 43+ 0 . 32 
−0 . 31 

Fe II 2374 8740.4 8 . 22 ± 2 . 65 15 . 43+ 0 . 32 
−0 . 31 

Fe II 2383 8770.9 7 . 23 ± 4 . 12 15 . 43+ 0 . 32 
−0 . 31 

Fe II 2587 9521.4 10 . 21 ± 3 . 60 15 . 43+ 0 . 32 
−0 . 31 

Fe II 2600 9571.2 15 . 98 ± 6 . 25 15 . 43+ 0 . 32 
−0 . 31 

Al II 1671 6150.2 10 . 01 ± 3 . 22 15 . 55+ 1 . 26 
−1 . 07 

Figure B1. The results of the CoG analysis. Absorption lines from the same 
ionized state have been reported with the same colour. Confidence limits, 
dashed lines, have been provided at 2 σ level. The dotted line corresponds to 
the linear case, where lines are not considered saturated. 
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