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Abstract

We present follow-up observations of the day-long, repeating gamma-ray burst (GRB) GRB 250702B with the
Near Infrared Spectrograph on board the James Webb Space Telescope. Through the identification of narrow
hydrogen emission lines at a consistent redshift of z = 1.036 + 0.004, we calibrate the distance scale, and
therefore the energetics, of this unique extragalactic transient. At this distance, the resultmg ~-ray energy release
is at least £ ;o = 2.2 X 10>* erg. We find no evidence for ongoing transient emission at the GRB position and
exclude any accompanying supernova (SN) with a luminosity comparable to the Type Ic broad-line SN 2023lcr,
though we are unable to rule out a fainter SN counterpart owing to high extinction. The inferred rate of such
events, assuming at most one in the lifetime of Fermi, suggests that such bursts are very rare, with volumetric
rates over 1000 times lower than normal high-luminosity long GRBs and >10° times lower than core-collapse
SNe, when corrected for beaming. Furthermore, we find that the host galaxy is unique among GRB host galaxies
and extremely rare in the general galaxy population, being extremely large and dusty and with high stellar mass.
The identification of such an exotic GRB in such an unusual galaxy raises the possibility that the environment was
important in the progenitor channel creating GRB 250702B.

Unified Astronomy Thesaurus concepts: Gamma-ray bursts (629); High energy astrophysics (739); Galaxies (573)

1. Introduction exclusively) neutron stars. Their gamma-ray emission is observed
to be remarkably diverse, perhaps reflecting the disparate

Gamma-ray bursts (GRBs) are extremely high ener: . 4 . . .
v ou ( ) » y 8 &y properties and environments of their stellar progenitors combined

explosive transients that are generally thought to be produced
by processes internal to relativistic jets launched by either the
collapse of very massive stars at the ends of their lives or the
merging of compact object binaries, predominantly (or possibly
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with the complex physics of jet launch, propagation, and
radiation. Broadly, GRBs with durations of greater than 2 s are
believed to originate from stellar collapse (termed “collapsars’)
thanks to their consistent association with broad-lined stripped-
envelope (Type Ic-BL) supernovae (SNe; e.g., J. Hjorth et al.
2003; K. Z. Stanek et al. 2003; Z. Cano et al. 2017), though
notable exceptions to this duration-based dichotomy have
emerged (J. P. U. Fynbo et al. 2006; A. Gal-Yam et al. 2006;
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N. Gehrels et al. 2006; J. C. Rastinejad et al. 2022; E. Troja et al.
2022; B. P. Gompertz et al. 2023; A. J. Levan et al. 2024;
Y.-H. Yang et al. 2024). Collapsar GRBs have typical durations
of tens to hundreds of seconds in gamma-ray emission, though
rare examples of “ultralong” GRBs with gamma-ray durations of
thousands to tens of thousands of seconds have been observed
(Y. Y. Tikhomirova & B. E. Stern 2005; B. Gendre et al. 2013;
A. J. Levan et al. 2014).

Despite this diversity, the recent identification of
GRB 250702B as an extragalactic transient (A. J. Levan et al.
2025) has confirmed the burst as a truly singular event in the
GRB population. Unlike all previous examples, GRB 250702B
exhibited repeating structure, triggering the Fermi Gamma-ray
Burst Monitor (GBM; C. Meegan et al. 2009) three times on
2025 July 2 (initially identified as GRB 250702B, GRB
250702D, and GRB 250702E; E. Neights et al. 2025), while
prior X-ray emission from the same position was reported by
the Einstein Probe (EP; H. Q. Cheng et al. 2025) starting on
2025 July 1. GRBs have never been seen to repeat on these
timescales, and the isolated “islands” of gamma-ray emission
are unlike anything previously seen in even the ultralong class of
bursts (though separations of spikes on the order of kiloseconds
have been observed; see, e.g., F. J. Virgili et al. 2013).

Indeed, due to the peculiarity of the burst, the off-nuclear
position of the transient on its host galaxy, and the identification
of a possible periodicity in the gamma-ray triggers, A. J. Levan
et al. (2025) suggested that GRB 250702B may have instead
arisen from the tidal disruption event (TDE) of a white dwarf
around an intermediate-mass black hole IMBH). A TDE origin
was also proposed by G. Oganesyan et al. (2025). Jetted,
or relativistic,c, TDEs have previously been observed with
properties similar to GRBs: an initial strong burst of gamma rays
(though with durations far in excess of those typical for GRBs),
followed by a fading, multiwavelength X-ray-to-radio counter-
part (D. N. Burrows et al. 2011; S. B. Cenko et al. 2012;
D. R. Pasham et al. 2015; A. J. Levan et al. 2016; V. Mangano
et al. 2016). The spectral energy distributions (SEDs) of
relativistic TDEs have also shown them to be powered by a
combination of thermal and synchrotron emission and are akin
to those of GRBs (I. Andreoni et al. 2022; D. R. Pasham et al.
2023). In their modeling, A. J. Levan et al. (2025) concluded
that the X-ray, near-infrared (NIR), and radio afterglow
following GRB 250702B was consistent with more typical
GRBs if the redshift of the source was z ~ 0.3 but may be more
consistent with the luminosity (if not the decay rate) of
relativistic TDEs at higher z. This underscores the importance
of having a measured distance with which to estimate the energy
release and evaluate potential progenitors.

Here we report on follow-up observations of GRB 250702B
with the Near-Infrared Spectrograph (NIRSpec) on board the
James Webb Space Telescope (JWST). We measure the
redshift of the burst to be z = 1.036 £ 0.004, and we discuss
the resultant implications for the energetics. We also provide
limits on an accompanying Type Ic-BL SN, which would be
expected for a collapsar progenitor, and discuss our constraints
on TDE progenitors. Finally, we analyze the properties of the
host galaxy of GRB 250702B and discuss how this contextua-
lizes the transient. This Letter is organized as follows: In
Section 2 we outline our observations and derive a redshift
for the burst. We place limits on transient counterparts
in Section 3. The properties of the host galaxy are presented in
Section 4. We discuss the implications of our findings in
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Section 5 and summarize our final conclusions in Section 6.
We assume a cosmology of Hy = 69.6kms ', ,, = 0.286,
and Q,,. = 0.714 (C. L. Bennett et al. 2014) throughout.

2. Observations and Redshift Determination

We observed the position of the NIR counterpart to
GRB 250702B (A. J. Levan et al. 2025) at 03:12:28 UTC on
2025 August 23, 51.6days after the Fermi trigger GRB
250702D under program GO 9254 (PI: Gompertz) with the
NIRSpec unfiltered prism and 0.4 S400A1 fixed slit for an
effective exposure time of 1.7 hr. We utilize the standard level
3 pipeline products from the Mikulski Archive for Space
Telescopes (MAST) in our analysis. The specific observations
analyzed can be accessed via doi:10.17909/4fqj-kr65.

We also observed GRB 250702B with the Enhanced
Resolution Imager and Spectrograph (ERIS) mounted on Unit
Telescope 4 (Yepun) of the Very Large Telescope (VLT) at
Cerro Paranal Observatory, Chile. Observations were taken
with the Near Infrared Camera System (NIX) starting at
00:46:25 UTC on 2025 August 23 (51.5 days after the Fermi/
GBM trigger) under program 114.27PZ (PIs: Malesani,
Vergani, Tanvir) with the K| filter. The ERIS/NIX images
were processed using the ESO REFLEX pipeline (W. Freudling
et al. 2013), which applies detector-level calibrations, flat-
fielding, and sky subtraction. From the individual reduced
frames, we performed our own stacking to improve the
background subtraction and enhanced the final image quality.

2.1. 1D Spectral Analysis

We deredden the 1D spectrum for a Milky Way extinction
of Ay = 0.83 along the line of sight (E. F. Schlafly &
D. P. Finkbeiner 2011) using the EXTINCTION Python
package® and a J. A. Cardelli et al. (1989) extinction law with
R, = 3.1. The corrected spectrum still exhibits a very red
continuum:® this is consistent with the high host Ay inferred
by A. J. Levan et al. (2025), although their solution was for an
assumed z =~ 0.16. A single high-significance emission line is
seen at a wavelength of \,s ~ 3.8 um, along with other lower-
significance line candidates, most notably at A, &~ 1.3 pm.
Due to the paucity of available lines, we employ template
matching to constrain the possible space of redshift solutions.
Comparing with the NIRSpec spectrum of the host galaxy of
GRB 240825A%" (z=0.659; A. Martin-Carrillo et al. 2024),
we identify the high-significance line at Ayps =~ 3.8 um in the
JWST spectrum of GRB 250702B to be most likely due to Pac
at a redshift of z ~ 1.03. At this redshift, the 1.3 um line is
consistent with Ha, and the continuum shape also appears
congruent with that of the template. In addition, by comparison
with GRB 240825A, we identify a possible emission line at
Aobs =~ 4.4 um, which would be consistent with Bry at
z ~ 1.03. Additional Pa series emission lines can be seen in
the GRB 240825A spectrum, Pag (A\q = 1.2818 um), Pay
(Arest = 1.0938 um), and Pae (\sy = 0.9546 pum), but are not
seen in GRB 250702B. This can in part be explained by their

25 hitps: / /extinction.readthedocs.io/en/latest /index.html

26 Fitting the 1.5-2.5 um region with a power-law model yields 8y =~ 3 (for
Fy < A, corresponding to F,, oc v,

27 Also taken under program GO 9254. We extract a spectrum at a position
offset from the GRB and deredden it using the same method as above but for
Ay = 0.165 (E. F. Schlafly & D. P. Finkbeiner 2011). A full analysis of this
GRB will be published in B. Schneider et al. (2025, in preparation).
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Figure 1. Rest-frame 1D spectrum (bottom panel) of GRB 250702B (blue) at the best-fit redshift of z = 1.036, compared to an off-transient (host galaxy) spectrum
of GRB 240825A (orange) at z = 0.659 (A. Martin-Carrillo et al. 2024). The high-significance Pac, moderate-significance Ho, and low-significance Br+y lines are
marked,and their fits are shown in the top panels. A sharp drop-off in flux is seen redward of ~2.25 ym in the rest frame, likely due to CO band-head absorption. The
expected wavelengths of individual band-head components (CO 2-0 through CO 11-9) are indicated in progressively lighter shades. Broad absorption features are
also identified between 1.3 and 1.6 um, consistent with expectations of absorption from molecular HO and second-overtone CO.

intrinsic faintness, but it may also suggest that a nonnegligible
fraction of the Paa flux is coming from a more heavily
obscured region than the Ho emission.

The rest-frame spectrum of GRB 250702B, along with the
GRB 240825A template, is shown in Figure 1, with the above
line identifications marked. We note a very strong drop-off in
flux at the red end of the spectrum, starting at around 4.5 pm in
the observer frame. Numerous low-significance features are
visible in this region at wavelengths that closely match
expectations for the CO first-overtone absorption band head
(A. Marmol-Queralt6 et al. 2008). We also identify possible
broad absorption features in the region between 1.3 and 1.6 um
in the rest frame, consistent with expectations for molecular
H,O absorption (e.g., A. Lancon & P. R. Wood 2000) and
second-overtone CO absorption (e.g., E. D. Tenenbaum et al.
2005). These are marked in Figure 1. The implications of these
features are discussed in Section 4.

To constrain the redshift and the strength and significance of
the narrow spectral lines more precisely, we fit the line
candidates with Gaussian profiles. First, we isolate arbitrary
wavelength regions around the line candidates and fit each
with a simple Gaussian to estimate line centroid locations ()
and widths (o). We then extract a region of 100 on either side
of the line centroid and fit each line with a Gaussian + 1D

polynomial model to separate out the underlying continuum
using the ASTROPY.MODELING package and the Levenberg—
Marquardt least-squares fitting algorithm. The fit results are
presented in Table 1. Line detection significances are given as
the ratio of the integrated fluxes to their corresponding
measurement errors. Fitting the derived line centroids to their
expected rest values in vacuum yields a redshift of
z = 1.036 4 0.001 (however, see Section 2.2 for an additional
source of uncertainty in this measurement). Assuming an
intrinsic case B line ratio of Paa to Ha of 0.122 (corresp-
onding to an electron temperature T, ~ 10*K and density
n,~107>-10*cm ) along with R, =3.1 and a J. A. Cardelli
et al. (1989) extinction law, the observed fluxes of these two
line candidates in the integrated spectrum imply an intrinsic
extinction of Ay = 3.4 + 0.4 mag from the host galaxy. We
note that an unmodeled contribution to the Ha line (e.g., from
blended N II emission) would result in the derived Ay values
reported here being underestimated. Such blending may also
help explain the large o derived for the Ha line in Table 1.

2.2. 2D Spectral Analysis

To isolate potential light from the transient from that of the
underlying galaxy, we perform a spatially resolved study by
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Table 1
Line Identifications and Gaussian Fit Results
Feature Aobs Arest o Integrated Flux (Fit) Integrated Flux (Fixed) S/N
(pum) (pum) (nm) (10718 erg stem™?) 1o—'8 erg s tem™?)
Ha 1.345 + 0.003 0.656 19.5 + 3.3 10.5 + 2.30 2.28 + 0.35 4.5
Pac 3.818 4+ 0.001 1.875 12.0 £ 0.7 9.94 + 0.75 9.94 + 0.75 13.2
Bry 4.403 + 0.003 2.166 10.5 + 3.2 1.01 + 0.41 1.33 +£ 0.36 2.5

Note. Integrated fluxes (corrected for Galactic extinction) are presented for the value of o found for each line (fit), and with all line widths fixed in velocity space to
the Paa value (fixed) to minimize flux uncertainties in the less significant lines. The identified lines are consistent with a redshift of z = 1.036 4 0.001.

extracting spectra along individual rows near the center of the
slit (pixel rows 30-35) with sufficient signal via the
extractld tool in the JWST pipeline. We show the
resulting output, along with its correspondence to the host, in
Figure 2. We correct each of these spectra for Galactic
extinction as above, and we fit the three atomic H spectral
features identified above (Ho, Pac, and Brvy) with Gaussian
models using a similar procedure to that in Section 2.1. We
fix the width of all three features to be the same in a given
spectrum, but we allow the fluxes (and the underlying
continuum), as well as the redshift, to vary across the six
spectra. In each case, we use the flux ratio of Paa to Ha to
estimate Ay. Finally, we convert the inferred redshift from
each spectrum to a velocity relative to z = 1.036 inferred from
the integrated spectrum (Section 2.1) and present the results in
Table 2.

The inferred central velocity of the spectral lines shifts
monotonically from ~850 to ~—2400km s~ ' over the six pixel
rows. At a redshift of z = 1.036, the NIRSpec pixel scale of 0.1
pixel ! corresponds to a spatial resolution of 0.82 kpc pixel . If
real, this velocity structure would imply an improbably large
enclosed mass of M ~ 10'2(v/103km s~)>(R/4.9 kpc) M....
Instead, we suggest that this signature is the result of a spatially
extended emission feature in the galaxy that is misaligned with
the spatial direction of the slit (see Figure 2). Since the width of
the NIRSpec point-spread function (PSF; ~0.1) is less than the
width of the employed slit (S400A1; 0.4), such a misalignment
would cause a shift in the line centroid along the dispersion
direction. This correlation between source placement in the slit
and inferred velocity is an additional source of instrumental
systematic uncertainty in the redshift measurement. To account
for this effect, we include the standard deviation of the redshift
measurements in the per-pixel spectra (o, = 0.004) in
quadrature with our redshift uncertainty, giving a final redshift
of z = 1.036 + 0.004.

We similarly note trends in the derived Ay values along the
spatial direction, although the standard deviation of the six Ay
values (o4, = 0.4 mag) is consistent with the mean measure-
ment uncertainty (54, = 0.4). The mean Ay, = 3.6 across the
six pixels is consistent at <lo with A, derived from the
integrated light spectrum (Section 2.1). Thus, while there is a
hint that Ay varies across the galaxy, the effect does not appear
to be statistically significant.

3. Transient Properties and Limits
3.1. Afterglow Modeling

We investigate the energetics of the multiwavelength
counterpart of GRB 250702B by updating the afterglow model
of A. J. Levan et al. (2025), utilizing the same dataset but now
fixing z=1.036. We run 512 Markov Chain Monte Carlo

chains for 2000 steps using EMCEE (D. Foreman-Mackey
et al. 2013), discarding the first 20 steps as burn-in. Our best-fit
light curves are visually indistinguishable from those in
A. J. Levan et al. (2025) and are not plotted here, but we
summarize our results in Figure 3. At this redshift, we infer a
very large aftersglow isotropic-equivalent kinetic energy of
Ekiso =~ 8 x 10 4 erg and acknowledge that this parameter is
up against our prior of Eg s, < 10 erg. However, we stress
that the paucity of constraints from the data (e.g., unobserved
synchrotron self-absorption and cooling breaks; A. J. Levan
et al. 2025) implies degeneracies in this model (Figure 3). An
anticorrelation between Ek s, and the jet break time (#je) in
this model results in a somewhat constrained, very narrow
opening angle of 0 ~ 0.5, similar to the value derived in
A. J. Levan et al. (2025). The corresponding beaming-
corrected kinetic energy of Ex ~ 3 x 10°° erg remains
consistent with typical values inferred for long-duration GRBs
(e.g., T. Laskar et al. 2015). This model requires ~5.8 mag of
visual extinction along the line of sight to the transient.
Although lower”® than the value (Ay ~ 11.6 mag) reported in
A. J. Levan et al. (2025), this relatively high value is
nevertheless demanded® by the very red NIR color of the
afterglow. This Ay is higher than the host-averaged Ay inferred
from the JWST spectrum (Ay = 3.4 £ 0.4 mag; Section 2), but
such a disparity is not atypical for long-duration GRBs (e.g.,
G. Schroeder et al. 2022). Finally, we confirm that there is a
negligible (<1%) contribution at 51.6 days from the afterglow
to the observed JWST spectrum at all wavelengths in this
model.

3.2. Supernova Limits

In the standard collapsar scenario, we expect the emergence
of a Type Ic-BL SN, peaking on a timescale of ~2 weeks in
the rest frame (e.g., Z. Cano et al. 2017). The detection or
exclusion of an SN therefore has valuable implications for the
progenitor of GRB 250702B. At the derived redshift of
z7=1.036, our NIRSpec observations were taken around 25.5
rest-frame days after collapse, or around 11 rest-frame days
after the expected peak of an accompanying SN.

We use SN 2023lcr as the template for our expected
SN counterpart. This has several advantages as a compa-
rison object: It is a confirmed Type Ic-BL SN and was
detected with NIRSpec (DDT program 4554; PI: Martin-
Carrillo) at an almost identical rest-frame phase (27 days;

8 The lower Ay is expected at the higher redshift employed here, since the
rest-frame wavelengths sampled by the observed NIR bands are correspond-
ingly bluer.

2% From the VLT observations at 6t ~ 1.6 days, H — K ~ 1.5 AB mag.
For a Milky Way extinction curve at z = 1.036, this constrains Ay, ~
(6.8 + 1.48) mag ~ 5.9 mag with 8 ~ (1 — p)/2 ~ — 0.55 for p ~ 2.2,
consistent with the estimates from our model (Figure 3).
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Figure 2. Spatially resolved properties of the GRB 250702B host galaxy, and SN limits. Panels (a)—(c) show imaging of the source location from July to August
using the VLT and HST (A. J. Levan et al. 2025). The location of the slit is shown in panel (b), along with lines indicating the physical locations that correspond to
each row in the extracted spectrum. The row containing the GRB is shown in green (row 32), and the resulting 2D spectrum is shown in panel (d). Panel (e) shows
the 1D spectrum (not corrected for host or Galactic extinction) extracted from each row. The spectral shape is generally very similar in each row, with no evidence
for additional emission components at the GRB location. We demonstrate this in panel (f), where we subtract a host galaxy spectrum (row 34) from that at the GRB
location. Depending on the normalization of the subtraction, it is possible to have near-zero flux (subl), or a faint component that is essentially a copy of the host
galaxy spectrum (sub2). We also plot SN 2023]cr as it would appear with Ay, = 3.8 and Ay = 5.8, corresponding to the inferred extinction at the burst location from
the row-by-row spectral extraction (Table 2) and afterglow modeling (Section 3.1), respectively. In the lower-extinction scenario the absence of broad features can
exclude SN emission to factors of 2—-3 fainter than SN 2023lcr. In the higher-extinction scenario it is not possible to place meaningful constraints.

A. Martin-Carrillo et al. 2023) and an almost identical redshift
(z=1.0272; D. A. Perley et al. 2023). Its spectrum’ is shown
alongside the line-by-line pixel extractions (Section 2.2) in
Figure 2. GRB 250702B was covered by pixel row 32, though
the PSF of 0.1 closely matches the pixel size, so transient light
may also be found in adjacent rows. It is immediately apparent
that no bright SN resembling SN 2023lcr is present in any of
the spectra, though it is unclear whether one is absent or just
extincted by dust along the line of sight.

30 This spectrum was extracted from the single row of pixels that contains the
SN for a more direct comparison with the GRB 250702B spectra. A full
analysis of SN 2023lcr will be published in A. Martin-Carrillo et al. (2025, in
preparation).

To place limits on the presence of any SN, we must first
attempt to remove the host galaxy light. Although the host
spectral shape is similar across all wavelengths, there are
subtle differences. We therefore chose to use pixel 34 as a
subtraction template, since it is the closest match to pixel 32 in
the red (where SN contribution should be smallest). It is
sufficiently far from the transient to have minimal contamina-
tion and is also the brightest pixel in the galaxy while being the
most comparable phenomenologically. We scale the spectra to
match in the 4-4.5 yum region and then subtract, with the
resulting subtraction shown in Figure 2.

For comparison, we also extract the SN 2023lcr spectrum
row by row to obtain an appropriate comparison in flux space.
In the case of SN2023lcr, there is minimal host galaxy
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Figure 3. Results from modeling the multiwavelength X-ray, optical, and radio observations of GRB 250702B reported in A. J. Levan et al. (2025) with a standard
GRB afterglow model.

Table 2
Results from Fits to Spectra Extracted Row by Row (Section 2.2)
Pixel Row ()4 v o Fpaq Ja™ Fgpy Ay
1074 (km s~ 1) (nm) 1018 erg stem™?) ao~" erg s tem™?) (mag)
30 282+ 7.6 850 + 230 112 £ 2.0 0.85 £ 0.13 1.22 £ 0.36 0.60 £ 0.50 2.88 + 0.52
31 18.6 £ 3.5 560 £+ 100 10.7 £ 0.8 202 + 0.14 1.99 £ 0.33 1.78 + 0.80 344 + 0.28
32 —2.0 £ 3.0 —60 £ 90 11.8 £ 0.6 3.15 + 0.17 254 £ 035 1.39 + 0.84 3.76 £ 0.23
33 —22.6 £3.5 —680 + 100 124 £ 0.7 3.01 + 0.19 1.87 £ 0.35 334 + 1.10 4.19 £ 0.33
34 —59.1 £42 —1780 £ 130 11.7+ 1.0 222 +0.19 1.59 £ 0.35 3.74 + 1.08 3.96 + 0.38
35 —69.4 £+ 6.6 —2400 + 150 10.7 £1.6 1.19 £ 0.17 1.08 £ 0.34 0.73 £ 0.62 3.58 £ 0.60

Note. Pixel numbers correspond to the spectra in Figure 2. The redshift offset ¢z is computed with respect to the systemic redshift derived from the integrated
spectrum, z = 1.036, and velocities are v = cdéz. Line fluxes are corrected for Galactic extinction but not for host extinction. Ay is calculated from case B
recombination assuming an intrinsic ratio of Pac/Ha = 0.122 and a J. A. Cardelli et al. (1989) dust law with Ry, = 3.1. The centroid of transient emission is expected
in pixel row 32 (Section 2.2).

contribution, and the peak pixel contains ~80% of the total SN Ay = 5.8 as the implied line-of-sight extinction to the burst
flux. We redden the SN 2023lcr spectra by Ay = 3.8 as (Section 3.1 and Figure 3), using a J. A. Cardelli et al. (1989)
indicated by the galaxy spectrum (Table 2) and also by extinction law with Ry = 3.1. Given that the extinction
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determination from the galaxy is set by the ensemble
properties of the stellar population, we believe that the direct
line-of-sight extinction determined from the afterglow is more
likely to be relevant.

We note that the details of the subtraction limit are sensitive
to the scaling of the host galaxy for subtraction. In particular,
because of the heavy extinction, the spectral shapes expected
for the SN and for the stellar population are similar, especially
at low signal-to-noise ratio (S/N). Hence, some transient
contribution cannot be excluded, although broad features
comparable to SN 2023lcr are not visible in the subtraction
(see Figure 2). For the low-extinction scenario the absence of
these features is constraining, and we estimate that we would
detect these features in subtractions to luminosities of 2-3
times fainter than AT2023lcr. However, since these are rest-
frame optical /NIR features, they are substantially impacted by
the additional dust in the higher-extinction scenario, and we
could not identify SNe substantially fainter than AT2023lcr in
this case.

As an orthogonal test of our sensitivity to an SN 2023lcr—
like SN, we subtract decreasing fractions of the SN 2023lcr
spectrum from the pixel 32 spectrum and measure whether the
resulting flux deviations are greater or smaller than the
measurement errors. This method is complementary to the host
subtraction test because it essentially measures how faint an
SN could be recovered with a “perfect” host subtraction. We
subtract the reddened SN 2023lcr spectrum from pixel 32
(again using both Ay = 3.8 and Ay = 5.8) and divide the
difference by the measurement uncertainties of the two
original spectra added in quadrature. For Ay = 3.8, we find
that for an SN with flux half that of SN 2023Icr the subtraction
residuals are consistently between 2 and 5 times the
measurement errors in the region between 1 and 3 um
(observed), while an SN 5x fainter than SN 2023lcr causes
deviations barely in excess of 1o in this interval. For the
expected line-of-sight Ay, = 5.8 from afterglow modeling, the
subtraction residuals are at the 1o level for an SN half the flux
of SN 2023lcr and only reach 3¢ for an equally bright SN. We
therefore conclude that while we can exclude an SN of the
same luminosity as SN 2023lcr, we cannot exclude SNe much
fainter than it.

Ultimately, a second epoch of spectroscopy may reveal any
transient light. Imaging observations also have the potential to
identify such signatures, although we caution that with the
heavy extinction it may be extremely difficult to use the
properties of any transient observed only photometrically to
place meaningful progenitor constraints.

3.3. Tidal Disruption Event Limits

A TDE from a supermassive black hole (SMBH) was
strongly disfavored as the origin for GRB 250702B based on
its off-nuclear position. We also note that the relatively flat
optical-NIR SED of the jetted TDE AT2022cmc at an
observed epoch of 41-46 days (D. R. Pasham et al. 2023)
should produce a transient feature with extinction-corrected
flux densities on the order of 20.1 uJy (for Ay = 5.8). While
this SED was taken at ~21 rest-frame days (compared to
~25.5 for GRB 250702B), the light curve was relatively flat at
this time (t_0‘3), and, at z=1.193, AT2022cmc was also
marginally more distant. The absence of an additional
emission component in pixel 32 and adjacent rows therefore
provides further evidence against a jetted TDE similar to
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AT2022cmc, although the diversity of optical/NIR emission
in this population is not well-known.

The X-ray (0.5-4keV) peak flux of GRB 250720B was
measured by the EP Wide-field X-ray Telescope to be
(5.5 4+ 0.7) x 107"%ergem™2s™' (H. Q. Cheng et al. 2025).
With our redshift measurement, this converts to a peak
(1.0-8.1keV) X-ray luminosity of Lx peax = 3 x 10*ergs™".
This means that any nonrelativistic TDE scenario where the
Lx peak is not too far above the Eddington limit is ruled out
(given that Lx pe, for even a black hole (BH) as massive as
10°M,, would be ~2 x 10*ergs™"). Therefore, any TDE
interpretation implies a strongly jetted (i.e., relativistic and
Doppler-boosted) emission. This makes determining the mass
from the BH responsible for the disruption uncertain, unlike
for nonrelativistic TDEs, where the peak luminosity roughly
scales with BH mass (E. Hammerstein et al. 2025). The
timescale of the repeated gamma-ray detection is consistent
with the orbital timescale of a white dwarf around an IMBH.
Even for rapidly spinning BHs, the maximum mass of a BH
able to tidally disrupt outside the event horizon will be élO(’
M, thus in the not well-probed IMBH regime (see the review
in K. Maguire et al. 2020).

Interestingly, another high-energy event (albeit in X-ray and
not gamma-ray) was reported in P. G. Jonker et al. (2013). In
that case, two precursor events with timescales of ~4000 s
were reported, and a similar scenario of a white dwarf IMBH
TDE was envisaged. However, for that source no redshift
determination was available, making the associated energy
much more uncertain than for GRB 250702B. Deep host
galaxy searches (D. Eappachen et al. 2022) did provide
evidence for redshift scenarios that could imply a peak X-ray
luminosity consistent with what we find for GRB 250702B.

4. Host Galaxy Properties
4.1. CIGALE Results

We modeled the GRB250702B host galaxy using
CIGALE (M. Boquien et al. 2019; D. Burgarella et al. 2025),
in particular, its spectroscopic extension CIGALE-SPEC, which
can simultaneously fit 1D spectrum and broadband photo-
metry. We adopt a delayed star formation history with a recent
burst component, motivated by the recent star formation
activity typically observed in GRB host galaxies (S. Savaglio
et al. 2009; T. Kriihler et al. 2015). The age of the main stellar
population is allowed to vary up to 5800 Myr, close to the
maximum physically allowed at z=1.036. For the burst
component, we explore ages between 50 and 200 Myr, with
mass fractions produced by the burst varying from 0 to 0.5.
Stellar emission is modeled using the population synthesis
models of G. Bruzual & S. Charlot (2003) with a Salpeter
initial mass function (E. E. Salpeter 1955) and a metallicity set
to Z=0.02 (solar metallicity).

We included nebular emission with standard parameters and
modeled dust attenuation using a modified version of the
D. Calzetti et al. (2000) starburst attenuation law, with Ay,
allowed to vary between 2.5 and 8.5 to enclose the value derived
from emission lines and afterglow modeling. The resulting best-
fit model is shown in Table 3 and Figure 4. The model
reproduces both the continuum shape and the Paa line flux well
(model: (10.3 + 0.1) x 108 erg s~ cm™?) but underestimates
the Ha flux (model: (1.96 4+ 0.20) x lOflserg s 'em™?) by a
factor of ~5. This discrepancy may reflect local variations in
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Figure 4. Best-fit model for the GRB 250702B host galaxy obtained with CIGALE. The observed spectrum is shown as a gray curve, and the HST/WFC3 F160W
photometric point is shown as a red circle. The resulting best-fit model is plotted in red, with the corresponding model photometric flux indicated by a black cross.
The contributions from the attenuated stellar continuum (orange), intrinsic unattenuated stellar emission (blue), and nebular emission (green) are shown separately.
The bottom panel displays the difference between the observed and best-fit model spectrum (black), as well as SN 2023lcr (blue) as it would appear with Ay = 5.8.

The inferred parameters are given in Table 3.

Table 3
The Properties of GRB 250702B’s Host Galaxy Inferred from Spectral Fitting,
as Outlined in Section 4

Parameter CIGALE
log,o(Msx/My) 11.605914
tage (Gyr) 49+ 0.6
7 (Gyr) 0.55075-189
Ay (mag) 6.2+ 0.1
SFR (M, yr ") 93 + 11

Note. Median a posteriori parameter values are given, with uncertainties
bounding 68% confidence intervals. Since the spectrum was scaled to match
the host-integrated F1I60W HST measurement, the values below assume that
the portion of the galaxy in the slit is representative of the stellar population
throughout the host.

dust attenuation that suppress optical nebular emission more
strongly than in the NIR and are not fully captured by the simple
attenuation prescription adopted in our modeling. Alternatively,
it may suggest that the Ha line originates from a physical
mechanism not captured by the recent star formation component
modeled by CIGALE-SPEC.

The Bayesian analysis indicates a main stellar population
age of 49+0.6 Gyr, with an e-folding timescale of
Tmain = (550 £ 180) Myr. A recent burst component is
favored, with a characteristic age of 129 +46 Myr and a

mass fraction of fi,,c = 0.050 £ 0.004, consistent with recent star
formation activity. The model implies a dust attenuation
corresponding to E(B — V)jjnes = 2.0 £ 0.1, i.e., a nebular Ay, =
(6.2 £ 0.1) mag, consistent with the afterglow-derived value. The
host has a stellar mass of log,,(M,./M.) = 11.60 & 0.14 and a
star formation rate (SFR) of log,,(SFR/M,, yr~!) = 1.97 + 0.05
(SFR =93 + 11 M, yr "), placing it on or above the star-forming
main sequence at z ~ 1 (C. Schreiber et al. 2015). We note that
our spectrum samples only a limited portion of the host galaxy
(Figure 1). To approximate the integrated properties, we use the
Hubble Space Telescope (HST)/WFC3 F160W magnitude
reported in A. J. Levan et al. (2025) to normalize the spectrum
and extrapolate the results returned by CIGALE-SPEC to the whole
galaxy. However, the slit placement was not arbitrary and was not
centered on the brightest regions of the system. Consequently, this
normalization may yield a stellar mass and SFR that are not fully
representative of the global galaxy properties. Additional
photometric data, particularly in the infrared, are required to
more robustly constrain and characterize the host. In the bottom
panel of Figure 4, we show the residual spectrum obtained by
subtracting the best-fit model from the data. As in Section 3.2,
we compare these residuals to a reddened (Ay = 5.8) spectrum of
SN 2023ler to search for possible contamination from a transient.
Complementary to Section 3.2, this analysis does not support
the presence of residual light from a transient at least as bright as
SN 2023lcr.
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4.2. Star Formation Rate from Balmer and Paschen Lines

We independently estimated the SFR from the observed
Balmer and Paschen line fluxes using the equation scaled
for solar metallicity in N. A. Reddy et al. (2023). After
correcting the fluxes reported in Table 1 for host extinction
with Ay = 3.1 mag, we derive SFRp,, = 14.7 £ 1.1 M yr'
and SFRy, = 7.0 + 1.1 M. yr '. As Paa is less affected by
dust attenuation than He, its derived SFR is expected to
exceed that from Ha. A factor up to ~2 difference was
observed in N. A. Reddy et al. (2023). The much larger SFR
inferred from the SED fitting is explained by the normal-
ization factor applied (approximately x 10), which is not used
in the line-based estimates. Given that only a small fraction
of the galaxy was covered by the NIRSpec slit and the high
Ay exhibited by the host, which may still affect the Pax line,
these SFRs should be considered as lower limits on the total
SFR of the galaxy.

4.3. Identified Absorption Features

The CO first-overtone band head is reproduced within the
CIGALE code, and this provides a direct perspective on the
stellar population (e.g., R. Doyon et al. 1994; L. Origlia &
E. Oliva 2000; A. Marmol-Queralté et al. 2008). In particular,
this feature originates in cool stellar atmospheres and can
therefore arise from red supergiants in starbursts galaxies,
asymptotic giant branch stars at intermediate ages, and the K/
M-type giants that dominate older populations. The modest
strength of the CO molecular band with Do ~ 1.15 (e.g., the
fractional decrease of the continuum flux measured at the CO
2-0 absorption following the definition in A. Marmol-Queralté
et al. 2008) suggests that the integrated light is dominated by
stars with effective temperatures of ~4000 K. This interpretation
is further strengthened by the likely presence of H,O molecular
absorption, which is also expected in the cool atmospheres of
late-type stars (e.g., A. Lancon & P. R. Wood 2000).

5. Discussion
5.1. Rates and E. 5, in Context

Combining our measured redshift of z = 1.036 with the
fluence measured by Konus-Wind (D. Frederiks et al. 2025),
we infer an isotropic-equivalent 7-ray energy release of
E o = (1.8 £0.1) x 10>* erg (corresponding to a prompt
efficiency of 7, ~ 20%; Section 3.1). To properly compare
this to GRBs at a range of redshifts, a cosmological K-
correction must be applied to account for the shifting rest-
frame bandpass (see J. S. Bloom et al. 2001). The best-fit
spectrum for the time-integrated Konus-Wind (R. L. Aptekar
et al. 1995) observations was a power law with a photon
index of I' = 1.30 £ 0.06 in the energy range 20-1250 keV.
GRB E. ;, values are typically K-corrected to a bolometric
rest-frame bandpass of 1keV-10MeV (e.g., A. Tsvetkova
et al. 2017, 2021; E. Burns et al. 2023). This results in a
K-corrected E. ;o = 8.2 X 10°* erg. This would make
GRB 250702B the second most energetic GRB of all time,
behind only GRB 221009A (the “BOAT”; E. Burns et al.
2023). However, this is in part because the vF, peak of the
spectrum is above the observed bandpass, making the energy
solution unbound (i.e., tending to infinity as the bandpass
increases). Assuming a peak energy of 1500 keV (just above
the measured energy range) gives E, i, = 2.2 X 103 erg,
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Figure 5. Top: half-light radius (R,) as a function of FI60W (~H-band)
observed absolute magnitude for GRB host galaxies and 3D-HST star-forming
galaxies at 0.75 < z < 1.25. The red square marks the host galaxy of
GRB 250702B. Blue circles show other GRB host galaxies, while gray circles
represent star-forming galaxies, with their area scaled to the SFR. The black
line indicates the median relation for the star-forming population, and the
light-gray shaded region shows its 1o scatter. Bottom: redshift vs. absolute
magnitude for GRB hosts across a wider redshift range. The host of GRB
250702B is the most luminous GRB host observed to date in both the near-IR
and (likely) the mid-IR.

placing GRB 250702B just below the 15 GRBs with
E o > 25 X 10%* erg presented in E. Burns et al. (2023)
in energy output. We note that the E. ;;, calculated here is a
lower limit, since related X-ray emission of an unreported
duration was observed to emerge the day before the first
Fermi/GBM trigger by EP (H. Q. Cheng et al. 2025).

We also estimate the rarity of events like GRB 250702B.
Taking it as a singular event in the Fermi/GBM catalog, which
began in 2009 (D. Gruber et al. 2014; A. von Kienlin et al. 2014;
P. Narayana Bhat et al. 2016; A. von Kienlin et al. 2020), gives a
time baseline of 16 yr. To estimate the search volume, we take the
least significant of the three subevents, originally designated as
GRB 250702D (Fermi GBM Team 2025), and calculate the
maximum distance from which the burst could have been detected.
The General Coordinates Network (GCN) notice associated with
this event indicates that it was detected in flight with a significance
of 5.1c in the 4.096s time bin. The Fermi/GBM triggering
algorithm requires a significance™ of 4.50 in two detectors;
hence, with our measured distance of 7.1 Gpc, GRB 250702D

31 https: //fermi.gsfc.nasa.gov/science /resources/swg/bwgreview /Trigger_
Algorithms.pdf
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could have been detected from a maximum distance of
Dpax = 7.1/4.5/5.1 =7.6Gpc. The detection rate can

therefore be approximated as Rge = 5 X 1074 yr ' Gpc ™.

Corrected for the very narrow jet found in afterglow modeling
(Section 3.1) and assuming a “top-hat” jet, the true volumetric
event rate iS Rey = Ryer/(1 — cos(fe)) = 11yr ' Gpe ™.
This is approximately 10~ times the estimated rate of core-
collapse SNe out to a similar redshift (T. Dahlen et al. 2012)
and, before correction for beaming, is a factor of >10° lower
than the implied rate for high-luminosity long GRBs (H. Sun
et al. 2015).

The above calculations are clearly simplified, neglecting
occulted regions of the sky, variable sensitivity and back-
ground rates, and the impact redshifting has on received counts
when observing with a fixed bandpass (e.g., O. M. Littlejohns
et al. 2013), among other factors. Nonetheless, with no
comparable events in the archive, the true event rate is clearly
low. We leave a full treatment of these factors to future work.

5.2. Limits on the Exclusion of an Associated Supernova

To date we have observed more than 60 GRB-SN
associations, with almost half of them spectroscopically
confirmed (e.g., Z. Cano et al. 2017; G. Finneran et al.
2025b). The properties of these Type Ic-BL GRB-SNe are
remarkably similar in all cases, with similar spectroscopic
features and evolutions (G. Finneran et al. 2025a). Their light
curves show narrow distributions in both the quasi-bolometric
light-curve parameter ky, and the quasi-bolometric stretch
factor spo; (e.g., S. Klose et al. 2019), signaling similar peak
luminosities (within a factor of 3-5x) with respect to the
archetypal GRB-SN, SN 1998bw, and similar progenitor stars.
The derived limit suggests the possibility of an undetected SN
component associated with GRB 250702B with similar
luminosity to SN 2023lcr, which is, in terms of its peak
magnitude, released mass of radioactive nickel, kinetic energy,
and ejected mass, an average case within the GRB-SN
population (see, e.g., Z. Cano et al. 2017; G. Finneran et al.
2025b, for the range of values typically seen in GRB-SN
associations for these parameters). Thus, this limit only allows
us to rule out the top ~40% most powerful GRB-SN cases,
such as SN 1998bw (e.g., T. J. Galama et al. 1998),
SN 2010ma (e.g., M. Sparre et al. 2011), SN 2012bz (e.g.,
S. Schulze et al. 2014), and SN 2011kl (e.g., B. Gendre et al.
2013), among others. Furthermore, if GRB-less Type Ic-BL
SNe and other types of stripped-enveloped SNe (such as Types
Ic, Ib, and IIb) are considered as potential associations with
GRB 250702B (pointing toward a different progenitor), the
luminosity limit would be even less restricting than in the
GRB-SN scenario (e.g., J. D. Lyman et al. 2016; N. Afsariar-
dchi et al. 2021), leaving these alternative progenitor scenarios
still open.

5.3. Galaxy Context

We compare the galaxy size (half-light radius, R,) and
absolute magnitude of the GRB 250702B host galaxy, as
measured by A. J. Levan et al. (2025), with those of field star-
forming galaxies at similar redshifts. Figure 5 shows the half-
light radius as a function of observed absolute magnitude in
the HST/WFC3 F160W (approximately H-band) filter for
GRB host galaxies from P. K. Blanchard et al. (2016) and for
star-forming galaxies drawn from the 3D-HST survey
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(G. B. Brammer et al. 2012; R. E. Skelton et al. 2014;
A. van der Wel et al. 2014; 1. G. Momcheva et al. 2016) within
z £ 0.25. The host galaxy of GRB 250702B (red square) lies
significantly above the median size—luminosity relation of the
field population and is located at the bright, large end of the
star-forming galaxy distribution. GRB host galaxies at these
redshifts are typically star-forming, metal-poor, compact, and
dense systems (A. S. Fruchter et al. 2006; P. L. Kelly et al.
2014; J. Japelj et al. 2016; J. T. Palmerio et al. 2019;
B. Schneider et al. 2022). More massive, dustier, and near-
supersolar-metallicity hosts are rarer but have been reported
(e.g., E. M. Levesque et al. 2010; P. Schady et al. 2015;
D. A. Perley et al. 2016). The GRB 250702B host stands out as
one of the brightest and most extended known at this redshift
range, indicating a relatively unusually massive and evolved
system within the GRB host population.

In terms of morphology, the host has concentration and
asymmetry (C. J. Conselice et al. 2005) values of C = 1.88 and
A =0.059 (measured on the HST F160W image with STAT-
MORPH; V. Rodriguez-Gomez et al. 2019). This is a typical
asymmetry for GRB hosts. The concentration parameter, on
the other hand, is among the lowest ever measured in the GRB
host population (J. D. Lyman et al. 2017; A. A. Chrimes et al.
2019) and reflects the galaxy’s highly extended nature outside
the two prominent bright regions.

We further compare the properties of the host of
GRB 250702B with the GRB host population across a wider
range of redshift in Figure 5. Comparison to the near-IR
observations is undertaken directly with the HST integrated
host measurement. To estimate the comparison to the much
larger sample taken as part of the SHOALS survey
(D. A. Perley et al. 2016), we first estimate the color based
on that observed with NIRSPEC and then apply the same
normalization from the NIRSPEC slit to the integrated light as
used in the H band. This is reasonable since there are not large
color gradients within our data, although there is a slight trend
to redder colors nearer the galaxy nucleus. From this it is
apparent that in both the near-IR (rest-frame) optical and mid-
IR the host of GRB 250702B is the most luminous GRB host
to date. Given the combination of exceptional burst and
exceptional host, it is tempting to speculate whether the two
are related.

ERIS imaging shows GRB 250702B to lie in close
proximity to structure in the host galaxy, which may well be
related to the emission-line structures seen in the JWST
spectroscopy. This indicates that the GRB did not come from
the center of mass of any large structure, although the emission
lines are at their brightest at the burst location. The extended
nature of these lines and the fact that the burst does not lie at
an apparent peak of the light within the host may disfavor an
IMBH TDE from the higher end of the IMBH mass function,
which may be expected to dominate its local environment. The
galaxy is apparently dominated by an old stellar population,
which could imply an unusual channel. However, there is also
evidence for significant star formation, in particular at the burst
position, indicating that an SN origin remains plausible. The
very high mass of the galaxy in principle should yield a high
metallicity, although robust metallicity estimates cannot be
obtained from our spectroscopy. If this is the case, standard
collapsar models may struggle to explain the burst, although
more exotic scenarios may be possible, especially given the
rarity of events like GRB 250702B.
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6. Conclusions

We performed follow-up observations of the exceptional
repeating GRB 250702B with JWST/NIRSpec and VLT/
ERIS. Our spectroscopic observations reveal the redshift of the
GRB to be z = 1.036 &+ 0.004, which places a lower limit of
Eji > 22 x 103 erg, assuming a conservative vF, peak
energy of 1500 keV and neglecting additional flux detected in
X-rays by EP starting the day prior to the Fermi/GBM
triggers. This places GRB 250702B among the very brightest
GRBs in the observed catalog, though its extremely narrow jet
opening angle inferred from afterglow modeling would result
in more typical beaming-corrected GRB energies (e.g.,
D. A. Frail et al. 2001).

The host galaxy of GRB 250702B is one of the intrinsically
brightest and most spatially extended in the HST and
SHOALS samples, particularly at 3.6 pm, where it is almost
a magnitude brighter than any other GRB host in absolute
terms. The dominant stellar population in the region close to
the GRB is found to be 4.9 £ 0.6 Gyr old, although modeling
with CIGALE favors the inclusion of a burst component with a
characteristic age of 129 & 46 Myr, indicating that ~5% of the
stellar mass comes from recent star formation. The SFR itself
is typical for a galaxy of this size and at this redshift. The
galaxy is extremely dusty, with Ay measurements ranging from
Ay = 3.8 £ 0.2 from Paa-to-Ha line ratios from the spectrum
covering the GRB position, to Ay, = 3.4 £ 0.4 from the same
line ratios in the spatially integrated 1D NIRSpec spectrum, to
Ay = 5.8 £ 0.1 along the GRB line of sight from afterglow
modeling, to Ay = 6.2 & 0.1 from galaxy modeling.

Despite the extremely high visual extinction of the host, we
are able to exclude the presence of a typical GRB-SN with a
luminosity comparable to SN 2023lcr. However, our observa-
tions are only constraining to the brightest 40% of known
GRB-SNe and are not sensitive to other SN types. We are
therefore unable to exclude a stellar collapse origin for
GRB 250702B. We are also not able to constrain the presence
of an IMBH TDE, although the observed position of the GRB
is offset from the brightest regions of nearby star formation,
indicating that it did not come from the center of a local mass
structure as might be expected for BHs on the higher end of the
IMBH mass spectrum.

Our observations have confirmed GRB 250702B to be a
surprisingly distant event given the observed brightness of its
host galaxy. The associated energy release is enough to strain,
but not definitely break, canonical GRB collapsar models. If it
is a collapsar, we estimate it to be a 1-in-1000 event in the
high-luminosity GRB population. The beaming-corrected
event rate suggests that it must come from a progenitor more
than 10° times rarer than core-collapse SNe. Ultimately,
follow-up spectroscopic observations may help to reveal
transient light in the spectra presented here that is obfuscated
by the extremely dusty sight line to the burst and to elucidate
the progenitor of this rare, powerful, and surprisingly distant
relativistic transient.
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