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A B S T R A C T 

Fast X-ray transients (FXTs) represent a new class of highly luminous transients in soft X-rays ( ∼0.3–10 keV) associated with 

violent astrophysical processes. They manifest as short, singular flashes of X-ray photons with durations lasting from minutes 
to hours. Their origin remains unclear, and they have been associated with various progenitor mechanisms. The newly launched 

X-ray survey, Einstein Probe (EP), is revolutionizing this field by enabling the discovery and immediate follow-up of FXTs. 
Here, we present the multiwavelength observations of EP-discovered FXT EP241107a and the discovery of its radio counterpart. 
Comparison of the optical and radio observations of EP241107a and its host properties with other extragalactic transients 
suggests a gamma-ray burst (GRB) origin. Through our afterglow modelling, we infer the GRB jet properties for EP241107a, 
yielding a jet of the isotropic-equivalent kinetic energy EK, iso ∼ 1051 erg, with a half opening angle θc ≈ 15◦, viewed at an angle 
of θobs ≈ 9◦. We also evaluate EP241107a in the landscape of both EP-discovered FXTs as well as the FXTs discovered from 

Chandra , XMM –Newton, and Swift -X-ray Telescope. 

Key words: stars: jets – radio continuum: transients – gamma-ray bursts. 
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 I N T RO D U C T I O N  

ast X-ray transients (FXTs) are bursts in soft X-rays ( ∼0.3–10 keV)
ith durations ranging from a few hundred to 104 s. Before the launch
f Einstein Probe (EP; W. Yuan et al. 2022 ), roughly 95 per cent of
he FXTs were discovered through searches in X-ray archival data, 
specially from Chandra (P. G. Jonker et al. 2013 ; A. Glennie et al.
015 ; F. E. Bauer et al. 2017 ; Y. Q. Xue et al. 2019 ; J. Quirola-
ásquez et al. 2022 ; D. Lin et al. 2022 ; J. Quirola-Vásquez et al.
023 ; D. Eappachen et al. 2023 ) and XMM –Newton archives (D.
lp & J. Larsson 2020 ; G. Novara et al. 2020 ; I. Pastor-Marazuela

t al. 2020 ). Most FXTs were identified and reported months or years
fter the bursts, thereby lacking prompt follow-ups and, therefore, 
o multiwavelength counterparts were detected except in one case. It 
as in the case of SN2008D, where a serendipitous detection of the
XT associated with a supernova shock breakout (SN SBO) was re-
orted by A. M. Soderberg et al. ( 2008 ) using Swift -X-ray Telescope
XRT). In the absence of multiwavelength counterparts, significant 
fforts have been made to study the associated host galaxies of the
XTs, thereby constraining their origin (e.g. Y. Q. Xue et al. 2019 ;
. Lin et al. 2022 ; D. Eappachen et al. 2022 , 2024 ; D. Ibrahimzade
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t al. 2025 ; A. Inkenhaag et al. 2024 ; J. Quirola-Vásquez et al.
025 ). 
FXTs represent a heterogeneous and still poorly understood class 

f X-ray transients whose diversity implies that no single progenitor 
odel can adequately account for their origin. Major progenitor 
echanisms include (i) an SN SBO where an X-ray flash is produced

s the shock wave from a supernova crosses the surface of the star
A. M. Soderberg et al. 2008 ; E. Waxman & B. Katz 2017 ; J. A.
oldberg, Y.-F. Jiang & L. Bildsten 2022 ); (ii) a white dwarf (WD)
intermediate-mass black hole (IMBH) tidal disruption event (TDE) 
hich could produce bursts in X-rays that last for shorter time-

cales compared to supermassive black hole TDE (M. MacLeod 
t al. 2016 ; K. Maguire et al. 2020 ); (iii) a long gamma-ray burst
lGRB) association where X-ray emission is produced when a mildly 
elativistic cocoon jet breaks the surface of a massive progenitor star
E. Ramirez-Ruiz, A. Celotti & M. J. Rees 2002 ; E. Nakar & T. Piran
017 ); or (iv) an X-ray emission from a magnetar formed as a result
f a binary neutron star merger (BNS; B. D. Metzger & A. L. Piro
014 ; H. Sun, B. Zhang & H. Gao 2017 ). H. C. I. Wichern et al.
 2024 ) suggest a region of parameter space where the observational
roperties of off-axis GRB afterglows align with those of FXTs. 
EP is revolutionizing the field of FXTs by discovering and 

eporting X-ray transients in the X-ray band of 0.5–4 keV within a
ew minutes/hours of the FXTs, enabling prompt follow-up. Follow- 
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p of some of these FXTs reveals an extragalactic nature: for instance,
P240315a (J. H. Gillanders et al. 2024 ; A. J. Levan et al. 2024 ;
. Liu et al. 2025 ) at a redshift of z= 4.859 is consistent with a

GRB (J. H. Gillanders et al. 2024 ; A. J. Levan et al. 2024 ; R.
icci et al. 2025 ). Recent multiwavelength observations of the EP-
XTs provide further evidence supporting multiple origins (J. H.
illanders et al. 2024 ; A. J. Levan et al. 2024 , 2025 ; J. N. D. Dalen

t al. 2025 ; S. Srivastav et al. 2025 ; J. C. Rastinejad et al. 2025 ; G.
. Srinivasaragavan et al. 2025 ; R. A. J. Eyles-Ferris et al. 2025 ; P.
. Jonker et al. 2025 ). 
One of the well-studied EP-discovered FXTs is the recently

eported EP240414a (J. N. D. Dalen et al. 2025 ; S. Srivastav et al.
025 ; H. Sun et al. 2025 ; J. S. Bright et al. 2025 ) which was found to
e located in a massive galaxy at a redshift of z = 0.401 at a projected
istance of 25.7 kpc from the galactic centre. The optical light
urve of the counterpart shows three different components which
re suggested to be due to the initial dominant contribution from
 thermal cocoon emission, followed by the circumstellar medium-
nteraction and the third phase dominated by the SN radioactive decay
J. N. D. Dalen et al. 2025 ). The fast rise time in the second phase
f the light curve of the optical counterpart of EP240414a along
ith the extremely blue optical spectrum is similar to properties seen

n Luminous Fast Blue Optical Transients (LFBOTs; S. J. Prentice
t al. 2018 ). At later time-scales, the spectrum shows similar features
o that of broad-lined Type Ic SNe, suggesting a collapsar origin,
lthough no gamma-ray counterpart has been detected. Another EP-
XT EP241021a (M. Busmann et al. 2025 ; G. Gianfagna et al.
025 ; S. Xinwen et al. 2025 ; M. Yadav et al. 2025 ; G.-L. Wu et al.
025 ) also shows a very similar optical afterglow light curve to
hat of EP240414a. However, for EP241021a, no features of an
ssociated SN were found. The detection of the radio counterpart
nd the apparent absence of a gamma-ray counterpart indicate that
 low luminosity GRB (LL-GRB) could have gone undetected or an
ff-axis or choked jet could be responsible for the radio emission.
n addition to both the above-discussed EP-FXTs, an intensive
ollow-up campaign to search for the counterpart of EP240408a was
eported (B. O’Connor et al. 2025b ). However, deep optical and radio
bservations resulted in non-detections of the transient. B. O’Connor
t al. ( 2025b ) favour a peculiar GRB or jetted WD-IMBH TDE at high
edshift ( z � 1), though neither perfectly explains the observations.
his highlights the diverse range of transients that EP is unveiling,

ncluding FXTs with distinct origins. The redshift distribution of
hese EP-discovered FXTs offers valuable insights into their possible
rogenitor mechanisms (B. O’Connor et al. 2025a ). 
In this paper, we report our multiwavelength follow-up observa-

ions of the FXT EP241107a. The FXT EP241107a was detected by
he Wide-field X-ray Telescope (WXT) on board the EP, at 2024-
1-07T14:10:23 UTC (H. Zhou et al. 2024 ). EP241107a trigger
ux is estimated to be around 10−10 erg cm2 s−1 in 0.5 −4 keV
and. The follow-up X-ray telescope (FoXT), 1 on EP carried out
ollow-up observations about five minutes later, which detected an
-ray source at RA = 02h 20m 02 . 04s , Dec. = + 03◦ 19′ 58 . 44′′ with

n uncertainty of about 10′′ . The follow-up observations from the
l-Khatim Observatory detected and reported the detection of an
ptical counterpart at RA and Dec. 02h 20m 02 . 45s , + 03◦ 20′ 02 . 2′′ in
he Ic band at a magnitude of 17.85 ±0.18 (M. Odeh et al. 2024a ).
hough reported later, the earliest optical counterpart detection for
NRAS 545, 1–14 (2026)

 EP follow-up X-ray telescope is conventionally named EP-FXT. However, to 
void confusion with fast X-ray transients (FXT), we are using the EP-FoXT 

cronym for the EP follow-up X-ray telescope. 

J  

r  

F  

2

P241107a was by Chinese Ground Follow-up Telescope of SVOM
ission, which detected the counterpart a magnitude of 17.12 ± 0.10

n i band, starting the observations just ∼ 5.5 min after the EP-WXT
rigger (Z. Kang, C. Wu & L. Xin 2024 ). 

We use our multiwavelength observations of the transient counter-
art, along with publicly available data, combined with our afterglow
nd host modelling, to derive constraints on the nature of EP241107a.
hroughout the paper; we assume a flat Lambda-cold dark matter
osmology, with Hubble constant H0 = 67.8 ± 0.9 km s−1 Mpc−1 and
atter density parameter �m 

= 0.308 ± 0.012 (Planck Collaboration
III 2016 ). Magnitudes are quoted in the AB system. 

 OBSERVATI ONS  A N D  ANALYSI S  

.1 GROWTH-India Telescope 

he GROWTH-India Telescope (GIT; H. Kumar et al. 2022 ), located
t the Indian Astronomical Observatory (IAO), Hanle, India, is a
.7 m robotic telescope with a 0.7◦ field of view and is dedicated to
bserving the transient sky. We observed the field of EP241107a in
loan g′ , r ′ , and i ′ filters within ∼3.55 h after EP-WXT trigger. We
tilized a PYTHON -based pipeline (H. Kumar et al. 2022 ) to obtain
he photometry, making use of the Panoramic Survey Telescope And
apid Response System Data Release 2 (Pan-STARRS DR2; K. C.
hambers et al. 2016 ) catalogue for photometric and astrometric 
alibration. 

An optical counterpart was detected at an r ′ -filter magnitude of
9.42 ± 0.07 at the same RA and Dec. as reported by M. Odeh,
. Alshamsi & N. M. Pattani ( 2024b ). The GIT detection image
f EP241107a is shown in left panel of Fig. 1 . We obtained the
hotometry of the counterpart to EP241107a in two more epochs,
nd the magnitudes and upper limits are given in Table 1 . 

.2 Himalayan-Chandra Telescope 

e observed the field of EP241107a using the Himalaya Faint Object
pectrograph Camera (HFOSC) mounted at the 2-m Himalayan
handra Telescope (HCT) of the IAO, Hanle, India. The observations

tarted at 2024-11-09T20:54:24.03 UT in r ′ filter. We used IRAF (D.
ody 1986 ) for bias and flat-field correction, whereas for cosmic
emoval, L.A. Cosmic (P. G. Dokkum 2001 ) was employed. A total
f 540-s exposure was obtained, and we used the IRAF IMCOMBINE

ask for stacking. We applied the astrometric correction to the stacked
mage using astrometry.net 2 (D. Lang et al. 2010 ) 

At ∼2.28 d after the trigger, we did not find any associated
ounterpart for EP241107a in the HCT r ′ image. The photometric
alibration of the image was done using stars from the Pan-STARRS
R2 catalogue data (K. C. Chambers et al. 2016 ). We deduced a 5 σ
ptical upper limit of 22.5 in r ′ filter 2.28 d after the EP-trigger. 

.3 The 4.1-m Southern Astrophysical Research Telescope 

ith the Goodman High Throughput Spectrograph’s red camera,
ounted on the Southern Astrophysical Research (SOAR; J. C.
lemens, J. A. Crain & R. Anderson 2004 ) telescope, the location of

he optical counterpart to EP241107a was observed (PI: Andreoni;
. Freeburn, I. Andreoni & J. Carney 2024 ) ∼3.5 d after the X-
ay transient. Difference imaging was conducted with saccadic fast
ourier transform (L. Hu et al. 2022 ), using templates from the
 https://nova.astrometry.net/upload 

https://nova.astrometry.net/upload


Multiwavelength follow-up of EP241107a 3

Figure 1. The location of the counterparts to EP241107a in optical and radio bands is shown. The left panel shows the GIT r ′ -filter image of the field of 
EP241107a, 0.165 d after the EP-trigger. The EP-FoXT uncertainty region of 10 arcsec is marked with a dashed circle, while the optical counterpart of EP241107a 
is marked with lines. The VLA C -band image of the field of EP241107a is shown in the right panel. The VLA beam size for this observation is given in the 
bottom left of the image. Note that the scales of the optical and radio images are different. 
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ECam Legacy Survey (A. Dey et al. 2019 ). The optical counterpart
as not detected in these observations with 5 σ upper limits of
 = 22 . 4, r = 22 . 9, and i = 22 . 7. The photometric light curve of
P241107a is shown in Fig. 2 . 

.4 Keck LRIS 

pectroscopic observation of EP241107a was carried out on the Keck 
 telescope, starting at 2024-11-08T08:34:17.9 UT using the Low- 
esolution Imaging Spectrometer (LRIS; J. B. Oke et al. 1995 ). 
sing the 600 � mm−1 blue grism ( λblaze = 4000 Å), the 400 � mm−1 

ed grating ( λblaze = 8500 Å), the 5600 Å dichroic, and the 1 arcsec 
lit we obtained a 900 s observation covering the full optical window
t moderate resolving power, R ≡ λ/�λ ≈ 1500 for objects filling 
he slit. We used BD + 284211 observed with the same instrument
onfiguration for flux calibration. We used the code LPIPE to reduce 
nd flux calibrate the spectrum (D. A. Perley 2019 ). 

In the optical counterpart spectrum of EP241107a (Fig. 3 ), we 
dentified the emission lines associated with the underlying host 
alaxy, namely H α λ6564.6, 3 H β λ4862.7, [O II ] λ3728.5, and [O

II ] λ4960.3, 5008.2. We fitted multiple Gaussians to the emission
ine using the LMFIT 4 package and obtained the best-fitting central 
avelengths and their associated errors. We infer a redshift of z= 

.457 ± 0.003 for EP241107a. 

.5 Karl G. Jansky Very Large Array Radio Observations 

nder our approved Karl G Jansky Very Large Array (VLA) proposal 
4B-492 (PI: Balasubramanian), we obtained observations of the 
eld of EP241107a in the X band (central frequency of 10 000 MHz)
nd in the C band (central frequency of 6000 MHZ) on 2024
ovember 24 and December 01, respectively. The raw data weres 

alibrated using the automated CASA VLA pipeline (version 6.5.4.9) 
 Rest wavelengths of the lines in vacuum are from https://classic.sdss.org/ 
r6/algorithms/linestable.html . 
 https://lmfit.github.io/lmfit-py/

e  

5

6

nd imaged along with self-calibration using an automated script. 5 

e detect a point source-like counterpart to EP241107a in both the
requency bands. Within 10 arcsec of the radio detection, we did not
nd any existing radio source in the master radio catalogue. 6 This re-
ffirms that the radio detection is indeed associated with EP241107a. 
o obtain the flux density of the detected source, we use the CASA

ask IMFIT and list the peak flux density and error values for the point
ource in Table 1 . The C -band image is shown in Fig. 1 (right panel).

.6 uGMRT Radio Observations 

e obtained upgraded Giant Metrewave Radio Telescope (uGMRT) 
bservations of the field of EP241107a in two frequency bands 
band 4 (central frequency 750 MHz, bandwidth 400 MHz) and 

and 5 (central frequency 1260 MHz, bandwidth 400 MHz), on 2024
ecember 20 and 17, respectively (ddtC404, PI: Eappachen). The 

aw data were downloaded in the FITS format and converted to the
ASA (CASA Team et al. 2022 ) measurement set format. Then, the
ata were calibrated and imaged using the automated continuum 

maging pipeline CASA-CAPTURE (R. Kale & C. H. Ishwara-Chandra 
021 ). Eight rounds of self-calibration were done within each 
ipeline run. We do not detect a significant radio source in the position
f EP241107a. We compute the 3 σ upper limits calculated from a
arge region centred on the source in the residual image and list the
alues in Table 1 . 

 M O D E L L I N G  

.1 Modelling the gamma-ray burst afterglow with 

FTERGLOWPY 

e fit the multiwavelength observations of EP241107a using the 
ublicly available semi-analytical package AFTERGLOWPY (G. Ryan 
t al. 2020 ) and EMCEE (D. Foreman-Mackey et al. 2013 ) code in
MNRAS 545, 1–14 (2026)

 https://science.nrao.edu/facilities/vla/data-processing/pipeline/VIPL654 
 https://heasarc.gsfc.nasa.gov/w3browse/master-catalog/radio.html 

https://classic.sdss.org/dr6/algorithms/linestable.html
https://lmfit.github.io/lmfit-py/
https://science.nrao.edu/facilities/vla/data-processing/pipeline/VIPL654
https://heasarc.gsfc.nasa.gov/w3browse/master-catalog/radio.html
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Multiwavelength follow-up of EP241107a 5

Figure 2. Optical photometry of the counterpart to EP241107a. We present the data obtained from our follow-up observations along with the data obtained 
from the GCNs. Different telescopes are denoted with different markers, while filters are indicated by various colours. The upper limits obtained from our 
observations are represented by open markers. We consider the T0 to be the time of the EP-WXT trigger. Chinese Ground Follow-up Telescope at Changchun 
Observatory started the observation of the field of EP241107a about six minutes after the trigger and detected the counterpart in i filter at a magnitude of 
17.12 ±0.10. The secondary x - and y -axes assume a redshift of z = 0.457 ±0.003. 

Figure 3. The flux-calibrated Keck LRIS spectrum of the counterpart of EP241107a taken 0.767 d after the EP-trigger is shown. For display purposes, the 
boxcar smoothed spectrum (Box1DKernel with a width of 5 pixels) is shown in the black solid line, whereas the light grey shows the spectrum. The location of 
important emission lines in the spectrum is marked with dashed lines. The emission lines are the host contributions, and we derive a redshift of 0.457 ±0.003 
from the emission lines. 
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YTHON . The AFTERGLOWPY code calculates GRB afterglow light 
urves and spectra (in Section 4 , we discuss why we consider GRB
s a viable model). It takes into consideration the effects of viewing
ngle and different jet structures. These structures describe how the 
nergy of the jet changes with the jet opening angle θc . 
The AFTERGLOWPY code allows the user to include viewing angle 
ffects using the parameter θobs and has an on-axis observation if θobs 

 0. We assume a top-hat jet model for modelling the synchrotron
mission from the jet interacting with the medium. For a uniform
et, the set of free parameters is � = { E0 , θc , θobs n0 , p, εe , and
MNRAS 545, 1–14 (2026)



6 D. Eappachen et al.

M

Table 2. Details of the jet afterglow model fitting. 100 walkers were 
initialized either evenly spaced within the respective bounds or clustered 
around the initial value. 

Parameter Bounds Units Prior Posterior 

log10 ( E0 ) (49, 54) erg logFlat 51 . 16+ 0 . 07 
−0 . 08 

θc (0, π /6) deg Flat 0 . 26+ 0 . 03 
−0 . 02 

θobs (0, π /6) deg Flat 0 . 16+ 0 . 02 
−0 . 03 

p (2, 3) – Flat 2 . 202+ 0 . 036 
−0 . 039 

log10 ( n0 ) ( −6,1) cm−3 logFlat −1 . 19+ 0 . 15 
−0 . 10 

log10 ( εe ) ( −4, log10 (1/3)) – logFlat −0 . 70+ 0 . 10 
−0 . 06 

log10 ( εB ) ( −8, log10 (1/3)) – logFlat > −0 . 97 
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Figure 4. The best-fitting SED model of the host of EP241107a using 
BAGPIPES package is shown. The blue markers give the photometric data, 
and their 1 σ uncertainties, whereas the 16th–84th percentile range for the 
posterior probability for the spectrum and photometry are shown in light 
and dark orange colours, respectively. The bottom panel shows the posterior 
probability distributions for the five fitted parameters, SFR, age, galaxy stellar 
mass, metallicity, and dust extinction. In each subplot, the 16th, 50th, and 
84th percentile posterior values are represented by vertical dashed black lines 
marked from left to right. 
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b } where E0 , the isotropic-equivalent kinetic energy, θc is the half
pening angle of the jet, n0 is the density of the inter-stellar medium,
 is the power-law index of the electron energy distribution, and εe 

nd εb are the fraction of thermal energy that is imparted to electrons
nd magnetic fields, respectively. We fixed the fraction of shock-
ccelerated electrons ξN = 1 for our code. We fixed the luminosity
istance dL based on our spectroscopic redshift (see Section 2.4 ) and
he adopted cosmological model mentioned in Introduction. 

A SCIPY (P. Virtanen et al. 2020 ) OPTIMIZE routine was used to
btain better guess parameters for the Markov chain Monte Carlo
MCMC) walkers. 100 walkers were initialized around this guess
arameter set and allowed to explore the parameter space, in order to
aximize the likelihood. Some walkers got stuck in low-probability

egions and did not allow the MCMC chains to converge. So, all
alkers were re-initialized near the high probability region, allowing

he MCMC chains to converge. The posterior values and corner plots
o visualize the MCMC fit were computed using CHAINCONSUMER

S. R. Hinton 2016 ). The priors for our seven free parameters, the
ature of the prior, and the posterior values obtained are given in the
able 2 . 

.2 Modelling of the host of EP241107a using BAGPIPES 

e determine the host properties of EP241107a using BAGPIPES

Bayesian Analysis of Galaxies for Physical Inference and Parameter
stimation; A. C. Carnall et al. 2018 ), incorporating the host magni-

udes. Employing the MULTINEST sampling algorithm, BAGPIPES fits
tellar population models to multiband photometric data, accounting
or the star formation history and the transmission function of neutral
nd ionized interstellar medium (ISM) in broad-band photometry and
pectra. 

The posterior probability distributions for the host galaxy age,
ust extinction ( AV ), star formation rate (SFR), metallicity ( Z),
tellar mass ( M∗), and specific SFR (sSFR) are obtained through
tting with BAGPIPES , assuming a flat prior for the redshift based
n the spectroscopic redshift. We adopt an exponentially declining
tar formation history function and apply the dust attenuation
arametrization developed by D. Calzetti et al. ( 2000 ) to model
he spectral energy distributions (SEDs), using priors for AV in
he range of 0.0 to 2.0 mag. The input observed photometric
ata are shown in blue. The 16th–84th percentile range of the
osterior probability distribution for the spectrum and broad-band
hotometry (shaded in light orange and orange) is presented in
ig. 4 . We utilized the publicly available photometric magnitudes
f the candidate host galaxy of EP241107a from the Dark Energy
pectroscopic Instrument (DESI) Legacy Imaging Survey Archive
A. Dey et al. 2019 ). The reported magnitudes are g = 23 . 64 ± 0 . 08,
NRAS 545, 1–14 (2026)
 = 22 . 68 ± 0 . 04, i = 22 . 39 ± 0 . 05, and z = 22 . 19 ± 0 . 07. The
nferred host properties are discussed in Section 4.4 . 

 DI SCUSSI ON  

.1 FXT properties and energetics 

e begin with the discussion on the X-ray observations of
P241107a. EP241107a showed a peak flux of approximately
 . 2 × 10−9 erg cm 

−2 s−1 in the 0.5–4 keV band (R. Z. Li et al.
024 ). Given its spectroscopic redshift of ∼ 0.457, the inferred X-ray
uminosity at trigger is ∼ 3 . 4 × 1048 erg s−1 (in the 0.5–4 keV band
y EP-WXT). This luminosity is higher compared to the predicted
-ray luminosities of typical SN SBOs ( LX , peak � 1045 erg s−1 for

upernova SBOs; A. M. Soderberg et al. 2008 ; E. Waxman & B. Katz
017 ; J. A. Goldberg et al. 2022 ). Approximately 60 min post-trigger,
n X-ray afterglow with a luminosity of 1 . 2 × 1046 erg s−1 was
etected by EP-FoXT in the 0.5–10 keV band. This X-ray counterpart
eclined rapidly and went undetected ∼3.9 d post-trigger in the
ame energy band (R. Z. Li et al. 2024 ). No γ -ray association has
een reported so far for EP241107a, 7 through General Coordinates
etwork (GCN) circulars . Y.-Q. Zhang et al. ( 2025 ) report the

bsence of gamma detection for EP241107a from multi-instrument
earch. 

.2 Optical evolution: comparison with known transient classes

n Fig. 5 , we compare the optical light curve of EP241107a,
orrected for Galactic extinction, 8 with the light curves of SNe, GRB

https://ned.ipac.caltech.edu/extinction_calculator
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Figure 5. The optical light curve of EP241107a ( r filter; shown in skyblue) in comparison with the light curves of SN2008D (A. M. Soderberg et al. 2008 ), 
AT2017gfo (P. S. Cowperthwaite et al. 2017 ), Type II SNe, Type Ia SNe, Type Ic SNe (K. Iwamoto et al. 2000 ; S. Jha et al. 2006 ; M. Modjaz et al. 2006 ; M. 
Hicken et al. 2017 ), GRB afterglows (D. A. Kann et al. 2010 ; D. A. Kann et al. 2011 ), the optical counterpart of EP240315a (A. J. Levan et al. 2024 ; J. H. 
Gillanders et al. 2024 ), EP240414a (J. N. D. Dalen et al. 2025 ; S. Srivastav et al. 2025 ), AT2018cow (the ‘Cow’; D. A. Perley et al. 2019 ), ZTF18abvkwla (the 
‘Koala’; A. Y. Q. Ho et al. 2020 ), and the jetted TDE AT2022cmc (I. Andreoni et al. 2022 ). The magnitudes are corrected for the Galactic extinction. The light 
curve of EP241107a is consistent with the GRB afterglow light curves. 
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fterglows, other EP FXTs, and FBOTs. We infer that the light curve
P241107a is consistent with the population of GRB afterglows 9 

shown in grey in Fig. 5 ). The r-filter light curves of EP240315a
nd EP240414a (J. N. D. Dalen et al. 2025 ; J. H. Gillanders et al.
024 ; A. J. Levan et al. 2024 ; S. Srivastav et al. 2025 ) also fall
ithin the parameter space occupied by the GRB population similar 

o EP241107a. That said, EP240414a was found to be associated with 
he core-collapse of a massive star, resulting in a broad-line Type Ic
Ne seen in lGRBs and its evolution does not resemble the light curve
f EP241107a. Furthermore, the association of EP241107a with 
T2018cow-like transients appears unlikely based on a comparison 
f their optical light curves. 
We observe a two-phase temporal evolution in the r-filter light 

urve of EP241107a, with decay indices for the initial phase (prior to
.3 d) to be α = 0 . 46 ± 0 . 12 and a later phase with an α = 1 . 33 ±
 . 13. These decay indices are consistent with the optical afterglow
ight curves of GRBs (D. A. Kann et al. 2010 ). The rapid optical decay
s not consistent with the slow evolution typical of TDE light curves
n the early phase (S. Velzen et al. 2020 ). Based on these optical
ight curve comparisons, we conclude that EP241107a is most likely 
ssociated with the GRB afterglow population, representing a new 

ddition to the growing catalogue of EP-discovered GRBs. 

.3 Insights from the radio observations 

n Fig. 6 , we show 3 σ radio upper limits from our uGMRT
bservations and detections from VLA observations at 6 and 10 GHz. 
 For comparison, we consider the R and r filters to be similar. 

e

i  
hese limits and detections are compared with the radio light curves
f other extragalactic transients in radio. The specific luminosity 
as been K -corrected (D. W. Hogg et al. 2002 ) to account for the
osmological distances of some sources. Additionally, we compare 
ur upper limits with the radio light curves of previously reported
P-FXTs, namely EP240315a (J. H. Gillanders et al. 2024 ; R. Ricci
t al. 2025 ), EP240414a (J. S. Bright et al. 2025 ), and the radio
pper limits for the FXT XRT210423 (D. Eappachen et al. 2023 ),
iscovered from the Chandra archival data (D. Ibrahimzade et al. 
025 ). We infer that the VLA detections in both bands (see the
tar marker in Fig. 6 ) are in agreement with the parameter space
ccupied by the radio afterglows of GRBs. We note that it is likely that
he non-detection in the lower frequencies for EP241107a might be 
ecause of absorption processes (R. A. Chevalier 1998 ). In summary,
he radio detection for EP241107a strongly supports a GRB-like 
fterglow. 

.4 Comparison of host properties 

e found a faint associated host centred at RA = 02h 20m 02 . 40s ,
ec. = + 03◦ 20′ 02 . 33′′ which is ∼ 0 . 83 arcsec from the counterpart

eported by M. Odeh et al. ( 2024a ) in the DESI legacy images for
P241107a. At the redshift of ∼0.457, the projected offset is 4.8 kpc.
his galactocentric offset places EP241107a at the ∼90th percentile 
f lGRB offset distribution (J. D. Lyman et al. 2017 ), while it is also
n agreement with the ∼40 percentile of sGRB offsets (W.-f. Fong
t al. 2022 ; B. O’Connor et al. 2022 ). 

Using BAGPIPES and observed magnitudes of the candidate host 
n g, r , i, and z filters from the legacy archive, we estimated
MNRAS 545, 1–14 (2026)
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M

Figure 6. The uGMRT and VLA radio observations of EP241107a compared with other extragalactic transients in radio, including relativistic supernovae, 
LFBOTs (D. L. Coppejans et al. 2020 ), thermal TDEs (K. D. Alexander et al. 2020 ), relativistic TDEs (T. Eftekhari et al. 2018 ; L. Rhodes et al. 2023 ), short 
GRBs (W. Fong et al. 2021 ), long GRBs (E. Berger et al. 2003 ; A. J. der Horst et al. 2014 ; T. Laskar et al. 2023 ), and LL-GRBs (S. R. Kulkarni et al. 1998 ; A. 
M. Soderberg et al. 2010 ). The specific luminosity has been K -corrected to account for the cosmological distances of some sources. This plot is based on fig. 9 
in A. Y. Q. Ho et al. ( 2020 ), and references therein. 
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he host properties for EP241107a. A SFR of 0.6+ 0 . 4 
−0 . 2 M�yr−1 and

og( M∗[M�]) of 9.3 ± 0.1 is estimated for the candidate host of
P241107a. Fig. 7 shows the M∗ and SFR of the host galaxy of
P241107a (gold star) compared with host galaxies of the previously

eported FXTs (F. E. Bauer et al. 2017 ; J. Quirola-Vásquez et al.
022 ; D. Eappachen et al. 2023 , D. Eappachen et al. 2024 ; J.
. D. Dalen et al. 2025 ; J. Quirola-Vásquez et al. 2025 ), of

GRBs, sGRBs, low-luminosity lGRBs (K. Wiersema et al. 2007 ;
. Christensen et al. 2008 ; M. J. Michałowski et al. 2014 ; E. M.
evesque 2014 ; Y. Li, B. Zhang & H.-J. Lü 2016 ; T. Krühler et al.
017 ; J. Wang et al. 2018 ; M. Arabsalmani et al. 2019 ; W.-f. Fong
t al. 2022 ), and SN Ic (S. Schulze et al. 2021 ). Though the M∗
nd SFR of the host galaxy of EP241107a are consistent with the
opulations of hosts of lGRBs and sGRBs, it takes up the param-
ter space previously not occupied by the Chandra –XMM –Newton
XTs. 
It is worth noting that the host properties inferred for EP241107a

re based only on four observed magnitudes. Although our SED mod-
lling provides an estimate of the host properties, deeper observations
f the host galaxies would significantly improve our understanding
f their environments and will be crucial in constraining the nature
f the transients. A pertinent example is the case of CDF-XT2,
here deeper James Webb Space Telescope observations of the host
alaxy by J. Quirola-Vásquez et al. ( 2025 ) improved upon the earlier
ost properties reported by Y. Q. Xue et al. ( 2019 ), thereby better
onstraining the nature of the transient. 
NRAS 545, 1–14 (2026)

1

.5 Constraints on relativistic jets 

or EP241107a, we discuss the jet parameters that we infer from
ur AFTERGLOWPY modelling discussed in Section 3.1 . We consider
he simple uniform jet, which is sufficient to provide a good fit of
he data set. The broad-band AFTERGLOWPY light curves from radio
o the X-ray band of EP241107a are shown in Fig. 8 . Note that
he light curves are scaled for visual purposes. The corner plot of
he posterior fit parameters is given in Fig. A1 . Our fit yields a jet
f EK, iso ∼ 1051 erg with a θc ≈ 15◦ viewed at an angle of θobs 

9◦ which agrees with the population of cosmological GRBs. The
est fit n0 ≈ 10−1 . 2 cm−3 , suggesting a typical low-density ISM
nvironment for EP241107a (P. Chandra & D. A. Frail 2012 ). The
alue of the power-law index of the electron energy distribution p
rom the best-fitting model ∼2.2, agrees with the value ( p = 2.3; U.
eshet & E. Waxman 2005 ) inferred from the shock acceleration
rinciple. We infer that in the case of 1.3 GHz observation, our upper
imits do not agree with the best-fitting light curve. One explanation
ould be that AFTERGLOWPY does not account for synchrotron self-
bsorption. The radio data show evidence for a jet break (for the
 GHz light curve, we see a jet break around 10 d since the
rigger). 

Although our model favours an on-axis scenario ( θobs < θc ), no
amma-ray detections were reported for EP241107a. 10 Considering
0 At the time of writing. 
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Figure 7. M∗ and SFR of the host galaxy of EP241107a (yellow star) 
compared with host galaxies of other transient events. Different panels show 

the host properties of the previously reported FXTs (F. E. Bauer et al. 2017 ; Y. 
Q. Xue et al. 2019 ; J. Quirola-Vásquez et al. 2022 ; D. Eappachen et al. 2023 , 
2024 ; J. N. D. Dalen et al. 2025 ), of lGRBs, sGRBs, low-luminosity lGRBs 
(K. Wiersema et al. 2007 ; L. Christensen et al. 2008 ; M. J. Michałowski et al. 
2014 ; E. M. Levesque 2014 ; Y. Li et al. 2016 ; T. Krühler et al. 2017 ; J. Wang 
et al. 2018 ; M. Arabsalmani et al. 2019 ; W.-f. Fong et al. 2022 ), and SN Ic (S. 
Schulze et al. 2021 ). The solid grey lines show the best-fitting local galaxy 
main sequence relation from Y.-j. Peng et al. ( 2010 ). 
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Figure 8. The broad-band AFTERGLOWPY modelling of EP241107a is 
presented, where the figure shows the best-fitting light curves. Each data 
point represents observed flux density in different bands ranging from X- 
ray to radio. Upper limits are indicated by inverted triangles. Note that the 
light curves are scaled for visual purposes. The best-fitting jet parameters 
inferred from the AFTERGLOWPY modelling are discussed in detail in 
Section 4.5 . 

Figure 9. The peak X-ray luminosity of EP241107a (yellow marker) is 
compared with those of extragalactic FXTs observed by Chandra (J. Quirola- 
Vásquez et al. 2022 ; J. Quirola-Vásquez et al. 2023 ), XMM –Newton (D. 
Alp & J. Larsson 2020 ; D. Eappachen et al. 2024 ; A. Inkenhaag et al. 
2024 ), and EP (from GCNs reported by the EP team; W. Yuan et al. 
2022 ) as a function of redshift. The upward triangle shows the limit on 
the peak X-ray luminosity (often, in the case of EP-FXTs, the EP team 

reports the average unabsorbed flux). We also plot the sensitivity curve for 
EP (W. Yuan et al. 2022 ). The details of pre-EP era FXTs are given in 
Table A1 . 
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he best fit EK, iso ∼ 1.4 × 1051 erg and the θc ≈ 15◦, the beaming 
orrected kinetic energy EK 

= (1 −-cos θc ) EK, iso ≈ 4.8 × 1049 

rg. This beam corrected kinetic energy of 4.8 ×1049 erg, is at 
he lower end of the distribution of classical GRBs (X.-G. Wang 
t al. 2018 ). Hence, the lack of gamma-rays could be interpreted
s EP241107a being an intrinsically low-energy GRB. Though the 
nergy scales match with a few relativistic TDEs (e.g. XMMSL1 
0740 −85; K. D. Alexander et al. 2016 ; R. D. Saxton et al. 2017 ),
e would expect the density of the medium to be three orders of
agnitude greater in the case of TDEs (F. De Colle & W. Lu

020 ). The optical counterpart of EP241107a is roughly 10 times
ainter than the typical GRB afterglows one day after the trigger, 
hen compared to the golden sample of D. A. Kann et al. ( 2010 ).
herefore, while EP241107a exhibits the energetics and jet geometry 

ypical of cosmological GRBs, the absence of gamma-ray emission 
espite its inferred on-axis viewing geometry suggests that this event 
epresents an intrinsically faint GRB at the lower end of the classical
RB energy distribution. 

.6 Evaluating EP241107a in the landscape of FXTs 

n this section, we examine the nature of EP241107a in relation to the
roader FXT population detected by EP , Chandra , XMM –Newton,
nd Swift . In Fig. 9 , the peak X-ray luminosity of EP241107a (yellow)
s compared with those of extragalactic FXTs observed by Chandra 
MNRAS 545, 1–14 (2026)
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J. Quirola-Vásquez et al. 2022 ; D. Lin et al. 2022 ; J. Quirola-
ásquez et al. 2023 ; D. Eappachen et al. 2023 ; D. Ibrahimzade et al.
025 ), XMM –Newton (D. Alp & J. Larsson 2020 ; D. Eappachen et al.
024 ; A. Inkenhaag et al. 2024 ), Swift (A. M. Soderberg et al. 2008 ),
nd EP (from GCNs reported by EP team; W. Yuan et al. 2022 ) as
 function of redshift (similar to the figure from S. Srivastav et al.
025 ). The limit on the peak X-ray luminosity (often in the case of
P-FXTs, the EP team reports the average unabsorbed flux) is shown
ith an upward triangle. The sensitivity curve for EP is also plotted

n the Fig. 9 . 
The extragalactic FXTs discovered from Chandra and XMM –

ewton show peak X-ray luminosities ranging from LX,p ∼ 1042 –
047 erg s−1 , at redshifts z ∼ 0 . 09–3.5. The most distant FXT among
he pre-EP era is CDF-XT2, which is at a redshift of ∼3.5 with a
eak X-ray luminosity of ≈ 1047 erg s−1 (J. Quirola-Vásquez et al.
025 ). 
On the other hand, EP-discovered FXTs exhibit peak X-ray

uminosities of LX,p > 1046 erg s−1 and span a redshift range of z ∼
 . 176–4.859, with a mean redshift of z ∼ 2. The nearest EP-detected
XT with a spectroscopic redshift is EP250108a at z = 0 . 176 (R. A.
. Eyles-Ferris et al. 2025 ; W. X. Li et al. 2025 ; G. P. Srinivasaragavan
t al. 2025 ; J. C. Rastinejad et al. 2025 ), which was associated with the
losest known broad-lined Type Ic SN discovered by EP; meanwhile,
he most distant case is of EP240315a (J. H. Gillanders et al. 2024 ;
. J. Levan et al. 2024 ; Y. Liu et al. 2025 ). 
FXTs exhibit diverse properties and are believed to originate

rom a variety of progenitor mechanisms. For example, CDF–XT2,
iscovered in the Chandra archive, may be associated with a low-
uminosity collapsar progenitor (Y. Q. Xue et al. 2019 ; J. Quirola-
ásquez et al. 2025 ), while FXT XRT 110621, found through a

earch of archival XMM –Newton data, could plausibly be an SN
BO (D. Alp & J. Larsson 2020 ; D. Eappachen et al. 2024 ).
dditionally, FXTs such as XRT 210 423 (D. Eappachen et al. 2022 ;
. Ibrahimzade et al. 2025 ) may be linked to a BNS merger scenario,

n which the central engine is powered by a millisecond magnetar (B.
. Metzger & A. L. Piro 2014 ; H. Sun et al. 2017 ; C. Chen, Y. Wang
 B. Zhang 2025 ). However, S. Biswas et al. ( 2025 ) considered all

lausible formation pathways for millisecond magnetars that could
roduce an FXT and inferred that such progenitors can account for
t most 10 per cent of the entire FXT population. Also, a TDE origin
emains a plausible explanation for FXTs like XRT 000519 (P. G.
onker et al. 2013 ; D. Eappachen et al. 2022 ). As seen in the Fig. 9 ,
he variety of FXT progenitor scenarios is reflected in the wide
ange of X-ray luminosities and associated redshifts. S. Srivastav
t al. ( 2025 ) point out that the X-ray luminosity parameter space
xplored by EP is distinct from that of previously discovered FXTs
y Chandra and XMM –Newton , owing to the different observing
trategy, probing high redshift and intrinsically more luminous
vents. 

A large number of EP-discovered FXTs have been associated
ith GRBs or show similar properties to them (for e.g. A. J. Levan

t al. 2024 ). EP241107a properties also agree with the typical
fterglow nature seen in GRBs. EP241107a is consistent with the
opulation of FXTs detected by EP and are mostly distinct from the
opulation of FXTs detected by Chandra and XMM –Newton . CDF-
T1 and CDF-XT2 are exceptions as they are associated with host
alaxies at z> 2.5. However, at least for some of the Chandra and
MM –Newton FXTs, the energetics might vary with future deeper
bservations of the host, as some might be wrongly associated with
he host at a different redshift (for e.g. see J. Quirola-Vásquez et al.
025 ). 
NRAS 545, 1–14 (2026)

f  
 C O N C L U S I O N  

e present the multiwavelength follow-up of an EP-detected FXT
P241107a. A radio counterpart was detected at 10 and 6 GHz with
ux densities of 232 ± 9 and 207 ± 8 μJy, respectively, between
16–24 d after the X-ray trigger. We compared the radio and optical

ight curves of EP241107a with those of other transients and found
hat EP241107a is consistent with the parameter space occupied by
RB afterglows. 
We also examined the host properties of EP241107a and the host

ffsets, SFR and M∗, which match with the population of GRBs.
e modelled the multiwavelength afterglow for EP241107a and

nferred the jet properties. Our fit yields a jet of EK, iso ∼ 1051 erg
ith a θc ≈ 15◦ viewed at an angle of θobs ≈ 9◦. The absence of
amma-ray emission, the inferred on-axis viewing geometry and the
nergetics derived from afterglow modelling suggest that EP241107a
s an intrinsically faint GRB. 

Finally, we compared the population of EP-FXTs with those
etected by the Chandra , XMM –Newton , and Swift detected FXTs
rom the pre-EP era. EP241107a is consistent with the population
f FXTs detected by EP and are mostly distinct from the population
f FXTs detected by Chandra and XMM –Newton . However, at least
or some of the pre-EP era FXTs, the energetics may change with
uture deeper observations of the host, as some might be wrongly
ssociated with a host at a different redshift. The EP mission is
etecting a significant number of FXTs, which may be associated
ith diverse progenitor mechanisms, highlighting the importance of
rompt and multiwavelength follow-up observations to characterize
nd better understand the nature of these EP-FXTs. 
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Figure A1. Corner plot for EP241107a. 
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Table A1. Details of the FXTs used in Fig. 9 from the pre-EP era. 

FXT Lx,p (erg s−1 ) zphot zspec Telescope Reference 

XRT 030206 5 × 1044 – 0 . 281 ± 0 . 003 XMM –Newton D. Eappachen et al. ( 2024 ) 
XRT 041230 1 . 1 × 1044 0 . 61+ 0 . 13 

−0 . 17 – Chandra J. Quirola-Vásquez et al. ( 2022 ) 
XRT 060207∗ 1.2 × 1046 – 0.939 XMM–Newton A. Inkenhaag et al. ( 2024 ) 
XRT 080819 1 . 5 × 1045 0.7+ 0 . 04 

−0 . 10 – Chandra J. Quirola-Vásquez et al. ( 2022 ) 
XRT 100424† 5 × 1042 0.13 – XMM–Newton D. Alp & J. Larsson ( 2020 ) 
XRT 110621 2 × 1043 – 0.0928 ± 0.0002 XMM–Newton D. Eappachen et al. ( 2024 ) 
XRT 151128 3 × 1044 0.51 ± 0.01 – XMM–Newton D. Eappachen et al. ( 2024 ) 
XRT 151219 2 × 1045 – 0.584 ± 0.009 XMM–Newton D. Eappachen et al. ( 2024 ) 
XRT 170901 3.7 × 1046 1.44 ± 0.08 – Chandra J. Quirola-Vásquez et al. ( 2023 ); D. Lin et al. ( 2022 ) 
XRT 141001/CDF XT1 2.8 × 1047 2.76+ 0 . 21 

−0 . 13 – Chandra J. Quirola-Vásquez et al. ( 2025 ) 
XRT 150322/CDF XT2 1.4 × 1047 – 3.4598 ± 0.0022 Chandra J. Quirola-Vásquez et al. ( 2025 ) 
XRT 210423a 1 × 1046 – 1.5082 ± 0.0001 Chandra D. Eappachen et al. ( 2023 ); D. Ibrahimzade et al. ( 2025 ) 
XRO 080109/SN2008D 6.1 × 1043 – 0.00649 ( d= 27 Mpc) Swift -XRT A. M. Soderberg et al. ( 2008 ) 

Notes. ∗Considering the galaxy within the 1 σ X-ray uncertainty region as the host. 
† Based on the combined information of three galaxies/average z; see D. Alp & J. Larsson ( 2020 ). 
a Assuming cNE is the host galaxy of XRT 210423 (D. Eappachen et al. 2023 ; D. Ibrahimzade et al. 2025 ). 
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