
MNRAS 548, 1–24 (2026) ht tps://doi.org/10.1093/mnr as/stag555 
A dvance A ccess publication 2026 Mar ch 20 

GRB 210704A: a luminous fast blue transient in a GRB afterglow at 
z = 2.34 

Daniëlle L. A. Pieterse , 1 ‹ Andrew J. Levan , 1 , 2 Maria E. Ravasio , 1 , 3 Jillian C. Rastinejad , 4 , 5 
Agnes P. C. van Hoof , 1 Daniele B. Malesani , 1 , 6 , 7 Nikhil Sarin , 8 , 9 Gavin P. Lamb , 10 
Antonio Martin-Carrillo , 11 Anya E. Nugent , 12 Nial R. Tanvir , 13 Peter G. Jonker , 1 
David Alexander Kann , 14 , 15 † José Feliciano Agüí Fernández , 16 Edo Berger , 12 
Gr egory Cor coran , 11 Felice Cusano , 17 Paolo D’Avanzo , 3 Valerio D’Elia , 18 
Antonio de Ugarte Postigo , 19 Dimple , 20 , 21 Wen-fai Fong , 4 Johan P.U. Fynbo , 6 , 7 
Luca Izzo , 22 , 23 Elisabetta Maiorano , 17 Andrea Melandri , 24 Eliana Palazzi , 17 
J onathan Quir ola-Vásquez , 1 Andr ea R ossi 17 and Alicia R ouco Escorial 25 

Affiliations are listed at the end of the paper 

Accepted 2026 March 18. Received 2026 March 18; in original form 2025 December 8 

A B S T R A C T 

We present detailed multiwavelength analysis of GRB 210704A: a Fermi Gamma-ray Burst Monitor discovered and Fermi 
Large Area Telescope (LAT) det ect ed gamma-ray burst (GRB). The burst is dominated by a short ( ≈ 2 s) pulse followed by 
w eaker soft er emission. We line stack our aft erglow spectrum and det ermine the most likely redshift t o be z = 2 . 34 . This is 
corroborated by the photometric redshift of the extended source underlying the GRB. The spectral energy distribution fit 
paramet ers, lat e-time imaging, as w ell as the GRB’s energetics, spectral lag, and location point t o a collapsar nature. Follow- 
up observations reveal excess optical/infrared emission with respect to a standard afterglow, peaking around T 0 + 7 d 
(2 d in the rest frame). The excess is extremely luminous ( M r = −22 . 0 mag) and rapidly evolving. Strikingly, it resembles 
the emission seen in recently discov ered Einstein Pr obe fast X-ray transients EP241021a and EP240414a, as well as the 
population of luminous fast blue optical transients (LFBO Ts). This pr ovides a link between these sources and GRBs. 
Fermi /LAT observations imply a high Lorentz factor, making this a case where LFBOT-like emission is also associated 
with a powerful successfully launched jet. We model the e x cess as likely coming from an energetic refreshed shock. 

Key wor ds: g amma-r ay burst: gener al – gamma-ray burst: individual: GRB 210704A – supernov ae: gener al – gamma-ray 
bursts – tr ansients: supernov ae. 
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 INTRODUCTION  

amma-ray bursts (GRBs) are the most energetic explosions in 
he Universe. GRBs are categorized into two classes based on 
heir prompt emission duration (J. P. Norris et al. 1984 ; C. Kouve-
iotou et al. 1993 ): long GRBs (LGRBs; T 90 > 2 s) and short GRBs
SGRBs). Here T 90 is the duration in which 5–95 per cent of the
urst fluence is observed. Although this division is empirical, it 
s often employed to reflect a physical distinction in progenitor 
ystems. LGRBs are commonly associated with the core-collapse 
f massive stars. This is evidenced by accompanying broad-lined 
ype Ic supernovae (SNe Ic-BL; e.g. T. J. Galama et al. 1998 ; J.
jorth et al. 2003 ) and associations to star-forming, low-mass, 
nd low-metallicity galaxies (A. S. Fruchter et al. 2006 ; D. A.
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erley et al. 2013 ; J. T. Palmerio et al. 2019 ). In contrast, SGRBs are
ypically attributed to compact object mergers involving neutron 
tars, where the radioactive decay of neutron-rich ejecta powers 
 kilonova (e.g. N. R. Tanvir et al. 2013 ; B. P. Abbott et al. 2017 ; A.
oldstein et al. 2017 ; B. D. Metzger 2019 ). SGRBs are connected
o a variety of host galaxies, including quiescent hosts, and can
e found at larger offsets due to natal kicks and in more massive
osts with a broader range of metallicities (A. Levan et al. 2016 ;
.-f. Fong et al. 2022 ; A. E. Nugent et al. 2022 ; B. O’Connor et al.
022 ). 
This classification scheme is enriched by the subclass of SGRBs 
ith extended emission (EE-GRBs; J. P. Norris & J. T. Bonnell
006 ). In these bursts, the initial short har d g amma-ray spike
s followed by longer lasting, softer emission (e.g. Y. Kaneko et
l. 2015 ). EE-GRBs are typically associated with compact object 
ergers (B. P. Gompertz, A. J. Levan & N. R. Tanvir 2020 ), just like
he SGRBs without extended emission. They also have host galax- 
es that are indistinguishable from the population of other SGRB 
 This is an Open Access article distributed under the terms of the 
/by/4.0/ ), which permits unrestricted reuse, distribution, and 
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Figure 1. Top panel: Fermi /GBM light curve of GRB 210704A, spanning 
8–900 keV and using 64 ms bins (not back gr ound-subtr acted). Bot tom 

panel: Fermi /LAT light curve of GRB 210704A. 
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osts (W.-f. Fong et al. 2022 ). The physical origin of the extended
mission remains debated. Proposed explanations include mag-
etar spin-down (B. D. Metzger, E. Quataert & T. A. Thompson
008 ; N. Bucciantini et al. 2012 ), fallback accretion (S. Rosswog
007 ; B. D. Metzger et al. 2010 ), multiple jet components (M. V.
arkov & A. S. Pozanenko 2011 ), and magnetic reconnection in
he relativistic GRB jet (B. Zhang & H. Yan 2011 ). 
Recent discov eries hav e challenged the paradigm that LGRBs
r e cr eated in collapsars and SGRBs in mergers. GRB 200826A
T. Ahumada et al. 2021 ; A. Rossi et al. 2022 ) was a short burst
hat was accompanied by an SN, revealing a collapsar nature.
or e markedly, L GRBs 211211A (J. C. Rastinejad et al. 2022 ;
. Troja et al. 2022 ; J. Yang et al. 2022 ) and 230307A (A. J.
evan et al. 2024 ; Y.-H. Yang et al. 2024 ) displayed compelling
ilonova signatur es, str ongly sugg esting compact object merg er
rigins. Several more archival events can subsequently be added
o this sample, including LGRBs 060614 (N. Gehrels et al. 2006 ;
.-P. Jin et al. 2015 ; B. Yang et al. 2015 ) and 191019A (A. J.
evan et al. 2023 ; G. Stratta et al. 2025 ). These cases demon-
trate that both LGRBs and SGRBs can emerge from diverse
rogenitors and that there is overlap between their formation
hannels. 
GRB 210704A was a GRB with a short initial spike, followed by
oft er ext ended emission up t o about 6 s (R. L. Becerra et al. 2023 ).
t generated considerable interest within the astronomical com-
unity due to its borderline duration and possible EE-GRB clas-
ification, its high-energy GeV gamma-ray detections (A. Berretta
t al. 2021 ), and its location in an apparent overdensity of lu-
inous galaxies. The latter is of interest as these galaxies form
lausible host galaxies for compact object merg er prog enitors (A.
. Levan et al. 2021 ). Follow -up observ ations revealed luminous
ptical/infrar ed (IR) e x cess emission with r espect to a standar d
ft erglow 5 d aft er the burst, prompting further questions about
RB 210704A’s physical origin. 
Typically, the interaction of the GRB jet with the circumstellar
edium (CSM) results in afterglow emission that decays as a
ower law with a slope of α ≈ −1 . 2 (B. Zhang et al. 2006 ). Re-
rightening phases have been observed hours to days after GRB
xplosions. They can be caused by e.g. the emergence of thermal
ransients such as SNe or kilonovae, non-uniform jet structures
iewed off-axis, density variations in the CSM (X. Wang & A. Loeb
000 ; Z. G. Dai & T. Lu 2002 ; D. Lazzati et al. 2002 ; E. Nakar, T.
iran & J. Granot 2003 ), SN–CSM interaction (e.g. M. Fraser 2020 ;
 . Marg alit 2022 ), or pr olonged centr al-engine activity. The lat ter
ncludes r efr eshed shocks, wher e the central engine ejects shells
f relativistic material, which can cause a rebrightening when a
lower more energetic shell of ejecta catches up and re-energizes
he decelerating shock front (M. J. Rees & P. Mészáros 1998 ; R.
ari & P. Mészár os 2000 ; B . Zhang & P. Mészáros 2002 ; G. P. Lamb
t al. 2019 ; G. E. Anderson et al. 2025 ). 
R. L. Becerra et al. ( 2023 ) highlight that the brightness and

iming of GRB 210704A’s e x cess emission ar e difficult to e xplain
ith standard kilonova and SN scenarios. They suggest an e x otic
erger channel involving a white dwarf and a compact object
white dwarf, neutron star, or black hole) in a galaxy cluster
nvironment at z = 0 . 2 . How ev er, they not e that this is a poorly
onstrained scenario and no detailed modelling was performed
y them. 
In this w ork, w e present multiwavelength observations of GRB
10704A, including those of our own observing campaign. We
xtend the data set presented by R. L. Becerra et al. ( 2023 ) with
dditional R/r- and K-band detections and with the Fermi Large
NRAS 548, 1–24 (2026) 
rea Telescope (LAT) data (Section 2 ). We perform indepen-
ent photometry and data analysis. We line stack our afterglow
pectrum and perform spectral energy distribution (SED) fitting,
hich indicate a redshift of z = 2 . 34 . Our analysis is presented
n Section 3 . Additionally, we compare GRB 210704A to other
ransients, and we use Bayesian inference package redback to
odel the afterglow and the observed e x cess emission (Section 4 ).
inally, we summarize our findings and implications in Section
 . 
All magnitudes in this work are in the AB system and upper

imits are 3 σ unless specified differently. We use a flat Lambda
old dark matter cosmology with H 0 = 66 . 7 km s −1 Mpc −1 and
M 

= 0 . 31 (Planck Collaboration VI 2020 ). Observation proper-
ies are given in the observer frame unless otherwise specified. 

 OBSERVATIONS  

.1 Gamma-rays 

RB 210704A was discovered by the Fermi Gamma-ray Burst
onitor (GBM; C. Meegan et al. 2009 ) on 2021 July 4 at
9:33:24.59 ut (trigger time T 0 ), with a fluence of (1 . 95 ±
 . 02) × 10 −5 erg cm 

−2 (10–1000 keV and 0.2–1.8 s post-trigger; C.
alacaria, C. Meegan & Fermi GBM Team, 2021 ). Its prompt
mission was also det ect ed by AGILE (A. Ursi et al. 2021 ), As-
roSat (V. Prasad et al. 2021 ), INTEGRAL (P. Minaev et al. 2021 ),
nd Konus-Wind (A. Ridnaia et al. 2021 ). The Fermi /GBM light
urve in Fig. 1 exhibits a primary emission peak lasting for 2 s,
ollow ed by faint er ext ended emission peaking around 4.5 s. A.
idnaia et al. ( 2021 ) also observe this light curve behaviour with
onus-Wind . The extended emission results in a T 90 of 4.7 s (50–
00 keV), 4 . 6 +2 . 8 −3 . 6 s (20–200 keV), and 3 . 5 ± 0 . 7 s (80–8000 keV) for
ermi /GBM (C. Malacaria et al. 2021 ), AstroSat (R. L. Becerra
t al. 2023 ), and INTEGRAL (P. Minaev et al. 2021 ), respectively.
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his formally places the burst in the long-duration GRB popula- 
ion (C. Kouv eliot ou et al. 1993 ), although more accurately it can
e classified as an EE-GRB. R. L. Becerra et al. ( 2023 ) demonstrate
hat the extended emission is soft ( < 300 keV) compared to the
ain emission peak. This explains the short duration (1.06 s) 
eported by A. Ursi et al. ( 2021 ) for the AGILE observation in its
igher energy band of 400 keV–100 MeV. 
The spectral lag between the energy bands 25–50 keV and 100–
00 keV is τ = 80 ± 9 ms (R. L. Becerra et al. 2023 ). 
We analysed the GBM data from the tw o NaI det ect ors and the
GO det ect or with the best viewing angle to the source (n1, n5,
nd b0). Spectral data files and the corresponding most updated 
esponse matrix files (rsp2) are obtained from the online archive. 1 
or the time-int egrat ed analysis of the burst (0–4 s from GBM
rigger time), we made use of CSPEC data, which have 1024 ms
ime resolution. We selected the energy channels in the range 10–
00 keV for NaI det ect ors and 0.3–40 MeV for BGO det ect ors, and
e e x clude the channels in the range 30–40 keV due to the pres-
nce of the Iodine K-edge at 33.17 keV. 2 Spectra were extracted 
ith the public softwar e gtburs t . 3 We discuss the prompt emis-
ion spectrum in Section 3.1 . 
High-energy gamma-rays of GRB 210704A were det ect ed by 

he Fermi /LAT (W. B. Atwood et al. 2009 ). The LAT is a pair-
onv ersion t elescope cov ering the energy range from 30 MeV t o
ore than 300 GeV. For the extraction and analysis of LAT data,
e use gtburst , following the procedure described in the on-
ine official Fermi guide 4 and performing an unbinned likelihood 
nalysis. 
We select P8R3_TRANSIENT020 class ev ents, filt ering pho- 

ons in the 100 MeV–20 GeV energy range from a region of in-
er est of 12 ◦ radius centr ed on the burst location. We apply a
aximum zenith angle cut of 100 ◦ to reduce contamination of 
 amma-rays fr om the Earth limb. 
We analysed Fermi /LAT data over the first 200 s from the GBM

rigger time. A time-resolved analysis was performed to charac- 
erize the emission at GeV energies and track its temporal evolu- 
ion. The source is significantly det ect ed [t est statistic (TS) > 10 ,
orresponding to ≈ 3 σ ] only in the interval 0.75–3.6 s, with TS
etween 60 and 119. At earlier times (0–0.75 s) and after t > T 0 +
 . 6 s, the source is not det ect ed, hence w e deriv ed upper limits on
he flux. When the source is not det ect ed, the upper limits were
omputed at 95 per cent confidence level and assuming a photon
nde x fix ed to −2 . The Fermi /LAT light curve of GRB 210704A is
resented in Fig. 1 . The reported photon flux above 100 MeV up to
 0 + 10 s is F ph = (1 . 60 ± 0 . 31) × 10 −3 ph cm 

−2 s −1 (A. Berretta
t al. 2021 ). 

.2 Follow-up 

ermi /LAT and the Swift X-Ray Telescope (XRT ; D. N . Burrows
t al. 2005 ) facilitated localization efforts (A. Berretta et al. 2021 ;
. D’Ai et al. 2021 ), but it ultimately took 0.94 d for the after-
low position to be determined to sub-arcsec precision. This was 
anaged by the 1.5-m AZT-20 telescope of the Assy-Turgen ob- 
ervat ory, which det ermined the location of GRB 210704A to be
A, Dec. = 10 h 36 m 04 . s 88 , +57 ◦12 ′ 58 . ′′ 5 in the J2000 frame with an
 https://heasar c.gsfc.nasa.gov/W3Br owse/fermi/fermigbrst.html 
 https://fermi.gsfc.nasa.gov/ssc/data/analysis/GBM _ caveats.html 
 https://fermi.gsfc.nasa.gov/ssc/data/analysis/scitools/gtburst.html 
 https://fermi.gsfc.nasa.gov/ssc/data/analysis/scitools/gtburst.html 
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ncertainty of 0.5 arcsec (V. Kim et al. 2021 ). Subsequently, we
nitiated a series of imaging observations with a diverse range of 
round-based telescopes, encompassing both visible and IR wave- 
engths, in addition to triggering afterglow spectroscopy. Further- 
ore, w e initiat ed target of opportunity (ToO) imaging with the
ubble Spac e Telesc ope (HST) . Some of the data have already been
eported by R. L. Becerra et al. ( 2023 ), but we perform our own
ndependent analysis. All follow-up efforts are detailed below. 

.2.1 X-Rays 

wift /XRT observed GRB 210704A at four epochs, between 0.6 
nd 4.5 d after the GBM trigger . W e downloaded the high-level
ata products from the UK Swift Science Data Centre (UKSSDC), 
hich were processed via the techniques described in P. A. Evans
t al. ( 2007 , 2009 ). F rom a time-aver aged XRT spectrum spanning
 0 + 53 ks to T 0 + 72 ks, the UKSSDC reports a photon index of 
= 1 . 5 +0 . 6 −0 . 4 . Using this � and a Galactic column density of N H =

 . 59 × 10 19 cm 

−2 , we correct the fluxes for Galactic extinction
sing Chandra ’s Portable, Int eractiv e Multi-Mission Simulat or 
K. Mukai 1993 ). 
An additional X-ray observation epoch ( T 0 + 14 . 4 d) was ob-

ained with the Chandr a X-r ay Observatory (pr oposal 22508794,
I: Troja) on 2021 July 19 with the ACIS-S array. The afterglow
s det ect ed with 12 counts and a count rate of (6 . 6 +2 . 1 −1 . 7 ) × 10 −4 
ounts s −1 , translating to an unabsorbed flux of F X = (1 . 3 +0 . 4 −0 . 3 ) ×
0 −14 erg cm 

−2 s −1 (0.3–10 keV; R. L. Becerra et al. 2023 ). 

.2.2 Visible bands 

or our ground-based follow-up campaign, we initiated visible- 
and imaging utilizing the Device Optimized for the LOw RES- 
lution (DOLORES) on the 3.6-m Telescopio Nazionale Galileo 
TNG; P. D’Avanzo et al. 2021a , b ), the 0.8-m T80 at the Ob-
ervatorio Astrofísico de Javalambre (O AJ; D . A. Kann et al.
021b ), the Calar Alto Faint Object Spectrograph (CAFOS) on 
he 2.2-m telescope at the Calar Alto Observatory (CAHA; D. 
. Kann et al. 2021a ), the Optical System for Imaging and
ow-int ermediat e-Resolution Int egrat ed Spectroscopy (OSIRIS) 
ounted on the 10.4-m Gran Telescopio Canarias (GTC; A. De 
garte Postigo et al. 2021 ), and the Alhambra Faint Object Spec-
rogr aph and Camer a (AlF OSC) on the 2.6-m N or dic Optical
elescope (NOT; D. A. Kann et al. 2021c ). We include addi-
ional images taken with GTC/OSIRIS (A. M. Watson et al. 2021 ),
O T/ALFOSC, TNG/DOL ORES, the Gemini Multi-Object Spec- 
rographs (GMOS) on the 8.1-m Gemini North telescope and the 
iny Wide Field Camera 2 (TWFC2) on the 4.2-m William Her-
chel Telescope (WHT). 
To obtain homogeneous phot ometry, w e process all aforemen- 

ioned optical observations with our custom photometry pipeline. 
e use as tr ometry.net (D. Lang et al. 2010 ) for the astrometric
alibr ation and sextra ctor (E. Bertin & S. Arnouts 1996 ) for
ack gr ound estimation and source extraction. Using the pho- 
utils package (L. Bradley et al. 2024 ), we perform aperture
hotometry on the back gr ound-subtracted images. We use Pan- 
TARRS DR2 (H. A. Flewelling et al. 2020 ) for the photometric
alibr ation, selecting six calibr ation sources when av ailable. We
ot e that w e could only use one or tw o calibration sources for the
ata from Gemini/GMOS and GTC. All photometry is presented 
n Table 1 . 
MNRAS 548, 1–24 (2026) 
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M

Table 1. Post-GRB photometry, not corrected for extinction. Listed are the time since the burst (using the mid-e xposur e time) in days, the e xposur e time 
in seconds, the telescope/instrument, the observation filter, the AB magnitude of the detection or 3 σ upper limit (indicated with the > -symbol) and the 
r efer ence for the photometry. 

t mid − T 0 (d) t exp (s) Instrument Band Magnitude (AB) Reference 

0.391 360 DDOTI w > 20 . 3 S. Dichiara et al. ( 2021 ) 
0.726 3038 Swift /UVOT V > 21 . 1 A. A. Breeveld, A. Y. Lien & Swift/UVOT Team, ( 2021 ) 
0.944 3960 AZT-20 r ′ 22 . 25 ± 0 . 13 V. Kim et al. ( 2021 ) 
1.080 1800 TNG/DOLORES r 22 . 50 ± 0 . 07 This work 
1.081 900 OAJ/T80Cam z ′ > 21 . 4 This work 
1.093 1500 CAHA-2.2m/CAFOS i 21 . 66 ± 0 . 29 This work 
1.093 600 OAJ/T80Cam i ′ 22 . 26 ± 0 . 46 This work 
1.094 60 GTC/OSIRIS r ′ 22 . 24 ± 0 . 09 This work 
1.099 1200 WHT/TWFC2 r 22 . 74 ± 0 . 05 This work 
1.104 900 OAJ/T80Cam g ′ 22 . 84 ± 0 . 29 This work 
1.113 1200 WHT/TWFC2 z > 22 . 6 This work 
1.116 900 OAJ/T80Cam r ′ 22 . 63 ± 0 . 26 This work 
1.29 1152 HJT/RATIR r > 22 . 4 R. L. Becerra et al. ( 2023 ) 
1.29 1152 HJT/RATIR i > 22 . 1 R. L. Becerra et al. ( 2023 ) 
2.062 2700 CAHA-2.2m/CAFOS r > 22 . 7 T. R. Sun et al. ( 2021 ) 
2.096 1200 WHT/TWFC2 z > 22 . 6 This work 
2.104 420 GTC/OSIRIS r ′ 23 . 63 ± 0 . 11 This work 
2.107 540 GTC/OSIRIS z ′ 23 . 69 ± 0 . 46 This work 
2.114 1600 WHT/TWFC2 r 23 . 33 ± 0 . 11 This work 
3.920 4620 AZT-20 r ′ > 23 . 1 N. P ank ov et al. ( 2021 ) 
4.095 2700 TNG/DOLORES i 24 . 08 ± 0 . 28 This work 
4.122 900 TNG/DOLORES r 23 . 83 ± 0 . 30 This work 
4.457 840 Gemini North/NIRI K 23 . 18 ± 0 . 08 This work 
5.117 1080 GTC/OSIRIS r ′ 23 . 48 ± 0 . 08 This work 
5.119 840 GTC/OSIRIS z ′ 22 . 59 ± 0 . 17 This work 
5.447 1440 Gemini North/NIRI J 22 . 88 ± 0 . 21 This work 
5.474 1980 Gemini North/NIRI K 23 . 35 ± 0 . 23 This work 
6.086 900 NOT/ALFOSC g ′ 23 . 61 ± 0 . 17 This work 
6.097 900 NOT/ALFOSC r ′ 23 . 52 ± 0 . 15 This work 
6.35 1500 LDT/LMI r 23 . 14 ± 0 . 27 R. L. Becerra et al. ( 2023 ) 
6.451 2220 Gemini North/NIRI K 23 . 07 ± 0 . 10 This work 
6.983 3600 Zeiss-1000 R 23 . 1 ± 0 . 3 A. Volnova et al. ( 2021 ) 
7.468 660 Gemini North/NIRI K 22 . 53 ± 0 . 29 This work 
8.946 7200 Zeiss-1000 R > 23 . 5 A. Volnova et al. ( 2021 ) 
10.448 1080 Gemini North/GMOS r 23 . 16 ± 0 . 43 This work 
11.44 900 Gemini North/GMOS z > 22 . 44 R. L. Becerra et al. ( 2023 ) 
12.451 1740 Gemini North/NIRI K 22 . 73 ± 0 . 07 This work 
13.091 2100 TNG/DOLORES r > 23 . 3 This work 
14.449 1584 Gemini North/GMOS z 24 . 10 ± 0 . 19 This work 
30.081 600 NOT/ALFOSC R > 24 . 0 This work 
32.088 900 NOT/ALFOSC R 24 . 18 ± 0 . 38 This work 
115.00 3030 Subaru/HSC r > 25 . 21 R. L. Becerra et al. ( 2023 ) 
160.796 7140 Gemini North/NIRI K 24 . 65 ± 0 . 18 This work 
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We supplement our data with photometry from General
oor dinates N etwork r eports, taken with the Swift Ultra-
iolet/Optical Telescope (UVOT; P. W. A. Roming et al. 2005 ),
he AZT-20 telescope of the Assy-Turgen observatory, the Reion-
zation And Transients IR camera (RATIR) on the Harold John-
on Telescope (HJT) at the Observatorio Astr onómico N acional
an Pedro Mártir (OAN-SPM), the 2.2-m telescope at CAHA, the
arge Monolithic Imager (LMI) on the Lowell Discovery Tele-
cope (LDT), the Zeiss-1000 telescope of the Special Astrophys-
cal Observatory of the Russian Academy of Science (SAO RAS),
MOS on Gemini North and the Hyper Suprime-Cam (HSC) on
he Subaru telescope. S. Dichiara et al. ( 2021 ) also obtained a
 σ -upper limit with the Deca-Degree Optical Transient Imager
DDOTI) at the OAN-SPM, which we convert to a 3 σ -limiting
agnitude with an additional term of −2 . 5 log (3 / 5) . This sup-
NRAS 548, 1–24 (2026) 

10 
lemental photometry is listed in Table 1 along with the appro-
riate r efer ences. 

.2.3 Infrared 

RB 210704A was observed by the Gemini Near-IR Imager
NIRI) mounted on Gemini North, for six epochs in K and one
poch in J. We reduce the images using the dragons pipeline
Data Reduction for Astronomy from Gemini Observatory North
nd South; K. Labrie et al. 2023 ), employing iraf (Image Reduc-
ion and Analysis Facility; D. Tody 1986 , 1993 ; M. Fitzpatrick et
l. 2025 ) for the astrometry. We then use the hotpants routine
High Order Transform of Point-spread function ANd Template
ubtraction; A. Becker 2015 ) to subtract the last K-band epoch
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Table 2. Late-time HST photometry at the location of GRB 210704A, not corrected for extinction. Listed are the 
telescope channel, observation band, observation date, time since the GRB (using the start of the e xposur e) in days, 
the AB magnitudes using a 1-arcsec aperture and the AB magnitudes using a 0.2-ar csec apertur e. Upper limits ar e 
2 σ and indicated with the > -symbol. 

Channel Band Observation date t start − T 0 (d) Magnitude (1 arcsec) Magnitude (0.2 arcsec) 

UVIS F336W 2022 Jan 14 193.95 > 25 . 7 26 . 81 ± 0 . 35 
UVIS F438W 2022 Jan 14 194.02 > 25 . 4 26 . 74 ± 0 . 25 
UVIS F606W 2022 Jan 14 194.08 25 . 16 ± 0 . 17 25 . 99 ± 0 . 04 
IR F105W 2021 Oct 19 107.18 25 . 06 ± 0 . 28 25 . 69 ± 0 . 08 
IR F160W 2021 Oct 19 107.17 24 . 06 ± 0 . 14 24 . 57 ± 0 . 06 
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Table 3. Pre-GRB photometry of the source underlying GRB 210704A, 
not corrected for extinction. Listed are the telescope/instrument, obser- 
vation band and AB magnitude. The upper limit is 3 σ and indicated with 
an > -symbol. 

Telescope Band Magnitude (AB) 

CFHT/MegaCam u (MP9301) 26 . 51 ± 0 . 57 
CFHT/MegaCam g (MP9401) 24 . 99 ± 0 . 24 
CFHT/MegaCam r (MP9601) 25 . 38 ± 0 . 19 
CFHT/MegaCam i (MP9701) 25 . 48 ± 0 . 35 
CFHT/MegaCam z (MP9801) > 23 . 6 
Subaru/HSC g 25 . 57 ± 0 . 08 
Subaru/HSC i 25 . 54 ± 0 . 18 
Subaru/HSC z 25 . 63 ± 0 . 42 
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 T 0 + 161 d) from the other K-band stacks. For the K-band epochs
, 6, and 12 d after the burst, this results in a clean image that
e use for the photometry instead of the image stack itself. We
erform aperture phot ometry, calibrat ed t o 2MASS (Tw o Micron
ll Sky Survey; M. F. Skrutskie et al. 2006 ). The IR photometry is
isted in Table 1 . 

.2.4 Afterglow spectrum 

e took 4 × 600 s spectra with OSIRIS mounted on the 10.4-m
TC telescope at Roque de los Muchachos Observatory, on the 
sland of La Palma (Spain). The spectra were obtained using the
1000B grism, which covers the w avelength r ange 3700–7800 Å, 
s reported by A. De Ugarte Postigo et al. ( 2021 ). The slit was
laced in the parallactic angle to avoid differential slit losses, with
 width of 1 ar csec, r esulting in a spectral resolving power of 
round 600. The combined spectrum was obtained at an average 
poch of 26.75 h after the burst. The spectrum was reduced using
elf-developed pipelines that include bias and response correc- 
ion, w avelength calibr ation, and flux calibr ation using the spec-
r ophotometric standar d Ross 640 as r efer ence. The spectrum is
iscussed in Section 3.3 . 

.2.5 Late-time host spectrum 

n 2022 February 5 (216 d after the GRB), a set of six spectro-
copic e xposur es of 1200 s each wer e performed with the twin
ulti-Object Double Spectrograph MODS-1 and MODS-2 (R. W. 
ogge et al. 2010 ) mounted on the Large Binocular Telescope 
LB T) on Mt. Gr aham (Arizona, USA). We used the dual-grating
ode, which provided a wavelength coverage of 3200–9500 Å, 
nd a slit mask with a width of 1.2 arcsec. The slit was positioned
n the GRB location and oriented with a position angle of 40 . ◦9 to
eep the bright star used for the acquisition in the slit, useful for
 precise control of the target placement. 
Observations were obtained at an average airmass of 1.5, seeing 
0 . 8 arcsec, and clear sky conditions. 
We processed the LBT spectrum using the Spectroscopic Inter- 
ctive Pipeline and Graphical Interface tool (A. Gargiulo et al. 
022 ) and performed w avelength calibr ation using arc lamp 
r ames. To obtain flux-calibr ated LB T spectr a, we applied the
ensitivity function derived from the spectrophotometric stan- 
ard star GD 71. Only the first 4 × 1200 s e xposur es wer e stacked
n the blue side (3200–5600 Å) because of increasing sky back- 
round during morning twilight. Unfortunately, since MODS is 
ot equipped with an atmospheric dispersion corrector (ADC), 
he signal blueward of 4400 Å was lost due to atmospheric dis-
ersion. 
.2.6 Late-time HST observations 

ollowing our ToO ( HST proposal 16275, PI: Tanvir), the field of 
RB 210704A was observed by HST on 2021 October 19 using
he IR channel of Wide Field Camera 3 (WFC3) and on 2022
anuary 14 with the UVIS channel of WFC3. A log of the obser-
ations is shown in Table 2 . The images are reduced via astro-
rizzle (R. J. Avila et al. 2015 ) with the final pixel scale set to
.07 arcsec pixel −1 for the IR channel and 0.025 arcsec pixel −1 for
he UVIS channel. For the astrometry, we use our Gemini/NIRI 
mages. 

.3 Archival data 

he location of GRB 210704A was observed between 2003 and 
012 – well before the GRB – by the Canada–F r ance–Haw aii 
elescope (CFHT) in u , g, r, i , and z using its MegaPrime im-
ger. A dditionally, ther e ar e pr e-burst ar chival data taken with
he Subaru telescope (in g, i , and z) in the Hyper Suprime-Cam
eg acy Ar chive 2016 (HSCLA; M. Tanaka et al. 2021 ). We run
he image stacks through our photometry pipeline, where we 
se SDSS DR19 (SDSS Collaboration 2025 ) for the photometric 
alibration of the u -band image and Pan-STARRS DR2 (H. A.
lewelling et al. 2020 ) for the other data. A source is det ect ed at
he location of the GRB (Table 3 ). 

 RESULTS  

.1 Fermi observations 
e perform a spectral analysis of the prompt Fermi /GBM data
ith the public software xspec (v. 12.12.1). We fit a Band function
o the Fermi /GBM energy spectrum of the initial 4 s of prompt
mission (Fig. 2 ). We use the PG-Statistic in the fitting pr ocedur e,
hich is valid for Poisson data with a Gaussian back gr ound.
MNRAS 548, 1–24 (2026) 
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M

Figure 2. The upper panel shows the Fermi /GBM spectrum (data points) 
int egrat ed ov er the first 4 s of GRB 210704A, ov erlaid with the best-fitting 
model (Band; solid graph) and the 16th to 84th percentile model uncer- 
tainty interval (shaded region). The lower panel shows the residuals of 
the fit. 
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Figure 3. Peak energy versus duration (50–300 keV) for the 2308 GRBs 
from the Fourth Fermi /GBM GRB Catalog (D. Gruber et al. 2014 ; A. Von 
Kienlin et al. 2014 , 2020 ; P. Nar ay ana Bhat et al. 2016 ). E peak is determined 
with a Band-function fit to a single spectrum over the duration of each 
burst. The bursts cluster into two gr oups: short-har d GRBs (top left) and 
long-soft GRBs (bottom right). Following T. Ahumada et al. ( 2021 ), we 
fit two lognormal distributions to the data to determine the probability 
of each burst belonging to the cluster of short-hard bursts. This sets the 
colour scale. GRB 210704A is marked by a diamond. The square is GRB 
210704A as observed by AGILE , or in other wor ds, disr eg ar ding the e x- 
tended emission. As the energy peak is not observed in the AGILE energy 
range, the square represents an upper limit. All values are in the observer 
frame. 

Figure 4. Onset time of the LAT emission (100 MeV–100 GeV) versus 
duration (50–300 keV) for SGRBs and LGRBs from the Second Fermi /LAT 
GRB Catalog (M. Ajello et al. 2019 ). The onset time is defined as the 
time when the first photon with probability > 0 . 9 of being associated 
with the GRB is det ect ed in the 100 MeV–100 GeV range. GRB 210704A 

is marked by a diamond. The square is GRB 210704A when disr eg ar ding 
the extended emission. All values are in the observer frame. 
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he fit yields E peak = 280 ± 10 k eV and power -la w indices α =
0 . 46 ± 0 . 03 and β = −2 . 86 ± 0 . 16 . Analysing the Fermi /LAT
ata from the same initial 4 s gives a hard power -la w spectral
ndex of −1 . 64 ± 0 . 14 . This hardness contrasts with the signifi-
antly softer β from the GBM data. Therefore, the LAT emission
oes not lie on the extrapolation of the lower energy GBM spec-
rum, indicating the presence of an additional harder spectral
omponent at GeV energies. To inv estigat e whether this could
e high-energy emission from the GRB aft erglow, w e include the
AT data in our afterglow modelling in Section 4.4 . Although
igh-energy afterglow emission is not common, it has been ob-
erved before in LAT data (e.g. G. Ghirlanda, G. Ghisellini & L.
ava 2010 ). 
We compare the peak energy and duration of GRB 210704A

o the GRB population in Fig. 3 . The GRBs in the figure cluster
nt o tw o gr oups: short-har d (top left) and long -soft bursts (bot-
om right). GRB 210704A (diamond) lies on the transition area
etween the gr oups, wher e it is formally classified as a long-
oft burst, as P long-soft = 66 per cent. Alt ernativ ely, using the dura-
ion determined with AGILE ( T 90 = 1 . 06 s in 400 keV–100 MeV),
hich e x cludes the softer e xtended emission, GRB 210704A
ould be classified as a short-hard burst (square). 
The Fermi /LAT emission of GRB 210704A is delayed by
.75 s with respect to the Fermi /GBM emission. Comparing GRB
10704A’s onset time and duration to other LAT bursts shows
hat it lies on the periphery of the LGRB population (Fig. 4 , dia-
ond). GRB 210704A’s onset time is r epr esentativ e of the bott om
0 per cent of the LAT population, yet is within the range of both
GRBs and LGRBs. When excluding the extended emission, GRB
10704A is consistent with the SGRB population (square). 
In both figures, the extended emission strongly affects the clas-
ification of GRB 210704A. 

.2 Environment 

RB 210704A is located in a significant galaxy overdensity
Fig. 5 ), which we previously reported in A. J. Levan et al. ( 2021 ).
n particular, the HST image overlaps with galaxy cluster 400d
NRAS 548, 1–24 (2026) 
1036 + 5713 at z = 0 . 203 (C. R. Mullis et al. 2003 ). At this red-
hift, the isotropic equivalent energy of GRB 210704A would be
 iso = 2 × 10 51 erg . The near est g alaxies of the cluster ar e within
 few arcsec of the GRB. 
Furthermore, GRB 210704A is 45 kpc (30 arcsec) away from
piral galaxy WISEA J103604.24 + 571327.7, which has an abso-
ute magnitude of −21 . 97 ± 0 . 50 mag, a reported apparent mag-
itude of i = 15 . 962 ± 0 . 007 mag (K. Abazajian et al. 2004 ), and
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Figure 5. Left: colour-composite image of the environment of GRB 210704A, made from HST data. The GRB location is marked by the box. The spiral 
galaxy on the right side of the image is for egr ound g alaxy WISEA J103604.24 + 571327.7 at a r edshift of z = 0 . 0817 , at a distance of 30 arcsec (45 kpc) 
from GRB 210704A. The HST image also overlaps with galaxy cluster 400d J1036 + 5713 at z = 0 . 203 . Right: zoomed-in region around the GRB position 
showing the galaxy underlying the GRB in the F606W and F160W filters. While in F160W the source is dominated by a compact core, in F606W there is 
an appar ent e xtension and an irr egular morphology. Ar chival optical imaging suggests that the light observed in F606W is dominated by the galaxy, but 
a transient contribution is possible in the F160W images. 
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 redshift of z = 0 . 0817 (K. Abazajian et al. 2004 ; F. D. Albareti
t al. 2017 ), where E iso = 3 × 10 50 erg. 
Finally, the pre-burst CFHT and Subaru data indicate the pres- 
nce of a source at the location of GRB 210704A that is obser-
ationally red ( u − r = 1 . 1 ± 0 . 6 ). The late-time HST F606W im-
ge (Fig. 5 ) reveals a relatively complex emission region, where 
he burst is consistent with a compact knot of emission that is
arginally extended (major axis is 0.13 arcsec), along with a more
xt ended component t o the south-east. The extended morphology 
ay be indicative of an underlying galaxy. Table 2 presents HST 
hotometry using a narr ow 0.2-ar csec apertur e centr ed on the
right knot, as well as a larger 1-ar csec apertur e. The comple x
ature of the emission is discussed in more detail in Section 4.3 . 
R. L. Becerra et al. ( 2023 ) calculate a chance alignment prob-
bility of P chance = 0 . 02 for the underlying source, P chance = 0 . 05
or the galaxy at z = 0 . 0817 , and P chance = 0 . 012 for the cluster
t z = 0 . 203 (or 10 −3 when factoring in cluster brightness and
pplying a cut on X-ray flux). 

.3 Redshift 

n our GTC afterglow spectrum taken at T 0 + 1 . 1 d (Fig. 6 ), we
etect a continuum down to 3800 Å, which gives an upper limit
n the redshift of z < 3 . 17 . The signal-to-noise ratio (S/N) of the
fterglow spectrum is low (in the range 3 σ–5 σ per pixel over
avelengths 4000–7500 Å) and even lower at the blue end ( λ <

000 Å), where the flux calibration is also less reliable. We find
 broad dip at ≈ 4050 Å, which we tentatively interpret as Ly α
bsorption. This implies a redshift of z = 2 . 34 . Low-significance
etections of Si ii and C ii are consistent with this redshift. C iv
nd Si iv are not det ect ed, although the latter is not unprece-
ented. We measure for C ii and C iv rest-fr ame equiv alent widths
f 1 . 3 ± 0 . 4 Å and < 1 . 2 Å (3 σ upper limit), respectively. Com-
aring these measurement with Fig. 8 of A. Ugarte Postigo et al.
 2012 ), we can see that, due to the low S/N, the non-detection of 
 iv is not constraining. 
To consolidate the identification of the spectral lines, we also 
erformed line-stacking analysis. In particular, we stack the low- 
onization metal lines with an equivalent width > 0 . 5 Å based
n the line-strength measurements in the composite GRB spec- 
rum of L. Christensen et al. ( 2011 ). Due to its pr o ximity to an
tmospheric skyline, we omit from the stack Al ii . The result is
hown in the right panel of Fig. 6 . The stacked data indicate
 clear absorption featur e, corr obor ating our spectr al analysis.
ombined with the presence of Ly α absorption this provides 
igh confidence in the redshift. 
The late-time LBT host spectrum reveals weak continuum over 

he range 4500–9200 Å. No emission lines are how ev er visible
ver this range. This is in fact consistent with the absorption
edshift, since at z = 2 . 34 none of the brighter lines falls in the
overed range, thus providing further support for the GTC value. 
To check, we also determine a photometric redshift for the un-
erlying source with prospector (J. Leja et al. 2017 ; B. D. John-
on et al. 2021 ), combining the pre-burst CFHT and Subaru ob-
ervations, the HST photometry taken 107 and 194 d post-trigger 
sing 1-ar csec apertur es, and the Gemini K-band detection fr om
 0 + 161 d. We use the delayed-exponential parametric star for-
ation history model, which describes the star formation rate 
s linearly rising followed by an exponential decline with time. 
rom the SED fit (Fig. 7 ), we derive a redshift of z = 2 . 63 +0 . 21 −1 . 34 (68
er cent credible interval). The resulting fit parameters suggest 
 galaxy of low mass [ log 10 (M/ M �) ≈ 9 . 6 ] and low metallicity
 Z ≈ 0 . 02 Z �), with a relatively young stellar population ( t ≈
 . 3 Gyr) and moderate extinction A V ≈ 1 . 0 . This is consistent
MNRAS 548, 1–24 (2026) 
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M

Figur e 6. GT C afterglow spectrum of GRB 210704A. The spectrum is split in wav elength ov er the three panels on the left. The lower panel includes 
a damped Ly α model. The composite spectrum (L. Christensen et al. 2011 ) is also shown. We note that flux calibration is poor below ≈ 4000 Å. The 
right panel displays the stack of lines, using a width of 100 Å around all the lines labelled in one of the left three panels. Note that the Al ii line has been 
omitted from this stack due to a pr o ximate skyline. 

Figure 7. SED fit to the galaxy underlying GRB 210704A, using 1-arcsec 
aperture HST photometry, the Gemini K-band detection at 161 d and 
the archival CFHT and Subaru data. The dotted line in the upper panel 
corresponds to χbest = 0 , the squared mean is χ2 

best,avg = 0 . 06 . 
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ith the hosts of cor e-collapse GRB pr ogenitors (J. T. Palmerio
t al. 2019 ), as is the case for GRB 210704A’s position with respect
o the underlying source, its spectral lag ( τ = 80 ± 9 ms; R. L.
ecerra et al. 2023 ), its E iso = 2 × 10 53 erg, and its location on the
mati relation at z = 2 . 34 . This is indicative of a core-collapse
rogenitor rather than a compact object merger, which is atypical
or an EE-GRB. 
When we use the more narrow 0.2-arcsec apertures for the HST
ata inst ead, w e obtain consist ent SED fit paramet ers. Setting the
edshift to z = 2 . 34 in the SED fitting also gives consistent galaxy
roperties. 
The photometric redshift of the underlying source is consistent
ith the t entativ e redshift deriv ed from the aft erglow spectrum,
her eby r einfor cing the cr edibility of the spectr oscopic r edshift.
NRAS 548, 1–24 (2026) 
e thus consider z = 2 . 34 as the redshift of GRB 210704A for our
urther analysis. 

.4 Light curve: optical/IR e x cess 

or the light curve analysis in this paper, we correct the photom-
try in Table 1 for Galactic extinction E(B −V ) = 0 . 007 (G. M.
reen et al. 2015 ), following E. F. Schlafly & D. P. Finkbeiner

 2011 ) to obtain the true extinction per band. To account for filter
ifferences and uncertainties in the data reduction, we add an
 xtra systematic err or of 0.3 mag in quadratur e to the optical/IR
hot ometry. The light curv e of GRB 210704A is presented in
ig. 8 . The solid line represents the best-fitting power law for the
v e X-ray det ections, with an index of α = −1 . 2 ± 0 . 1 ( χ2 

red = 0 . 6 ;
 X ∝ t α). This index is consistent with typical GRB afterglows (B.
hang et al. 2006 ) and yields an electron index of p = 2 . 6 (assum-
ng a uniform medium and the slow-cooling regime). The dashed
ines in the figure indicate power laws with the same index fitted
o the data of the other bands. Excess emission with respect to the
ower -la w afterglow is evident in all visible and IR bands e x cept i ,
or which we do not have data at the time of the e x cess. The e x cess
n the r band starts after 4–5 d, while in the K-band it appears
o be moderately delayed by ≈ 1 . 5 d. The observed peak of the
 x cess is at T 0 + 7 d (2 d in the rest frame), reaching an absolute
agnitude of M r = −22 . 0 mag. This is significantly brighter than
he pre-burst CFHT data ( �m r = 2 . 3 ± 0 . 5 mag). The upper limit
eported by A. Volnova et al. ( 2021 ) suggests that the observed
eak closely appr o ximates the true peak in r. However, due to
he limit ed IR cov erage, w e can only set limits on the true peak
bsolute magnitude, M K < = 

−22 . 6 mag, and peak time, 7–12 d, in
 (rest-frame r). 
Fig. 9 shows the colour evolution of GRB 210704A, where

he lower panel shows the optical/IR SEDs and the upper panel
ncludes the X-ray detections. Due to the limited number of si-
ultaneous observations, we group the detections in temporal
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Figure 8. Light curve of GRB 210704A in different bands in the observer 
frame. The flux for the visible and IR bands are multiplied with arbitrary 
powers of 10, as indicated in the brackets on the right, to visually separate 
them in the figure. Open and closed symbols are alt ernat ed per filt er for 
visual clarity. Upper limits are given as triangles. The X-ray data can be 
fitted with a power law with index α = −1 . 2 , shown with the solid line. A 

power law with the same index is fitt ed t o the pr e-e x cess data of the other 
bands (dashed lines). 
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Figure 9. Colour evolution of GRB 210704A. The upper panel includes 
X-ray data. The lower panel only contains visible- and IR-band data. In 
both panels, the time bins are chronologically ordered from t op t o bott om 

and visually separated by multiplying the fluxes with the flux factor listed 
in the legend. A power law ( f ∝ νβ ) is fitted to the data of each time bin. 
The time bins 0.6–1.2 d and 1.9–3.7 d post-GRB correspond to the early 
afterglow phase. The bin of 6.9–7.5 d is the bin around the peak of the 
e x cess emission. 
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ins (we note that because the behaviour in not monotonic, in-
 erpolating t o a fixed time is not str aightforw ard). We adopt a
efault bin width of 0.6 d, but extend the second and third epochs
o span the full Swift /XRT observing intervals, yielding widths of 
.8 and 1.1 d, r espectively. A dditionally, we include a wide late-
ime bin spanning 12.4–14.5 d that covers the K-band detection 
t 12.4 d and the z-band and X-ray data at 14.2–14.5 d. We note
hat although the inclusion of the K-band observation broadens 
he later time bin, e x cluding it yields a similar optical/IR to X-ray
ED (upper panel of Fig. 9 ). A power law ( f ∝ νβ ) is fitted to the
ata of each time bin, yielding spectral indices βox and βop for the
pper and lower panel, respectively. 
In the early afterglow phase ( < 3 . 7 d), a power -la w fit to the X-

ay and optical/IR data yields a spectral index of βox = −0 . 75 ±
 . 03 (w eight ed av erage with χ2 

red = 3 . 6 ; f ν ∝ νβox ). This is con-
istent with the power -la w slopes of the X-ray spectra ( βX =
0 . 5 +0 . 4 −0 . 6 and βX = −0 . 7 +1 . 2 −2 . 3 for 0.6–1.2 and 1.9–3.7 d, respec-
iv ely), although w e not e the substantial errors in the latt er.
oreov er, it is consist ent with non-thermal synchr otr on emission
r om a standar d GRB afterglow (M. De Pasquale et al. 2003 ) and
he spectral index that can be derived fr om closur e r elations:
= 2 α/ 3 = −0 . 8 (assuming a uniform medium and the slow-
ooling regime). The optical/IR spectral index βop = −1 . 2 ± 0 . 9
w eight ed av erage, χ2 

red = 1 . 8 ) is poorly det ermined, but consis-
ent with βox . This supports a single synchr otr on component 
cross the IR to X-ray bands at early times. 
The X-ray and optical/IR light curves decouple after ≈ 4 d 

Fig. 8 ). Although no X-ray observations were taken around the
ight-curv e peak, int erpolating the X-ray flux density t o 7.2 d us-
ng α = −1 . 2 yields a steeper spectral index of βox ≈ −1 at 6.9–
.5 d. At later times (12.4–14.5 d), βox remains consistent with this
teeper index (Fig. 9 ). The optical/IR spectral index βop remains 
nchanged during the e x cess emission phase up to 7.5 d, beyond
hich the large uncertainties limit further interpr etation (Fig . 9 ).
The observed spectral steepening could r epr esent the emer- 
ence of a new optical/IR emission component. Alt ernativ ely, it
ould be caused by a cooling break starting to pass through the
-ray band. Although there is no evidence for such a break in the
-ray light curve (Fig. 8 ), the sparse light curve does allow for a
ooling break in combination with a refreshed shock, as will be
iscussed in Section 4.4.2 . 
To further inv estigat e the e x cess emission, w e det ermine the

ise time t 1 / 2 , rise from half-maximum flux density to peak by lin-
arly interpolating the K -band light curve, following D. A. Perley
t al. ( 2020 ) and A. Y. Q. Ho et al. ( 2023 ). Using linear extrap-
lation, w e also det ermine the fade time t 1 / 2 , fade of the e x cess
mission. The sum of the rise and fade time gives us the duration
f the e x cess above the half-maximum flux. The r esults ar e listed
n Table 4 . We discuss the duration of the e x cess further in the
ext section. 
MNRAS 548, 1–24 (2026) 
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Table 4. Rise and fade times with respect to half-maximum flux for GRB 210704A and two Einstein Probe 
transients, in the observer frame and in the band closest to rest-frame g. The sum of the rise and fade time, which 
is the duration of the transient above half-maximum flux, is listed in the last column (in days). 

Transient Band t 1 / 2 , rise (d) t 1 / 2 , fade (d) �t (d) 

GRB 210704A K 1 . 8 ± 0 . 6 14 . 8 ± 6 . 4 16 . 6 ± 6 . 4 
EP240414a r 1 . 2 ± 0 . 1 1 . 3 ± 0 . 4 2 . 5 ± 0 . 4 
EP241021a z 2 . 0 ± 0 . 2 5 . 7 ± 1 . 1 7 . 7 ± 1 . 1 

Figure 10. Kann plot comparing the light curve of GRB 210704A in 
the rband (rest-frame UV) and in the Kband (rest-frame r) to the light 
curves of GRBs. The non-highlighted light curves are from D. A. Kann 
et al. ( 2011 ) in Rc , just like the light curves of GRBs 970508, 060206, 
060906, 081029, 100621A, and 100901A which are highlighted in colour as 
they undergo rebrightening episodes. Other rebrightening bursts that are 
included are GRBs 100418A ( r ′ /R ; A. Ugarte Postigo et al. 2018 ), 111209A 

( r ′ ; D. A. Kann et al. 2018 ), 130831A ( V ; M. De Pasquale et al. 2016 ), 
191016A ( r; M. Pereyra et al. 2022 ), and 240529A ( r/R ; T.-R. Sun et al. 
2024 ). Light curves are not corrected for host galaxy extinction. 
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 DISCUSSION  

.1 Comparing GRB 210704A to other GRBs 

n principle, the rise of the light curve to a later peak might be
he result of viewing a GRB off-axis. How ev er, the rapid rise of 
he afterglow in the optical/IR e x cludes this scenario. 
The Kann plot in Fig. 10 shows that GRB 210704A starts off as
n average afterglow, but due to the e x cess emission it becomes
s bright as the brightest afterglows observed. The e x cess cor-
esponds to an observed luminosity increase of 0 . 62 ± 0 . 24 mag
n K and 0 . 69 ± 0 . 40 mag in r. This is both consistent with a
ebright ening as w ell as with a flatt ening (within 3 σ ) of the light
urv e. Lat e-time flatt ening in GRB light curves is typically due
o host emission, but that is not the case here as the CFHT data
eveal a much fainter underlying galaxy ( �m r = 2 . 3 ± 0 . 5 mag).
at e-time light curv e plat eaus can also be driven by the same
hysical mechanisms responsible for rebrightenings, but with a
educed energy input. For instance, refreshed shocks have been
r oposed to e xplain the plateau phase of GRB 191016A around
.02 rest-frame days (Fig. 10 ; M. Pereyra et al. 2022 ). 
NRAS 548, 1–24 (2026) 
The coloured graphs in Fig. 10 show GRBs that undergo re-
rightening episodes. The rebrightening typically occurs during
he first rest-frame day and corresponds to a luminosity increase
f 1–3 mag. GRBs with multiband data show that the colour of 
he emission is bluer before the rebrightening (e.g. GRBs 081029,
00621A, and 111209A; A. Ugarte Postigo et al. 2018 ). While the
bserved light curve of GRB 210704A could be consistent with
 rebrightening and reddening, the photometric uncertainties
reclude a definitive match with these properties of rebrighten-
ng GRBs. GRB 210704A’s e x cess emission also rises later than
he rebrightening GRBs in Fig. 10 . The physical origin of re-
rightenings in GRBs remains debated, but proposed models for
he highlighted rebrightening GRBs in Fig. 10 include refreshed
hocks (e.g. GRB 100621A; J. Greiner et al. 2013 ) or a CSM density
ump (e.g. GRB 970508; P. H. Tam et al. 2005 ). Section 4.4 further
xamines these models in the context of GRB 210704A. 

.2 Comparing GRB 210704A’s e x cess emission to other 
ransient populations 

 light curve rise and peak can also be caused by transient light,
ncluding that from kilonovae, SNe (Type Ia, Ib/c, Ic-BL, and
I), superluminous SNe (SLSNe), tidal disruption events (TDEs),
ast optical transients (FOTs), and the empirical subpopulations
f fast blue optical transients (FBO Ts), wher e g − r < ≈ −0 . 2 fol-
owing A. Y. Q. Ho et al. 2023 ) and luminous FBOTs (LFBOTs),
hich we define as FBOTs with M peak < −20 . 5 in rest-frame g.
e compare GRB 210704A to these transients in Fig . 11 , wher e
e plot the peak absolute magnitude versus the duration above
alf-maximum flux in the rest frame. 
The e x cess emission in GRB 210704A is much more luminous

han prototypical kilonova AT2017gfo and can ther efor e not be
xplained by the typical SGRB progenitor scenario. A brighter
ilonova may be possible if it is powered by a magnetar . W e
iscuss this scenario further in Section 4.4.4 , where we perform
odelling. 
The luminosity and duration of GRB 210704A’s e x cess ar e
lso inconsistent with a typical SN Ic-BL that is commonly as-
ociated with LGRBs (Fig. 11 ). Additionally, GRB 210704A’s ex-
ess rises on a shorter time-scale than SNe Ic-BL (upper left
anel of Fig. 12 ). We can exclude other standard core-collapse
N (Type Ib/Ic/II) or thermonuclear (Ia) SN progenitors for the
ame brightness and temporal reasons (Fig. 11 ). SLSNe and TDEs
atch GRB 210704A in brightness, but ev olv e on longer time-
cales. 
GRB 210704A’s e x cess emission is more luminous and more

apid than most FBOTs (Fig. 11 and second panel of Fig. 12 ). It
s also brighter and redder than prototypical LFBOT AT2018cow
upper right panel of Fig. 12 ). How ev er, w e not e that the colour
ay not be as important given the similarities between non-blue
OT AT2020bot (upper left black square in Fig. 11 ) and the blue
FBOT population. The GRB’s emission is on the bright end of 
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Figure 11. Peak absolute magnitude versus the rest-frame duration 
above half the peak flux, using the observed peak. We include kilonova 
AT2017gfo (rest-frame g; V. A. Villar et al. 2017 ), SN e (r est-frame g/r; D. 
A. Perley et al. 2020 ), SLSNe and TDEs (rest-frame u/g/r; D. A. Perley 
et al. 2020 ), FOTs (rest-frame g/r; A. Y. Q. Ho et al. 2023 ), and FBOTs and 
LFBOTs (band closest to rest-frame g; A. Y. Q. Ho et al. 2023 ; M. Pursi- 
ainen et al. 2025 ). The LFBOTs are empirically selected as FBOTs with 
M peak < −20 . 5 mag. We also plot EP240414a (rest-frame g), EP241021a 
(rest-frame g), and GRB 210704A (rest-frame r), for which we calculated 
the duration (Table 4 ). Magnitudes were corrected for Galactic extinction 
and in the case of iPTF15ul also for host extinction (D. A. Perley et al. 
2020 ). 
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he population of LFBOTs (Fig. 11 ), comparable in brightness to
ost luminous LFBOT known t o dat e – AT2024wpp (low er left
anel of Fig. 12 ). 
Luminous and rapidly brightening optical counterparts have 
een observed for some fast X-ray transients (FXTs). The Ein- 
tein Probe FXT EP240414a (J. S. Bright et al. 2025 ; S. Srivastav
t al. 2025 ; H. Sun et al. 2025 ; J. N. D. Van Dalen et al. 2025 )
s a prime example. Its light curve consists of an early decay, a
ebrightening episode that peaks at 2.9 d in the rest frame ( z =
 . 401 ), and a late-time fainter rebrightening that starts after 7
est-frame days (Fig. 12 ). The brightest (2.9 d) peak resembles
he e x cess in GRB 210704A in peak time and colour (fifth panel
f Fig. 12 ), although it differs in peak magnitude and in peak
harpness (Fig. 11 ). EP240414a has a massive star origin, as late-
ime spectroscopy reveals an SN Ic-BL (J. N. D. Van Dalen et al.
025 ). The radio emission str ongly r esembles a moderately rel-
tivistic afterglow typical for collapsar LGRBs (J. S. Bright et al. 
025 ), despite no gamma-ray counterpart having been detected. 
 possible gamma-ray counterpart of EP240414a is constrained 
o L iso < 10 51 erg s −1 (J. S. Bright et al. 2025 ), which could suggest
hat EP240414a is a low-luminosity GRB event. This is in stark
ontrast to GRB 210704A, for which the LAT detection indicates 
 high bulk Lorentz fact or. Motivat ed by EP240414a’s soft X-ray
pectrum (peaking < 1 . 3 keV), its spectral features, and its large
ffset from its peculiar host galaxy, H. Sun et al. ( 2025 ) propose
 stripped-env elope Wolf–Ray et star progenit or that launches a 
eaker jet than typical for L GRB pr ogenit ors, pot entially due t o
 smaller core angular momentum. For the main optical peak 
n EP240414a’s light curve, S. Srivastav et al. ( 2025 ) suggest a
 efr eshed shock scenario. How ev er, just like for GRB 210704A,
he X-ray light curve of EP240414a declines and the spectral index
ox steepens during the main optical peak. J. N. D. Van Dalen
t al. ( 2025 ) argue that this decoupling of the X-ray and optical
ight curv es disfav ours an aft erglow origin. They propose a low-
uminosity collapsar GRB scenario with early cocoon emission, a 
right peak due to SN–CSM interaction, and the late peak corre-
ponding to SN emission. We e xplor e both r efr eshed shocks and
N–CSM interaction as possible origins of GRB 210704A’s e x cess
n Section 4.4 . 
Another optically luminous and rapid FXT is EP241021a (M. 
usmann et al. 2025 ; G. Gianfagna et al. 2025 ; X. Shu et al.
025 ; G.-L. Wu et al. 2025 ; M. Yadav et al. 2025 ; Quirola-Vásquez
t al. 2026 ). It is not det ect ed in gamma-rays, but the limits on
he gamma-ray emission are shallow (M. Busmann et al. 2025 ).
P241021a’s optical light curve exhibits an initial afterglow-like 
ecay, followed by a rapid rebrightening peak at 4.4 rest-frame 
ays ( z = 0 . 748 ) and a shallower peak at 11 rest-frame days (lower
ight panel of Fig. 12 ). The late-time peak can be explained by
n emerging SN, implying a collapsar origin for EP241021a (G. 
ianfagna et al. 2025 ; J. Quirola-Vásquez et al. 2026 ). The radio
ft erglow points t o an at least mildly relativistic outflow, con-
ecting EP241021a to GRB-like explosions or relativistic TDEs 
M. Yadav et al. 2025 ). The brightest peak of EP241021a resem-
les the peak of GRB 210704A in colour, magnitude jump, and
eak magnitude (Fig. 12 ) as well as in peak duration (Fig. 11 ),
lthough GRB 210704A peaks earlier. The X-ray light curve also 
ehaves differently, with that of EP241021a tracking the optical 
 ebrightening . M. Busmann et al. ( 2025 ) favour the r efr eshed
hock scenario for the non-thermal brightest peak in EP241021a. 
ow ev er, J. Quirola-Vásquez et al. ( 2026 ) argue that the rise time
f the peak is shorter than expected for a r efr eshed shock and
hat the fast rebrightening is extremely difficult to reconcile with 
ny interpretation. X. Shu et al. ( 2025 ) agree that the brightest
eak in EP241021a cannot be well explained by existing mod- 
ls, including SN shock breakout, a merg er-trigg ered magnetar, 
 highly structured jet or a repeating TDE. 
In any case, the empirical similarity of GRB 210704A to these

ecent Einstein Probe transients is notable, in particular since 
hose syst ems w ere both much closer than GRB 210704A, but
ad no associated γ -ray emission. While similarity in emission 
oes not necessarily imply a causal connection, it is none the less
nt eresting t o consider this difference should such a connection
xist. In particular, the powerful jet in FXTs could be absent
ecause it is not produced (e.g. because of jet launch conditions),
ecause it is choked by heavy baryon loading in the progenitor
tar, or because of viewing angle effects. 

.3 Possible late-time supernova 

s stated in Section 3.2 , the morphology of the underlying source
n the late-time HST data is characterized by a compact emission
not on top of an extended component (right panel of Fig. 5 ).
n investigation of the emission colour reveals a red source in
oth HST epochs that yields an even redder colour for smaller
pertur es (fr om F105W − F160W = 1 . 0 ± 0 . 1 in a 0.42-arcsec (6-
ix el) apertur e to F105W − F160W = 1 . 5 ± 0 . 1 in a 0.14-arcsec
perture). This is unlikely to be caused by extinction, as F606W −
105W is blue. In the absence of an e x ceptionally str ong Balmer
ine, this could indicate the presence of a red transient on top of 
MNRAS 548, 1–24 (2026) 
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Figure 12. Light curves in the observer frame, comparing GRB 210704A to prototypical LGRB with SN Ic-BL: GRB 980425/SN1998bw (F. Patat et al. 
2001 ), FBOT iPTF16asu, which is associated with an SN Ic-BL (L. Whitesides et al. 2017 ), prototypical LFBOT AT2018cow (S. J. Prentice et al. 2018 ), the 
bright est LFBOT t o dat e: AT2024wpp (N. LeBaron et al. 2026 ), EP240414a (J. N. D. Van Dalen et al. 2025 ), and EP241021a (M. Busmann et al. 2025 ; J. 
Quirola-Vásquez et al. 2026 ). All transients were conv ert ed t o the z = 2 . 34 frame. 

Figure 13. The spectrum of SN1998bw – a prototypical SN Ic-BL –
(graph) taken 30 rest-frame days after its associated GRB (T. J. Galama 
et al. 1998 ; F. Patat et al. 2001 ), redshifted using z = 2 . 34 and shifted to 
four times its luminosity to roughly match the HST IR detections of GRB 
210704A (data points). 
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 galaxy. Assuming z = 2 . 34 , the HST epochs were taken 32 and
8 d after the GRB in the rest frame. This is late, but not unheard
f, for an SN associated with a GRB to be detected (S. E. Woosley,
. Sukhbold & D. N. Kasen 2021 ). 
Fig. 13 compares the IR HST det ections t o a spectrum of a

ypical Type Ic-BL SN associated with a GRB: SN1998bw. The
olour of the HST source is consistent with that of an SN, but
he brightness of SN1998bw must be increased by a factor of 4
o align with our data. A ccor dingly, the transient would have an
bsolute magnitude of M B = −20 mag, at 30 d after the GRB in
ts rest frame. That is brighter than what is typically observed in
ype Ic SNe (Fig. 11 ; M. M. Kasliwal 2012 ). How ev er, w e not e that
he underlying galaxy likely contributes to the total brightness.
e further inv estigat e the SN scenario in our modelling (Section
.4 ). 
GRB 241105A (Dimple et al. 2025 ; z = 2 . 681 ) shares several
haracteristics with GRB 210704A. It exhibits a bright short ini-
NRAS 548, 1–24 (2026) 
ial spike followed by weaker emission up to 64 s. Although no
ccompanying SN was det ect ed, James Webb Space Telescope ob-
ervations reveal host-galaxy properties that are more typical of 
he LGRB population (active star formation and a low metallic-
ty). Combined with the small sub-kpc offset from the host and
fterglow modelling that r equir es a high-density CSM, a collapsar
rigin for GRB 241105A is plausible. How ev er, w e not e that the
rolonged emission in GRB 241105A is spectrally harder than its
nitial spike, which is atypical for EE-GRBs (e.g. Y. Kaneko et al.
015 ). In this respect, GRB 210704A more closely resembles the
anonical EE-GRB population. Detecting an SN associated with
RB 210704A would challenge the standard picture where EE-

GRBs originating solely from compact object mergers. New HST
maging would be able to confirm whether an SN signature was
ndeed present in the late-time epochs. 

.4 Light-curve modelling with redback 

e have shown that the e x cess emission of GRB 210704A is
ot easily mat ched t o the emission observed in other transients,
lthough substantial similarities can be found to some classes.
n this section, we attempt to model the light curve of GRB
10704A with combined aft erglow, int er action, and/or tr ansient
odels. We adopt a joint fitting approach, rather than fitting
ndividual model components or parameters independently, in
rder t o av oid intr oducing significant biases in the inferr ed
osterior distributions (W. F. Wallace & N. Sarin 2025 ). For
he joint fitting, we use Bay esian int erfer ence softwar e pack-
ge redback (N. Sarin et al. 2024 , 2025 ) and the nessai sam-
ler (M. J . Williams, J . Veitch & C. Messenger 2021 , 2023 ; M.
 . Williams, J . Veitch & C. Chapman-Bird 2025 ) wrapped with
ilby (G. Ashton et al. 2019 ; C. Talbot et al. 2025 ). We use
 standard Gaussian likelihood and the default model priors
n redb ack , e x cept for the r edshift, which we set to z = 2 . 34 .
e include the late-time HST and Gemini photometry in the
odelling, as the late-time data may include an SN component
Section 4.3 ). 
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Figure 14. Top-hat afterglow model (G. Ryan et al. 2020 ) combined with 
an SN–CSM interaction model (B. Margalit 2022 ) and an SN model (W. 
D. Arnett 1982 ), fitted to the r- (left panel) and K-band (right panel) 
data of GRB 210704A (solid gr aph). The dashed and dot ted gr aphs rep- 
resent the afterglow model and the combined CSM shock and SN model, 
respectiv ely. The SN–CSM int eraction and SN models share a common 
photosphere and diffusion description and are therefore plotted as one 
graph, where the early-time peak is due to the CSM shock and the late- 
time peak is due to the SN. The model fits correspond to the maximum 

posterior (prior × likelihood). 
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.4.1 SN–CSM interaction 

otivated by the similarities with EP240414a, we first use a com- 
ined model of a top-hat afterglow, CSM shock breakout, and 
n SN. In particular, we use the semi-analytical top-hat model 
r om after glo wpy (G . R yan et al. 2020 ). This model assumes a
ecelerating jet in a homogeneous medium and appr o ximates the
et as a single-shell (H. Eerten, W. Zhang & A. MacFadyen 2010 ;
. Eerten 2018 ) to compute light curves. Relativistic beaming and 
conical) jet spreading are taken into account. We also include 
nv erse Compt on scatt ering in an att empt t o simultaneously ex-
lain the high-energy LAT emission. For the CSM int eraction, w e
se the spherically symmetric one-zone model from B. Margalit 
 2022 ). The model assumes a one-zone shell of ejecta, interacting
ith a CSM shell of thickness �R shell and mass M CSM 

with a con-
tant density (top-hat) profile, located at distance R shell from the 
rogenitor. The CSM shell is assumed to expand homologously, 
tarting at the time of shock breakout (when photons are first
ble to escape the shocked CSM). The model explicitly solves 
he radiative diffusion equation to capture energy transport and 
osses. To model the SN emission produced by the radioactive 
ecay of 56 Ni , we use the well-established analytical framework 
f W. D. Arnett ( 1982 ). We note that the models we use are highly
implified, e.g. assuming spherical symmetry and a single zone. 
one the less, these models have proven to be successful in re-
roducing observed light curve features (e.g. J. N. D. Van Dalen 
t al. 2025 ). 
The combined model fit is shown in Figs 14 and 15 , where the

ormer highlights the contributions of the different models and 
he latter shows the 90 per cent credible intervals of the combined
odel fitt ed t o all available data. The combined model fails to
xplain all the data. Although the e x cess emission in r could be
onsistent with SN–CSM interaction, the model cannot account 
or the contemporaneous e x cess in K or z. We also note that the
ft erglow model, despit e including inv erse Compt on scatt ering,
truggles to explain the LAT emission of GRB 210704A. 
The posterior distribution is shown in Fig. A1 . The afterglow 

osterior is not well constrained, but generally implies a highly 
nergetic jet with a relatively large core angle, which is observed 
n-axis. The jet angle may be ov erestimat ed as the modelling
ssumes a top-hat jet rather than a structured jet. The initial
orentz factor is unconstrained by the modelling, which is ex- 
ected as ther e ar e no early-time X-r ay/optical/IR observ ations.
e note that the CSM interaction model produces a high ejecta
elocity and high CSM mass, which is in stark contrast to the prior
istributions which favour smaller v alues. The CSM par ameters 
r e likely over estimated as a result of the simplifications made
n the modelling, such as the one-zone assumption. The same 
s true for the unusually high nickel fraction, mass, and velocity
ound by the simple one-zone SN model. Including additional 
hysics could result in better paramet er estimat es. For example,
ncluding nickel mixing could yield a lower nickel fraction and 
jecta velocity. Although the modelling produces a low opacity to 
amma-rays and a low temperature floor, this is in line with the
rior distributions and ther efor e not unexpected. 

.4.2 Refreshed Afterglow 

he r efr eshed shock afterglow model was proposed for 
P240414a (S. Srivastav et al. 2025 ) and EP241021a (M. Busmann
t al. 2025 ), both of which resemble GRB 210704A in man y wa ys.
e ther efor e investig ate the r efr eshed shock scenario in more
etail. For hy drodynamically accelerat ed GRB ejecta, K. Ioka, 
. K oba yashi & B . Zhang ( 2005 ) calculate that r efr eshed shocks
an only produce bumps with t 1 / 2 , rise /t peak > = 

0 . 25 . For GRB
10704A, the observed ratio is ≈ 0 . 4 ± 0 . 2 for r and ≈ 0 . 2 ± 0 . 1
or K, making the r efr eshed shock scenario a possibility. We fit a
ombined model of a r efr eshed top-hat afterglow and an SN to
he light curve of GRB 210704A. 
For the SN model, we again use the analytical model from
. D. Arnett ( 1982 ). For the r efr eshed t op-hat aft erglow, w e use
he model from G. P. Lamb et al. ( 2019 ) and G. P. Lamb et al.
 2020 ), see also N. Sarin et al. ( 2024 ), where the model is in-
luded in redback . This model assumes that the r efr eshed af-
erglow is the result of energy injection due to a collision be-
ween a slower catching shell and the decelerating impulsive 
hell. The resultant merged shell is the sum of the two shell
asses. The energy injection is modelled as a mild collision, i.e.
o secondary shock is produced within the hot impulsive shell 
t collision and the two shells stick together (see B. Zhang &
. Mészáros 2002 for details). The afterglow emission model in- 
ludes synchr otr on self-absorption and pre-deceleration physics, 
here the jet’s coasting phase is included before the deceleration 
ime. The model includes a jet spreading description that follows 
ither of the two cases in J. Granot & T. Piran ( 2012 ) ( a = 1
ase is used). How ev er, as this model does not include inverse
ompt on scatt ering, w e e x clude the LAT data fr om the modelling
ere. 
The combined model fit is shown in Figs 16 and 17 , where

he former shows the 90 per cent credible intervals of the com-
ined model fitted to all available data and the latter highlights
he contributions of the different models. While the X-ray data 
o not r equir e a r efr eshed shock, the r efr eshed-afterglow model
rovides an adequate description of them (Fig. 16 ). The late-time
teepening of the X-ray light curve is consistent with a cooling
reak passing through the X-ray band, which, following the clo- 
ur e r elations, would r esult in a slope of α = −1 . 5 (using elec-
r on inde x p = 2 . 6 as determined earlier and assuming a uniform
edium and the slow-cooling regime). 
The posterior distribution is shown in Fig. A2 . Similar to what
as discussed in Section 4.4.1 , the afterglow modelling is un-
ble to constrain the initial Lorentz factor and produces a large
ore angle, which are likely the result of not having early-time
MNRAS 548, 1–24 (2026) 
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Figure 15. Top-hat afterglow model (G. Ryan et al. 2020 ) combined with an SN–CSM interaction model (B. Margalit 2022 ) and an SN model (W. D. 
Arnet t 1982 ), fit t ed t o the light curv e of GRB 210704A with redback using 1000 live points. The afterglow model includes inverse Compton scattering 
and jet spr eading . The shaded areas are the 90 per cent credible intervals. 

Figur e 16. Refr eshed t op-hat aft erglow model (G. P. Lamb et al. 2019 ; G. P. Lamb, A. J. Levan & N. R. Tanvir 2020 ) combined with an SN model (W. D. 
Arnett 1982 ), fitted to the light curve of GRB 210704A with redback using 500 live points. The shaded areas are the 90 per cent credible intervals. 
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bservations and of the top-hat assumption in the modelling,
espectiv ely. We not e that the light curv e of GRB 210704A can
nly be explained by a strong refreshed shock (Fig. A2 ): it requires
 dense CSM (number density n ism 

≈ 50 cm 

−3 ), a large Lorentz
NRAS 548, 1–24 (2026) 
actor of the shell at the onset of energy injection �1 ≈ 4 . 8 , a
inetic energy increase by a factor of ≈ 18 , a relatively high en-
rgy injection index ( s ≈ 9 and consistent with a uniform Lorentz
actor throughout the catching shell), and a high electron energy
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Figur e 17. Refr eshed t op-hat aft erglow model (G. P. Lamb et al. 2019 ; 
G. P. Lamb et al. 2020 ) combined with an SN model (W. D. Arnett 1982 ), 
fitt ed t o the r- (left panel) and K-band (right panel) data of GRB 210704A 

(solid graph). The dashed and dotted graphs r epr esent the r efr eshed af- 
terglow and the SN model, respectively. The model fits correspond to the 
maximum posterior (prior × likelihood). 
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Figure 18. Top-hat afterglow model (G. Ryan et al. 2020 ) combined with 
a shock cooling model (A. L. Piro, A. Haynie & Y. Yao 2021 ) and an SN 

model (W. D. Arnet t 1982 ), fit t ed t o the r- (left panel) and K-band (right 
panel) data of GRB 210704A (solid graph). The model fit correspond to 
the maximum posterior (prior × likelihood). The shock cooling and SN 

contributions are negligible in the maximum posterior fit. 
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raction εe ≈ 0 . 5 . The model thus r equir es the trailing ejecta shell,
hich catches up with the earlier ejected shell to cause the re-
reshed shock, to be highly energetic. Such a strong shock can 
 xplain the optical/IR e x cess emission ar ound ≈ 5 –15 d r eason-
bly well, although the model struggles to explain the z-band peak 
Fig. 16 ). 
Additionally, the modelling shows that most of the late-time 
ata can be decently explained as SN emission. The combined 
odel struggles with the r-band detection at 32 d. However, the
N model used here is a simple one-zone model (W. D. Arnett
982 ) that does not include nickel mixing. When 56 Ni is mixed 
ith the outer layers of the SN ejecta, the energy produced by
he radioactive decay of 56 Ni dissipates more easily through the 
jecta, resulting in earlier SN emission (e.g. M. C. Bersten et al.
012 ; J. C. Rastinejad et al. 2025 ). An earlier rise in the SN light
urve could explain GRB 210704A’s r-band detection at 32 d, as
ell as better explain the detection in F160W (Fig. 16 ). The el-
v ated nickel fr action, ejecta mass, and ejecta velocity ar e ag ain
ikely an artefact of the simple SN model, where e.g. nickel mixing
s e x cluded and one zone is assumed. 

.4.3 Shock cooling 

e also attempt to fit GRB 210704A’s light curve with a com-
ined t op-hat aft erglow, shock cooling, and SN model. As in
ection 4.4.1 , we use the top-hat afterglow model from after-
lo wpy (G . R yan et al. 2020 ), including jet spreading and in-
 erse Compt on scatt ering. For the SN model, w e use the ana-
ytical model from W. D. Arnett ( 1982 ) as before. For the shock
ooling emission, we use the analytical model from A. L. Piro
t al. ( 2021 ). In this model, a shock wave deposits energy E en 
nt o ext ended mat erial of mass m en and radius R en , causing the
at erial t o expand homologously. The model only considers the
omologously expanding phase and assumes a constant electron 
cat tering opacity (motiv ated by the hot ejecta temperatures). The
 xpanding ejecta ar e consider ed t o hav e a tw o - component profile
R. A. Chevalier & N. Soker 1989 ), where the outer component
as a strong velocity gradient and the inner ejecta have a more
odest velocity gradient. The power -la w slopes of the density
r ofiles ar e parametrized by nn and � for the outer and inner
jecta, respectively. This is a common assumption for density 
rofiles in all models involving a massive star progenitor. 
The combined model fit is shown in Figs 18 and 19 , where the

ormer highlights the contributions of the different models and 
he latter shows the 90 per cent credible intervals of the combined
odel fitted to all available data. Although the data largely fall
n the 90 per cent credible interval of the combined model, the
aximum posterior curve is a poor fit to the data (Fig. 18 ). 
The posterior distribution is shown in Fig. A3 . As in our pre-
ious modelling, the large jet core angle and nickel fraction are
ikely ov erestimat ed due t o the model assumptions and missing
hysics. We note that the posterior of the shock cooling model is
ery poorly constrained. Combined with the poor maximum pos- 
 erior fit, w e ther efor e disfavour the combined t op-hat aft erglow,
hock cooling, and SN model. 

.4.4 Alternative models 

lt ernativ e models for light curve bumps include the patchy shell
odel (P. Mészáros, M. J. Rees & R. A. M. J. Wijers 1998 ; P.
umar & T. Piran 2000 ), a density bump in the CSM (X. Wang
 A. Loeb 2000 ;. Z. G. Dai & T. Lu 2002 ; D. Lazzati et al. 2002 ;
. Nakar et al. 2003 ) or a magnetar-driven transient. The patchy
hell model describes a jet where the energy varies randomly 
cross its head, resulting in ‘hot spots’ or ‘sub-jets’. The excess
n GRB 210704A violates the model r equir ement of t 1 / 2 , rise > t peak 
K. Ioka et al. 2005 ). The density bump scenario is also implau-
ible, since GRB 210704A violates the possible maximum ampli- 
ude of the rebrightening �F ν/F ν < = 

1 . 6 t 1 / 2 , rise /t peak assuming a
ypical on-axis afterglow (K. Ioka et al. 2005 ), with �F ν/F ν = 0 . 7
or GRB 210704A in K (rest -frame r). To in v estigat e a possible
agnetar-driven kilonova origin, we use redback to fit the gen- 
ral magnetar-driven kilonova model from N. Sarin et al. ( 2022 )
o the data of GRB 210704A (Figs 20 and 21 ). Although the r-
and data largely fall within the 90 per cent credible interval of 
he magnetar-driven kilonova model, GRB 210704A is brighter 
n K and z than expected for such a transient. Additionally, the
aximum posterior light curve is a poor fit in both K and r. 

.5 Fermi /LAT emission 

ur analysis of the Fermi data over the first 4 s after the burst
ives a hard LAT spectral index of −1 . 64 ± 0 . 139 and a signif-
cantly softer high-energy band index derived from GBM data 
≈ −2 . 86 ± 0 . 16 . This indicates the presence of an additional,
arder, spectral component at GeV energies. Our broad-band af- 
erglow modelling (Section 4.4 ; based on X-ray, optical, and IR
ata), including inv erse Compt on scatt ering, fails t o r epr oduce
he observed LAT flux (see Figs 15 and 19 ). A simple extrapolation
f the fitted afterglow model to GeV energies also underpredicts 
MNRAS 548, 1–24 (2026) 
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Figure 19. Top-hat afterglow model (G. Ryan et al. 2020 ) combined with a shock cooling model (A. L. Piro et al. 2021 ) and an SN model (W. D. Arnett 
1982 ), fitted to the light curve of GRB 210704A with redback using 1000 live points. The shaded areas are the 90 per cent credible intervals. 

Figure 20. Top-hat afterglow model (G. P. Lamb, I. Mandel & L. Resmi 
2018 ; N. Sarin et al. 2024 ) combined with a general magnetar-driven 
kilonova model (N. Sarin et al. 2022 ), fitt ed t o the r- (left panel) and K- 
band (right panel) data of GRB 210704A (solid graph). The dashed and 
dot ted gr aphs r epr esent the aft erglow and the magnetar-driv en kilonova 
model, respectively. The model fits correspond to the maximum posterior 
(prior × likelihood). 

t  

u  

b

4

W  

i  

t  

f  

d  

a  

h  

t  

t  

S

5

W  

2  

a  

S  

c  

l
 

a  

e  

b  

t  

c  

i  

a  

p
 

p  

o  

t  

f  

b  

f

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/548/2/stag555/8530544 by guest on 03 June 2026
he LAT flux. The origin of the LAT emission ther efor e r emains
nclear. A detailed investigation of the hard GeV component lies
eyond the scope of this work. 

.6 SED fitting caveats 

e note that if an SN is present in the HST epochs, this will
mpact the accuracy of our SED fits. The HST and Gemini epochs
hat were used for the fitting would include the transient, there-
or e r esulting in an overestimation of the brightness of the un-
erlying galaxy . For consistency , we ran prospector again with
 fixed z = 2 . 34 on adapted photometry, where we assumed only
NRAS 548, 1–24 (2026) 
alf of the flux of the late-time HST and Gemini data is attributed
o the galaxy. The resulting galaxy parameters are consistent with
he parameters that we obtained before, so the effect of a possible
N on our SED fits is small. 

 CONCLUSIONS  

e presented a detailed multiwavelength analysis of GRB
10704A. From our low-S/N afterglow spectrum, we determined
 t entativ e redshift of z = 2.34. Line stacking the spectrum and
ED fitting the photometry of the underlying extended source
orr oborate this r edshift, which we ther efor e deem to be the most
ikely redshift of the burst. 
We consider the most likely progenitor of GRB 210704A to be

 collapsar. Light-curve modelling shows potential late-time SN
mission. Moreover, HS T imaging tak en 58 rest -frame days post -
urst shows potential SN emission on top of the host g alaxy. A ddi-
ionally, SED fitting yields host g alaxy pr operties typical for core-
ollapse GRB progenitors and the spectral lag of GRB 210704A, its
sotropic-equivalent energy, its placement on the Amati relation,
nd its location on top of a galaxy all point to a core-collapse
rogenitor. 
GRB 210704A can be classified as an EE-GRB, as its short initial
ulse is followed by weaker softer prompt emission. A collapsar
rigin is highly unusual for EE-GRBs, which are typically linked
o compact object mergers. N evertheless, pr oposed mechanisms
or the extended emission such as magnetar spin-down or fall-
ack accretion still apply if a (short-lived) magnetar remnant is
ormed after the SN. 
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Figure 21. Top-hat afterglow model (G. P. Lamb et al. 2018 ; N. Sarin et al. 2024 ) combined with a general magnetar-driven kilonova model (N. Sarin 
et al. 2022 ), fitted to the light curve of GRB 210704A. The shaded areas are the 90 per cent credible intervals. 
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The light curve of GRB 210704A contains rapid highly lumi- 
ous optical/IR emission that peaks around 7 d reaching M r = 

22 mag . It r esembles LFBO T emission, despite the LFBO T pop-
lation generally not exhibiting obvious SN signatures at any 
poch. A dditionally, it closely r esembles the bright emission peak 
bserved in FXT EP241021a and has some similarities to the 
right peak in FXT EP240414a. These similarities r einfor ce the
otion that the same emission mechanisms could be at play for
ome LFBOT s, FXT s, and GRBs. Markedly, GRB 210704A has
igh-energy gamma-ray detections in Fermi /LAT, which indi- 
ates a high bulk Lorentz factor. The link between low-luminosity 
RBs, FXTs, and LFBOTs has been suggested before (e.g. J. N. 
. Van Dalen et al. 2025 ), but GRB 210704A shows that high-
uminosity GRBs could also be linked to these sources. 
R. L. Becerra et al. ( 2023 ) disr eg ar d a collapsar origin at

 = 2 . 34 on the basis of not being able to explain the rapid
ighly luminous optical/IR emission of GRB 210704A. How- 
v er, our light-curv e modelling, using Bay esian inference pack- 
ge redback , shows that the excess emission could potentially 
riginate from an energetic refreshed shock in the GRB after- 
low. As r efr eshed shocks can also be at play in merger GRBs
e.g. G. P. Lamb et al. 2020 ), the connection between GRB
10704A, FXT s, and LFBOT s does not necessarily suggest similar
rogenitors. 
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Figure A1. Posterior distribution from the joint fit using a top-hat afterglow model (upper plot; G . R yan et al. 2020 ), an SN–CSM interaction model 
(lower left plot; B. Margalit 2022 ), and an SN model (lower right plot; W. D. Arnett 1982 ). The graphs in the histogram panels correspond to the prior 
distributions. The par ameter v alues above the histograms are the median, where the 16th and 84th per centiles r epr esent the err or bars (also indicated 
by the vertical dashed lines in the histograms). The posterior parameters for the top-hat model are the jet opening angle θcore , viewing angle θobserver , 
jet energy E 0 , electron power -la w index p , CSM number density n ism 

, initial Lorentz factor �0 , partition fractions in electrons ( εe ) and in magnetic field 
( εB ), and the fraction of electrons that get accelerated ξN . For the CSM inter action model, the par ameters are the CSM-shell mass M CSM 

, minimum ejecta 
v elocity v ej , v elocity ratio β = v/c , effectiv e opacity κ , and the radius and width of the shell ( R shell and �R shell ). For the SN model, the parameters are 
the nickel mass fraction f Ni , total ejecta mass M ej , opacity to gamma-rays κγ , temperature floor T floor , and v ej and κ that are also in the CSM interaction 
model. 
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M

Figure A2. Posterior distribution from the joint fit using a r efr eshed t op-hat aft erglow model (upper left plot for the standard aft erglow paramet ers and 
upper right plot for the r efr eshed shock parameters; G. P. Lamb et al. 2019 ; G. P. Lamb et al. 2020 ) and an SN model (lower plot; W. D. Arnett 1982 ). The 
graphs in the histogram panels correspond to the prior distributions. The parameter values above the histograms are the median, where the 16th and 84th 
per centiles r epr esent the err or bars (also indicated by the vertical dashed lines in the histograms). The posterior parameters for the top-hat model are the 
jet opening angle θcore , viewing angle θobserver , jet energy E 0 , electron power -la w index p, CSM number density n ism 

, initial Lorentz factor �0 , partition 
fractions in electrons ( εe ) and in magnetic field ( εB ), and the fraction of electrons that get accelerated ξN . For the r efr eshed shock, the parameters are 
the Lorentz factor of the shell at the start of energy injection �1 , the factor by which the kinetic energy is larger E t , and the index of energy injection 
s 1 . For the SN model, the parameters are the nickel mass fraction f Ni , total ejecta mass M ej , minimum ejecta v elocity v ej , effectiv e opacity κ , opacity t o 
gamma-rays κγ , and the temperature floor T floor . 
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Figure A3. Posterior distribution from the joint fit using a top-hat afterglow model (upper plot; G. Ryan et al. 2020 ), shock cooling model (lower left plot; 
A. L. Piro et al. 2021 ) and an SN model (lower right plot; W. D. Arnett 1982 ). The graphs in the histogram panels correspond to the prior distributions. The 
par ameter v alues above the histograms are the median, where the 16th and 84th per centiles r epr esent the err or bars (also indicated by the vertical dashed 
lines in the histograms). The posterior parameters for the top-hat model are the jet opening angle θcore , viewing angle θobserver , jet energy E 0 , electron 
power -la w index p , CSM number density n ism 

, initial Lorentz factor �0 , partition fractions in electrons ( εe ) and in magnetic field ( εB ), and the fraction 
of electrons that get accelerated ξN . For the shock cooling model, the parameters are the mass m en , energy E en , and radius R en of the extended material 
and the power -la w density slopes of the out er and inner ext ended mat erial components ( nn and �, respectiv ely). For the SN model, the paramet ers are 
the nickel mass fraction f Ni , total ejecta mass M ej , minimum ejecta velocity v ej , effective opacity κ , opacity to gamma-rays κγ , and the temperature floor 
T floor . 
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