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A B S T R A C T 

We present a multiwavelength analysis of the fast X-ray transient EP241021a, discovered by the Wide-field X-ray Telescope 
aboard the Einstein Probe satellite on 2024 October 21. The event was not detected in gamma-rays. Follow-up observations 
from ∼1.5 to 100 d post-trigger were obtained across X-ray, ultraviolet, optical, near-infrared, and radio bands with ground- and 

space-based facilities. The redshift is constrained to z = 0 . 7485 from prominent optical spectral features. The optical light curve 
shows complex evolution: an initial ∼ t−0 . 7 decay, followed by a rapid re-brightening peaking at day 7.7 with ∼ t−1 . 7 decay, 
and a third phase peaking near day 19 with ∼ t−1 . 3 decay. The spectral energy distribution (SED) and its temporal evolution 

are consistent with a mix of non-thermal and thermal components. Early optical-to-X-ray spectral indices agree with optically 

thin synchrotron emission, while steepening of the optical SED after ∼20 d indicates either a shift in emission mechanism or 
the emergence of an additional component. Although broad-lined absorption features are absent, comparisons with Type Ic-BL 

supernovae suggest an SN contribution at late times, suggesting a collapsar origin for EP241021a. The likely SN in EP241021a 
appears to require an additional energy source beyond 56 Ni decay. These results support the view that some fast X-ray transients 
detected by the Einstein Probe arise from massive stellar explosions. 

Key words: X-rays: bursts – gamma-ray bursts – transients: supernovae. 
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 I N T RO D U C T I O N  

xtragalactic fast X-ray transients (FXTs) are defined as bursts of 
oft X-ray photons (in the ∼0.3–10 keV band) with durations from 

econds to hours (J. Heise & J. in’t Zand 2010 ). Over the decades, our
is is an Open Access article distributed under the terms of the Creative
h permits unrestricted reuse, distribution, and reproduction in any medium,
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nowledge of FXTs has increased substantially via the identification
nd characterization of sources detected by the new generation of X-
ay satellites such as the Neil Gehrels Swift Observatory ( Swift ; e.g.
. M. Soderberg et al. 2008 ; P. A. Evans et al. 2023 ), the Chandra X-

ay Observatory (e.g. P. G. Jonker et al. 2013 ; A. Glennie et al. 2015 ;
. A. Irwin et al. 2016 ; F. E. Bauer et al. 2017 ; Y. Q. Xue et al. 2019 ;
. Lin et al. 2022 ; J. Quirola-Vásquez et al. 2022 , 2023 ), and the
-ray Multi-mirror Mission–Newton telescope ( XMM–Newton ; e.g.
. Alp & J. Larsson 2020 ; G. Novara et al. 2020 ; A. De Luca et al.
021 ). The high spatial resolution of those X-ray Telescopes (XRTs)
as mainly permitted ruling out any association with stellar flares,
.e. strengthening their extragalactic nature, as well as enabling the
ocalization of the host galaxies of the transients (e.g. D. Eappachen
t al. 2022 ; D. Lin et al. 2022 ; D. Eappachen et al. 2023 , 2024 ; J.
uirola-Vásquez et al. 2025 )¡. 
Several different progenitor models have been suggested to explain

he X-ray light curve and spectra of extragalactic FXTs, as well as the
ultiwavelength emission of contemporaneous counterparts: (i) the

hock breakout (SBO) associated with certain types of core-collapse
upernovae (CC-SNe) could produce an FXT, when the shock wave
enerated by a CC-SN reaches the surface of the progenitor star (e.g.
N2008D/XRF 080109; A. M. Soderberg et al. 2008 ; E. Waxman &
. Katz 2017 ; D. Alp & J. Larsson 2020 ; H. Sun et al. 2022 ; B.
cully, C. D. Matzner & A. Yalinewich 2023 ); (ii) some models

nvolving binary neutron star (BNS) mergers lead to the formation
f a millisecond spin period highly magnetized neutron star – a
agnetar – that powers a nearly isotropic X-ray signal detectable as

n FXT (e.g. XRT 141001, XRT 150322, and recently EP250207b;
. G. Dai et al. 2006 ; B. D. Metzger, E. Quataert & T. A. Thompson
008 ; Y.-W. Yu, B. Zhang & H. Gao 2013 ; B. Zhang 2013 ; H. Sun, B.
hang & H. Gao 2017 ; H. Sun et al. 2019 ; J. Quirola-Vásquez et al.
024b ; P. G. Jonker et al. 2026 ); (iii) recently, some FXTs have shown
 connection with luminous fast blue optical transients (LFBOTs),
nd/or broad-lined Type Ic SNe (e.g. EP240414a and EP250108a;
. Sun et al. 2025 ; J. N. D. Dalen et al. 2025 ; R. A. J. Eyles-Ferris

t al. 2025 ; W. X. Li et al. 2025 ; J. C. Rastinejad et al. 2025 ; G. P.
rinivasaragavan et al. 2025 ; S. Srivastav et al. 2025 ); (iv) a subset of
XTs may originate from the tidal disruption of a white dwarf (WD)
assing close to an intermediate-mass black hole (IMBH, ∼ 103 –105 

�; e.g. XRT 000519 and EP240408a; P. G. Jonker et al. 2013 ; M.
acLeod et al. 2016 ; K. Maguire et al. 2020 ; B. O’Connor et al.

025 ); and (v) high-redshift and low-luminous gamma-ray bursts
GRB) would naturally be redshifted to the X-ray range by cosmic
xpansion (e.g. EP240315a and EP240801a; J. H. Gillanders et al.
024 ; A. J. Levan et al. 2025 ; S.-Q. Jiang et al. 2025 ; W. X. Li et al.
025 ). Nevertheless, until 2024, in the vast majority of cases, the
-ray transients themselves have only been identified long after the
-ray trigger, rendering contemporaneous follow-up observations

mpossible. Hence, determining their energetics and distance scale,
nd, by extension, their physical origin, remained a challenge. 

The Einstein Probe (EP; W. Yuan et al. 2015 , 2022 , 2025 ) satellite,
aunched on 2024 January 9, is enabling a transformation of the field,
iscovering ≈120 new extragalactic FXTs in the first ∼1.5 yr of
perations. EP contains the Wide-field X-ray Telescope (EP-WXT)
ith a field of view (FoV) of 3600 sq deg, the first wide-field imaging

urvey instrument operating in the soft X-ray band (0.5–4 keV). It is
pecifically designed for precise localization and rapid reporting of
XTs. The delay between discovery and multiwavelength follow-up
bservations is reduced even by up to a factor of ∼ 104 in time with
espect to the FXTs discovered by Chandra or XMM–Newton . In
ddition, in several cases, the Follow-up X-ray Telescope onboard
P (EP-FXT) subsequently provides an accurate X-ray position to a
NRAS 545, 1–26 (2026)
ew tens of arcseconds on time-scales of order an hour or even less
hen the EP-WXT triggers an onboard automatic slew to the EP-
XT instrument, and for a subsample of these optical/near-infrared
NIR) counterparts have been identified. 

Recently, the FXT EP240414a was discovered by the EP satellite
H. Sun et al. 2025 ; J. S. Bright et al. 2025 ; J. N. D. Dalen
t al. 2025 ; S. Srivastav et al. 2025 ). It was found at a redshift
f z ≈ 0 . 4 and associated with a massive host galaxy, located at a
arge projected physical offset of ≈26 kpc (J. N. D. Dalen et al.
025 ; S. Srivastav et al. 2025 ). According to the Amati relation, its
nergetics are consistent with those of low-luminosity GRBs (H. Sun
t al. 2025 ). The optical light curve showed an initially slow decline
inconsistent with afterglow emission; J. N. D. Dalen et al. 2025 ),
ollowed by a re-brightening to Mr ≈ −21 mag at day ∼2 in rest
rame (rising from the interaction with the stellar envelope and a
ense circumstellar medium, CSM), consistent with the behaviour
f LFBOTs. Furthermore, at later epochs (after ∼15 d, rest frame), a
hird component emerged, peaking at Mr ≈ −19 . 5 mag, coinciding
ith the spectroscopic confirmation of a Type Ic-BL SN. This

pectroscopic identification confirms a massive star as the progenitor
f the transient, making EP240414a the first object to establish a
irect link between the progenitors of long-duration GRBs, FXTs,
nd (potentially) LFBOTs (J. N. D. Dalen et al. 2025 ). Although
ther scenarios can also be possible (e.g. J.-H. Zheng et al. 2025 ). 
In this paper, we study in detail the EP transient EP241021a.

P241021a is a newly discovered FXT detected on 2024 October 21
y the EP satellite through its EP-WXT instrument (J. W. Hu et al.
024 ). The transient exhibited a luminous soft X-ray flash with a
uration of approximately ∼100 s and a peak 0.5–4 keV luminosity
f ∼ 1048 erg s−1 (X. Shu et al. 2025 ) at a redshift of z ≈ 0 . 75 (G.
ugliese et al. 2024 ). No gamma-ray counterpart was detected for this
vent (E. Burns et al. 2024 ). Recently, this transient has been studied
n detail by different groups using radio, optical, NIR, and X-ray data
e.g. M. Busmann et al. 2025 ; G. Gianfagna et al. 2025 ; X. Shu et al.
025 ; G.-L. Wu et al. 2025 ; M. Yadav et al. 2025 ),which suggested
ifferent interpretations. The optical and NIR light curves show an
nitially slow decay followed by a steeper rise after a few days,
eaking at an absolute magnitude of Mr ≈ −22 mag (M. Busmann
t al. 2025 ). The multiwavelength spectral energy distribution (SED,
ntil day ∼ 18 after the detection) is consistent with a non-thermal
rigin ( r − J ≈ 1 and r − z ≈ 0 . 4; M. Busmann et al. 2025 ; X.
hu et al. 2025 ). Some authors suggest an association with a mildly
elativistic outflow from a low-luminosity GRB (M. Busmann et al.
025 ), or the interaction of a complex/multicomponent jet (from a
ighly relativistic narrow cone to much a broader and mildly relativis-
ic cocoon) with the environment of the pre-existing progenitor (G.
ianfagna et al. 2025 ; M. Yadav et al. 2025 ). Alternative scenarios

onsidered include a catastrophic collapse/merger of a compact star
ystem leading to the formation of a millisecond magnetar (G.-L. Wu
t al. 2025 ) or a jetted tidal disruption event (TDE) involving three
et ejections (X. Shu et al. 2025 ). 

Here, we report on the multiwavelength data set of the FXT
P241021a (J. W. Hu et al. 2024 ) that our team gathered. We present
xtensive imaging and spectroscopic observations spanning from
1.5 to 300 d after the EP-WXT trigger. We analyse our data set

n combination with the data reported in the literature (M. Busmann
t al. 2025 ; G. Gianfagna et al. 2025 ; X. Shu et al. 2025 ; G.-L.
u et al. 2025 ; M. Yadav et al. 2025 ). In Section 2 , we introduce

he multiwavelength observations used in this work. In Section 3 ,
e describe the most significant results obtained by analysing

he multiwavelength data. Section 4 shows a phenomenological
iscussion on the nature of EP241021a, event rate density of similar
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Figure 1. r-band image of the X-ray transient EP241021a; the position of the event is marked by lines. The large panel is made from the GMOS observation 
of EP241021a at day ∼ 6 . 9. The solid (10 arcsec radius) and dashed (4.9 arcsec radius) circles show the location of the transient reported by the EP-FXT and 
Swift -XRT, respectively. The lateral panels display eight snapshots of the photometric evolution in r band of the transient, from day ∼ 2 . 76 to 93.8, taken by 
different telescopes. 
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ransients (Section 4.7 ), and host galaxy properties (Section 4.6 ). 
eanwhile, our multiwavelength light-curve modelling is presented 

n Section 5 . Finally, in Section 6 , we summarize our main results
nd interpretation. Throughout we provide magnitudes in the AB 

ystem, and for NIR magnitudes calibrated to the Two Micron All 
ky Survey (2MASS), which is in the Vega system, we use the Vega

o AB conversions JAB = JVEGA + 0 . 91, HAB = HVEGA + 1 . 39, and
s,AB = Ks,VEGA + 1 . 85 (M. R. Blanton & S. Roweis 2007 ). We

ssume a Lambda-cold dark matter cosmology with H0 = 67 . 66 km
−1 Mpc−1 and �� 

= 0 . 69. 

 OBSERVATIONS  

he EP-WXT detected the X-ray transient EP241021a on 2024-10- 
1 05:07:56 UTC (J. W. Hu et al. 2024 ). The source had a peak
ux of ∼ 1 × 10−9 erg s−1 cm−2 in the 0.5–4 keV band, while its
verage spectrum can be fitted with an absorbed power law with a
hoton index of � = 1 . 5 ± 1 . 2 and a fixed Galactic column density
f NH , Gal = 5 × 1020 cm−2 , at an average unabsorbed 0.5–4 keV flux 
f 3 . 3+ 4 . 8 

−1 . 6 × 10−10 erg s−1 cm−2 at a 90 per cent confidence level (J.
. Hu et al. 2024 ). 
Observations taken by the Nordic Optical Telescope (NOT; 

. Andersen et al. 1992 ), starting at ∼1.77 d after the X-ray
rigger, revealed an uncatalogued optical source within the EP- 

XT uncertainty position, at coordinates RAJ2000 . 0 = 01h 55m 23s .41, 
ec.J2000 . 0 = + 05◦56′ 18′′ .01 (with uncertainty of 0.5 arcsec; al- 

hough no confidence interval was given by S. Y. Fu et al. 2024a ),
ith a magnitude of mz = 21 . 6 ± 0 . 11 and mr = 21 . 95 ± 0 . 06
ag (S. Y. Fu et al. 2024a ). Because of the temporal and spatial

oincidence, this source was suggested to be the optical counterpart 
f EP241021a. This was confirmed through multiple independent 
ptical observations taken by the Thai Robotic Telescope network 
ocated at Fresno, California, US (TRT-SRO), the 0.76-m Katzman 
utomatic Imaging Telescope (KAIT) located at Lick Observatory, 

nd the Liverpool Telescope (LT) located at the Observatorio del 
oque de los Muchachos, La Palma, Spain (A. K. Ror et al. 2024 ; S.
. Fu et al. 2024b ; W. X. Li et al. 2024b , b ) who reported variability

n the optical brightness. The counterpart was further confirmed by 
n X-ray observation taken by the EP-FXT ( ∼36.5 h after the EP-
XT detection), which refined the X-ray position to be consistent 
ith the proposed optical counterpart (Y. Wang et al. 2024 ). 
Our optical spectroscopic observations began using the FOcal 

educer and low dispersion Spectrograph (FORS; I. Appenzeller 
t al. 1998 ) mounted on the Very Large Telescope (VLT) ∼3 d after
he EP-WXT trigger. The identification of a strong emission line [O
I ] at 6519 Å and the doublet absorption Mg II at 4897 Å, suggests a
ounterpart redshift of z ≈ 0 . 75 (G. Pugliese et al. 2024 ). Subsequent
ndependent spectroscopic observations using the Gran Telescopio 
anarias (GTC, I. Pérez-Fournon et al. 2024 ), Keck (W. Zheng et al.
024b ), and GS (this work) telescopes confirm the redshift of the
ransient. 

Several ground- and space-based telescopes observed the transient 
P241021a over the period ranging from ∼1.7 to 100 d after the X-

ay trigger. Fig. 1 shows the environment as well as eight imaging
MNRAS 545, 1–26 (2026)
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M

Figure 2. Apparent (left Y -axis) and absolute (right Y -axis) magnitude light 
curves of FXT EP241021a in the observer- (bottom X -axis), and rest frame 
(top X -axis) in several optical and NIR bands. The times at which our 
spectroscopic observations were taken are marked by the vertical dashed 
lines. 
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napshots highlighting the photometric evolution of the transient
P241021a in the r band from day ∼ 3 . 76 to 93.8. From Sections
.1 to 2.8 , we introduce the multiwavelength observations used in
his work (chronologically sorted), as well as a description of the data
eduction methods. The optical and NIR photometric light curves of
P241021a are shown in Fig. 2 , while the optical spectra of the

ransient are in Fig. 3 . All the photometry is aperture photometry and
alibrated to the Panoramic Survey Telescope & Rapid Response
ystem (Pan-STARRS), Legacy, or 2MASS stars in the field. 
The photometric results, derived in this work, are provided in

able A1 . Moreover, throughout this manuscript, we used multiwave-
ength data taken from the General Coordinates Network (GCN) and
he literature (see Tables A2 –A4 , including references to the original
orks). 

.1 Nordic Optical Telescope: ALFOSC camera 

e also observed the target using the Andalucia Faint Object
pectrograph and Camera (ALFOSC) mounted on the NOT at the
oque de los Muchachos observatory (Canary Islands, Spain) on
ultiple epochs (from ∼1.7 to 15.8 d after the trigger) in the g, r ,

nd z bands (program NOT 70–301, PI: Jonker). We use a standard
ithering pattern for all observations, while the images were reduced
ith standard reduction steps employing IRAF (D. Tody 1986 ). 

.2 Gran Telescopio Canarias 

he GTC at the Roque de los Muchachos observatory (Canary
slands, Spain) observed the source using the OSIRIS + (Optical
ystem for Imaging and low-intermediate-Resolution Integrated
pectroscopy), HiPERCAM (High PERformance CAMera), and
MIR (Espectrógrafo Multiobjeto Infra-Rojo) instruments on several
ights (program GTC1-24ITP, PI: Jonker). 

.2.1 OSIRIS + spectroscopy 

e obtained two spectroscopic epochs of the optical counterpart
f EP241021a with the upgraded OSIRIS + instrument (J. Cepa
t al. 2000 ). The first spectrum of the target was obtained on 31
ctober (i.e. ∼9.9 d, after the X-ray trigger) using an exposure time of
NRAS 545, 1–26 (2026)
 ×1800 s, the grism R 500 R (covering ≈5000–9000 Å), and a 1 arcsec
lit width placed at a position angle North–South. The second epoch
as taken on November 9 (i.e. 19.8 d after the X-ray trigger) using an

xposure time of 3 ×1800 s, the grism R 300 B (covering ≈4000–8500
), and a 1 arcsecslit width placed aligned East–West. The data of
oth spectroscopic epochs were reduced in the same way: the data
ere corrected for bias and flat-field, and the source spectrum was

xtracted using standard PyRAF tasks. Cosmic rays were removed
sing LACosmic (P. G. Dokkum 2001 ). The wavelength calibration
as done using daytime arc-lamp observations using MOLLY . The
ux calibration was done through observations of a standard star

aken on the same night. 

.2.2 HiPERCAM photometry 

e obtained photometric data of our target using the HiPERCAM
V. S. Dhillon et al. 2021 ) in the ugriz bands, simultaneously, during
ve different epochs of 40 ×30 s exposure time: 2025 October 24
i.e. ∼ 2.8 d after the trigger), October 29 (i.e. ∼ 7.9 d after the
rigger), November 9 (i.e. ∼ 18.8 d after the trigger), November 22
i.e. ∼ 32.7 d after the trigger), and February 1 (i.e. ∼ 103.7 d after
he trigger). The obtained data were reduced with the HiPERCAM
ipeline (V. S. Dhillon et al. 2021 ). The source is detected in all bands.
oreover, to detect the host galaxy of the transient, we observed the

ransient’s sky location using HiPERCAM on 2025-08-21 03:38:10.9
TC (i.e. ∼304 d after the X-ray trigger), when the light of the tran-

ient had disappeared, obtaining photometry of the host in the ugriz

ands simultaneously, using 120 × 30 s exposures. The results of the
ost galaxy detection and photometry are available in Section 4.6 . 

.2.3 EMIR photometry 

he target was also observed by the EMIR (F. Garzón et al. 2022 ) in
he NIR range on November 10 (i.e. ∼20.8 d after the X-ray trigger).
he target was observed in the H band for 1280 s, where the target
as detected. The EMIR data were reduced using PYEMIR (S. Pascual

t al. 2010 ; N. Cardiel et al. 2019 ) and standard IRAF tasks (D. Tody
986 ) to perform flat-field correction and stack individual frames. 

.3 Very Large Telescope 

.3.1 FORS2 spectroscopy 

he FORS2 instrument (I. Appenzeller et al. 1998 ) was used to
btain spectroscopy (program ESO 114.27PZ, PI: Tanvir) using
he 300 V grism (covering ≈3300–6600 Å), an exposure time of
 × 1200 s, and a 1 arcsec slit width on 24 October ( ∼3 d after
he trigger). We reduced the spectroscopic observations using the
ORS2 esoreflex pipeline (W. Freudling et al. 2013 ; ESO
PL Development Team 2015 ). We flux-calibrated the spectrum
mploying observations of the spectrophotometric standard obtained
ith the same setup. 

.3.2 Multi Unit Spectroscopic Explorer 

e obtained an observation of EP241021a with the MUSE (Multi
nit Spectroscopic Explorer) instrument (covering ≈4800–9300 Å;
. Bacon et al. 2010 ) on November 27, i.e. ∼37 d since the trigger

program ESO 111.259Q, PI: Jonker), and an exposure time of
 × 700 sec. The data was reduced using the MUSE esoreflex
ipeline (ESO CPL Development Team 2015 ; P. M. Weilbacher
t al. 2020 ), and additional sky subtraction was performed with the
urich Atmosphere Purge ( ZAP ) package (K. T. Soto et al. 2016 ).
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Figure 3. Evolution of the optical spectra of the counterpart of FXT EP241021a in the observer (bottom X -axis) and rest (top X -axis) frame. The spectrum 

obtained first is shown at the top, and the last one is at the bottom (the times in brackets next to the spectra indicate the days after the WXT trigger, in the observer 
frame). In addition, we also show the flux density measured using our four GTC/HiPERCAM observations ( ugriz bands). Vertical regions corresponding to 
telluric absorption are shaded. 
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he reduced MUSE cube was visually inspected using the viewer 
ackage QFitsView (T. Ott 2012 ). We created broad-band images 
n the r , i, and z bands using the PYTHON package PYMUSE (I. Pessa,
. Tejos & C. Moya 2018 ). For the spectral extraction, we also use

YMUSE , and a circular aperture of 8 pixels (i.e. 1.6 arcsec aperture)
ecause of the point-like nature of the target. For combining pixels 
ithin the spectral extraction aperture, we use the mode ‘White 
eighted Mean’. In this mode, the spectrum from an aperture is a
eighted sum of the spaxels by a brightness profile obtained from

he white-light image. 

.4 Gemini-South: The Gemini Multi-Object Spectrographs 

he target was observed using the GMOS (Gemini Multi-Object 
pectrographs) instrument (I. M. Hook et al. 2004 ; G. Gimeno 
t al. 2016 ), mounted on the Gemini-South (GS) telescope at Cerro
achón, Chile. GMOS was operated in imaging mode during several 
pochs between ∼7 to 95 d after the X-ray trigger (using programs
S-2024B-Q-131 and GS-2024B-FT-112, Bauer PI). We reduced 
MOS imaging data using the DRAGONS pipeline (K. Labrie et al. 
023a , b ) and followed standard recipes for the imaging and spectro-
copic observations. In addition to the photometric data, we obtained 
 spectrum of the optical counterpart of EP241021a at three different
pochs, namely, on October 25 at ∼3.9 d, on October 28 at ∼7 d,
nd on October 31 at ∼10.1 d, with a total on-target exposure time of
 × 900, 4 × 1500, and 4 × 1200 s, respectively. Our spectroscopic
bservations were all carried out using the GMOS-S instrument 
program GS-2024B-Q-131, Bauer PI), the R 400 grating, a 1 arcsec 
lit width, and with the slit oriented at the parallactic angle. The
pectra cover the wavelength range ≈4200–9100 Å. Moreover, the 
educed spectra were flux calibrated using a standard star taken on
revious nights of the spectroscopic observations. During the three 
pectroscopic epochs, there are a number of emission lines evident in
he spectrum that can be used to estimate the redshift of the system. 

.5 Keck Telescope: MOSFIRE 

IR imaging observations, using the Multi-Object Spectrograph 
or Infrared Exploration (MOSFIRE; I. S. McLean et al. 2012 ) at
he Keck I telescope (Mauna Kea, Hawaii) were taken using the
MNRAS 545, 1–26 (2026)



6 J. Quirola-Vásquez et al.

M

b  

r  

T  

(  

c

2
R

T  

4  

o  

2  

d  

D  

(  

i  

r

a  

a  

2  

(  

i  

T  

t

2

T  

o  

U  

b  

o

2

F  

U  

r  

0  

4  

W  

X  

a  

c  

w  

c  

l  

U  

i  

d  

a  

c  

C  

fi  

K  

H  

e  

1

t  

u

2

F  

i  

fi
a  

U  

u  

o  

4  

t  

∼  

(

2

T  

N  

o  

p  

S  

f  

t  

O  

u  

t  

e  

c  

T  

T  

p  

C  

c  

w  

(  

o  

a  

fi  

M  

T  

w  

m  

i  

fi
a  

(

3

3

T  

2  

(  

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/545/4/staf2064/8329192 by guest on 14 January 2026
road-band filters J , H , and Ks on October 25 (i.e. ∼4.2 d after the X-
ay trigger), with exposures of 5 ×60, 6 ×30, and 9 ×60 s, respectively.
he data were reduced with the software package THELI version 3.1.3

T. Erben et al. 2005 ; M. Schirmer 2013 ). Clear detections of the
ounterpart were obtained in the three NIR bands. 

.6 Southern Astrophysical Research Telescope: the Goodman 

ed and Blue Camera 

he Goodman Blue and Red Camera instruments mounted on the
.1-m SOAR (Southern Astrophysical Research) Telescope located
n Cerro Pachón, Chile (J. C. Clemens, J. A. Crain & R. Anderson
004 ) were used to observe the optical counterpart of EP241021a,
uring four different epochs (program SOAR2024B-016, PI: Bauer).
ata were obtained on October 27 at ∼5.9 d after the EP-WXT trigger

using i band), on October 31 at ∼9.9 d since the trigger (using r and
 bands), on November 3 at ∼12.8 d since the trigger (using g and
 bands), and on November 18 at ∼27.9 d after the trigger (using r 
nd z bands). The data were bias-subtracted and flat-field corrected
dopting standard PyRAF tasks (Science Software Branch at STScI
012 ), and cosmic rays were removed using the LACosmic task
P. G. Dokkum 2001 ). The world coordinate system information is
mplemented using astrometry.net codes (D. Lang et al. 2010 ).
he counterpart of EP241021a was clearly detected during the first

hree epochs and marginally detected during the last one. 

.7 Neil Gehrels Swift Observatory 

he Swift satellite (N. Gehrels et al. 2004 ) observed the location
f EP241021a on seven different epochs, with the XRT and the
ltraViolet/Optical Telescope (UVOT). The data span the time range
etween ∼4.5 and 25.9 d after the trigger, for a total exposure time
f about ∼17.3 ks. 

.7.1 X-ray Telescope 

rom the data products generator online tool provided by the
niversity of Leicester (P. A. Evans et al. 2007 , 2009 ), 1 the X-

ay afterglow of EP241021a was detected, localized at RAJ2000 =
1h 55m 23s .52, Dec.J2000 = + 05◦56′ 17′′ .8 with uncertainty of
.9 arcsec at 90 per cent confidence level (using HEASOFT v6.35.2).
e extracted the source count rate using the command line interface

SELECT (J. Ingham & K. Arnaud 2006 ) and HEASOFT v6.32, using
 region of 40 arcsec radius centred at the position of the optical
ounterpart (S. Y. Fu et al. 2024a ), while the background counts
ere extracted from a larger region (60 arcsec ) near the source. The

orresponding response files for spectral fits were created with the
atest calibration available for Swift data (updated version 2024 May).
nfortunately, a detailed spectral analysis per individual observation

s not possible due to the low number of X-ray counts. Moderate
etections (i.e. S/N � 3) were achieved only at two epochs ( ∼8.3
nd 25.8 d after the trigger). Our results are consistent with the
ount-rate light curve retrieved by the data products generator tool.
ombining and fitted all epochs using a power-law model (and a
xed Galactic hydrogen column density of 5 × 1020 cm−2 ; P. M. W.
alberla et al. 2005 ; R. Willingale et al. 2013 ; P. M. W. Kalberla & U.
aud 2015 ) yields a photon index of � = 2 . 3+ 1 . 3 

−0 . 7 and an unabsorbed
nergy conversion factor of 3 . 1 × 10−11 erg cm−2 count−1 (used to
NRAS 545, 1–26 (2026)

 https://www.swift.ac.uk/user objects/

2  

w  

m  

t  
ransform the count rate to flux units). Table A3 shows the derived
nabsorbed fluxes of the target. 

.7.2 UltraViolet/Optical Telescope 

urthermore, we analysed the images obtained by the Swift –UVOT
n the optical and UV filters. Swift –UVOT observed the target with
lters V , U , and UV M2 during seven different epochs. The filters V 

nd UV M2 were used only during two epochs ( ∼3.7 and 4.5 d) and
 band during the other observations. To measure photometry, we
sed the script uvotsource , which performs aperture photometry
n a single source in a UVOT sky image. We use a circular aperture of
arcsec (because of the faintness of the target). The package is part of

he HEASOFT software package (J. K. Blackburn 1995 ). During days
8.3 and 13.3, the target was significantly (S/N ≈5) and marginally

S/N ≈3) detected, respectively, using filter u . 

.8 Chandra X-ray Observatory 

he C handra satellite observed the location of EP241021a on
ovember 4 ( ∼14 d after the trigger) for a total exposure time
f 10 ks (Director’s Discretionary Time; PI: Jonker). The source
osition was placed at the S3 CCD of the Advanced CCD Imaging
pectrometer (ACIS-S) detector array using the very faint mode
or read-out (G. P. Garmire 1997 ). We analyse the data using
he package CIAO version 4.16 (Chandra Interactive Analysis of
bservations; A. Fruscione et al. 2006 ), reprocessing the events
sing the task ACIS REPROCESS EVENTS , taking the VERY FAINT data
elemetry mode into account. Using WAVDETECT (P. E. Freeman
t al. 2002 ) to detect sources, we detect X-ray emission spatially
oincident with the location of the optical counterpart of EP241021a.
he spectrum was extracted via the CIAO package specextract .
o obtain the X-ray spectral parameters, we used the spectral-fitting
rogram XSPEC v12.14 (K. A. Arnaud 1996 ) and considered the
ash statistic (W. Cash 1979 ) to account for the low number of
ounts of the target (26 counts inside an circular aperture region
ith a radius of 1 . 5 arcsec ). We fit an absorbed power-law model

 tbabs ∗pow model in XSPEC ) to the spectrum binned to have at least
ne photon per bin, where the tbabs model describes the Galactic
bsorption. For the extraction of the X-ray spectral parameters, we
xed the Galactic hydrogen column density to 5 × 1020 cm−2 (P.
. W. Kalberla et al. 2005 ; P. M. W. Kalberla & U. Haud 2015 ).

he absorbed fluxes are computed using the standard XSPEC tasks,
hile the unabsorbed fluxes are computed by the XSPEC convolution
odel cflux (see Table A3 ). The best-fitting power-law index

s � = 1 . 3 ± 0 . 7 (at 90 per cent confidence level) and the best-
tting source absorbed flux FX =

(
6 . 5+ 3 . 1 

−2 . 0 

) × 10−14 erg cm−2 s−1 

t 0.3–10 keV for a C-stat of 21.76 for 21 degrees of freedom
d.o.f.). 

 RESULTS  

.1 Redshift and energetics 

he redshift of z = 0 . 75 was determined from emission lines in the
D spectra of the target by multiple groups with different instruments
I. Pérez-Fournon et al. 2024 ; G. Pugliese et al. 2024 ; W. Zheng et al.
024b ). To refine the reported redshift, we fitted the emission lines
ith the highest S/N (H β, [O II ] λ3727, [O III ] λλ4959,5007) using
ultiple Gaussian functions, to the GMOS and OSIRIS + spec-

roscopic epochs, and obtained the best-fitting central wavelengths

https://www.swift.ac.uk/user_objects/
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Figure 4. r-band light-curve fit of the FXT EP241021a using a smooth triple- 
power-law model (black line). The source flux decays initially following 
approximately a power law, then it re-brightens around t1 = 5 . 6 ± 0 . 2 d 
reaching a peak flux at t2 = 7 . 7 ± 0 . 1 d, and it subsequently decays, which 
can be described approximately by another power law. The Roman numbers 
at the top depict the three epochs of the light curve: (I) initial decay at 
t � 6 d; (II) re-brightening and a peak emission followed by a decay at 
6 � t � 18 d; and (III) a re-brightening followed by power-law decay starting 
at t ≈ 18 d. We can expect a similar light-curve behaviour in other bands; 
however, the sampling cadence is not identical for all of them. Moreover, 
the inside figure depicts a comparison between the smooth triple-power-law 

model and ugiz data. The units in the inside plot are the same as the large 
plot. 
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nd their associated errors. Table A6 shows the derived redshift per 
pectroscopic epoch, with a mean value of z spec = 0 . 7485. Moreover, 
e detect absorption lines of the Mg II doublet λλ2796, 2803 in the
ORS2 spectrum at centroid wavelengths consistent with the redshift 
erived from the emission line fits. We interpret the emission lines
s due to ionized gas in the host galaxy. At this redshift, the transient
as a peak luminosity of LX , peak ≈ 2 × 1048 erg s−1 in the 0.5–4 keV 

nergy band. 

.2 Optical light curve 

he optical and NIR light curves are shown in Fig. 2 . The earliest
bservation of the target (using the KAIT) yields an apparent 
agnitude of mR = 21 . 2 ± 0 . 2 mag (W. Zheng et al. 2024a ), i.e.

n absolute magnitude of MR ∼ −21 . 6 mag at ∼1.14 d after the EP-
XT detection. We decided to add this photometric point (and others

rom literature, see Table A2 ) to the r-band light curve 2 Looking at
he optical light curves, we can identify different trends during its
volution. 3 Fig. 4 depicts the fitting of the r-band light curve, which
s the best sampled out of the light curves, considering a smooth
riple-power-law model. In addition, in the inset in Fig. 4 , we show
he comparison between the best-fitting model to the r-band light 
urve and the ugiz light curves to inspect how the multiwavelength 
ight curve behaves with respect to that of the r band; it is clear
hat the transient becomes redder with time. Overall, the optical light 
urve shows two peaks: the first around ∼1 d (no observations prior
 To check the consistency of the photometric data at r and R bands, we 
ompute the ratio of the integrated spectra convolved by the transmission 
unctions of both filters. We obtain that the ratio between the r- and R-band 
uxes is ∼1.04, i.e. the difference between the flux in both bands is of the 
rder of 4 per cent. 
 To describe the light curve quantitatively, we fit a three-power-law model to 
he r-band light curve (the best sampled) in different phases, as F ∝ tα . 

f  

u  

n  

(  

4

a
o

o this epoch have been reported), and a second one at 7 . 7 ± 0 . 1 d
see Fig. 4 ). During the first ∼6 d, the light curves in all the optical
ands decrease as a power-law function, with a power-law index of
1 = −0 . 7 ± 0 . 1, i.e, 	m ≈1.9 mag over this period. 
After t ≈5.6 d, the source re-brightened in all the bands (reported

y J. A. Quirola-Vasquez et al. 2024a ), with a steep slope of α2 =
 3 . 6 ± 0 . 6. The absolute magnitude reached a peak at 7 . 7 ± 0 . 1 d

f Mg ≈ −21 . 0, Mr ≈ −21 . 4, Mi ≈ −21 . 5, and Mz ≈ −21 . 8 mag
 	mgriz ≈ 1 . 0 − 1 . 7 mag). 

Subsequently, the light curves decrease rapidly. Fitting all data 
eyond ≈ 7 . 7 d, we obtain a power-law index of α3 = −1 . 3 ± 0 . 1
see Fig. 4 ). Considering only data from ≈ 7 . 7 to 16 d, a power-
aw decay in the griz bands ( αg = −1 . 7 ± 0 . 1, αr = −1 . 7 ± 0 . 2,
i = −1 . 4 ± 0 . 1, and αz = −1 . 1 ± 0 . 1) describes the data well,
here the decline from the peak is 	mgriz ≈1.0–1.6 mag over 

bout 8.3 d. 
In the case of the r-band light curve, a mild re-brightening occurred 

t day ∼18, reaching an absolute peak of Mr ≈ −20 . 1 mag at day
19. This behaviour is not visible in the other bands, probably

ecause of the lower cadence of our observations in those other
ands. However, it also appears in observations of other groups 
e.g. M. Busmann et al. 2025 ). The r-band light curve declines
gain after day ∼19. The behaviour in the z band is different; here
he flux remains constant around days ∼ 27 and 37, followed by a
ecay. 

The evolution of the light curve led us to categorize it into three
pochs depicted in Fig. 4 by roman numbers: (I) initial decay until
 � 6 d; (II) re-brightening and second decay between 6 � t � 18 d;
nd (III) re-brightening followed by a final decay beyond t � 18 d.
here are no short-time optical flares of the transient in the multiple
iPERCAM epochs 4 (using the pipeline developed by V. S. Dhillon 

t al. 2021 ). 
To explore the contribution of the host galaxy to the light of the

ptical counterpart of EP241021a, we observed the host galaxy once 
he light of the transient vanished (see Section 4.6 for more details).

e determined that the host contribution is negligible during the 
ajority of the period covered by our light curve. For instance,

uring the main peak at ∼ 7 . 7 d, the transient is ≈20, 18, and
3 times brighter than the host in the grz bands, respectively.
eanwhile, at day ∼ 32, the target is brighter by a factor of ≈3.5,

, and 3.5 for the grz bands, respectively. Only at times beyond
ay ∼ 70, the photometry of the transient becomes similar to its
ost galaxy. Nevertheless, we correct the observed photometric data 
y subtracting the contribution of the host galaxy obtained by the
est-fitting galaxy model (see Section 4.6 for more details) in the
grizJ H Ks bands. 

.3 Spectroscopy 

e obtained seven optical spectra (see Fig. 3 and Table A5), covering
n (observer) wavelength range from ∼3500 to 10 000 Å. The spectra
ere obtained over the time interval ∼ 3 to 37 d after the X-

ay trigger. To quantify the spectral evolution, we fit a power-law
unction (as Fν ∝ νβspec ) to the data. First, the data were binned
sing SpectRes (A. C. Carnall 2017 ) to improve the signal-to-
oise ratio (at least to have an S/N � 5 pixel−1 ), and masking sky
R. W. Hanuschik 2003 ) and telluric lines, emission lines of the
MNRAS 545, 1–26 (2026)

 The dead time between exposures is only 7 ms, which is really what allows 
 search for ‘short-time’ flares to be done (i.e. there is no chance we missed 
ne due to the CCD readout time being 1–2 min like a normal camera). 
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M

Figure 5. Spectroscopic evolution of EP241021a. The dashed lines depict 
the power-law model that can describe the continuum of the transient 
(see Section 3.3 for more details), as well as their best-fitting power-law 

index. For visual purposes, offsets were applied to the spectra (see the 
legend). 
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ost (i.e. H β, [O II ] λ3727, [O III ] λλ4959,5007), and correcting for
alactic extinction using the D. Calzetti et al. ( 2000 ) dust model and
( B − V ) = 0 . 045 mag (E. F. Schlafly & D. P. Finkbeiner 2011 ). 
During Epoch I, we have two spectral epochs taken by FORS2

day ∼3) and GMOS (day ∼3.9), covering the range of ∼3500–
0 000 Å, with spectral indices of βspec = −1 . 21 ± 0 . 04 ( χ2 /dof =
70 . 58 / 491) and −1 . 25 ± 0 . 09 ( χ2 /dof = 562 . 41 / 334), respec-
ively (see Fig. 5 ). Combining both values, the mean value during
poch I is β I 

spec = −1 . 22 ± 0 . 04. During Epoch II, we have one
pectrum taken during the re-brightening at day ∼ 7 (GMOS),
nd two more at day ∼ 10 (GMOS & OSIRIS + ) at the decay
f the main peak. During days ∼ 7 and 10, the optical spec-
ral indices are βspec = −1 . 20 ± 0 . 05 ( χ2 /dof = 602 . 56 / 396) and

1 . 26 ± 0 . 07, respectively. Combining both values, the mean value
uring Epoch II is β II 

spec = −1 . 23 ± 0 . 05, which is compatible
ith that measured during Epoch I. Overall, until Epoch II, the
ptical spectra are well described by a power-law function. During
poch III, we have two spectroscopic observations. On day ∼ 19 . 8

OSIRIS + spectrum), the best power-law fit is βspec = −0 . 86 ± 0 . 02
 χ2 /dof = 1179 . 28 / 1110), showing a change in the slope with
espect to that measured in Epochs I and II. Furthermore, we also
sed a broken power-law model to explore a potential more complex
pectral shape, especially motivated by the flux density peak at

6700 Å (see Fig. 5 ). We obtained that the broken power-law
odel ( χ2 /dof = 1171 . 92 / 1108) depicts red and blue slopes of
red 
spec = −0 . 69 ± 0 . 09 and βblue 

spec = −0 . 92 ± 0 . 04, respectively, and
 break wavelength at = 6750 ± 58 Å. Although the broken power-
aw model improves the fit, the difference between the models is not
tatistically significant (the χ2 decreases by 7.36 for 2 extra d.o.f.).
inally, the last spectrum of EP241021a during Epochs III was taken
y MUSE at day ∼ 36 . 9 (see Fig. 5 ). The spectrum shows an optical
pectral index of βspec = −2 . 73 ± 0 . 05 ( χ2 /dof = 480 . 71 / 433),
hich is steeper than the slopes measured in the previous phases,
emonstrating a spectral evolution of the transient. Summarizing,
he spectral index does not change significantly ( βspec ∼ −1 . 2) until
ay ∼ 20, and it indicates that non-thermal emission dominates
ntil the decay of the main peak; meanwhile, during Epoch III,
e have a transition around day ∼20, interpretating that either
NRAS 545, 1–26 (2026)
he spectral component changed or a new spectral component
merged. 

To investigate if features related to an SN can be detected in any
f our spectra, we use the packages GELATO (A. H. Harutyunyan
t al. 2008 ) and SNID (S. Blondin & J. L. Tonry 2007 ). However, we
nd no robust evidence for the detection of SN absorption lines

n our spectra, which might be a consequence of an additional
pectral component that dilutes the equivalent width of the expected
bsorption lines. This, in combination with the redshift of the
vent, renders the SN features undetectable to our ground-based
–10 m telescope observations. We remove any contribution from
he host galaxy, given that it is faint (see Section 4.6 for more
etails). 

.4 Optical-to-X-ray spectral energy distribution 

e investigate the evolution of the optical-to-X-ray SED of
P241021a as a function of time using the available photometric
ata. First, we correct the photometry for Galactic extinction, i.e.
( B − V ) = 0 . 045 mag (E. F. Schlafly & D. P. Finkbeiner 2011 )

sing the laws from E. L. Fitzpatrick ( 1999 ) and we remove the
ontribution of the host galaxy (see Section 4.6 ). We consider time
ins with at least four photometric points covering NIR, optical,
nd/or X-ray wavelengths. Fig. 6 depicts the SED at different time
ins. To measure the spectral shape, we fit a power-law function to
he optical data (defined by an index βop ) and combine it with the
-ray data (defined by an index βox ). Considering only the optical
ata, we get spectral indices weighted mean at Epoch I, and II of
I 
op = −1 . 0 ± 0 . 1 and β II 

op = −1 . 1 ± 0 . 1, respectively, which both
re consistent with our spectroscopic results (see Section 3.3 ) at
 σ confidence level. Therefore, until day ∼20, the SED at optical
avelength does not change significantly, and indicates non-thermal

mission dominates (giving its spectral index). Beyond day ≈ 18,
he SED becomes systematically steeper (even reaching a slope
f ≈ −3 . 1 at day ∼37, and confirming the spectroscopic results),
hich might be interpreted as the emergence of a different spectral

omponent (which is unlikely to be a non-thermal component).
he weighted mean of the spectral indices throughout Epoch III

s β III 
op = −1 . 7 ± 0 . 1. Moreover, the optical spectral index becomes

ess consistent with the X-ray photon index at late times (see Fig. 6 ,
ast three panels from the top). 

The index βox remains practically constant during the whole
volution, with spectral index of βox = −0 . 92 ± 0 . 02, −1 . 01 ± 0 . 01,
nd −0 . 94 ± 0 . 02 for Epochs I, II, and III, respectively. The fact that
he βop and βox are consistent during Epochs I and II suggests that
he same spectral component might be responsible for both energy
ands until ∼ 20 d. Naturally, the evolution of the optical and X-ray
ight curves does track each other initially (X-ray data taken by the
P-FXT telescope; X. Shu et al. 2025 ) until day ∼ 20 (G. Gianfagna
t al. 2025 ; X. Shu et al. 2025 ). However, at late times ( t > 20 d),
t is difficult to reconcile the steepness of the optical spectral index
ith the X-ray emission, suggesting different spectral components.
iven the faint host galaxy (see Section 4.6 for more details), we can
iscard any influence from the host galaxy to explain this change in
op during Epoch III. 

.5 X-ray light curve 

n Fig. 7 , we show the X-ray light curve of EP241021a as observed
ith the EP (EP-WXT and EP-FXT instruments; X. Shu et al.
025 ), XMM–Newton (X. Shu et al. 2025 ), Chandra , and Swift -XRT
elescopes. As we mentioned before, an approximate peak luminosity
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Figure 6. SED of the transient EP241021a at different time bins or epochs 
(Roman numbers in the top-right corner). We fit a power-law function to the 
optical data ( Fν ∝ νβ ), and to the combined optical to X-ray SED. These 
fits yield the spectral index βop and βox , respectively. The uncertainty on the 
spectral index of a power-law fit to the X-ray spectrum alone is shown as a 
shaded region. We use the EP-FXT data from X. Shu et al. ( 2025 ). The optical 
and NIR data were corrected for Galactic extinction and for the contribution 
of the host galaxy. 

Figure 7. X-ray light curve of FXT EP241021a (stars) in 0.3–10 keV 

luminosity units combining EP, XMM–Newton (X. Shu et al. 2025 ), Chandra 
(this work), and public Swift -XRT data. The inverted triangles depict 3 σ upper 
limits. Each panel depicts a comparison with several individual transients that 
are overplotted. Panel (a): the X-ray afterglow light curves of 64 LGRBs plus 
32 SGRBs and low-luminosity GRBs (P. A. Evans et al. 2007 , 2009 ; M. G. 
Bernardini et al. 2012 ; H.-J. Lü et al. 2015 ); panel (b): the relativistically 
beamed TDEs Swift J1644 + 57 (J. S. Bloom et al. 2011 ; A. J. Levan et al. 
2011 ) and AT2022cmc (I. Andreoni et al. 2022 ); panel (c): the X-ray flashes 
XRF 060218/SN 2006aj, XRF 100316D/SN 2010bh (S. Campana et al. 2006 ; 
P. A. Evans et al. 2007 , 2009 ; M. Modjaz et al. 2009 ; R. L. C. Starling 
et al. 2011 ; R. Barniol Duran et al. 2015 ), XRF 080109/SN 2008D (A. M. 
Soderberg et al. 2008 ), and the afterglow of the EP transient EP240414a (H. 
Sun et al. 2025 ; J. N. D. Dalen et al. 2025 ); and panel (d): it is a zoom-in of 
the light curve of EP241021a at late times, with the same units as the other 
panels. 
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f EP241021a of LX , peak ≈ 2 × 1048 erg s−1 is consistent with that 
f the EP transient EP240414a (see Fig. 7 , panel c). Compared with
ong GRBs (LGRB), the peak luminosity of EP241021a falls in the
egion occupied by low-luminosity (collapsar) LGRBs (see Fig. 7 , 
anel a); also, this region is populated by short GRBs (SGRB). The
eak luminosity is higher by more than two orders of magnitude than
hat of the X-ray flashes XRF 060 218 and XRF 100316D, and the
BO of SN 2008D (see Fig. 7 , panel c). Moreover, the transient at late
pochs is brighter than X-ray flashes and even EP240414a by some
rders of magnitude, and remains fainter than the relativistically 
eamed TDEs Swift J1644 + 57 (J. S. Bloom, S. R. Kulkarni &
. G. Djorgovski 2002 ; A. J. Levan et al. 2011 ) and AT2022cmc
I. Andreoni et al. 2022 ) by two orders of magnitude (see Fig. 7 ,
anel b). 
The X-ray light curve of EP241021a was fitted using a three-

iecewise power-law function by X. Shu et al. ( 2025 ). The X-ray
ight curve at t � 1 d shows a plateau phase with a power-law index
f −0 . 28+ 0 . 17 

−0 . 13 during days ∼ 1 − 7, followed by a decline up to 79 d
ith an index of −1 . 16+ 0 . 30 

−1 . 11 (see Fig. 7 , panel d; X. Shu et al. 2025 );
hen, the transient becomes undetectable by EP-FXT ( � 2 × 10−14 

rg cm−2 s−1 ) and even to XMM–Newton ( � 3 × 10−15 erg cm−2 

−1 ) around ∼ 89 d after the trigger, implying a steeper decay index
f −9 . 64+ 6 . 92 

−7 . 04 at day 33 . 49+ 10 . 67 
−9 . 72 (X. Shu et al. 2025 ). In addition

o these general trends, around day ∼ 8 in the observer’s frame, the
-ray transient flux increases ( ≈ 6 × 1044 erg s−1 ), which coincides 
ith the main peak in the optical light curve (G. Gianfagna et al.
025 ). The X-rays at late times fall in a region mostly populated by
he afterglow of GRBs, reaching a luminosity of ≈ 5 × 1044 erg s−1 

see Fig. 7 , panel a). 
MNRAS 545, 1–26 (2026)



10 J. Quirola-Vásquez et al.

M

Figure 8. Light curve of FXT EP241021a in the observer frame in different 
filters ( ugriz bands) compared to the light curves of the X-ray flash GRB/XRF 
060 218 (first panel; A. M. Soderberg et al. 2006 ), the prototypical GRB SN 

Ic-BL SN 1998bw (second panel; F. Patat et al. 2001 ), the prototypical LFBOT 

AT2018cow (third panel; S. J. Prentice et al. 2018 ), the LFBOT AT2018gep 
(fourth panel; A. Y. Q. Ho et al. 2019 ), the LGRB 071010A (fifth panel; S. 
Covino et al. 2008 ), and the Einstein Probe transient EP240414a (sixth panel; 
J. N. D. Dalen et al. 2025 ). All the transients were converted to the redshift 
of EP241021a (i.e. z = 0 . 7485). 
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et al. 2010 , 2011 ; A. Nicuesa Guelbenzu et al. 2012 ; D. A. Kann et al. 2024 ), 
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100316D/SN 2010BH, the LFBOT AT2018cow (D. Xiang et al. 2021 ), the 
jetted TDEs AT2022cmc and Swift J1644 + 57 (A. J. Levan et al. 2011 ; I. 
Andreoni et al. 2022 ), and the collapsar FXT EP240414a (J. N. D. Dalen 
et al. 2025 ). 
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 DISCUSSION  

.1 Light-curve comparison 

ig. 8 shows a comparison between the light curve of EP241021a
nd several well-known transients, such as GRB 060218/SN 2006aj
A. M. Soderberg et al. 2006 ), the GRB–SN Ic-BL SN 1998bw (F.
atat et al. 2001 ), the LFBOT AT2018cow (S. J. Prentice et al. 2018 )
nd candidate LFBOT AT2018gep (A. Y. Q. Ho et al. 2019 ), and the
P transient EP240414a (J. N. D. Dalen et al. 2025 ), all shifted to a

edshift of z = 0 . 7485. 
The double peak of EP241021a is reminiscent of that in the light

urve of GRB 060218/SN 2006aj (see Fig. 8 , first panel from the
op); however, neither the time of the peaks nor the luminosities do
ot match those observed in EP241021a. Also, the early decay looks
onsistent with GRB afterglow (see Fig. 8 , fifth panel from the top, a
NRAS 545, 1–26 (2026)
omparison with GRB 071010A as an example). Indeed, the power-
aw index of α1 = −0 . 7 ± 0 . 1 during the first ∼6 d, is consistent
ith the optical afterglow decay of GRBs (e.g. A. Melandri et al.
008 ). 
During Epoch II, EP241021a exhibits a rapid re-brightening,

eaking around day ∼ 7 . 7, followed by a power-law decay. From
 GRB perspective, re-brightening within the first day is not uncom-
on in GRB afterglows (e.g. A. Melandri et al. 2008 ; A. Martin-
arrillo et al. 2014 ; A. Ugarte Postigo et al. 2018 ); however, the
ombination of brightness and time-scale observed in EP241021a
s atypical for GRBs, which commonly evolve on time-scales
f thousands of seconds. Furthermore, although the prototypical
FBOT AT2018cow and EP241021a differ in their time-scales, the
ecay rate of EP241021a after the main peak (see Fig. 8 , third panel
rom the top) is very similar to that of AT2018cow ( ∼ t−2 . 5 ; R.

argutti et al. 2019 ). This behaviour is similar to that observed in
FBOT and to the behaviour of EP240414a (see Fig. 8 , bottom panel;
. N. D. Dalen et al. 2025 ). However, the colours of EP241021a are
ot as blue as the colours observed for LFBOTs (i.e. g − r < −0 . 2
ag; see Fig. A1 ; A. Y. Q. Ho et al. 2023b ). 
A mild re-brightening occurred around day ∼ 20 in the r band

also visible perhaps in the z band in M. Busmann et al. 2024 ), which
ay result from a combination of multiple components. EP241021a

eached an absolute peak magnitude of Mr ≈ −20 . 1. Although the
igh absolute magnitude at this peak is not consistent with that of
T2018gep (which is a target that bridges LFBOTs and SNe Ic-BL;
ee Fig. 8 , fourth panel from the top; T. A. Pritchard et al. 2021 ), the
rototypical SN Ic BL SN 1998bw (with a peak absolute magnitude
f MR ≈ −19 . 4 mag; T. J. Galama et al. 1998 ) matches the late-
ime evolution of EP241021a reasonably well, especially beyond
ay ∼ 20 (see Figs 8 , second panel from the top). 

Finally, Fig. 9 shows a comparison of the r-band optical light
urve of EP241021a with various transients (including GRBs, SNe,
etted TDEs, and LFBOTs; D. A. Kann et al. 2006 ; D. A. Kann et al.
010 , 2011 ; A. J. Levan et al. 2011 ; A. Nicuesa Guelbenzu et al.
012 ; A. Y. Q. Ho et al. 2019 ; D. Xiang et al. 2021 ; J. N. D. Dalen
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Figure 10. Absolute magnitude at peak versus the duration of transients 
above half-peak magnitude from the Zwicky Transient Facility Bright 
Transient Survey (D. A. Perley et al. 2020 ) such as SN Type Ia, Ib, Ic/BL, 
and TDEs, and a set of fast transients (AT2018cow-like sources; A. Y. Q. Ho 
et al. 2023b ). The Roman numbers depict the peak emission at each phase of 
EP241021a. The star represents the absolute magnitude considering only the 
thermal component (see Section 4.3 ). Arrows in Epoch I denote limits (see 
Section 4.2 ). 
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t al. 2025 ). Although the emission � 1 d was missed, Epoch I is
righter than EP240414a, SNe, and AT2018cow. Nevertheless, it lies 
n a region typically occupied by optically faint LGRBs. The main 
eak of EP241021a reaches an absolute magnitude similar to brighter 
ptical afterglows; meanwhile, at late times, it remains brighter than 
ypical optical afterglows and eventually matches the decay of SN 

998bw (beyond day ∼ 20 rest frame). 
To summarize, comparing the light curve of EP241021a with 

ther well-known transients, we identified that different epochs of 
P241021a match with various events at different episodes; for 

nstance, at early and late times, EP241021a is more consistent with 
RB afterglow and the decay of SN 1998bw, respectively. 

.2 Brightness-duration parameter space 

he duration-absolute magnitude diagram is a powerful tool to distin- 
uish between different classes of explosive events. Indeed, different 
lasses of transients populate distinct regions of this parameter space: 
Ne evolve slowly and have moderate luminosities, GRB afterglows 
are briefly but are extremely bright at peak, while TDEs and super-

uminous supernovae (SLSNe) remain luminous for months (e.g. A. 
. Q. Ho et al. 2023a , fig. 1). We use this diagram to explore the
roperties of EP241021a (e.g. D. A. Perley et al. 2020 ; A. Y. Q. Ho
t al. 2023a , b ), taking into account the evolution of both parameters
uring its different epochs. We approximate the peak during Epoch 
 as the earliest detection of the target done by the KAIT telescope
W. Zheng et al. 2024a ), i.e. an absolute magnitude of MR � −21 . 6
ag with a duration of � 1 . 14 d. We should keep in mind that the

eak could be brighter and the duration shorter. In the case of the
ain peak during Epoch II at ∼ 7 . 7 days, it reaches a peak absolute
agnitude of Mr ≈ −21 . 4 mag with a half-flux duration of ≈ 6 . 2 d

using a broken power-law fitting of the r-band light curve). Finally, 
he last re-brightening in Epoch III, starting at day ≈19, yields an
stimated absolute magnitude of Mr ≈ −20 . 1 mag and a duration of

21 d. Fig. 10 shows a comparison of the behaviour of EP241021a
roman numbers label its different epochs) and other transients 
e.g. SNe Ia, Ib, Ic/BL, FBOTs, TDEs, and EP240414a) in the
uration–absolute magnitude parameter space. Overall, EP241021a 
as different durations and absolute magnitudes during its different 
hases. The different episodes place this target in multiple regions in
he parameter space. Epoch I might even reside in a region populated
y the GRB’s afterglow, extrapolating to minutes to hours duration 
e.g. see A. Y. Q. Ho et al. 2023a , and its fig. 1). Moreover, the Epoch
I falls in a region just covered by FBOTs (A. Y. Q. Ho et al. 2023b );
owever, it is brighter than the majority of the FBOTs reported by
. Y. Q. Ho et al. ( 2023b ). This could be a consequence of a mixture
f spectral components in the emission of the transient. 
Furthermore, the re-brightening of EP240414a associated with an 

N Type Ic-BL (J. N. D. Dalen et al. 2025 ) is fainter ( Mr ≈ −18 . 5
ag) than the peak at Epoch III of EP241021a. The peak of Epoch

II falls in a region mainly populated by TDEs, SN Type Ia, and
LSNe. Only a few SNe Ic-BL from the sample (e.g. SN 2021bmf
nd SN 2023wtq have a peak absolute magnitude of Mr = −20 . 6 and
20 . 5, respectively; D. A. Perley et al. 2020 ; A. Aamer et al. 2023 ;
. Anand et al. 2024 ) are brighter than EP241021a. Unfortunately, in

he case of EP241021a, it was not possible to identify spectroscopic
N features. One possible explanation could be that the added 
ontribution of several non-thermal spectral components masked the 
N spectroscopic features (see Section 5 ). To explore if Epoch III
f EP241021a is consistent with SN emission, Fig. A1 shows a
olour comparison with four transients: SN 1998bw, AT2018cow, 
N 2006aj, and EP240414a. The colours at later epochs look more
onsistent with SN 1998bw and SN 2006aj than the others. A thermal
SN) contribution might be in line with the steep optical spectral
ndex at day ∼37. 

.3 SED analysis 

ased on the power-law light curves and optical spectra, and the
ptical-to-X-ray SED evolution throughout Epochs I and II, it 
eems likely that both arise from a non-thermal afterglow spectral 
omponent. To explore this possibility, firstly, we compare the power- 
aw indices from the optical light curves to those from canonical
orward shock models (FS; R. Sari, T. Piran & J. P. Halpern 1999 ;
. Granot & R. Sari 2002 ; B. Zhang et al. 2006 ; H. Gao et al.
013a ). Because the first optical observations of the transient were
aken ∼ 1 . 14 d after the trigger, we assume that under the FS

odel in a deceleration relativistic regime before the jet break, the
ransient is in the slow-cooling regime. During Epoch I, the decay
ate points to an electron energy power-law index p ≈ 2 . 0 − 2 . 3
r 1 . 4 − 1 . 7 in the regime νa < νm 

< ν < νc (where νa , νc , and
m 

are the self-absorption, cooling, and characteristic synchrotron 
requencies, respectively) in a constant interstellar medium (ISM) 
nd wind density profile, respectively. Thus, we discard the wind 
rofile due to the electron density of p < 2. Taking the derived
lectron energy index and using the closure relations in the range
a < νm 

< ν < νc (H. Gao et al. 2013a ), β ∼ −0 . 7, which is slightly
imilar to the X-ray-to-optical index derived from the SED (see 
ig. 6 ), supposing that X-ray frequencies are below νc . Thus, we can
onclude that a non-thermal FS emission is a consistent explanation 
t this stage. Assuming this non-thermal emission originates from a 
elativistic jet characterized by an initial Lorentz factor ( �0 ), which
ecelerates through interaction with the ISM, we estimate �0 based 
n the premise that the earliest optical detection marks an upper
imit on the jet’s deceleration time (following the formalism of G.
hirlanda et al. 2018 ). For an isotropic-equivalent kinetic energy 
f E0 = 1052 erg and a uniform ISM density with normalization 
MNRAS 545, 1–26 (2026)
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Figure 11. Radio-to-X-ray SED of the transient EP241021a at six different 
stages. We fit a power-law function to the radio (dotted lines) and optical 
(dashed lines) data to visualize their trend. Moreover, we fit a more complex 
model (solid lines) using an MCMC method. In the first and second panels, 
we fit an FS model in the slow-cooling regime ( νa < νm < νc , where νa , 
νm , and νc are the self-absorption, cooling, and characteristic synchrotron 
frequencies, respectively). In contrast, for the other panels an FS + blackbody 
(FS + BB) model is fit. The uncertainty on the X-ray spectral index is shown 
as a shaded region. We use the radio data from G. Gianfagna et al. ( 2025 ) 
and M. Yadav et al. ( 2025 ), optical from this work, NIR observations from 

M. Busmann et al. ( 2025 ) and G. Gianfagna et al. ( 2025 ), and the EP-FXT 

data during epoch ∼ 32 da from X. Shu et al. ( 2025 ). Squares and triangle 
markers depict detections and upper limits, respectively. The optical and NIR 

data were corrected for Galactic extinction and for the contribution of the 
host galaxy. 
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arameter of n0 = 10 and 1 cm−3 (see Section 5 ), we derive a lower
imit on the initial Lorentz factor of �0 � 7 − 9. 

Furthermore, during the decay of the main peak of Epoch II, we
nd a steeper slope, i.e. ∝ t−1 . 7 ±0 . 2 (excluding the data beyond day

20), where a post-jet-break scenario can be invoked to explain the
teeper decay. In the post-jet break regime and in the frequency range
f νa < νm 

< ν < νc regime, the decay rate is consistent with α =
 p/ 4 (H. Gao et al. 2013a ), and the electron density is p ≈ 2 . 0 − 2 . 5
onsidering an ISM; while in a wind medium p < 2, discarding this
rofile again. On the other hand, the fast rise in the optical light
urve from ∼5.6 to 7.7 d ( ∝ t+ 3 . 6 ) cannot be explained based on
he FS model, suggesting a more complex mechanism to be at work.
urthermore, from the optical and X-ray SED evolution (see Fig. 6 ), it

s evident that both the optical and the X-ray emission can come from
he same spectral component, at least until day ∼ 18; nevertheless,
t later times, although the X-ray data remain bright until day ∼ 40
X. Shu et al. 2025 ), their physical origin might be different due to
he mismatch of both spectral slopes (see Fig. 6 ). 

To verify a connection with an FS model and data from radio to
-ray wavelengths, we build the SED of the transient at different

imes using our and public multiwavelength data from the literature:
adio ( � 2 GHz; G. Gianfagna et al. 2025 ; M. Yadav et al. 2025 , see
able A4 ), optical and NIR (this work; M. Busmann et al. 2025 ; G.
ianfagna et al. 2025 , see Tables A1 and A2 ), and X-ray (EP-FXT;
. Shu et al. 2025 , see Table A3 ) data. Fig. 11 depicts the SED at six

tages, covering Epochs I, II, and III, where the dashed and dotted
ines represent the best power-law fit of the optical and radio data,
espectively, described by spectral indices βop and βradio . 

During days ∼ 2 . 8 and 8.3 (see Fig. 11 , first and second panels
rom the top, respectively), it is clear that extrapolating the βop 

elation to X-ray frequencies is consistent with the observed X-ray
ux. However, at day ∼ 8 . 3, extrapolating to lower radio frequencies,

t vastly overpredicts the radio emission. Clearly, a break in the
ower-law extrapolation is needed. Meanwhile, extrapolating the
adio power-law SED index ( βradio ≈ + 0 . 36) to higher frequencies
optical) also overpredicts the optical flux. This behaviour suggests
hat the optical and X-ray data can originate from the same spectral
omponent, but it is not obvious that this is also the case for the radio
ata. We explore whether a single FS model can explain the SED
rom radio to X-rays. To investigate this possibility, we implement a

arkov Chain Monte Carlo (MCMC) method to fit the radio-to-X-
ay data of six stages (covering Epochs I, II, and III; see Fig. 11 ) using
 relativistic, isotropic, self-similar decelerating shock model under
he slow-cooling regime. In this regime, assuming the convention
ν ∝ νβ , and defined by the frequencies νa , νm 

, and νc and the
aximum peak flux Fmax , the spectral slopes follow the standard

ynchrotron slopes as: β = + 2, + 1 / 3, −( p − 1) / 2, and −p/ 2. Due
o the lack of low-frequency radio observations, we fix the self-
bsorption frequency at νa ≈ 109 Hz (see B. Zhang et al. 2006 ). As
hown by the blue solid lines (posteriors) in the top panel of Fig. 11 ,
he FS model successfully reproduces the SED from optical to X-rays
f the transient at day ∼ 2 . 8 (i.e. Epoch I). The best-fitting parameters
re: p = 3 . 0 ± 0 . 2, log ( νm 

) = 12 . 4+ 0 . 1 
−0 . 3 , log ( νc ) = 18 . 2+ 0 . 8 

−1 . 6 , and peak
ux Fmax = 2 . 5+ 0 . 7 

−1 . 1 mJy. Moreover, during day ∼ 8 . 3 (see Fig. 11 ,
econd panel from the top), the FS model also matches the broad-
and SED of the transient, from radio to X-rays. The best-fitting
arameters are slightly different with respect to those at the previous
tage: p = 3 . 0 ± 0 . 1, log ( νm 

) = 12 . 5+ 0 . 0 
−0 . 02 , log ( νc ) = 17 . 9+ 1 . 1 

−1 . 2 , and
max = 2 . 6 ± 0 . 2 mJy. Both fits show that afterglow-like emission
ould explain the entire SED of the transient during Epochs I and
I, strengthening the non-thermal nature of the counterpart at both
pochs. 
NRAS 545, 1–26 (2026)
In the subsequent epochs, we discover (see Fig. 11 ) that βop 

ecomes steeper, and βradio shifts to positive values (due to the
ack of observation � 9 GHz on day ∼ 31 . 8, this transition is not
ully resolved). As we demonstrated above, the evolution to a steep
pectral index in the optical part of the SED beyond day ∼ 20 is
ncompatible with non-thermal emission (see Fig. 6 ). If we try to
xplain the evolution in the SED using a single FS model, we do
ot obtain a good fit. Furthermore, the slight re-brightening in the
ptical at � 18 d can be explained by the emergence of an additional
pectral component. We interpret this new component as blackbody
BB) emission, which can explain the steeper optical spectral index
bserved at late times (in agreement with the Wien tail of the BB
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pectrum), and it also clarifies why the X-ray spectral index differs
rom that of the optical (see Fig. 6 , last three panels from the top).
o test this hypothesis, we fit a simple FS model combined with
 BB component, described by a temperature and radius TBB and 
BB , respectively. This combined model is labelled as FS + BB. We

xpect a transition around days ∼ 18 − 19, when the non-thermal 
omponent still plays a significant role in the SED. Using the data
btained on day ∼ 18 . 9, we perform fits using both the simple FS
odel and the FS + BB model, and evaluate their performance using

he Bayesian Information Criterion (BIC) 5 Based on the BIC values, 
e find that the FS + BB model provides a significantly better fit

see Fig. 11 , third panel from the top) to the multiwavelength data
uring day ∼ 18 . 9 (BICFS = −134 . 99, and BICFS + BB = −284 . 82). 
Extending our analysis to the epochs from approximately ∼ 24 . 5 

o 37.5 d (the posteriors are in Table A7 ), we find that the FS + BB
odel can simultaneously explain the spectral evolution observed 

n the radio, optical, and X-ray bands (see Fig. 11 ). During this
bservations on Epoch III ( 	t ≈ 23 d; see Fig. 11 , the last three
anels from the top), the BB temperature cools from ∼ 9000 to 
300 K, while its bolometric luminosity remains nearly constant at 
bol ∼ (1 . 0 − 1 . 4) × 1044 erg s−1 . Regarding the FS model parame-

ers, we find that Fmax and νc evolve consistently with expectations 
or a post-jet-break afterglow, i.e. Fmax ∝ t∼−1 and νc ∝ t∼0 (R. 
ari et al. 1999 ), at 95 per cent confidence level. However, the
requency νm 

decays faster than expected: νm 

∝ t∼−2 . 6 , compared 
o the standard jet-break model, i.e. νm 

∝ t−2 (R. Sari et al. 1999 ).
his discrepancy could be due to the emergence of additional non- 

hermal components (see Section 5 ), indicating to a more complex 
tructure than a unique non-thermal component (which we will also 
ddress in Section 5 , e.g. R. Filgas et al. 2011 ; L. Resmi et al.
012 ), evolving microphysical parameters (e.g. J. Greiner et al. 2013 ;
. Varela et al. 2016 ; M. Marongiu et al. 2022 ), or variations in

he circumburst medium such as density jumps or cavities (e.g. F. 
. Harrison et al. 2001 ; D. Lazzati et al. 2002 ; Y. F. Huang, K.
. Cheng & Y. Lu 2007 ; I. Gat, H. van Eerten & A. MacFadyen
013 ). Indeed, G. Gianfagna et al. ( 2025 ) reported the presence of a
econd emission component in the radio band (based on the Atacama 
arge Millimeter/submillimeter Array [ALMA] data at ∼ 1011 Hz) 

or EP241021a, first detected around day ∼ 50 − 70. 

.4 EP241021a as a tidal disruption event 

ased on the high peak X-ray emission of the transient detected by
XT-EP (i.e. LX , peak ∼ 1048 erg s−1 ) and its duration ( ∼ 100 s; X. 

hu et al. 2025 ), it is possible that the transient is related to a jetted
DE, which could explain the early non-thermal emission present in 

he transient. If we compare the X-ray emission of EP241021a and 
he jetted TDE Sw J1644 + 57 and AT2022cmc (see Fig. 7 ; J. S.
loom et al. 2011 ; A. J. Levan et al. 2011 ; I. Andreoni et al. 2022 ).
he initial WXT-EP detection is consistent with the early luminosity 
f Sw J1644 + 57; none the less, after ∼ 1 d of the trigger (rest frame),
he X-ray emission is fainter than Sw J1644 + 57 by two orders of

agnitude. Furthermore, the light curve of EP241021a does not show 
 BIC = −2 ln L + k ln N , where L is the maximum likelihood of the data, 
 is the number of model parameters, and N is the number of data points 
Ž. Ivezić et al. 2014 ). We consider the threshold criterion of 	 BIC= BICh - 
ICl > 2 to discriminate when comparing two different models, where BICh 

nd BICl are the higher and lower model BIC, respectively. The larger 	 BIC, 
he stronger the evidence against the model with a higher BIC is (A. R. Liddle 
007 ). 

4

T
a  

C  

s  

i  

b  

p
S  
vidence for the strong variability detected in Sw J1644 + 57. The
etted TDE AT2022cmc (I. Andreoni et al. 2022 ) is brighter than
P241021a, and follows a steeper X-ray decay ( ∝ t−2 . 1 ; T. Eftekhari
t al. 2024 ) than EP241021a. At optical wavelength, AT2022cmc 
ecays steadily while it remains brighter than EP241021a (see Fig. 9 );
eanwhile, in the optical range, Sw J16644 + 57 remains fainter than
P241021a (see Fig. 9 ). Although EP241021a does not follow the
ame evolution as Sw J1644 + 57 and AT2022cmc, EP241021a 
ight be fully consistent with the large spread in behaviour shown

y relativistic TDEs (e.g. O. Teboul & B. D. Metzger 2023 ; C. Yuan
t al. 2025 ). 

Black holes (BH) with masses more than ∼ 105 M� swallow 

ypical WDs whole, and only those of lower mass can produce tidal
isruptions of WDs. Many of WD-IMBH TDE systems are also 
redicted to launch relativistic jets (L. E. Strubbe & E. Quataert
009 ; B. A. Zauderer et al. 2011 ; F. De Colle et al. 2012 ) as a
esult of the extremely rapid mass supply (e.g. F. De Colle et al.
012 ; J. H. Krolik & T. Piran 2012 ; R. V. Shcherbakov et al. 2013 ),
owered by rapid IMBH spin (which has been estimated in some
MBH candidates, e.g. S. Wen et al. 2021 ; Z. Cao et al. 2023 ) and
igh magnetic flux (e.g. from a magnetic WD; S. B. Cenko et al.
012 ; G. C. Brown et al. 2015 ; A. S

↪ 
adowski et al. 2016 ) via the R.

. Blandford & R. L. Znajek ( 1977 ) mechanism. M. MacLeod et al.
 2016 ) show typical peak jet luminosities between ∼ 1047 − 1050 

rg s−1 and rise time-scales of ∼ 102 − 104 s, in agreement with 
he initial X-ray duration of EP241021a. Under this assumption, the 
-ray emission at � 1 d (rest frame) of 5 × 1044 erg s−1 would be

elated to a thermal accretion disc emission; however, this value is
1 − 2 orders of magnitude higher than the expected Eddington 

uminosity of a BH with mass ∼ 104 M� (J. Frank, A. King & D.
aine 2002 ). 
Several studies predict a wide diversity of electromagnetic signa- 

ures depending on the orbital parameters of the WD–IMBH system. 
or instance, single, strongly disruptive passages are thought to 
roduce quick-peaking light curves with power-law decay tails as 
ebris slowly falls back to the IMBH (e.g. S. Rosswog, E. Ramirez-
uiz & W. R. Hix 2009 ; R. V. Shcherbakov et al. 2013 ). It has also
een suggested that such encounters may result in the WD detonation
S. Rosswog et al. 2009 ; R. Haas et al. 2012 ; M. MacLeod et al.
014 ), and such a detonations imply that besides emission due to the
ccretion disc, where a Type Ia-like SN peaking at optical wavelength 
ould be present (e.g. S. Rosswog et al. 2008a ; S. Rosswog et al.
008b ; M. MacLeod et al. 2016 ). Fig. A2 compares the light
urve of EP241021a and those predicted from the hydrodynamical 
imulations of M. MacLeod et al. ( 2016 ), who consider a wide range
f viewing angles. The optical counterpart of EP241021a is brighter 
han these predictions, including at later epochs when the thermal 
omponent is arising. In addition, the colour evolution of the transient 
eviates from the predictions of M. MacLeod et al. ( 2016 ). Thus, we
onclude that EP241021a is not likely to originate from a WD–IMBH
DE where the WD detonated. 

.5 Collapsar origin 

he optical colours of the late BB-like emission of EP241021a 
re similar to those of collapsar events such as SN 1998bw (A.
locchiatti et al. 2011 ) and SN 2006aj (S. Campana et al. 2006 ),

uggesting that it might be due to an SN (see Fig. A1 ). Furthermore,
ts optical light curve is consistent with the evolution of SN 1998bw
eyond day ∼ 20 (see Fig. 9 ). To explore the detectability of a
otential SN component, we estimated the brightness of a redshifted 
N 1998bw analogue (at z = 0 . 7485 and K-corrected). At ∼25 d
MNRAS 545, 1–26 (2026)
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Figure 12. MUSE spectrum of FXT EP241021a before (green) and after 
(blue) subtracting our best-fitting afterglow model. We show spectra of SN 

1998bw (red line; F. Patat et al. 2001 ) to show that it matches not only the 
shape but also the overall flux level of our spectrum, and the best-fitting SED 

at this epoch (see Section 4.3 ). Moreover, as a comparison of the shape and 
continuum of the transient, we scaled and overplotted the SN 2014ad and SN 

1997ef (M. Modjaz et al. 2014 ; D. K. Sahu et al. 2018 ). For comparison, we 
overplot a random sample of posteriors from the FS model (black lines; see 
Section 4.3 ). 
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fter the trigger ( ≈15 d rest frame), such an event would reach
 ≈ 23 . 6 mag, whereas EP241021a was observed at r ≈ 22 . 9 mag.
herefore, the transient was about twice as luminous as an SN
998bw-like explosion at the same phase, indicating the presence
f an additional component that might dilute the expected broad-
ined Type Ic SN absorption lines. 

We estimate the contribution of the thermal component to the total
mission, 6 at ∼ 18 . 9 and 37.5 d (i.e. ∼ 10 . 4 and 21 d rest frame) to be

50 and 85 per cent, respectively, at r-band frequencies. Therefore,
he peak absolute magnitude of the thermal component during Epoch
II in the r band is Mr ≈ −19 . 6 mag based on a contribution of ≈
5 per cent during Epoch III. Comparing this value with the absolute
agnitude of Type Ic SNe (e.g. see Fig. 10 , where the red star depicts

he peak absolute magnitude of the thermal contribution), we find that
he thermal component by itself is consistent with a Type Ic-BL SN.

Finally, we investigate the MUSE spectrum in detail because
uring this stage, based on our work, the thermal component
ontributed ∼ 85 per cent to the total emission, which is higher
han the factions determined for the preceding observations. We
erformed a joint fit of a fixed SN template (SN 1998bw spectrum
t day + 9 after the peak) scaled to the redshift of EP241021a in
ombination with an afterglow emission modelled as a power-law
odel to mimic an SN + non-thermal contribution to the transient.
lso, we assume Gaussian noise to emulate the noise level in the
USE spectrum of EP241021a (corrected by Galactic extinction

sing the dust model of D. Calzetti et al. 2000 ). Fig. 12 presents
he MUSE spectrum of EP241021a before (green line) and after
blue line) subtracting the best-fitting afterglow component. The
NRAS 545, 1–26 (2026)

 To estimate the contribution of the BB emission to the total emission, we 
ompute the ratio

∫ 
BB d ν/

∫ 
(FS + BB )d ν, in the frequency range of the 

-band. 

o  

c  

p  

t  

i  
est-fitting afterglow has a spectral decay (i.e. Fν ∝ ν−0 . 6 ) consistent
ith that derived from fitting the SED of the transient (see Fig. 12 ).
e compare our afterglow-subtracted spectrum with the SN 1998bw

pectrum (scaled only by the distance; F. Patat et al. 2001 ), SN
014ad (D. K. Sahu et al. 2018 ), and SN 1997ef (M. Modjaz et al.
014 , not only scaled by the distance). Overall, although the S/N of
he MUSE spectrum does not allow for identifying SN absorption
eatures, the afterglow-subtracted spectrum is consistent with the
pectral shape and continuum of SN 1998bw and other SNe Ic-BL,
ndicating that the late-time optical counterpart of EP241021a might
ell be consistent with this type of collapsar transients. 

.6 Host galaxy properties 

o detect the host galaxy of EP241021a, we used HiPERCAM
ata taken ∼304 d after the X-ray trigger. At that epoch, the
ight of the transient had vanished. The host galaxy of the tran-
ient is extended, and it has a best-fitting position consistent
ith RAJ2000 . 0 = 01h 55m 23s .44, Dec.J2000 . 0 = + 05◦56′ 17′′ .91. We
easure the following photometric points: mu = 25 . 40 ± 0 . 23,
g = 24 . 98 ± 0 . 09, mr = 24 . 38 ± 0 . 09, mi = 24 . 48 ± 0 . 17, and
z = 23 . 43 ± 0 . 33 AB mag. Therefore, the transient’s photometry

ecomes similar to the host galaxy beyond day ∼ 70. 
Moreover, the offset between the transient and the centre of the

ost galaxy is 0 . 45 arcsec ± 0 . 67 arcsec (which means a physical
ffset of 3 . 39 ± 5 . 06 kpc) and a chance alignment probability of
.004. We derive the host properties of EP241021a through the SED
tting of the combined photometry, considering a star formation
istory (SFH) model described by a delayed exponentially declining
unction using the package BAGPIPES (A. C. Carnall et al. 2018 , 2019 ).
ig. A3 depicts the best-fitting SED of the available photometric
ata using BAGPIPES . We obtain a stellar mass, star formation
ate (SFR), metallicity, mass-weighted age, and dust attenuation
f log (M∗/ M�) = 8 . 6 ± 0 . 2, SFR = 2 . 8+ 1 . 5 

−1 . 1 M� yr−1 , log (Z / Z�) =
0 . 1 ± 0 . 3 (or 12 + log (O / H) = 8 . 6 ± 0 . 3, using M. Asplund

t al. 2009 ), tm 

= 0 . 07+ 0 . 14 
−0 . 03 Gyr, and AV = 1 . 1 ± 0 . 3, respectively.

hese results suggest a low-mass, young galaxy with moderate star
ormation activity, whose metallicity is close to or slightly above
olar. Furthermore, it shows a moderate extinction, consistent with
ctive star formation. The high metallicity of the host galaxy is
ncommon for the typical LGRB host galaxies (e.g. E. M. Levesque
014 ; T. Hashimoto et al. 2015 ). The model photometry obtained
y BAGPIPES is mu = 25 . 21, mg = 25 . 01, mr = 24 . 52, mi = 24 . 23,
z = 23 . 79, mJ = 23 . 76, mH 

= 23 . 40, and mKs = 23 . 32 AB mag,
sed to correct the contribution of the host galaxy to photometry.
mall band-to-band differences (e.g. in the u band) are consistent
ith measurement uncertainties, while the generally brighter mea-

ured magnitudes suggest residual transient contribution, thereby
ustifying the use of the host model photometry for subtraction. 

In Fig. 13 , we compared the stellar mass ( M∗) and specific
FR (sSFR) of EP241021a with other transients such as LGRB
nd SGRB, CC- and Type Ia SNe, and SLSNe. The cumulative
istributions of M∗ and sSFR for different transient host populations
how that the host of EP241021a lies at relatively low stellar mass,
round ∼ 4 × 108 M�, and exhibits a high sSFR of ∼ 9 × 10−9 yr−1 .
his combination places the galaxy below the typical stellar masses
f Type Ia SNe and fast radio bursts (FRB) hosts, while aligning more
losely with the properties of LGRB and SLSN hosts, which are
referentially found in actively star-forming galaxies from moderate
o high SFRs. Indeed, LGRBs are preferentially associated with
rregular, star-forming, and low-metallicity galaxies, with a few being
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Figure 13. Comparison of the host-galaxy properties of EP241021a at 68 
per cent confidence level (vertical region) with the cumulative distributions of 
stellar mass (left panel) and sSFR (right panel) for LGRBs (P. K. Blanchard, 
E. Berger & W.-f. Fong 2016 ; Y. Li, B. Zhang & H.-J. Lü 2016 ), SGRBs (W. 
Fong, E. Berger & D. B. Fox 2010 ; W. Fong et al. 2012 , 2014 ; R. Margutti 
et al. 2012 ; E. Berger et al. 2013 ; T. Sakamoto et al. 2013 ; W.-f. Fong et al. 
2022 ; A. E. Nugent et al. 2022 ), FRBs (K. E. Heintz et al. 2020 ), CC-SNe and 
Ia-SNe (D. Y. Tsvetkov & O. S. Bartunov 1993 ; J. L. Prieto, K. Z. Stanek & J. 
F. Beacom 2008 ; L. Galbany et al. 2014 ), and SLSNe (S. Schulze et al. 2021 ). 
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pirals with active star formation (A. S. Fruchter et al. 2006 ; K. Z.
tanek et al. 2006 ). Their host galaxies are relatively metal-poor 
ompared to the field population (J. P. U. Fynbo et al. 2003 ; J.
. Prochaska et al. 2004 ; A. S. Fruchter et al. 2006 ), favouring a

ollapsar progenitor model (S. E. Woosley & J. S. Bloom 2006 ). On
he other hand, the formation efficiency of merger-driven transients 
hould be independent of metallicity (M. Chruslinska et al. 2018 ; 
. Giacobbo & M. Mapelli 2018 ; C. J. Neijssel et al. 2019 ); indeed,

he metallicities of SGRB hosts are significantly higher than those 
f LGRB hosts (M. Modjaz et al. 2008 ; E. M. Levesque et al. 2010 ;
. Berger 2014 ; E. M. Levesque 2014 ). This indicates that the
P241021a’s environment is characteristic of young, star-forming 
ystems and points toward a massive-star progenitor channel, rather 
han one associated with older stellar populations, aligned with our 
revious results. 

.7 Event rate density 

n this section, based on the unique properties of EP241021a, such 
s the lack of gamma-ray counterparts, light-curve evolution, peak 
-ray luminosity, and progenitor, we estimate its local event rate 
ensity. The estimated local event density ( ρ0 ) can be derived from
B. B. Zhang et al. 2018 ; H. Sun et al. 2019 ): 

WXT = Vmax �WXT TWXT 

4 π
ρ0 , (1) 

here Vmax represents the maximum volume at which equivalent 
bjects could be detected by EP, �WXT and TWXT depict the EP-WXT 

oV (i.e. 3600 sq deg) and on-sky time of the satellite (i.e. ∼ 1 . 5
r until mid of 2025), respectively, and NWXT is the total number of
ources detected (i.e. one event in this case). EP-WXT can detect 
nd identify X-ray transients as faint as FX ∼10−10 erg cm−2 s−1 

or a typical exposure time of ∼ 200 s. Adopting a peak luminosity
f LX ∼1048 erg s−1 from EP241021a, EP-WXT can then detect 
imilar objects to redshifts up to zmax ∼ 1 . 3. Moreover, following 
he methodology of H. Sun et al. ( 2025 ), the maximum volume
max is 

max =
∫ zmax 

0 

�WXT 

4 π

f ( z) 

(1 + z) 

d V ( z) 

d z 
d z (2) 
here, f ( z) is a weighted SFH function (taken from P. Madau & M.
ickinson 2014 ), while d V ( z) / d z is given by 

d V ( z) 

d z 
= c 

H0 

4 πDL ( z)2 

(1 + z)2 
√ 

�M 

(1 + z)3 + �� 

, (3) 

here c, H0 , and DL are the light speed, Hubble constant, and
uminosity distance, respectively, while �M 

and �� 

are matter and 
ark energy density of our Universe, respectively. In this way, and
onsidering Poissonian uncertainties, we obtained a local event rate 
ensity of ρ0 ≈ 0 . 23+ 0 . 34 

−0 . 17 Gpc−3 yr−1 at 68 per cent confidence 
evel. Also, if we consider a beaming correction factor of f −1 

b ∼ 30
where fb 	 θ2 

j / 2), which corresponds to a mean jet opening angle
f θj ∼ 15◦ (see Section 5 for more details), the local event rate
ensity is ρ0 ≈ 6 . 9+ 10 . 2 

−5 . 1 Gpc−3 yr−1 . This value is much lower than
he rate of other potential extragalactic progenitors of FXTs, such 
s the merger rate of BNS systems ( ρBNS 

0 = 320+ 490 
−240 Gpc−3 yr−1 ; R. 

bbott et al. 2021 ), low-luminosity LGRBs ( ρ0 , LL −LGRBs ∼150–2100 
pc−3 yr−1 (here f −1 

b ∼1–14 was used; E. Liang et al. 2007 ; B. Zhang
018 ), LGRBs ( ρ0 , LGRBs = 40–380 Gpc−3 yr−1 , using f −1 

b ∼50–500; 
. Wanderman & T. Piran 2010 ; J. T. Palmerio & F. Daigne 2021 ),

nd SGRBs ( ρ0 , SGRBs = 45–200 Gpc−3 yr−1 , using f −1 
b ∼25–110; D. 

uetta & T. Piran 2005 ; D. Wanderman & T. Piran 2015 ). Also, our
utcome is lower than the FXT-SNe estimation from J. C. Rastinejad
t al. ( 2025 ). However we should consider our rate density as a
ower limit, given the fact that several other FXTs detected by EP
ave not been classified, and their origin is still unknown. This lower
imit is consistent with the millisecond magnetar formation rate from 

assive stars (S. Biswas et al. 2025 ). This is an interesting possibility,
iven that a magnetar engine in EP241021a is an option to explain
he rising flux in optical and X-ray bands at day ∼8 (see Section 5
or more details). 

 L I G H T- C U RV E  M O D E L L I N G  

.1 Epochs I and II: non-thermal afterglow modelling 

o model the light curve, we group the various observations into
requency ranges for a simpler analysis, which we label: H + J ( H 

nd J bands); z + i NIR ( z and i bands); R for red ( R and rbands);
 for visible ( g band); u for UV ( u band); and 1 keV for X-ray at
 keV. These are plotted in the right panel of Fig. 14 , with data points
epresented as dots without uncertainty and upper limits shown as 
quares with arrows. For the R and 1 keV data, we fit two power-law
odels, one at � 6 d (Epoch I) and a second one at � 8 d (Epoch II).
he power-law indices for these fits are noted within the figure: the
arly, � 6 d data at R is ∝ t−0 . 9 ; the early X-ray data are ∝ t−0 . 6 ; the
ate, � 8 d data at R and X-ray is ∝ t−1 . 4 ; while the very late X-ray
imit requires ∝ t< −3 . 58 after the last detection. 

There are different decline indices between optical and X-ray at 
arly times, where the X-ray shows a slower decline than the optical,
hich is unusual for GRB afterglows (E. Zaninoni et al. 2013 ).
owever, if a blastwave decelerates within a wind-like medium, then 

he X-ray could show such a different temporal decline, where 1 keV
 νc . For a decline index of α = −0 . 6, the wind medium ν > νc 

tandard closure relation would require an accelerated electron 
ower-law index of p ∼ 1 . 47. None the less, the standard closure
elation is not valid for p < 2, and the valid solution is unphysical
or α = −0 . 6 (H. Gao et al. 2013b ). We therefore rule out a wind
edium as the origin of the mismatch between the decline index

f the optical and X-ray light curves. Figs 6 and 14 indicate an
ptical to X-ray spectral index β ∼ −0 . 9. If we apply this to the
-ray data, with 1 keV > νc , then the value for p = 1 . 8 gives
MNRAS 545, 1–26 (2026)
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Figure 14. Multiwavelength light-curve modelling of the transient EP241021a. For modelling the multiwavelength light curves, a minimum of three non-thermal 
components is necessary: (i) at t � 7 d during Epoch I (solid lines), a regular GRB afterglow (optical and X-ray data); (ii) at t � 8 d during Epoch II (narrow 

solid lines), a ‘regular’ GRB afterglow with increased energy relative to the first component, possibly due to rapid energy injection between 6 and 8 d; and (iii) 
during Epoch III, a very slow component, that begins to contribute significantly to the emission at t > 10 d (dashed lines), is responsible for most of the radio 
afterglow. This component has a Lorentz factor on the order of � ≈ 3 . 5. The dark grey vertical panel indicates the energy injection period for the rapid flux 
increase, in the r band, while the light grey panel indicates the potential earliest start of the flux increase in other bands. 
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7 The fraction of energy given to electrons εe = 0 . 1, the fraction of energy 
given to magnetic fields εB = 0 . 01, the participation fraction of electrons 
in the synchrotron process �N = 0 . 1, and the ambient density is assumed 
to be uniform with a number density n = 10 cm−3 throughout. We use 
REDBACK afterglow models (N. Sarin et al. 2024 ), tophat redback and 
twocomponent redback (with a hollow core) for the afterglow light 
curves (see G. P. Lamb & S. Kobayashi 2017 ; G. P. Lamb, I. Mandel & L. 

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/545/4/staf2064/8329192 by guest on 14 January 2026
= −0 . 96, which is similar to that found using a simple power-
aw fit to the optical data. For νm 

< ν < νc , the decline index would
e α = −0 . 71. Considering the short time-scale variability in the
ptical at Epoch I, this value seems more reasonable, although not a
recise match to the t−0 . 9 power-law fit to the data in R. 
The light-curve discontinuity between ∼6 and 8 d results in a jump

n flux, which could for instance be due to energy injection due to
 refreshed shock, a jet, or a highly energetic jet core region (that
s initially off-axis to the observer) becoming visible, or a patchy
hell (where the energy varies randomly across the jet head resulting
n ‘hotspots’ or ‘sub-jets’). The duration of the rise is 	Trise 	 2
 and peaks at ∼8 d in the observer frame. The short rise time-
cale for the flux increase at 6–8 d violates the expectation for a
efreshed shock ( 	T > T / 4) or a patchy shell ( 	T > T ) (K. Ioka,
. Kobayashi & B. Zhang 2005 ). An off-axis jet, a patchy shell/sub-

et, or a core region coming into view may be able to explain the rapid
ise, however, given the sharp turn-around in the afterglow temporal
tructure at > 8 d, the angular width of the off-axis jet would have to
e extremely narrow (sharpness of the peak) and have a very sharp
et edge (the steepness of the rise). Such conditions are not expected,
ven in a sub-jet model (T. Nakamura 2000 ). We therefore do not
ttempt to model here the details of the short rise time-scale with a
hysical model, but leave it to future work. However, we point out
hat at ∼ 4 d post-burst the X-ray afterglow begins to deviate from
he steady and continuous decline seen for the optical data in Epoch
 (the energy injection time-scale for the afterglow is highlighted
ithin Fig. 14 , grey regions). 
The spectral index between optical and X-ray at > 10 d is βox ∼
1, giving a p = 2 for Epoch II. The rapid decline between ∼10–20 d
ould require a post-jet-break evolution for a p = 2, βox = −1 SED,
NRAS 545, 1–26 (2026)

R

et the late X-ray excess (as well as the radio data) requires a longer-
ived component. This may be due to a second energy injection
pisode, or alternatively, the emission from a wider jet component
oming into view. 

In Fig. 14 (left panel), we show model light curves that are
onsistent with the behaviour seen within the data. At < 6 d (Epoch
), we describe the afterglow with a top-hat jet viewed on-axis with
n opening angle of θj 	 15.◦0, an isotropic equivalent kinetic energy
 . 3 × 1051 erg, an initial Lorentz factor �0 = 100, and p = 1 . 8 (the
icrophysical parameters were fixed). 7 

To describe the light curve at > 8 d (Epoch II), we require two
omponents: (i) a late epoch afterglow re-energized copy of the
poch I model (i.e. afterglow transitions) via some energy injection
rocess, with an isotropic kinetic energy Ek, iso = 2 × 1052 erg, and
 = 2 . 0, all else as previous (this component is shown as a narrow
olid line in Fig. 14 , left panel); and (ii) an additional component is
equired to describe the radio and late X-ray data. To model this, we
nvoke a sheath, or two-component structure that encases the jet core
this component is shown as a dashed line in Fig. 14 , left panel). This
heath extends from the edge of the jet core, at θj = 15.◦0, to the outer
heath at θs = 20.◦0. The isotropic equivalent kinetic energy within
esmi 2018 , for details). 
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Figure 15. Multiwavelength light-curve modelling of the transient EP241021a beyond day ∼ 15. In the left panel, we show 90 per cent credible intervals for 
different bands from our fit to the optical data with a thermal (one-zone radioactive decay) model combined with two afterglow components. The right-hand 
panel shows the same data with the SN component (dashed lines) and the afterglow components (solid lines), highlighting how the thermal component begins 
to dominate after ∼ 20 d. 
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he sheath is Ek, iso = 5 × 1052 erg, the Lorentz factor of the sheath
aterial is �0 ,s = 3 . 5, and the participation fraction is �N,s = 0 . 2.
he total light curve, the sum of the early or late core, respectively,
nd the sheath, is shown as a thick solid line. 

The model light curve fails to reproduce the late X-ray emission
t Epoch III. Additionally, the complexity of the radio variability is
ot exactly reproduced; however, some of this variability may be due 
o scintillation, which is not modelled. The late optical and IR data
uring Epoch III appear in excess of the afterglow model – this is
xpected as the optical and NIR are dominated by an unmodelled 
hermal component at this time. 

.2 Epoch III: supernova modelling 

rawing motivation from the discussion above (see Section 4 ), we 
ow consider the origin of the thermal component that begins to 
ominate the optical emission during Epoch III. To simplify our 
odelling, we fix the non-thermal emission components as described 

bove and explore the optical light curve post 15 d as a combination
f a two non-thermal components (dominating the emission during 
pochs I and II) and one thermal component. 8 We first consider 
DE-like emission, although we note that no TDE has ever been 
ssociated with the highly relativistic outflows (i.e. � ≈ 100; e.g. 
T2022cmc and Sw J1644 + 57 are modelled to have had � ≈
0; J. S. Bloom et al. 2011 ; I. Andreoni et al. 2022 ), which we
equire to explain the rest of the light curve, as discussed above.
his includes both jetted TDE systems where the jet was launched 
romptly and systems with delayed relativistic outflows relative to 
ptical (Y. Cendes et al. 2024 ). We consider two models for optical
mission from a TDE: (i) the optical luminosity is a function of the
all-back rate onto the BH (J. Guillochon & E. Ramirez-Ruiz 2013 ;
. Mockler, J. Guillochon & E. Ramirez-Ruiz 2019 ); and (ii) the
ptical emission is generated via cooling emission of a hot pressure-
upported envelope of the disrupted material (B. D. Metzger 2022 ; 
. Sarin & B. D. Metzger 2024 ). In general, similar to the models

hown in Fig. A2 , we find that TDE models (in the relevant BH mass
ange) do not sufficiently add to the afterglow light curve to explain
 We use REDBACK (N. Sarin et al. 2024 ) implementations of all models and fit 
or the thermal component using the PYMULTINEST (F. Feroz, M. P. Hobson & 

. Bridges 2009 ; J. Buchner 2016 ) sampler via BILBY (G. Ashton et al. 2019 ). 

(  

a  

f  

a
a  
he thermal component. Moreover, tuning parameters such as the 
fficiency of the BH to resolve this lead to thermal light curves that
ast too long, inconsistent with the late-time behaviour seen in EP
41021a. 
Next, we consider an SN origin for the thermal component, 

hich, as we discussed, appears to be the likely origin of the
hermal component during Epoch III, consistent with the time-scale, 
uminosity, and colours expected for a Type Ic-BL SN. We attempt
our different fits to the data (with the exact setup as above). First,
e consider emission from radioactive decay of 56 Ni following a 
ne-zone model (W. D. Arnett 1980 ; D. K. Nadyozhin 1994 ). Our
ts to the overall optical light curve from 15 d is shown in Fig. 15
left panel), which shows great agreement with the data, and how
he SN component (right panel, dashed lines) begins to dominate 
ver the declining afterglow component (right panel, solid lines) 
t t � 18 d, consistent with our analysis from the SED. However,
hile this model broadly works at describing the data, the estimated
arameters are in tension with expectations for other Type Ic-BL SNe. 
n particular, we recover an estimated ejecta mass of 4 . 7+ 2 . 6 

−1 . 7 M� with a
ickel fraction of 0 . 5+ 0 . 3 

−0 . 2 and extremely high velocities of ∼ 150 , 000
m s−1 , which are all inconsistent with constraints from other Type
c (e.g. G. P. Srinivasaragavan et al. 2024 ). 

This discrepancy between our inferred parameters and those of 
ther SNe could be due to several reasons, such as our analysis fixing
he components that describe the complex nature of the afterglow. 

e also perform fits with arbitrarily scaled and shifted SEDs of
N 1998bw, which fail to adequately describe the full light curve.
his could raise doubts regarding an SN origin for the thermal
omponent. However, we believe that the high energetics and fast 
uration of the thermal component in EP241021a compared to other 
ype Ic-BL SNe (see Fig. 10 ) suggest another energy source is at
lay. Such an additional component could also be responsible for 
he re-brightening in X-rays and optical. To further investigate this 
cenario, we perform additional fits with models invoking additional 
nergy in an SN from fallback accretion onto a stellar-mass BH
N. Sarin et al. 2024 ), a millisecond magnetar (N. Sarin et al.
022 ; C. M. B. Omand & N. Sarin 2024 ), and CSM interaction
E. Chatzopoulos, J. C. Wheeler & J. Vinko 2012 ). We find that
ll three models provide good fits to the data (with a preference
or the magnetar model based on the Bayes factor). Furthermore, the
dditional energy input from either source also alleviates the concern 
bout our ejecta parameters, for example, across all three models we
MNRAS 545, 1–26 (2026)
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nfer 56 Ni ≈ 0 . 15, consistent with expectations and prior constraints
rom Type Ic SNe (G. P. Srinivasaragavan et al. 2024 ). Ultimately,
hich of these interpretations is correct and precise estimates of
arameters relies on much more detailed modelling (including the
fterglow component in the fit). However, we also stress that the lack
f detailed optical data will likely prevent any strong conclusions,
s these models are intrinsically uncertain and degenerate. The
road agreement of the data during Epoch III with a combination
f two afterglows, SN component plus energy injection, suggests the
rogenitor of EP241021a is similar to a few other EP FXTs (e.g. J. N.
. Dalen et al. 2025 ; R. A. J. Eyles-Ferris et al. 2025 ; J. C. Rastinejad

t al. 2025 ; G. P. Srinivasaragavan et al. 2025 ), and these events are
ostly related to the collapsar phenomena. The exceptional nature of

he likely SN in EP241021a points to an additional source of energy
esides radioactive decay from 56 Ni . 
M. Busmann et al. ( 2025 ) also modelled their light-curve data for

P241021a with radioactive decay models and included an additional
nergy input from CSM interaction and magnetar models. Only the
ormer two models are consistent with the implemented physics, as
he models we use here, but our inferred parameters are considerably
ifferent. For example, they infer an ejecta mass of 9 . 9 M� with

50 per cent 56 Ni for the radioactive-decay only model, entirely
nconsistent with any Type Ic SN (G. P. Srinivasaragavan et al. 2024 ).
imilarly, for the CSM interaction with radioactive decay model, they

nfer a CSM mass of ≈ 95 ± 60M�, implying an extremely massive
rogenitor. These constraints and discrepancies are most likely driven
y the assumptions of the non-thermal afterglow component. We note
hat our magnetar model is significantly different from the model used
n their work, including, for example, losses due to work done by
he magnetar wind (see N. Sarin et al. 2022 ; C. M. B. Omand & N.
arin 2024 , for details) that is ignored in their implementation, so
ur results are not comparable. 

 C O N C L U S I O N S  

e have presented a detailed multiwavelength study of the FXT
P241021a, discovered on 2024 October 21 by the EP-WXT instru-
ent aboard the Einstein Probe . With a redshift of z = 0 . 7485 and a

eak X-ray luminosity of ∼ 2 × 1048 erg s−1 , EP241021a exhibited a
ich and complex evolution across the X-ray, optical, NIR, and radio
ands over a period of more than ∼100 d. 
The optical light curve is characterized by a distinct three-phase
orphology (see Fig. 4 ), captured through a smooth triple power-

aw fit: (I) an initial decay with power-law index α ≈ −0 . 7 lasting
ntil day 5.6; (II) a sharp re-brightening peaking at ∼ 7 . 7 d with
≈ + 3 . 6, followed by a steeper decay than in the previous phase
ith a slope of α ≈ −1 . 3; and (III) a mild re-brightening around
ay ∼19, followed by a slower decline. This light-curve evolution is
ot typical of standard GRB afterglows and suggests the presence of
ultiple physical components contributing to the observed emission.
During the first ∼20 d, the optical and X-ray SEDs are both

ell described by a single non-thermal power law (see Fig. 6 ), with
pectral indices consistent with optically thin synchrotron emission
 βop ≈ −1 . 1 and βox ≈ −1 . 0), indicating that the optical and X-
ay emission likely originate from the same spectral component.
owever, beyond day ∼20, the optical SED becomes significantly

teeper and inconsistent with the X-ray data, reaching a spectral
lope of βop ≈ −3 . 1 (see Fig. 6 ). Concurrently, the optical source
e-brightened, reaching an absolute magnitude of Mr ≈ −20 . 1 mag
see Fig. 8 ). 
NRAS 545, 1–26 (2026)
Spectroscopically, the transient displayed a relatively stable optical
ontinuum with a spectral slope of βspec ≈ −1 . 2 until day ∼19
see Fig. 5 ), confirming the photometric evidence of a non-thermal
mission component. However, subsequent spectroscopic epochs
eveal a different behaviour than in earlier phases, especially our

USE spectrum shows an even steeper spectral index of βspec ≈
2 . 73. This spectral shape is interpreted as due to the emergence

f a new emission component. However, no broad absorption lines
haracteristic of Type Ic-BL SNe were detected. 

The inclusion of contemporaneous radio, NIR, optical, and X-ray
ata from follow-up campaigns (including those presented before in
he literature; M. Busmann et al. 2025 ; G. Gianfagna et al. 2025 ; X.
hu et al. 2025 ; M. Yadav et al. 2025 ) enables broad-band SED fitting
see Fig. 11 ). Both from analysing our optical data as well as data in
he literature, we conclude that a non-thermal origin is required for
he early-time emission. However, beyond day ∼20, an additional
B component is required to explain the optical SED, alongside

he non-thermal contribution. The onset of the re-brightening after
ay � 20, in combination with the steepening of the optical spectral
lope and the evolving SED, is well explained by the emergence of
 thermal component. Indeed, the host galaxy does not contribute
ignificantly to the photometry of the transient until after day ≈ 70.
his is interpreted as the onset of an SN, supported by its position

n the peak absolute magnitude versus duration parameter space
see Fig. 10 ), its colour evolution (see Fig. A1 ), and the subtracted-
fterglow MUSE spectrum at late times (see Fig. 12 ). The presence
f this thermal component and its consistency with a Type Ic-BL SN
ignature suggest that the progenitor of this X-ray transient detected
y EP might be a collapsar. Our inability to detect typical Type Ic-BL
N features might be caused by the presence of an additional spectral
omponent reducing the equivalent width of the lines, in combination
ith the relatively high redshift of the event. 
We modelled the complex light curve of EP241021a as the

uperposition of some distinct afterglow components, each rep-
esenting a separate emission region or energy release episode.
he first component, responsible for the early-time decay ( � 6 d),
orresponds to the standard forward-shock afterglow produced by
he interaction of a relativistic outflow with the ISM. This model
ssumes a top-hat jet viewed on-axis, with an opening angle of
j ≈ 15◦, an isotropic-equivalent kinetic energy of 6 . 3 × 1051 erg,
n initial Lorentz factor �0 = 100, and a power-law index of
 = 1 . 8 for the shock-accelerated electrons. This component follows
 smooth decline with temporal and spectral indices consistent with
ynchrotron emission in the slow-cooling regime. To reproduce the
ight curve beyond ∼8 d, two additional components are required.
he second component shares characteristics with the first, but

ncorporates an energy injection episode that increases the kinetic
nergy by a factor of ≈2, while maintaining similar microphysical
arameters. A third component, needed to account for the radio and
ate-time X-ray data, involves a sheath or two-component jet structure
urrounding the jet core. In addition, to explain the late-time optical
ehaviour, an SN component must be included, consistent with
he spectrophotometric evidence. This multicomponent framework
einforces the interpretation of EP241021a as a hybrid transient,
xhibiting both relativistic jet dynamics and late-time energy sources
uch as an SN and potential prolonged central engine activity. 

EP241021a exemplifies the diverse and evolving population of
xtragalactic FXTs now being uncovered by the Einstein Probe
atellite. Its rich multiphase light curve, delayed spectral transition,
nd ambiguous classification challenge existing models and highlight
he importance of early, coordinated, and long-term follow-up across
he electromagnetic spectrum. 



The nature of EP241021a 19

A

J
E
a
a  

t
E
f
f

o
1
C
t
M
t
(
2
F
P
a
F
t  

P
c
(

v
2
A
d
b
F
A
d
C
A
w
A

 

t
C
N  

l

t
p
t
0  

S
B
B
N
A
N
p
(
t
m

D

T  

p

R

A
A
A
A
A  

A
A
A  

A
A
A  

B  

B
B
B
B
B  

B  

B  

B
B
B
B
B
B
B
B
B
B  

B
B  

B  

B
C  

C
C  

C  

C
C  

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/545/4/staf2064/8329192 by guest on 14 January 2026
C K N OW L E D G E M E N T S  

QV, PGJ, JNDD, JSS, MER, and APCH are supported by the 
uropean Union (ERC, Starstruck, 101095973, PI: Jonker). Views 
nd opinions expressed are, however, those of the author(s) only 
nd do not necessarily reflect those of the European Union or
he European Research Council Executive Agency. Neither the 
uropean Union nor the granting authority can be held responsible 

or them. JQV additionally acknowledges support by the IAU-Gruber 
oundation. 

DMS and MAPT acknowledge support by the Spanish Ministry 
f Science via the Plan de Generación de conocimiento PID2020- 
20323GB-I00. DMS also acknowledges support via a Ramon y 
ajal Fellowship RYC2023-044941. NS acknowledges support from 

he Knut and Alice Wallenberg Foundation through the ‘Gravity 
eets Light’ project and the research environment grant ‘Gravi- 

ational Radiation and Electromagnetic Astrophysical Transients’ 
GREAT) funded by the Swedish Research Council (VR) under Dnr 
016–06012. GPL is supported by a Royal Society Dorothy Hodgkin 
ellowship (grant nos DHF-R1-221175 and DHF-ERE-221005). 
TOB acknowledges support from UKRI grant ST/W000857/1. FEB 

cknowledges support from ANID-Chile BASAL CATA FB210003, 
ONDECYT Regular 1241005, and Millennium Science Initia- 

ive, AIM23-0001. The work of DS was carried out at the Jet
ropulsion Laboratory, California Institute of Technology, under a 
ontract with the National Aeronautics and Space Administration 
80NM0018D0004). 

Based on observations obtained at the international Gemini Obser- 
atory (Program IDs GN-2024B-Q-107, GS-2024B-Q-105, and GS- 
025A-Q-107), a program of NOIRLab, which is managed by the 
ssociation of Universities for Research in Astronomy (AURA) un- 
er a cooperative agreement with the National Science Foundation on 
ehalf of the Gemini Observatory partnership: the National Science 
oundation (United States), National Research Council (Canada), 
gencia Nacional de Investigación y Desarrollo (Chile), Ministerio 
e Ciencia, Tecnologı́a e Innovación (Argentina), Ministério da 
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4379 
MNRAS 545, 1–26 (2026)

http://dx.doi.org/10.1103/PhysRevX.11.021053
http://dx.doi.org/10.3847/1538-4357/ab91ba
http://dx.doi.org/10.3847/1538-4357/ad11df
http://dx.doi.org/10.1038/s41586-022-05465-8
http://dx.doi.org/10.1086/157898
http://dx.doi.org/10.3847/1538-4365/ab06fc
http://dx.doi.org/10.1146/annurev.astro.46.060407.145222
http://dx.doi.org/10.1117/12.856027
http://dx.doi.org/10.1093/mnras/stv011
http://dx.doi.org/10.1093/mnras/stx417
http://dx.doi.org/10.1146/annurev-astro-081913-035926
http://dx.doi.org/10.1088/0004-637X/765/2/121
http://dx.doi.org/10.1051/0004-6361/201117895
http://dx.doi.org/10.1051/0004-6361/202554188
http://dx.doi.org/10.3847/0004-637X/817/2/144
http://dx.doi.org/10.1093/mnras/179.3.433
http://dx.doi.org/10.1086/510127
http://dx.doi.org/10.1086/520494
http://dx.doi.org/10.1086/338893
http://dx.doi.org/10.1126/science.1207150
http://dx.doi.org/10.3847/1538-4357/adaaef
http://dx.doi.org/10.1093/mnras/stv1520
http://dx.doi.org/10.1051/0004-6361/202554626
http://dx.doi.org/10.1086/308692
http://dx.doi.org/10.1038/nature04892
http://dx.doi.org/10.1093/mnras/stac3539
http://arxiv.org/abs/1705.05165
http://dx.doi.org/10.1093/mnras/sty2169


20 J. Quirola-Vásquez et al.

M

C  

C
C
C
C  

 

C
C  

C  

 

C  

C
D
D  

D
d
D
E
E
E
E
E
E  

E
E
E  

E
F
F
F
F
F
F
F
F  

F  

F
F  

F
F  

 

F  

F
F
G
G
G  

G
G  

G
G
G
G
G
G

G
G  

 

G  

G
G
G
G
H
H
H
H
H  

H
H  

H
H
H
H  

H  

H
I
I
I
I  

 

J  

J
J
J
K
K  

K
K
K
K
K
K  

L  

L
L
L
L  

L  

L
L
L
L
L
L  

L
L
L
L
L

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/545/4/staf2064/8329192 by guest on 14 January 2026
arnall A. C. , Leja J., Johnson B. D., McLure R. J., Dunlop J. S., Conroy C.,
2019, ApJ , 873, 44 

ash W. , 1979, ApJ , 228, 939 
endes Y. , et al., 2024, ApJ , 971, 185 
enko S. B. et al., 2012, ApJ , 753, 77 
epa J. et al., 2000, in Iye M., Moorwood A. F., eds, Proc. SPIE Conf.

Ser.Vol. 4008, Optical and IR Telescope Instrumentation and Detectors .
SPIE, Bellingham, p. 623 

hatzopoulos E. , Wheeler J. C., Vinko J., 2012, ApJ , 746, 121 
hruslinska M. , Belczynski K., Klencki J., Benacquista M., 2018, MNRAS ,

474, 2937 
lemens J. C. , Crain J. A., Anderson R., 2004, in Moorwood A. F. M., Iye

M., eds, Proc. SPIE Conf. Ser.Vol. 5492, Ground-based Instrumentation
for Astronomy . SPIE, Bellingham, p. 331 

locchiatti A. , Suntzeff N. B., Covarrubias R., Candia P., 2011, AJ , 141, 163
ovino S. et al., 2008, MNRAS , 388, 347 
ai Z. G. , Wang X. Y., Wu X. F., Zhang B., 2006, Science , 311, 1127 
e Colle F. , Guillochon J., Naiman J., Ramirez-Ruiz E., 2012, ApJ , 760, 103
e Luca A. et al., 2021, A&A , 650, A167 
e Ugarte Postigo A. et al., 2018, A&A , 620, A190 
hillon V. S. et al., 2021, MNRAS , 507, 350 
appachen D. et al., 2022, MNRAS , 514, 302 
appachen D. et al., 2023, ApJ , 948, 91 
appachen D. et al., 2024, MNRAS , 527, 11823 
ftekhari T. et al., 2024, ApJ , 974, 149 
rben T. et al., 2005, Astron. Nachr. , 326, 432 
SO CPL Development Team , 2015, Astrophysics Source Code Library,

record ascl:1504.003 
vans P. A. et al., 2007, A&A , 469, 379 
vans P. A. et al., 2009, MNRAS , 397, 1177 
vans P. A. , Page K. L., Beardmore A. P., Eyles-Ferris R. A. J., Osborne J.

P., Campana S., Kennea J. A., Cenko S. B., 2023, MNRAS , 518, 174 
yles-Ferris R. A. J. et al., 2025, ApJ , 988, L14 
eroz F. , Hobson M. P., Bridges M., 2009, MNRAS , 398, 1601 
ilgas R. et al., 2011, A&A , 526, A113 
itzpatrick E. L. , 1999, PASP , 111, 63 
ong W. , Berger E., Fox D. B., 2010, ApJ , 708, 9 
ong W. et al., 2012, ApJ , 756, 189 
ong W. et al., 2014, ApJ , 780, 118 
ong W.-f. et al., 2022, ApJ , 940, 56 
rank J. , King A., Raine D., 2002, Accretion Power in Astrophysics, 3rd edn.

Cambridge Univ. Press, Cambridge 
reeburn J. , Andreoni I., Quirola-Vasquez J., Malesani D. B., Bauer F. E.,

Jonker P. G., 2024, GCN Circ., 37911, 1 
reeman P. E. , Kashyap V., Rosner R., Lamb D. Q., 2002, ApJS , 138, 185 
reudling W. , Romaniello M., Bramich D. M., Ballester P., Forchi V., Garcı́a-
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Figure A2. Optical light curves of EP241021a compared to optical ther- 
monuclear transients from hydrodynamic simulation (considering a width 
range of orientations) of TDEs of WDs from M. MacLeod et al. ( 2016 ). The 
optical light curves remain brighter than the simulations during the whole 
emission. 

Figure A3. Main panel: posterior SED models for the host galaxy (observed 
by HiPERCAM using ugriz bands) of EP241021a obtained from BAGPIPES . 
Bottom panel: the relative transmission functions of the different filters are 
used in the fitting process. Right panels: from top to bottom: the posterior 
distribution of the dust attenuation, the SFR, and the stellar mass. The colour 
gradient depicts the 68 per cent and 90 per cent confidence levels, respectively. 
The inset figure in the top main panel shows the image in r band taken by 
HiPERCAM ∼ 304 d after the trigger of the host galaxy of the transient. The 
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PPENDIX  A :  C O M PA R I S O N  WITH  OTH ER  

RANSIEN TS  

s we mentioned above, the comparison with well-known transients
s essential to discover the progenitor of EP241021a. Fig. A1 depicts
he colour evolution of EP241021a, and a comparison with transients
uch as SN 1998bw (A. Clocchiatti et al. 2011 ), AT2018cow (S. J.
rentice et al. 2018 ), SN 2006aj (A. M. Soderberg et al. 2006 ),
nd EP240414a (J. N. D. Dalen et al. 2025 ). Meanwhile, Fig. A2
hows the optical multiband light curves of EP241021a and the
ydrodynamical simulation developed by M. MacLeod et al. ( 2016 )
or the tidal disruption of WD by IMBH. 

igure A1. Colour evolution of EP241021a, compared to that of the
ransients AT 2018cow, SN 1998bw, SN 2006aj, and EP240414a (A. M.
oderberg et al. 2006 ; A. Clocchiatti et al. 2011 ; S. J. Prentice et al. 2018 ; J.
. D. Dalen et al. 2025 ). The squares, diamonds, and circles markers depict

he respective g − z, r − z, and g − r colours of EP241021a. 
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lines mark the position of EP241021a. anuary 2026
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Table A1. Photometry obtained with various ground-based telescopes for this work. UL in the AB magnitude column stands for the 3 σ upper limit. 

Telescope Instrument Date (UT) Days since trigger Exposure time Filter AB magnitude Ref. 
(1) (2) (3) (4) (5) (6) (7) (8) 

NOT ALFOSC 2024-10-22 23:41:02 1 .773 5 ×200 z 21.61 ±0.11 This work 
NOT ALFOSC 2024-10-23 03:01:58 1 .91252 5 ×300 r 21.95 ±0.06 This work 
NOT ALFOSC 2024-10-23 23:19:27 2 .75801 5 ×360 r 21.99 ±0.05 This work 
NOT ALFOSC 2024-10-24 00:48:23 2 .81976 5 ×300 z 21.55 ±0.11 This work 
GTC HiPERCAM 2024-10-24 00:43:21 2 .8232 40 ×30 u 22.85 ±0.04 This work 
GTC HiPERCAM 2024-10-24 00:43:21 2 .8232 40 ×30 g 22.29 ±0.02 This work 
GTC HiPERCAM 2024-10-24 00:43:21 2 .8232 40 ×30 r 21.84 ±0.02 This work 
GTC HiPERCAM 2024-10-24 00:43:21 2 .8232 40 ×30 i 21.80 ±0.02 This work 
GTC HiPERCAM 2024-10-24 00:43:21 2 .8232 40 ×30 z 21.48 ±0.03 This work 
Swift UVOT 2024-10-24 20:53:07 3 .7236 2545.8 V > 20.69 This work 
NOT ALFOSC 2024-10-24 23:41:21 3 .77322 5 ×300 r 22.26 ±0.05 This work 
NOT ALFOSC 2024-10-25 00:06:08 3 .79042 5 ×300 z 22.01 ±0.12 This work 
GS GMOS-acq 2024-10-25 2:32:22 3 .89231 1 ×60 r 22.37 ±0.08 This work 
Keck MOSFIRE 2024-10-25 9:57:55 4 .201377 5 ×60 J 21.86 ±0.05 This work 
Keck MOSFIRE 2024-10-25 10:06:50 4 .207569 6 ×30 H 21.76 ±0.12 This work 
Keck MOSFIRE 2024-10-25 10:19:38 4 .216458 9 ×60 Ks 21.45 ±0.06 This work 
Swift UVOT 2024-10-25 15:30:30 4 .47832 1347.82 UV M2 > 22.49 This work 
SOAR Goodman 2024-10-27 03:08:35 5 .917132 15 ×100 i 22.32 ±0.11 This work 
GS GMOS 2024-10-28 02:39:48 6 .89714 4 ×180 r 21.76 ±0.01 This work 
GS GMOS 2024-10-28 02:52:48 6 .91 4 ×180 g 22.24 ±0.02 This work 
GS GMOS-acq 2024-10-28 3:26:12 6 .929699 1 ×60 z 21.27 ±0.10 This work 
GS GMOS-acq 2024-10-28 3:51:46 6 .94745 1 ×60 i 21.7 ±0.05 This work 
GTC HiPERCAM 2024-10-29 01:31:00.9 7 .8563 40 ×30 u 22.48 ±0.02 This work 
GTC HiPERCAM 2024-10-29 01:31:00.9 7 .8563 40 ×30 g 21.78 ±0.01 This work 
GTC HiPERCAM 2024-10-29 01:31:00.9 7 .8563 40 ×30 r 21.37 ±0.01 This work 
GTC HiPERCAM 2024-10-29 01:31:00.9 7 .8563 40 ×30 i 21.32 ±0.01 This work 
GTC HiPERCAM 2024-10-29 01:31:00.9 7 .8563 40 ×30 z 20.99 ±0.02 This work 
Swift UVOT 2024-10-29 09:32:49 8 .3458 4289.06 U 22.23 ±0.24 This work 
NOT ALFOSC 2024-10-29 23:03:22 8 .74684 3 ×300 r 21.68 ±0.06 This work 
NOT ALFOSC 2024-10-29 23:19:58 8 .75836 3 ×300 g 21.98 ±0.07 This work 
NOT ALFOSC 2024-10-29 23:42:02 8 .77369 5 ×300 z 21.18 ±0.08 This work 
GTC OSIRIS-acq 2024-10-31 00:36:59 9 .81185 1 ×150 i 21.56 ±0.05 This work 
SOAR Goodman 2024-10-31 02:38:58 9 .89648 20 ×60 r 21.87 ±0.08 This work 
SOAR Goodman 2024-10-31 04:30:17 9 .9739 20 ×60 i 21.62 ±0.09 This work 
GS GMOS-acq 2024-10-31 6:16:25 10 .04859 1 ×180 r 21.71 ±0.02 This work 
NOT ALFOSC 2024-10-31 23:18:48 10 .75756 4 ×300 r 22.04 ±0.05 This work 
NOT ALFOSC 2024-11-1 23:55:37 11 .78311 4 ×300 r 22.26 ±0.26 This work 
SOAR Goodman 2024-11-3 01:18:53 12 .8409 25 ×60 g 22.67 ±0.11 This work 
SOAR Goodman 2024-11-3 01:56:03 12 .86676 25 ×60 r 22.48 ±0.10 This work 
Swift UVOT 2024-11-03 02:25:38 13 .2881 3059.02 U 22.71 ±0.43 This work 
Swift UVOT 2024-11-05 20:19:57 15 .6522 985.45 U > 21.87 This work 
NOT ALFOSC 2024-11-5 23:57:39 15 .78453 4 ×300 r 22.77 ±0.06 This work 
Swift UVOT 2024-11-07 02:11:57 17 .1315 3107.47 U > 22.52 This work 
GTC HiPERCAM 2024-11-09 00:13:48 18 .8027 40 ×30 u 23.83 ±0.09 This work 
GTC HiPERCAM 2024-11-09 00:13:48 18 .8027 40 ×30 g 23.34 ±0.03 This work 
GTC HiPERCAM 2024-11-09 00:13:48 18 .8027 40 ×30 r 22.68 ±0.04 This work 
GTC HiPERCAM 2024-11-09 00:13:48 18 .8027 40 ×30 i 22.60 ±0.06 This work 
GTC HiPERCAM 2024-11-09 00:13:48 18 .8027 40 ×30 z 22.06 ±0.05 This work 
GTC EMIR 2024-11-10 23:35:08 20 .7688 260 ×5 H 22.39 ±0.09 This work 
Swift UVOT 2024-11-15 19:08:48 25 .8468 1676.24 U > 22.22 This work 
SOAR Goodman 2024-11-18 03:12:09 27 .92751 15 ×80 z 22.48 ±0.32 This work 
SOAR Goodman 2024-11-18 04:38:14 27 .98729 15 ×80 r > 22.65 This work 
GTC HiPERCAM 2024-11-22 22:37:41 32 .7359 40 ×30 u 24.50 ±0.12 This work 
GTC HiPERCAM 2024-11-22 22:37:41 32 .7359 40 ×30 g 23.68 ±0.04 This work 
GTC HiPERCAM 2024-11-22 22:37:41 32 .7359 40 ×30 r 23.01 ±0.05 This work 
GTC HiPERCAM 2024-11-22 22:37:41 32 .7359 40 ×30 i 22.90 ±0.07 This work 
GTC HiPERCAM 2024-11-22 22:37:41 32 .7359 40 ×30 z 22.49 ±0.17 This work 
VLT MUSE 2024-11-27 01:52:05 36 .8956 3 ×700 r 23.51 ±0.11 This work 
VLT MUSE 2024-11-27 01:52:05 36 .8956 3 ×700 i 23.02 ±0.11 This work 
VLT MUSE 2024-11-27 01:52:05 36 .8956 3 ×700 z 22.43 ±0.12 This work 
GS GMOS 2024-12-29 01:23:20 68 .86419 10 ×180 r 24.24 ±0.05 This work 
GS GMOS 2025-01-22 01:35:50 92 .8616 12 ×80 z 23.94 ±0.22 This work 
GS GMOS 2025-01-23 00:57:01 93 .83952 12 ×180 r 24.52 ±0.06 This work 
GTC HiPERCAM 2025-02-01 20:53:20.68 103 .663 40 ×30 g > 24.69 This work 
GTC HiPERCAM 2025-02-01 20:53:20.68 103 .663 40 ×30 r > 24.15 This work 
GTC HiPERCAM 2025-02-01 20:53:20.68 103 .663 40 ×30 i 23.95 ±0.39 This work 
GTC HiPERCAM 2025-02-01 20:53:20.68 103 .663 40 ×30 z > 24.18 This work 

Notes . Columns 1 and 2: telescope and instrument per observation, respectively. Columns 3 and 4: start date of the observation and days after the X-ray trigger, respectively. Columns 
5 and 6: exposure time and filter per observation, respectively. Column 7: magnitude and uncertainty in AB system. The photometry was not corrected for Galactic extinction, nor for 
the host contribution. 
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Table A3. X-ray detections of EP241021a used in this work. 

Telescope Instrument Date (UT) Days since trigger Exp. time (ks) Band (keV) � Flux (erg s−1 cm−2 ) Reference 
(1) (2) (3) (4) (5) (6) (7) (8) (9) 

Einstein Probe WXT 2024-10-21 05:07:56 Trigger – 0.5–4.0 1 . 48+ 1 . 24 
−1 . 22 

(
3 . 3+ 4 . 8 

−1 . 6 

) × 10−10 J. W. Hu et al. ( 2024 ) 

Swift XRT 2024-10-24 20:58:09 3.7243 2.58 0.3–10 2.3 (fixed) < 2 . 5 × 10−13 This work 

Swift XRT 2024-10-25 15:30:26 4.47828 1.38 0.3–10 2.3 (fixed) < 3 . 7 × 10−13 This work 

Swift XRT 2024-10-29 09:32:45 8.34581 4.37 0.3–10 2.3 (fixed) 
(

1 . 2+ 0 . 5 
−0 . 4 

)
× 10−13 This work 

Swift XRT 2024-11-03 02:25:34 13.288 3.11 0.3–10 2.3 (fixed) < 1 . 7 × 10−13 This work 

Chandra ACIS-S 2024-11-04 02:51:52 13.97409 10.0 0.3–10 1 . 33 ± 0 . 65 
(

6 . 5+ 3 . 1 
−2 . 0 

) × 10−14 This work 

2.0 (fixed) 
(

6 . 93+ 1 . 52 
−1 . 32 

)
× 10−14 This work 

Swift XRT 2024-11-05 20:24:10 15.64207 1.0 0.3–10 2.3 (fixed) < 4 . 9 × 10−13 This work 

Swift XRT 2024-11-07 02:15:13 17.11778 3.2 0.3–10 2.3 (fixed) < 1 . 8 × 10−13 This work 

Swift XRT 2024-11-15 19:08:44 25.84677 1.7 0.3–10 2.3 (fixed) 
(

7 . 2+ 5 . 5 
−3 . 7 

)
× 10−14 This work 

XMM–Newton MOS2 2025-01-18 13:03:43 89.34 39.9 0.3–10 – < 2 . 83 × 10−15 X. Shu et al. ( 2025 ) 

Einstein Probe satellite 

Einstein Probe FXT 2024-10-22 17:43:00 1.54 3.0 0.3–10 1.83 ±0.08 
(

2 . 10+ 0 . 32 
−0 . 28 

) × 10−13 X. Shu et al. ( 2025 ) 

Einstein Probe FXT 2024-10-23 17:46:00 2.54 6.0 0.3–10 –
(

2 . 0+ 0 . 19 
−0 . 18 

) × 10−13 X. Shu et al. ( 2025 ) 

Einstein Probe FXT 2024-10-24 19:25:00 3.61 6.0 0.3–10 –
(

1 . 45+ 0 . 18 
−0 . 16 

) × 10−13 X. Shu et al. ( 2025 ) 

Einstein Probe FXT 2024-10-25 17:51:00 4.54 8.6 0.3–10 –
(

1 . 41+ 0 . 14 
−0 . 15 

) × 10−13 X. Shu et al. ( 2025 ) 

Einstein Probe FXT 2024-10-27 14:47:00 6.41 6.1 0.3–10 –
(

1 . 66+ 0 . 20 
−0 . 18 

) × 10−13 X. Shu et al. ( 2025 ) 

Einstein Probe FXT 2024-10-29 08:28:00 8.15 5.6 0.3–10 –
(

2 . 09+ 0 . 25 
−0 . 18 

)
× 10−13 X. Shu et al. ( 2025 ) 

Einstein Probe FXT 2024-11-02 15:04:00 12.43 2.1 0.3–10 –
(

0 . 91+ 0 . 26 
−0 . 22 

) × 10−13 X. Shu et al. ( 2025 ) 

Einstein Probe FXT 2024-11-04 07:08:00 14.10 6.2 0.3–10 –
(

0 . 79+ 0 . 14 
−0 . 13 

) × 10−13 X. Shu et al. ( 2025 ) 

Einstein Probe FXT 2024-11-07 12:04:00 17.30 4.8 0.3–10 –
(

0 . 87+ 0 . 18 
−0 . 15 

) × 10−13 X. Shu et al. ( 2025 ) 

Einstein Probe FXT 2024-11-20 15:41:00 30.45 5.6 0.3–10 –
(

0 . 47+ 0 . 13 
−0 . 11 

) × 10−13 X. Shu et al. ( 2025 ) 

Einstein Probe FXT 2024-11-30 19:13:00 40.60 8.9 0.3–10 –
(

0 . 31+ 0 . 10 
−0 . 09 

) × 10−13 X. Shu et al. ( 2025 ) 

Einstein Probe FXT 2025-01-08 10:36:19 79.24 8.7 0.3–10 – < 1 . 82 × 10−14 X. Shu et al. ( 2025 ) 

Notes . Columns 1 and 2: telescope and instrument per observation, respectively. Columns 3 and 4: start date of the observation and days after the X-ray trigger, respectively. Columns 
5 and 6: exposure time and energy band per observation, respectively. Column 7: photon index computed or assumed. Column 8: unabsorbed flux. Column 9: reference. 

Table A4. Radio observations of EP241021a used in this work. 

Telescope Start date (UT) Since trigger (d) Frequency (GHz) Flux density (mJy) Reference 
(1) (2) (3) (4) (5) (6) 

ATCA 2024-10-29 8 .0 5 .0 0.350 ±0.029 X. Shu et al. ( 2025 ) 
ATCA 2024-10-29 8 .0 5 .5 0.382 ±0.024 X. Shu et al. ( 2025 ) 
ATCA 2024-10-29 8 .0 6 .0 0.407 ±0.029 X. Shu et al. ( 2025 ) 
ATCA 2024-10-29 8 .0 9 .0 0.453 ±0.026 X. Shu et al. ( 2025 ) 
ATCA 2024-10-29 8 .0 9 .5 0.467 ±0.028 X. Shu et al. ( 2025 ) 
ATCA 2024-11-08 8:52:55 18 .3 5 .5 0.434 ±0.022 M. Yadav et al. ( 2025 ) 
ATCA 2024-11-08 8:52:55 18 .3 9 .0 0.543 ±0.024 M. Yadav et al. ( 2025 ) 
ATCA 2024-11-08 8:52:55 18 .3 17 .0 0.366 ±0.035 M. Yadav et al. ( 2025 ) 
ATCA 2024-11-11 21 .1 2 .1 0.256 ±0.042 G. Gianfagna et al. ( 2025 ) 
e-MERLIN 2024-11-09 19 .5 5 .0 0.614 ±0.164 G. Gianfagna et al. ( 2025 ) 
ATCA 2024-11-15 25 .1 5 .5 0.842 ±0.044 G. Gianfagna et al. ( 2025 ) 
ATCA 2024-11-15 25 .1 9 .0 0.653 ±0.034 G. Gianfagna et al. ( 2025 ) 
ATCA 2024-11-15 25 .1 16 .7 0.341 ±0.029 G. Gianfagna et al. ( 2025 ) 
ATCA 2024-11-15 7:36:25 25 .3 17 .0 0.347 ±0.041 M. Yadav et al. ( 2025 ) 
ATCA 2024-11-15 25 .1 21 .0 0.285 ±0.092 G. Gianfagna et al. ( 2025 ) 
ATCA 2024-11-21 31 .6 2 .1 0.327 ±0.033 G. Gianfagna et al. ( 2025 ) 
ATCA 2024-11-21 31 .6 5 .5 1.07 ±0.09 G. Gianfagna et al. ( 2025 ) 
ATCA 2024-11-21 31 .6 9 .0 1.1 ±0.07 G. Gianfagna et al. ( 2025 ) 
VLBA 2024-11-28 37 .0 6 .2 0.774 ±0.072 X. Shu et al. ( 2025 ) 
VLBA 2024-11-40 39 .0 8 .4 0.762 ±0.081 X. Shu et al. ( 2025 ) 
ATCA 2024-11-24 7:01:00 34 .1 17 .0 0.450 ±0.046 M. Yadav et al. ( 2025 ) 
ATCA 2024-11-24 34 .1 16 .7 0.393 ±0.061 G. Gianfagna et al. ( 2025 ) 

Notes . Column 1: telescope per observation. Columns 2 and 3: start day of the observation and the day since the 
X-ray trigger, respectively. Columns 4, 5, and 6: frequency, flux density per observation (mJy units), and references, 
respectively. 
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Table A5. Spectroscopy obtained with various ground-based telescopes for this work. 

Telescope Instrument Start date (UT) Since trigger (d) Exp. time (s) Grism/grating 
(1) (2) (3) (4) (5) (6) 

VLT FORS2 2024-10-24 05:19:51 3 .02246 2 ×1200 GRIS 300V 

GS GMOS 2024-10-25 02:40:34 3 .9254 4 ×900 R 400 
GS GMOS 2024-10-28 04:03:47 6 .992 4 ×1500 R 400 
GTC OSIRIS + 2024-10-31 00:45:06 9 .8505 3 ×1800 R 500 R 

GS GMOS 2024-10-31 06:27:26 10 .085 4 ×1200 R 400 
GTC OSIRIS + 2024-11-09 23:16:22 19 .7874 3 ×1800 R 300 B 

VLT MUSE 2024-11-27 01:52:05 36 .8956 4 ×700 –

Table A6. Redshifts obtained from fitting the brightest emission lines per spectrum. 

Epoch Lines z 

(1) (2) (3) 

GMOS 1 3727, Hβ , 4959, 5007 Å 0.7486 per cent ±0.0001 
GMOS 2 3727, Hβ , 4959, 5007 Å 0.7486 per cent ±0.0006 
GMOS 3 Hβ , 5007 Å 0.7487 per cent ±0.0001 
OSIRIS 1 3727, 4959, 5007 Å 0.7488 per cent ±0.0001 
OSIRIS 2 3727, 4959, 5007 Å 0.7481 per cent ±0.0002 
MUSE Hβ , 4959, 5007 Å 0.7484 per cent ±0.0001 

Notes . Columns 1 and 2: spectroscopic epoch and emission lines used for measuring redshifts. Column 3: redshift 
obtained for each spectroscopic epoch. The mean redshift value from fitting emission lines is z = 0 . 7485. 

Table A7. Posteriors of the models obtained fitting the SED of the transient at different epochs (see Section 4.3 ). The 
parameters are at 99 per cent confidence level. 

Epoch (d) log ( νm /Hz ) log ( νc /Hz ) Fmax (mJy) p TBB ( ×103 K) RBB ( ×1015 cm) BIC 

(1) (2) (3) (4) (5) (6) (7) (8) 

2.8 12 . 34+ 0 . 16 
−0 . 37 18 . 21+ 0 . 79 

−1 . 49 2 . 18+ 0 . 97 
−1 . 12 2 . 96+ 0 . 20 

−0 . 18 – – −70 . 59 

8.3 12 . 5+ 0 . 0 
−0 . 03 18 . 14+ 0 . 86 

−1 . 26 2 . 6 ± 0 . 17 3 . 01 ± 0 . 03 – – 294.85 

18.2 10 . 22+ 0 . 11 
−0 . 09 17 . 94+ 1 . 05 

−1 . 76 0 . 54 ± 0 . 05 2 . 33+ 0 . 12 
−0 . 16 8 . 93+ 0 . 68 

−0 . 82 5 . 29+ 0 . 92 
−0 . 85 −284 . 82 

24.5 9 . 75+ 0 . 27 
−0 . 25 18 . 0+ 0 . 99 

−1 . 97 1 . 14+ 0 . 62 
−0 . 38 2 . 3+ 0 . 13 

−0 . 22 5 . 6+ 4 . 32 
−1 . 60 10 . 81+ 15 . 6 

−10 . 79 −312 . 29 

31.8 10 . 32+ 0 . 18 
−0 . 14 18 . 09+ 0 . 91 

−2 . 06 1 . 01+ 0 . 20 
−0 . 15 2 . 5+ 0 . 49 

−0 . 21 8 . 52+ 1 . 26 
−1 . 37 4 . 56+ 1 . 92 

−4 . 35 −193 . 44 

37.5 9 . 93+ 0 . 32 
−0 . 43 17 . 14+ 0 . 86 

−0 . 63 0 . 99+ 1 . 18 
−0 . 31 2 . 38+ 0 . 25 

−0 . 14 5 . 28+ 3 . 86 
−1 . 85 12 . 81+ 38 . 82 

−9 . 86 −201 . 03 
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