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Abstract

~y-ray bursts (GRBs) are singular outbursts of high-energy radiation with durations typically lasting from
milliseconds to minutes and, in extreme cases, a few hours. They are attributed to the catastrophic outcomes of
stellar-scale events and, as such, are not expected to recur. Here, we present observations of the exceptional
GRB 250702B (formerly GRB 250702BDE) which triggered the Fermi GRB monitor on three occasions over
several hours, and which was detected in soft X-rays by the Einstein Probe several hours before the y-ray triggers
(EP 250702a). We present the discovery of an extremely red infrared counterpart of the event with the Very Large
Telescope, as well as radio observations from MeerKAT. Hubble Space Telescope observations pinpoint the
source to a nonnuclear location in a host galaxy with complex morphology, implying GRB 250702B is an
extragalactic event. The multiwavelength counterpart is well described with standard afterglow models at a
relatively low redshift z ~ 0.3, but the prompt emission does not readily fit within the expectations for either
collapsar or merger-driven GRBs. Indeed, a striking feature of the multiple prompt outbursts is that the third
occurs at an integer multiple of the interval between the first two. Although not conclusive, this could be
indicative of periodicity in the progenitor system. We discuss several possible scenarios to explain the exceptional
properties of the burst, which suggest that either a very unusual collapsar or the tidal disruption of a white dwarf
by an intermediate-mass black hole are plausible explanations for this unprecedented GRB.

Original content from this work may be used under the terms

BY of the Creative Commons Attribution 4.0 licence. Any further
distribution of this work must maintain attribution to the author(s) and the title
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https://orcid.org/0000-0001-7821-9369
https://orcid.org/0000-0001-5108-0627
https://orcid.org/0000-0003-1792-2338
https://orcid.org/0000-0002-8775-2365
https://orcid.org/0000-0002-5460-6126
https://orcid.org/0000-0003-3193-4714
https://orcid.org/0000-0002-9267-6213
https://orcid.org/0000-0002-7735-5796
https://orcid.org/0000-0002-0426-3276
https://orcid.org/0000-0001-9842-6808
https://orcid.org/0009-0009-1573-8300
https://orcid.org/0000-0002-5826-0548
https://orcid.org/0000-0001-5679-0695
https://orcid.org/0000-0001-5169-4143
https://orcid.org/0000-0002-7517-326X
https://orcid.org/0000-0002-6950-4587
https://orcid.org/0000-0003-2276-4231
https://orcid.org/0000-0003-4876-7756
https://orcid.org/0000-0001-6797-1889
https://orcid.org/0000-0003-3274-6336
https://orcid.org/0000-0001-9398-4907
https://orcid.org/0000-0002-4465-8264
https://orcid.org/0009-0000-5068-3434
https://orcid.org/0000-0002-8686-8737
https://orcid.org/0000-0001-6278-1576
https://orcid.org/0000-0002-7910-6646
https://orcid.org/0009-0007-6927-7496
https://orcid.org/0000-0002-7320-5862
https://orcid.org/0000-0002-4036-7419
https://orcid.org/0000-0001-7717-5085
https://orcid.org/0000-0001-9868-9042
https://orcid.org/0000-0002-8028-0991
https://orcid.org/0000-0002-4571-2306
https://orcid.org/0000-0001-9695-8472
https://orcid.org/0000-0002-9404-5650
https://orcid.org/0000-0002-4870-9436
https://orcid.org/0000-0002-2810-2143
https://orcid.org/0000-0002-5128-1899
https://orcid.org/0000-0002-8875-5453
https://orcid.org/0000-0003-3457-9375
https://orcid.org/0000-0001-8602-4641
https://orcid.org/0000-0001-5803-2038
https://orcid.org/0000-0003-0121-0723
https://orcid.org/0000-0003-3257-9435
https://orcid.org/0009-0009-8473-3407
mailto:a.levan@astro.ru.nl
mailto:antonio.martin-carrillo@ucd.ie
https://doi.org/10.3847/2041-8213/adf8e1
https://crossmark.crossref.org/dialog/?doi=10.3847/2041-8213/adf8e1&domain=pdf&date_stamp=2025-08-29
https://creativecommons.org/licenses/by/4.0/

THE ASTROPHYSICAL JOURNAL LETTERS, 990:L28 (14pp), 2025 September 1

Levan et al.

Unified Astronomy Thesaurus concepts: Gamma-ray bursts (629); Supernovae (1668); Core-collapse supernovae
(304); X-ray transient sources (1852); Tidal disruption (1696)

1. Introduction

~y-ray bursts (GRBs) are brief flashes of high-energy
radiation (peaking at ~1—1000keV) with typical durations
spanning from a fraction of a second (short GRBs), to minutes
(long GRBs) (C. Kouveliotou et al. 1993), with only a tiny
minority having durations up to a few hours (so-called
ultralong GRBs; A. J. Levan et al. 2014). A key feature of
GRBs is that they are singular, nonrepeating events that
represent the final moments of stars, either via the collapse of a
stellar core (e.g., J. Hjorth et al. 2003; K. Z. Stanek et al. 2003)
or the merger of two compact objects (e.g., E. Berger et al.
2013; N. R. Tanvir et al. 2013; B. P. Abbott et al. 2017).

Although there is a great deal of diversity in individual GRB
light-curve shapes, bursts at the extremes in duration or
variability are rare and represent novel opportunities to search
for GRB progenitors outside the accepted paradigm. For
example, a subpopulation of the very shortest bursts arises
from repeating sources—flares from magnetars, either within
the Milky Way, or beyond (K. Hurley et al. 2005; E. Burns
et al. 2021; S. Mereghetti et al. 2024; A. C. Trigg et al. 2025).
In several instances, y-ray emission has been indicative of
relativistic outflows from a tidal disruption event (TDE;
J. S. Bloom et al. 2011; D. N. Burrows et al. 2011; A. J. Levan
et al. 2011; S. B. Cenko et al. 2012; G. C. Brown et al. 2015).
However, in the case of TDEs, the related v-ray light curves do
not resemble GRBs, being longer-lived, but much less
“bursty.”*® Strikingly, although only a handful of GRB
progenitors have been identified observationally, there are a
large number of plausible routes that could lead to ~-ray
emission, including events of significant astrophysical impor-
tance such as accretion-induced collapse (K. Nomoto &
Y. Kondo 1991), disruptions of a white dwarf (WD) by an
intermediate-mass black hole (IMBH, ~103—10‘M@;
J. A. Irwin et al. 2010), micro-TDEs (H. B. Perets et al.
2016), other stellar mergers (C. L. Fryer et al. 1999; S. E. de
Mink et al. 2014), or even explosions within common
envelopes (C. L. Fryer et al. 1999; S. L. Schrgder et al.
2020). Cases of rare GRBs therefore provide a novel route to
identify some of the rarest but most astrophysically important
events in nature.

Here, we present observations of a recently discovered
series of GRB triggers (initially named GRBs250702D,
250702B, and 250702E) which are unique in both their
temporal and spatial coincidence and in their multiwavelength
properties. We explore several progenitor scenarios for this
series of GRB triggers and assess their viability. Throughout
this work, we report all magnitudes in the AB system
and assume a ACDM cosmology world model with
Qy = 0315, Q) = 0.685, and Hy = 67.4kms ' Mpc ™'
(Planck Collaboration et al. 2020).

2 The ~-ray-discovered events were located by searching for ~-ray triggers in
reconstructed images rather than via the typical rate triggers.

2. Observations
2.1. N-Ray Detections

GRBs 250702D, 250702B, and 250702E (hereafter referred
to as GRB 250702B)*° were first discovered as a series of
discrete triggers by the Fermi Gamma-Ray Burst Monitor
(GBM; E. Neights et al. 2025a) on July 2 at 13:09:02,
13:56:06, and 16:21:33 UT, respectively.®’ Throughout this
work, Ot refers to the time since the trigger time (7)) of
GRB 250702D. We note that the GRB250702E trigger
displayed an initial peak at 6t ~ 11,310 s, which is 4 minutes
prior to its GBM trigger time (E. Neights et al. 2025a) and
which we use here when discussing timing. A fourth trigger
(GRB 250702C) during this period was determined to be
unrelated to GRB 250702B due to its position on the sky
(E. Neights et al. 2025b). Konus-Wind also detected
coincident hard X-ray (20-1250keV, observer frame) emis-
sion spanning this period (D. Frederiks et al. 2025). Coincident
prompt ~-ray to hard X-ray emission was also detected by
Swift-BAT GUANO (A. Tohuvavohu et al. 2020; J. DeLaunay
et al. 2025), MAXI/GSC (Y. Kawakubo et al. 2025),
GECAM-B (C.-W. Wang et al. 2025), and the Space Variable
Objects Monitor Gamma-ray Monitor (SVOM/GRM Team
et al. 2025). We extract the Fermi/GBM ~-ray light curve of
all three GRB triggers in the 8 keV-900keV energy range
from the daily data®> using the GBM Data Tools*> and present
it in Figure 1.

2.2. X-Ray Observations

The Einstein Probe (EP) Wide Field X-ray Telescope
(WXT; H. Q. Cheng et al. 2025) detected an associated X-ray
transient (EP 250702a) beginning on July 2 at 02:53:44 UT,
10.26 hr prior to the GBM triggers (H. Q. Cheng et al. 2025).
Stacking of WXT observations revealed that X-ray emission
from EP250702a was already detectable on 2025 July 1.
Observations by Swift-XRT beginning at &t = 0.517 day
detected a bright, highly variable counterpart and provided the
best X-ray position of R.A. (J2000) = 18" 58™45%1, decl.
(J2000) = -07%52'26'9 (J. A. Kennea et al. 2025) with a 27
uncertainty.’* Additional follow-up observations with NuS-
TAR were obtained starting at 6 = 1.317 days and clearly
detect a variable X-ray counterpart at 3-79 keV (B. O'Connor
et al. 2025).

2.3. Optical and Near-Infrared Observations

We initiated optical and near-infrared (near-IR) observa-
tions of GRB250702B with HAWK-I on the Very Large
Telescope (VLT; program ID 114.27PZ, PIs: Malesani,

30 Due to the multiple GRB naming, this event was initially misnamed in
GCNs as GRB 250702BDE. However, since these triggers came from the
same source, we adopt the usual GRB naming convention of just one letter; in
this case, the one from the first trigger announced.

31 Note that the alphabetical trigger names do not follow chronological order.
32 https:/ /heasarc.gsfc.nasa.gov/W3Browse /fermi/fermigdays.html
33 hitps:/ /fermi.gsfc.nasa.gov /ssc/data /analysis /gbm

3 The Swift/XRT data are automatically processed as described in
P. A. Evans et al. (2007, 2009), and can be found at https://www.swift.ac.
uk /LSXPS /transients /9377.
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Table 1
Log of Optical/Near-IR Observations
Date ot Telescope /Instrument Filter Magnitude Magnitude (Host Sub) References
(days)
2025-07-03 07:03:03 0.746 VLT/HAWK-I H 20.78 £ 0.05 This work
2025-07-03 07:39:40 0.771 VLT/HAWK-I K 19.36 £ 0.02 19.41 £0.02 This work
2025-07-03 17:26:10 1.179 WEST r >22.2 Y.-L. Hua et al. (2025)
2025-07-03 21:52:47 1.364 FTW/3KK r >23.6 M. Busmann et al. (2025)
2025-07-03 21:52:47 1.364 FTW/3KK i >22.7 M. Busmann et al. (2025)
2025-07-03 21:52:47 1.364 FTW/3KK J >21.7 M. Busmann et al. (2025)
2025-07-03 22:50:00 1.403 NOT/StanCAM i >24.9 This work
2025-07-03 23:45:36 1.442 CAHA2.2/CAFOS b4 >21.4 I. Pérez-Garcia et al. (2025)
2025-07-04 03:20:59 1.591 VLT/HAWK-I K 20.85 £+ 0.03 21.05 + 0.04 This work
2025-07-04 03:36:09 1.602 VLT/HAWK-I H 22.39 £ 0.06 This work
2025-07-05 01:44:52 2.525 GTC/HiPERCAM g >23.6 This work
2025-07-05 01:44:52 2.525 GTC/HiPERCAM r >23.0 This work
2025-07-05 01:44:52 2.525 GTC/HiPERCAM i >22.6 This work
2025-07-05 01:44:52 2.525 GTC/HiPERCAM b4 >22.3 This work
2025-07-05 03:07:37 2.582 VLT/HAWK-I K 21.49 £ 0.05 21.88 £0.08 This work
2025-07-05 10:14:00 2.878 Keck/MOSFIRE K 21.7 £ 0.1 K. K. Das et al. (2025)
2025-07-05 10:14:00 2.878 Keck/MOSFIRE H >22.4 K. K. Das et al. (2025)
2025-07-05 10:14:00 2.878 Keck/MOSFIRE J >22.8 K. K. Das et al. (2025)
2025-07-06 02:16:22 3.547 GTC/EMIR Ks >21.5 This work
2025-07-08 02:43:27 5.567 GTC/EMIR Ks >22.0 This work
2025-07-08 06:50:09 5.737 VLT/HAWK-I K 22.53 £ 0.06 24.17 £0.40 This work
2025-07-15 01:40:27 12.52 VLT/HAWK-I K 22.82 £ 0.08 This work
2025-07-15 02:39:23 12.52 HST F160W 24.80 £+ 0.30 This work

Note. The time is given relative to the initial GBM trigger on GRB 250702D. Magnitudes were calibrated against UKIDSS nearby reference stars in Vega and then
converted to AB by applying offsets of 1.900 (K band) and 1.379 (H band) (P. C. Hewett et al. 2006). Magnitudes are not corrected for Galactic extinction of

Ay = 0.158, Ak = 0.093 (E. F. Schlafly & D. P. Finkbeiner 2011).

Tanvir, Vergani) starting on 2025 July 3 at 07:03:03 UT
(6t = 0.746 day). We process all VLT observations using the
ESO REFLEX packages, astrometrically align the HAWK-I
observations to the Gaia reference frame, and perform
photometric calibration with the UKIDSS Galactic Plane
Survey (P. W. Lucas et al. 2008). We present a log of the
HAWK-I observations in Table 1.

In our first epoch of HAWK-I imaging, we clearly detect a new
source in both H and K bands within the Swift-XRT localization
at R.A. (J2000) = 18" 58™45%57, decl. (J2000) =-07452' 262,
with an uncertainty of ~0.1 in each coordinate (Figure 2). We
perform photometry on the source using small (0.5) apertures,
giving K = 1936 + 0.02mag, substantially brighter than the
limiting magnitudes of archival VISTA observations of the field.
We thus identify the source as the infrared counterpart of
GRB 250702B (A. Martin-Carrillo et al. 2025). Notably, in our
first epoch of imaging, the source shows an extremely red color of
H — K(AB) = 142 £ 0.06 mag (A. J. Levan et al. 2025b),
which is 1.37 mag when considering the Milky Way extinction of
Ay = 0.847mag in the direction of the near-IR counterpart
(E. F. Schlafly & D. P. Finkbeiner 2011), corresponding to an
extremely steep spectral index of 5 ~ —4 (with F, x t‘“uﬁ). In
addition to the transient point source, our observations reveal
potential underlying extension in the east—west direction,
consistent with an underlying host galaxy (Figure 2). In later
epochs of HAWK-I imaging, we continue to use narrow (0.5)
apertures to minimize host contamination, which increases in later
epochs, in the photometry. We therefore also provide magnitudes
from subtraction of the final HAWK-I epoch at () ~ 12.5 days,
although we note that there is still likely transient light in the

template epoch and the resulting magnitudes may be
underestimated.

Following the HAWK-I near-IR detection, we obtained
4 x 600 s spectroscopy of the counterpart starting on 2025 July
4 at 03:26:53 UT (ér = 1.60 days) with the VLT X-shooter
spectrograph (J. Vernet et al. 2011), covering 3000-24000 A.
We oriented the slit with a position angle of 90° to cover both
the counterpart and the potential host galaxy, and employed
the ABBA nod-on-slit mode. We reduce each individual
exposure of the near-IR arm using the STARE mode reduction
in the ESO REFLEX packages (a nodding reduction was not
possible because of the presence of other objects in the slit).
We subtract sky features and individually flux-calibrate each
spectrum before combining into a final science spectrum
(J. Selsing et al. 2019). The resulting 2D spectra show only a
very faint trace across the H and K bands, highlighting the very
red color of the transient (Figure 3), and the low signal-to-
noise ratio of the data does not enable any useful constraints on
the redshift of either the counterpart or the putative host
galaxy.

We furthermore initiated a request for Directors Discre-
tionary Time (DDT) observations with the Hubble Space
Telescope (HST; program 17988, PI: Levan), and obtained a
single orbit of observations with the F160W filter. We
downloaded the flat-fielded, dark-subtracted, and image from
the MAST archive, and redrizzled the individual exposures to
a final pixel scale of 0.07. We detect both the near-IR
counterpart as well as the underlying galaxy in the F160W
image (Figure 2). The magnitude of the transient is highly
uncertain because of contamination by galaxy light. Using a
narrow aperture and on-galaxy background, we obtain
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F160W = 24.8 4+ 0.3 mag, but note that the uncertainty is
likely underestimated due to systematics. We measure an
offset getween the point source and the galaxy centroid
of 0.7.°

We also obtained observations with the Gran Telescopio
Canarias (GTC) using both the IR imager (EMIR) and the
simultaneous multiband optical imager (HIPERCAM), as well
as with the Nordic Optical Telescope (NOT), in multiple
bands. We reduce observations using standard instrument
pipelines. We do not recover the counterpart in any images,
and report upper limits in Table 1. In addition to observations
with our programs, we collect optical and near-IR data from
the GCNs and summarize them in Table 1.

2.4. Radio Observations

We observed GRB 250702B with the MeerKAT radio
telescope (F. Camilo et al. 2018; J. Jonas 2018) under program
SCI-20241101-FC-01 (PI: Carotenuto) beginning on 2025 July
4 at 17:37:32 UT (6t = 2.208 days) at the S band (S4; central
frequency 3.06 GHz and 875 MHz bandwidth), followed by a
second observation on 2025 July 8 at 18:43:45 UT
(6t = 6.236 days) at the L band (central frequency 1.28 GHz
and 856 MHz bandwidth). We utilize PKS J1939-6342 as
bandpass and flux density calibrator and J1822-096 and
J1908-201 as complex gain calibrators at 3.06 and 1.28 GHz,
respectively, obtaining a total on-source time of 42 minutes in
each band. We reduce the data with the OxKAT pipeline
(I. Heywood 2020), which performs standard flagging,
calibration, and imaging using tricolour (B. V. Hugo
et al. 2025), CASA (CASA Team et al. 2022), and WSCLEAN
(A. R. Offringa et al. 2014), respectively. For imaging, we
adopt a Briggs weighting scheme with a —0.3 robustness
parameter for both frequencies, which yielded a beam of
109 x 2'7 and rms noise of 9 ;Jy beam™ ' at 3.06 GHz, and
8’1 x 6.4 and 13 uJy beam ' at 1.28 GHz. We clearly detect
the radio counterpart of GRB 250702B at the position of the
optical counterpart at both frequencies (first reported in
A. J. Bright et al. 2025). We fit for a point source in the
image plane and report our results in Table 2. We additionally
compile publicly reported millimeter and radio observations
from MeerKAT, the Atacama Large Millimeter Array
(ALMA; K. D. Alexander et al. 2025), the James Clark
Maxwell Telescope (JCMT; A. J. Tetarenko et al. 2025), the
Allen Telescope Array (Allen TA; A. I. Sfaradi et al. 2025b),
and the Karl G. Jansky Very Large Array (VLA; A. I. Sfaradi
et al. 2025b) in Table 2.

3. Host Galaxy

The combination of the offset and measured K-band
magnitude of the underlying galaxy enables us to calculate
the probability of chance alignment (P..). Following the
methodology of J. S. Bloom et al. (2002), but with number
counts updated and appropriate for our K-band observations
(R. A. Windhorst et al. 2023), we find P.. < 0.1%. We
therefore conclude that, despite a location close to the Galactic
plane (b = —5.2), the underlying galaxy is the host and that
GRB 250702B is an extragalactic event.

35 We note that the galaxy centroid is not well defined, since it is divided into
two visible regions in the HST imaging (Figure 2). However, the offset from
either to the GRB position is comparable.
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The galaxy is clearly resolved in HST images and visible as
an extension in the HAWK-I images with good seeing. As the
source is relatively extended and shows low-surface-brightness
regions that overlap with foreground objects, accurate total
photometry is particularly complex. Using an elliptical
aperture of semimajor/minor axis 1.75/0.65, we measure
magnitudes of K(AB) = 20.78 4+ 0.05 and F160W
(AB) = 21.55 + 0.09, and a half-light radius of approxi-
mately 0'8. Alternatively, using GALFIT (C. Y. Peng et al.
2010) and two Sérsic functions, the best-fit model returns a
mean half-light radius of 09 + 01, fully consistent with the
elliptical aperture measurement.

In the HST images the galaxy appears split into two
separated regions. This may be due to some form of ongoing
interaction, but is also reminiscent of strong dust lanes
observed frequently from edge-on disk-like galaxies. The lane
appears to extend across the nucleus of the galaxy in the
direction of the near-IR counterpart; thus, if the transient lies
within (or behind) the dust lane, dust extinction would provide
a natural explanation for the observed extreme redness
(Section 2.3).

No spectroscopic redshift for the galaxy is available at the
time of writing. Existing detections, which are limited to
FI60W/H and K bands, are insufficient to derive a
photometric redshift. However, the galaxy appears relatively
large and well resolved, revealing substructure at the
resolution of the HST observations, and enabling some
constraints on its redshift. These are discussed in more detail in
Appendix B, but briefly. At low redshift (0.1 < z < 0.5), the
host is consistent with both the galaxy size distribution
(K. Ormerod et al. 2024) and the sizes and absolute
magnitudes of known GRB hosts (e.g., J. D. Lyman et al.
2017; B. Schneider et al. 2022). At higher redshift, it would be
an unusually large and luminous galaxy. Such galaxies are
rare, although not unheard of. Hence, we cannot robustly
constrain the redshift, aside from noting that it would have
unprecedentedly high luminosity if beyond z ~ 2—3. However,
the galaxy properties do favor a lower-z scenario with z < 1
(and most likely at z < 0.5), in keeping with constraints from
the afterglow and absorption properties (see Section 5).

4. A Repeating, Extragalactic GRB

Numerous properties of GRB 250702B are unique or
extreme when compared to those typically seen in GRBs.
The first reported high-energy detections predate the final
GBM trigger by a day (Section 2.2). Whereas most GRBs are
brightest in the v-rays within seconds to minutes of the trigger
time, there were no y-ray triggers from GRB 250702B prior to
Ty, despite the earlier detections by the EP (H. Q. Cheng et al.
2025). Further, the most energetic outburst was at the time of
the final trigger (GRB 250702E; E. Neights et al. 2025b), with
the fluence of the three bursts reported as 1.04 x 107> , 1.24 x
107 ,and 2.74 x 1077 ergcm . Hence, both in timescale and
light-curve morphology, GRB 250702B seems to be substan-
tially different from the bulk of the GRB population.

The timing of the three triggers further exhibits interesting
patterns. Whereas the time difference between the first and
second GRB triggers is 2825s, the third trigger
(GRB 250702E) begins at a near-integer time step from this,
corresponding to close to 4 times the 2825s interval (i.e.,
(4 x 2825) + 4 s later). This could be interpreted as a period of
repetition in the GRB triggers with potential implications for
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Figure 1. The Fermi-GBM (8 keV —900 keV energy range; observer frame) count-rate light curve spanning from —2 x 10 to 1.2 x 10*s after the GRB 250702D
trigger (main panel, gray lines; with data from each burst highlighted in color), along with zoom ins around the time of the individual triggers (upper row). EP-WXT
observations revealed an X-ray counterpart a day earlier (blue arrow; H. Q. Cheng et al. 2025), indicating transient high-energy emission preceding the GBM trigger.
The dashed vertical lines indicate periods of 2825 s (the measured gap between GRB 250702D and GRB 250702B).

the progenitor. If so, these three triggers correspond to the first,
second, and fifth “beat” of the period. No ~-ray triggers have
been reported coincident with the third and fourth beat.
Although plausible subthreshold structure is visible within the
~-ray light curves (Figure 1), the complex background
precludes any robust statements about the presence of possible
emission at these times. We consider the possible physical
implications of this potential periodicity in Section 6.1.

Although there is no precise redshift available for
GRB 250702B, the presence of a relatively bright and
extended host galaxy suggests the redshift is low (z < 1;
Section 3 and Appendix B), and our afterglow modeling
(Section 5) favors a z ~ 0.3 origin. Using these constraints, we
next consider how the energetics of the burst would appear at
redshifts in the interval 0.1 < z < 1. Unsurprisingly E. ;s
varies dramatically across this broad redshift range. Using the
integrated Konus-Wind flux for GRB 250702B, the E;, ranges
from 1.4 x 10> erg (z = 0.1) to 1.6 x 10°* (z = 1.0), which
are both consistent with the bulk GRB population (e.g.,
A. Tsvetkova et al. 2017). However, attempts to fit typical
GRB-like Band functions (D. Band et al. 1993) to the spectra
yield high E,, of several hundred keV (E. Neights et al. 2025b).
Notably, across the redshift range considered here, this lies
substantially in excess of the E,-Ej, relations (e.g.,
L. Amati 2006). The same is true, and indeed becomes more
acute, if considering each individual trigger (“D,” “B,” “E”)
separately.

5. Afterglow Properties

While the prompt emission seems unusual, the afterglow is
more readily comparable to those of the typical GRB

population. Across the range 0.1 < z < 1, the X-ray and
radio luminosity is consistent with GRB afterglows (e.g.,
Figure 4; P. Chandra & D. A. Frail 2012; A. de Ugarte Postigo
et al. 2012). Though the near-IR emission is unusually red, its
absolute magnitude is also in keeping with those seen for other
GRB afterglows (e.g., D. A. Kann et al. 2024).

We now consider whether these observations are consistent
within the framework of the standard GRB fireball model,
where synchrotron afterglow emission arises from shocks
produced in the interaction of a collimated, relativistic jet with
the ambient medium (see Figure 5, left panel). Such a model is
clearly applicable in a standard GRB progenitor paradigm, but
its validity with alternative central engines is less obvious and
may depend on the details of the engine. The details of our
modeling are discussed in Appendix A. We keep the redshift
as a free parameter in the range 0.1 < z < 12, and find that
forward shock (FS) emission fits the optical and X-ray
observations well, provided z < 0.3 and Ay 2 10 mag.
Higher-redshift models, while requiring lower Ay (due to the
near-IR observations probing bluer rest-frame filters), push®®
the outflow’s isotropic-equivalent ener; 2/ (Ex iso) beyond our
maximum allowed value of 5 x 10°"erg (appropriate for
GRBs and jetted TDEs; e.g., S. B. Cenko et al. 2011; P. Ben-
iamini et al. 2023) and are disfavored (see Figure 6 in
Appendix A). The observed steep X-ray and optical light
curves are further consistent with an early jet break
(tir S 0.5day). The radio observations in this framework
require an additional component, e.g., a reverse shock

36 This degeneracy maintains a high cooling frequency, v, > vx, which is
required for matching the dereddened near-IR colors and the near-IR to X-ray
spectral index at higher z within our allowed constraint of 2 < p < 3.
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Figure 2. Left: discovery image of the counterpart of GRB 250702B obtained with the VLT/HAWK-I. The false-color composite is constructed from the H- and K-
band observations and demonstrates the transient’s extremely red color. Middle: zoomed-in region (corresponding to the white box in the left panel) around
GRB 250702B’s counterpart at 6t = 5.737 days as observed with HAWK-I in excellent seeing conditions. The transient appears to be offset from a likely extended
source. Right: HST imaging clearly resolves the extended source, revealing a complex, asymmetric morphology, as well as the possible presence of a strong dust lane

through the disk of the galaxy.

(RS; Figure 5, right panel). In our modeling, we keep this
component fixed (due to the paucity of radio data) and vary the
FS parameters. Besides an extremely narrow opening angle
(Ojer =~ 0.4, driven by the early jet break, high Ex ;s,, and low
density), the inferred parameters are consistent with those
previously inferred for GRBs (e.g., T. Laskar et al. 2014). For
our best-fit parameters, we infer a prompt efficiency of
1y~ 10% and an FS Lorentz factor of I'gs ~ 40 at the time of
the first detection, 6t ~ 0.5 day, also consistent with GRB
afterglows (T. Laskar et al. 2014; G. Ghirlanda et al. 2018).
The high local host extinction is also consistent with the
observed large X-ray absorption column, Ny, ~ (1.1 &+
0.2) x 1022cm~2 (corresponding to Ny, ~ (8.6 £ 2.0) x
10%! cm~? after subtracting the Galactic contribution; P. A. Evans
et al. 2007, 2009). We can formalize this by computing a redshift
using the correlation between X-ray and dust column (e.g.,

1
D. Watson 2011), z = (228 me )24 — 1 (Appendix B)
'y (2= v

Using our inferred host galaxy Ay(z = 0) posterior and additional
statistical uncertainties (Appendix B), this gives a redshift of
z = 0.50 £ 0.29, consistent with the host properties (Section 3)
and the afterglow modeling (Appendix A). One caveat here is that
for classical GRBs this ratio is an order of magnitude larger (e.g.,
P. Schady et al. 2010), probably due to a large column density of
ionized, dust-free gas close to the GRB site (D. Watson et al.
2013). Thus, if this was a classical GRB, then the redshift inferred
above is a lower limit. This constraint provides further evidence
the burst is not Galactic, because the metals providing the dust
column would be detected in stronger X-ray absorption than is
observed.

6. Progenitor Scenarios

The host association for GRB 250702B presented here rules
out a Galactic origin for the transient (e.g., X-ray binaries,
cataclysmic variables, novae, magnetars, etc.). However, the
key question relating to GRB 250702B is the identity of its
progenitor. As a series of long GRBs, does it arise from a
stellar-scale core-collapse event, as is apparently the case for
the ultralong GRBs (J. Greiner et al. 2015)? Alternatively,
given its unprecedented nature, does it arise from a potentially
previously unseen kind of object? The match of the available

observations to fireball models may suggest a collapsar origin,
but other progenitors may produce observationally similar
emission. Here, we consider several possible progenitor
scenarios for GRB 250702B, and contrast these against
available observations.

6.1. A Relativistic TDE

A known source class that can produce high-energy
emission on ~hours to days timescales is relativistic TDEs
powered by super-Eddington accretion onto a massive black
hole. Highly variable ~-ray light curves similar to
GRB 250702B have previously been observed in relativistic
TDE:s, specifically Swift J1644+57 (e.g., D. N. Burrows et al.
2011; A. J. Levan et al. 2016; V. Mangano et al. 2016), which
triggered Swift-BAT (via an image trigger) four times over
2 days with a comparable inter-trigger interval to
GRB 250702B. The high ~-ray variability, hard-to-soft X-ray
spectral evolution, and variable (but nonflaring) hard X-ray
properties are all consistent with the early behavior of past
relativistic TDEs (D. N. Burrows et al. 2011; S. B. Cenko
et al. 2012; D. R. Pasham et al. 2015; V. Mangano et al. 2016).
This similarity extends further with consistencies between the
near-IR power-law decay and self-absorbed radio emission of
GRB 250702B and these past events (A. J. Levan et al. 2016;
E. Hammerstein et al. 2025). Underneath the short-term
variability, the early X-ray light curve of relativistic TDEs
typically follows a power-law decay, sometimes consistent
with the canonical /3 decay in the fallback rate, rig,
(M. J. Rees 1988). However, this can be steeper and consistent
with the decay (ax = —2.0 £ 0.1) we see in GRB 250702B
due to factors we discuss below.

We consider three possible TDE scenarios for
GRB 250702B that produce sufficiently super-Eddington
accretion rates to drive a relativistic jet: (1) a main-sequence
(MS) star disrupted by a supermassive black hole (SMBH,
~10°—10"M.,), (2) a MS disrupted by an IMBH, and (3) a WD
disrupted by an IMBH. Notably, each of these is observation-
ally rare, with only four MS-SMBH TDE candidates (e.g.,
J. S. Bloom et al. 2011; D. N. Burrows et al. 2011; A. J. Levan
et al. 2011; S. B. Cenko et al. 2012; G. C. Brown et al. 2015;
1. Andreoni et al. 2022; D. R. Pasham et al. 2023) and even
fewer IMBH TDE candidates (e.g., P. G. Jonker et al. 2013;
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Figure 3. X-shooter spectroscopy in 2D (top) and 1D (bottom) of the counterpart of GRB 250702B obtained on 2025 July 4, rebinned in the 1D to 50 A per bin.
Signal is only recovered in the infrared arm (shown) at low signal to noise. The gray bands indicate regions of high telluric absorption that are not corrected for. The
source shows brightening through the H and K regions of the spectrum consistent with photometry. Given the low signal to noise no significant absorption or
emission features are visible in the counterpart spectrum. The slit was also oriented to cover the location of the host galaxy, but no redshift could be derived.

C. C. Jin et al. 2025), although the latter have also been
considered for ultralong GRBs (e.g., A. J. Levan et al. 2014;
M. MacLeod et al. 2016).

The nonnuclear location of GRB 250702B in the host galaxy
(Figure 2) makes the first scenario unlikely but still feasible if,
for example, the host is undergoing a merger. As this is
difficult to assess at present, we disfavor but do not rule out
this scenario.

Distinguishing between the second (MS-IMBH) and third
(WD-IMBH) scenarios is harder, but may be possible if the
periodicity between the triggers (Section 4) is associated with
the orbital period of the disrupted star (i.e., the ~-ray flares
correspond to mass transfer caused by partial disruptions). In
this case, we can compare the required circular orbital radius,
the innermost stable circular orbit for a range of black hole
masses, and the Roche limits for 1 M-, MS and WD stars. This
reveals that only WD-IMBH disruptions are consistent with
the periodicity. The short-term (~100 s) variability observed in
the light curve is also easier to achieve if associated with
precession, as suggested for Swift J1644+57 (J. H. Krolik &
T. Piran 2011). In the TDE scenario, we thus favor the WD-
IMBH explanation; however, we note that the multiple bursts
may also be driven by a jet or accretion timescale unrelated to
an orbital period (e.g., precession). Indeed, an accreting WD
scenario (A. King 2022) has also been considered for the class

of quasiperiodic eruptions (e.g., G. Miniutti et al. 2019), to
which GRB 250702B could belong.

For a fiducial 10* M., IMBH and 0.5M., WD, assuming the
periastron radius is equal to the tidal radius, an eccentricity of
order e ~ 0.955 is required. This could plausibly be achieved
through Hills capture (J. G. Hills 1988) and would require an
impact parameter of 3 ~ 2 for the original binary (M. Cufari
et al. 2022a). The eccentricity inferred above can result in a
steeper X-ray decline than the typical /3 decay rate
(M. Cufari et al. 2022b). We test this using the “frozen-in”
approximation®’ with the 10°M. IMBH, 0.5M. WD, and
e = 0.955 above. We fix the peak fallback time to the Fermi-
GBM trigger time of GRB 250702E (E. Neights et al. 2025a)
and, assuming an accretion efficiency of order 0.01 and
7 ~ 0.14 to match the observed luminosity of Swift J1644+-57,
find a reasonable match to the X-ray light curve.”®

Overall, if GRB 250702B is indeed a relativistic TDE, the
data discussed here likely sit within the jet-dominated phase,

37 We note that M. Cufari et al. (2022b) do find significant differences
between this analytical approximation and numerical simulations but these
dominate at more extreme eccentricities.

3 While the jet physics involved are complex, if the jet luminosity is
dominated by the accretion rate, the difference in slope could also be
attributable to a full disruption (sizg, o< t=>/3) in Swift J1644+57 and a partial
disruption (7ig, oc t~2/4) in other events including GRB 250702B (C. J. Nixon
et al. 2021; T. Eftekhari et al. 2024).
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Table 2
Log of Radio/Submillimeter Observations Presented in This Work or Publicly Available
Date 6T Telescope Frequency Flux Density References
(days) (GHz) (mJy beam™")
2025-07-04 07:37:01 1.769 Allen TA 5 <l1.1 A. L. Sfaradi et al. (2025a)
2025-07-04 18:08:44 2.208 MeerKAT 3.06 0.12 £ 0.01 This work
2025-07-06 18:53:41 4239 MeerKAT 1.28 0.1 P. A et al. (2025)
2025-07-08 18:43:45 6.236 MeerKAT 1.28 0.08 + 0.01 This work
2025-07-08 05:59:11 5.701 VLA 10 0.49 + 0.05 A. L. Sfaradi et al. (2025b)
2025-07-08 21:05:00 6.331 JCMT 350 <6.3 A. J. Tetarenko et al. (2025)
2025-07-09 02:09:03 6.542 ALMA 97.5 2 K. D. Alexander et al. (2025)
Note. The time is given relative to the initial GBM trigger on GRB 250702D.
which is seen to last of order months to years in other events = » —+—"—"F""""""""r—"—————"—
(B. A. Zauderer et al. 2013; G. C. Brown et al. 2015; I 15.0
D. R. Pasham et al. 2015; T. Eftekhari & E. Berger 2017; 221 ]
T. Eftekhari et al. 2024). F
A distinguishing signature of a relativistic TDE is the X-ray ke 50; ] 12.5
emission entering a steep decline as the accretion rate drops below P
the Eddington limit and the jet turns off (D. R. Pasham et al. 2015; g [ 100 ¢
A. J. Levan et al. 2016; T. Eftekhari et al. 2024). Based on the < 48t , <
analytical WD-IMBH model described above, we estimate this Lo S
will occur at ~40 days in the observer frame. We note that due to EI" I 7.5 5
the degeneracy of the efficiency and redshift, the steep decline " 46 i E
may occur ~months to years later, particularly if the IMBH is less g 7 150
massive than assumed. The radio counterparts of relativistic TDEs 2
continue to rise for hundreds to thousands of days, and may also T a4} ,
show evidence for multiple components (B. A. Zauderer et al. [ 550702BDE 12.5
2013; D. R. Pasham et al. 2015; T. Eftekhari & E. Berger 2017; | Relativistic TDEs
O. Teboul & B. D. Metzger 2023; L. Rhodes et al. 2025). In this 42| Swift (25335 “““ s TR é Lo

case, multiple components could be expected in a similar fashion
to Swift J1644+57 (e.g., O. Teboul & B. D. Metzger 2023), while
the rise could be curtailed at relatively early times if the jet shuts
off in line with our prediction. Long-term X-ray and radio
monitoring is therefore crucial to evaluating this explanation.

6.2. GRB from an Atypical Stellar Core Collapse

The majority of long-duration GRBs appear to arise from
the core collapse of massive stars (e.g., J. Hjorth et al. 2003;
K. Z. Stanek et al. 2003), although a substantial minority now
also seem to arise from compact object mergers (e.g.,
J. C. Rastinejad et al. 2022; E. Troja et al. 2022; J. Yang
et al. 2022; A. J. Levan et al. 2024; Y.-H. Yang et al. 2024).
Stellar core-collapse models for GRBs associate jet lifetimes
(and hence prompt emission durations) with the freefall
timescale, which are typically limited to a few seconds
(S. E. Woosley et al. 2002). In principle, the duration of the
GRB reflects the lifetime of the central engine affer the jet has
pierced the star (O. Bromberg et al. 2013). The time for the jet
to traverse the star is a few seconds for a compact stripped
progenitor, up to a few hours for the collapse of giant stars
(A. J. Levan et al. 2014). In this scenario, the EP detection
implying a prompt emission duration 2>50ks remains a
challenge. However, this timescale may be extended somewhat
via a variety of routes including rapidly rotating progenitors
(H. J. van Eerten 2014; P. C. Duffell & A. I. MacFad-
yen 2015), close binary progenitors (M. V. Barkov &
S. S. Komissarov 2010), invoking magnetic support from the
accretion disk (N. M. Lloyd-Ronning et al. 2016), tapping
angular momentum from the black hole (M. H. P. M. van
Putten 1999; C. L. Fryer et al. 2025), or via accretion disk

log trest (S)

Figure 4. Comparison of the X-ray light curve of GRB 250702B with those of
Swift GRBs (grayscale background) and relativistic TDE candidates, down-
loaded from the Swift Burst Analyser (P. A. Evans et al. 2007, 2009, 2010)
and the Living Swift-XRT Point Source Catalogue (P. A. Evans et al. 2023)
and processed as described in S. Schulze et al. (2014). At any reasonable
redshift the luminosity of the event is comparable to those of GRBs, and
GRB 250702B is clearly faster and less luminous than the relativistic TDE
candidates. This would be consistent with a lower-mass black hole involved in
a disruption, or with a more normal GRB interpretation.

instabilities (R. Perna et al. 2006). Alternatively, magnetars
have also been widely discussed as a route to longer-lived
emission in GRBs, including in ultralong events (e.g.,
B. D. Metzger et al. 2015), although magnetar engines have
a maximal total energy of ~10°* erg due to the limited energy
stored in the spin of the magnetar. In the case of
GRB 250702B, the combination of morphology (starting faint
and getting brighter) and prompt energy correlations (away
from the E,—Ej,, relations) further challenge the interpretation
of GRB 250702B as a core-collapse event.

Although several lines of evidence point away from a
collapsar, it should also be noted that several others are
entirely in keeping with a collapsar origin. These include the
overall energetics, afterglow properties, and the location
within the host galaxy. Although the afterglow is highly
extinguished, there is strong precedent for this in the dark GRB
population (A. Melandri et al. 2012; K. M. Svensson et al.
2012; D. A. Perley et al. 2013; G. Schroeder et al. 2022).

As a rare event it is also possible that unusual and rare
circumstances are at play in GRB 250702B that do not impact
the general GRB population, including GRBs originating at
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Figure 5. Light curves (left) and spectral energy distributions (right) for the afterglow of GRB 250702B spanning from ~0.5 to 20 days at radio to X-ray
wavelengths. The observations can be well explained by a standard synchrotron model comprising radiation (solid lines) from forward (dashed) and reverse (dotted)
shocks at z =~ 0.16 and high host attenuation, Ay ~ 12 mag (see Section 5 for details and Appendix A for model parameters).

unusual phases of stellar evolution. This might include
explosions within a common envelope (e.g., S. L. Schrgder
et al. 2020) that could create complex circumstellar media into
which the jet propagates and the 7-rays are scattered, the
collapse of particularly massive stars formed dynamically in
extremely dense stellar clusters (e.g., S. F. Portegies Zwart
et al. 2004), or even stellar collapse inside a very tight binary
containing a second compact object in which complex fallback
processes impact the resulting light curves (e.g., R. P. Church
et al. 2012). Hence, while clearly exhibiting a set of prompt
properties inconsistent with those of GRB-supernovae seen
before, these do not automatically rule out a stellar collapse
origin. Indeed, such origins have even been suggested for the
population of events now generally interpreted as relativistic
TDEs (E. Quataert & D. Kasen 2012).

For a moderately low redshift it may ultimately be possible
to observe any associated supernova, although the extinction
will require K-band observations where supernovae are
unfortunately not especially bright. At z ~ 0.3, we might
expect a supernova near-IR peak around K ~ 22 mag. Ground-
based near-IR observations may be sensitive to supernovae
even in cases where Ax > 2, and the James Webb Space
Telescope (JWST) could probe to very high extinctions
(Ag > 10). For comparison, our afterglow modeling indicates
Ak ~ 1.7 mag, suggesting that a deep ground-based supernova
search may yet be viable.

6.3. A GRB with Dust Echoes

The repeating nature of GRB 250702B shares some super-
ficial similarities with GRB dust echo models (in which the
prompt emission is Compton scattered by circumstellar
material; e.g., C. D. Dermer et al. 1991; S. Klose 1998;
P. Madau et al. 2000; J. A. Moran & D. E. Reichart 2005;
K. Heng et al. 2007; L. Shao et al. 2008). The ~1 hr long
timescale between peaks corresponds to an extremely compact
physical scale of ~10au for the scattering surfaces. In this
interpretation, the distinct peaks require a specific configura-
tion of the circumstellar medium, namely dense, thin shells
(P. Madau et al. 2000). Although the event apparently occurred
in a dusty environment, the spatial scale implied by these

timescales is small enough that dust destruction by the GRB
radiation field should be significant (K. Heng et al. 2007),
decreasing the opacity and reducing the luminosity of the
echoes. This is in contrast with GRB 250702B, which has
similar (or even increasing) peak count rates in each of the
three triggers (Figure 1). On the other hand, the different
distances associated with different parts of the scattering shells
would naturally extend the prompt duration. Furthermore, the
spectrum of the scattered prompt emission is expected to be
significantly attenuated at energies above ~100keV and to
soften over time (C. D. Dermer et al. 1991; L. Shao &
Z. G. Dai 2007). This is at odds with the high peak energy (and
increasing spectral hardness) seen in the Fermi-GBM triggers.

6.4. A (Lensed) High-z GRB

The very red H — K color could be explained by the
presence of the Lya break in the H band, placing the burst at
z ~ 12. In this case, the foreground galaxy would either be a
chance alignment, or more likely (see below) acting as a lens
for the GRB. GRBs spawned from first-generation (Population
III) stars may be both extremely energetic, E. s 2 107 erg,
and long-lasting, g, = 10> x (1 + z)s, because of their
extended envelopes (Y. Suwa & K. Ioka 2011). At z ~ 12, the
isotrogic energy of the GRB would be ~10°® erg, an extreme
value,” but may still render the energetics consistent with the
E,—E;, relation (Section 4). Alternatively, the long duration of
the event could be due to lensing, with the same burst
repeating multiple times. The concept of repeating GRBs as
lensed events stretches back to some of the first suggestions of
extragalactic origin (e.g., B. Paczynski 1986), and a handful of
claimed lensed GRBs have been suggested in the literature
(see A. J. Levan et al. 2025a for a review).

However, while such a high-z event would be of extreme
importance, our X-shooter spectroscopy shows the source to
be red across the spectral window, without a strong break.
Hence, a high-z event (lensed or not) would also need to be
intrinsically red (and hence its afterglow even brighter

3 Currently, the highest isotropic energy measured for a GRB is
~2 x 10> erg for GRB 221009A (e.g., E. Burns et al. 2023; D. B. Malesani
et al. 2023; J.-L. Atteia et al. 2025).



THE ASTROPHYSICAL JOURNAL LETTERS, 990:L28 (14pp), 2025 September 1

allowing for this extinction). Furthermore, although the signal-
to-noise of the prompt emission is not high, the morphology of
the burst light curves appears to be different, disfavoring the
lensing origin.

7. Conclusion

We have presented new, multiwavelength observations of a
superlative series of associated GRB triggers, GRB 250702B.
Our observations reveal a rapidly fading, multiwavelength
counterpart embedded in a galaxy with a complex and
asymmetric morphology. We identify this galaxy as its host,
and conclude that GRB 250702B is an extragalactic event. The
relatively bright and extended host suggest the redshift is
moderate (z < 1).

GRB 250702B is observationally unprecedented in its
timescale, morphology, and the onset of X-ray photons prior
to the initial GRB trigger (H. Q. Cheng et al. 2025). In
addition, we find a striking, near-integer time step between the
GRB outbursts, suggesting (although not proving) possible
periodicity in the events.

We find that a standard afterglow FS and RS model can
explain the multiwavelength light curves of the burst counterpart.
The model favors high local host attenuation (Ay ~ 11 mag) and
a low-redshift origin, leaving open several possible progenitor
theories. We explore several models for this unusual event,
including a relativistic TDE, a rare, nonstandard collapsar, a
typical collapsar which produces GRB dust echoes, and a lensed,
high-redshift event. We find that an atypical collapsar and a
possibly repeating WD-IMBH TDE are most compatible with
current available information.

Looking forward, high-resolution observations of
GRB 250702B’s local environment, continued X-ray and radio
monitoring of its counterpart, and a deep near-IR supernova
search are promising routes to further constrain its origins.
Future detections of such events, especially those exhibiting
periodicity, offer the chance to constrain their rates and
decipher their origins, while continued wide-field high-energy
~v-ray and X-ray monitoring capability remains essential for
their prompt discovery and identification.
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Appendix A
Afterglow Modeling

For our modeling, we download the Swift-XRT count-rate
light curve and convert to flux density at 1keV using the
spectral parameters reported on the Swift website.* We use
the NIR fluxes unsubtracted for host emission and incorporate
a constant component at the K band to account for host
contamination. Our modeling framework is described in detail
elsewhere (T. Laskar et al. 2013, 2014), but, in summary, we
use the standard analytical model of J. Granot & R. Sari (2002)
with allowance for dust extinction in the Milky Way and in the
host galaxy (following a Small Magellanic Cloud dust law),
radio scintillation, inverse-Compton cooling, and Klein—Nishina
corrections (Y. C. Pei 1992; J. Goodman & R. Narayan 2006;
G. A. McCarthy & T. Laskar 2024). The free parameters of our
FS model, along with their best-fit values, are the electron
energy index (p), the fraction of postshock energy in accelerated
electrons (e.) and in the magnetic field (eg), Ex jso, the density

“OWe use T = 1.6 and a counts-to-flux conversion factor of
9 x 107" ergem 2 ct™!. The parameters reported on the website may drift
following continued monitoring.
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Figure 6. Correlation plots and marginalized posterior density functions for
four key free parameters in the afterglow model (Section 5 and Appendix A),
demonstrating that low-redshift z < 0.3 and high-extinction (Ay 2 10 mag)
models are favored by the data under the modeling constraints employed here.

parameter (A,) for a wind-like environment, fe;, F hostk, and
the redshift z. We additionally incorporate an RS component
with the following fixed locations of the three spectral break
frequencies: v, ~ 2 X 10" Hz (self-absorption),
Um &~ 3 x 10" Hz (peak), and v, ~ 8 x 10'® Hz (cooling), as
well as peak flux F,,rs = 5 X 10* mly, all at a fiducial
6t = 10 >days, chosen to approximately match the radio
spectral energy distributions without overpredicting the near-
IR data.

We sample the parameter space using a Markov Chain Monte
Carlo method with emcee (D. Foreman-Mackey et al. 2013).
We run 512 walkers for 2000 steps and discard the first 30 steps
as burn-in. We plot correlation contours for four parameters of
particular interest in Figure 6. The parameters of the highest-
likelihood model are p ~ 2.2, €. =~ 095, eg =~ 1 X 1072,
Exiso = 4 X 10> erg, A, =~ 8 X 1074, tiw ~ 0.1 day,
Fp X nost &= 2.9 X 1073 mly, and z ~ 0.16. For this model (plotted
in Figure 5), the FS break frequencies and peak flux density at 1
day are v, ~ 7 x lOSHz,z/cz3 X lOzOHZ, Upy &3 X 103Hz,
and F,,rs =~ 0.5 mlJy. The outer break frequencies are
unconstrained by the data in this model, resulting in degeneracies
between the model parameters; however, these degeneracies are
suppressed by the additional requirement of e, + eg < 1,
reducing the available parameter space and tightening the
posterior in this case. While the data only constrain #, S 0.5
day (the first Swift-XRT detection), the smoothing used in the
model light curves pushes the best-fit #, earlier. We infer a very
small opening angle, Oie; = 9.7[A./Ex iso.52(1 + 2)]'/* =~ 074,
which is lower than inferred for any afterglow previously
(T. Laskar et al. 2015), although perhaps not impossible to
achieve (e.g., O. S. Salafia et al. 2020); nevertheless, we
acknowledge this as a challenge that warrants further invest-
igation beyond the scope of this work. Finally, we note that the
RS parameters are simply chosen to roughly match the radio data;
a more complete analysis of the RS (and the FS) will require the
full multiwavelength (and in particular radio) data set. We defer
such analysis to future work.
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Appendix B
Additional Redshift Constraints

B.1. Host Galaxy

In the absence of an absorption redshift from the afterglow,
the most promising route to obtain the distance to
GRB 250702B is via the host galaxy. At present, the available
X-shooter spectroscopy does not yield any emission lines, and
only two photometric bands are available. Hence, neither
spectroscopic nor photometric redshift measurements are
possible, and no precise redshift can be determined from the
host galaxy. However, the relative brightness and extent of the
host can be used to place some limits.

In Figure 7, we plot the physical size (in kiloparsecs) and
absolute magnitude of the host of GRB 250702B as it would
appear at various redshifts from (0.01 < z < 3). We also
compare to the evolving galaxy size—redshift relationship from
K. Ormerod et al. (2024), which demonstrates that galaxies at
higher redshift are typically more compact than those locally.
We further compare to the host galaxies of GRBs observed
with HST in a similar observed band to the observations of
GRB 250702B (F160W from J. D. Lyman et al. 2017
compared to the F140W used here). For comparison to galaxy
masses, we also include a crude mass conversion based on the
K-band luminosity (S. Savaglio et al. 2009; K. M. Svensson
et al. 2010), and plot the stellar masses and sizes of galaxies
studied in the Hubble Frontier Fields (L. Yang et al. 2021).
Figure 7 demonstrates that, at low redshift 0.1 < z < 0.5, the
galaxy would be consistent with both the sizes of the galaxy
population and the properties of GRB hosts. Beyond z ~ 0.5,
the GRB 250702B host would be a large and luminous galaxy.

—— GRB250702B host

8 Galaxy size-z relation

GRB hosts
Field galaxies

Effective radius [kpc]

—
-

[a

Log stellar mass (Mg)

©

Absolute magnitude (F140W)

0.0 0.5 1.0 1.5 2.0 2.5 3.0
Redshift

Figure 7. The effective radius (top) and absolute magnitude of the host galaxy
of GRB 250702B at various redshifts from 0.1 < z < 3. The top panel shows
how the physical radius would evolve across the redshift range (black line),
while the shaded blue region is the galaxy size—redshift relation from
K. Ormerod et al. (2024), and the green points a set of direct measurements of
high-z (z > 1) galaxy sizes (and masses) from the Hubble Frontier Fields
(L. Yang et al. 2021). The GRB host population from J. D. Lyman et al. (2017)
is also shown. The lower panel shows the absolute magnitude of the host
galaxy in the F140W filter, as well as a crude conversion to stellar mass. Both
the sizes and luminosities of the host of GRB 250702B would be consistent
with the GRB host and field galaxy population at low z, matching particularly
well at z < 0.5. At higher redshift large, luminous galaxies do occur, but as the
intrinsic luminosity of the GRB 250702B host increases with redshift, they
become increasingly rare. The host would be unusually luminous
beyond z ~ 1.
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Such galaxies are underrepresented in the host population of
the GRB, likely due to metallicity bias (e.g., A. S. Fruchter
et al. 2006; D. A. Perley et al. 2016), but do exist in field
surveys in reasonable numbers. Indeed, if the progenitor of
GRB 250702B is not a collapsar, then the host selection could
well differ from that of most GRBs. Beyond z ~ 1, the
luminosity (and stellar mass) of the galaxy becomes very large,
such that few such luminous galaxies are found in deep field
surveys at 1 < z < 3 (e.g., L. Yang et al. 2021; E. Ward et al.
2024), although such galaxies naturally have large radii.

Finally, if we interpret the morphology of the host galaxy as
due to the presence of a dust lane, then this lane is apparently
resolved at the resolution of the HST IR channel (~0.15).
Since such dust structures are typically confined to the disks of
galaxies, they are normally only a few hundred parsec across.
Atz ~ 1,0.15 is >1 kpc, which would suggest an unusual dust
structure in this case, but a much more typical dust structure at
7 ~0.25 where the resolution element corresponds to 500 pc.
Hence, as with our other diagnostics, the host properties would
favor, though not conclusively prove, a moderate-redshift
scenario (0.1 < z < 0.5) for GRB 250702B.

B.2. X-Ray Column

Another constraint on the redshift can be obtained by
comparing the X-ray absorbing column density to the optical/
near-IR extinction. In the Galaxy, the X-ray absorbing column
density, Ny, is strongly correlated with the dust column (e.g.,
D. Watson 2011), and is expected to be strongly correlated for
most galaxies, as the ISM X-ray absorption is due to metals
while dust is strongly correlated with the total metal column
density. The ratio is about Ny, /Ay ~ 2 x 10*'cm >mag ™'
(e.g., T. Giiver & F. Ozel 2009; D. Watson 2011; H. Zhu et al.
2017). The extinction and X-ray absorption estimates scale with
redshift. For extinction, this is Ay(z) ~ Az = 0) x (1 + )~ "4,
depending on the extinction curve. The X-ray absorption scales
as Np,(z) >~ Nu,(z = 0) x (1 + z)>* (S. Campana et al.
2014). These work in opposing directions, such that

Nuy (2) / Ay (2) 3.8
_— = 1 . h
N =0 /Ave—0) — (U T2 the

Ni, (2)/Av (z) = 2 x 102! cm *mag ', then we can infer the

If we assume ratio

1
2x10*' em2mag~' \3.8
- = —1LIfA
Nux G = 0)/ Av<z=0>) )

is known (e.g., in our case from afterglow modeling), then the
1

2 x 10*' em 2 mag~!' \2.4

== — 1 In

Niy (2= 0) / Ay (2) )

practice, the X-ray absorption-to-extinction ratio and power-law

index will have uncertainties, for which we assume 10% and

+0.1, respectively.

approximate redshift: z = (

corresponding expression is z = (
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