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Abstract

The association of broad-lined Type Ic (Ic-BL) supernovae with long-duration gamma-ray bursts (GRBs) has
been known for 28 yr. However, only about 70 GRB supernovae (GRB-SNe) have been identified, of which only
one-half have spectroscopic classifications. At z=0.153, GRB260310A is the twelfth spectroscopically
confirmed GRB-SN discovered within 1 Gpc, offering a critical opportunity to follow one of these rare
supernovae in detail. We present optical to near-infrared imaging and spectroscopy of GRB 260310A and
SN 2026fgk out to 65 days after discovery. The optical afterglow is among the brightest ever observed from a
GRB. Spectra obtained more than 2 weeks after the explosion reveal broad absorption features that securely
identify SN 2026fgk as a Type Ic-BL supernova (SN). Modeling of the multiwavelength (grizJK,) lightcurve
shows that the SN is approximately one-half the luminosity (kogpw = 0.4—0.6) of the canonical GRB-SN 1998bw.
We derive a nickel mass of My; = 0.4-0.5 M with a total ejected mass of M. ~ 4-6 Mand kinetic energy
Ex = (3-8) x 10" erg. The GRB exploded at an extremely large offset of 15 kpc from its host galaxy. Long-slit
spectra reveal a “bridge” of nebular emission extending along the galaxy’s disk to the GRB location, which has a
subsolar metallicity (~0.4 Z.), compared to a near-solar metallicity for the host galaxy. This indicates that the
large offset arises from the galaxy’s extended light profile rather than an isolated environment.

Unified Astronomy Thesaurus concepts: Time domain astronomy (2109); Gamma-ray bursts (629); Relativistic
jets (1390); Core-collapse SNe (304); Type Ic SNe (1730)

Materials only available in the online version of record: machine-readable table

1. Introduction

Long-duration gamma-ray bursts (GRBs) are among the
most explosive and energetic objects in the Universe. For the
past 3 decades, these events have been widely understood to
mark the deaths of massive stars. The key observational
breakthroughs came first from the association of the low-
luminosity GRB 980425 to SN 1998bw (T. J. Galama et al.
1998; K. Iwamoto et al. 1998; S. R. Kulkarni et al. 1998;
T. J. Galama et al. 1999; R. A. Stathakis et al. 2000; F. Patat
et al. 2001; C. Kouveliotou et al. 2004), and later from the
spectroscopic identification of SN 2003dh (J. Hjorth et al.
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2003; T. Matheson et al. 2003; P. A. Mazzali et al. 2003;
K. Z. Stanek et al. 2003; J. Deng et al. 2005) in the afterglow
of the more energetic, cosmological burst GRB 030329
(E. Berger et al. 2003; K. Sheth et al. 2003; Y. M. Lipkin
et al. 2004; G. B. Taylor et al. 2004; R. Vanderspek et al. 2004;
A. J. van der Horst et al. 2008). These events established that
the SNe accompanying long GRBs (GRB-SNe) are typically
broad-lined Type Ic (Ic-BL) explosions. These are stripped-
envelope core-collapse SNe whose spectra show very broad
absorption features (typically Fell and Sill), implying high
ejecta velocities (>10,000km s~ ") and large kinetic energies
(S. E. Woosley & J. S. Bloom 2006; J. Hjorth & J. S. Bloom
2012; J. Hjorth 2013; Z. Cano et al. 2017a). Over the past
2 decades our understanding of GRB-SNe has evolved to
include a broader diversity of SN properties, though they tend
to a narrow range of luminosities and ejecta properties (e.g.,
Z. Cano et al. 2017a) that do not appear to correlate with the
GRB jet’s energetics (e.g, J. Hjorth 2013). To date, there are
roughly 70 GRB-SN associations. Roughly one-half of these


https://orcid.org/0000-0002-9700-0036
https://orcid.org/0009-0001-0574-2332
https://orcid.org/0000-0002-9364-5419
https://orcid.org/0000-0002-8482-8993
https://orcid.org/0000-0001-8253-6850
https://orcid.org/0000-0003-3270-7644
https://orcid.org/0009-0002-5156-7819
https://orcid.org/0000-0003-3433-2698
https://orcid.org/0009-0001-8023-5701
https://orcid.org/0000-0002-6011-0530
https://orcid.org/0000-0002-0676-3661
https://orcid.org/0000-0003-0776-8859
https://orcid.org/0000-0003-0691-6688
https://orcid.org/0000-0002-1869-7817
https://orcid.org/0000-0002-8680-8718
https://orcid.org/0009-0008-2754-1946
https://orcid.org/0009-0001-5050-6232
https://orcid.org/0000-0003-4162-6619
https://orcid.org/0000-0001-5537-4710
https://orcid.org/0000-0002-1270-7666
https://orcid.org/0009-0000-4830-1484
https://orcid.org/0009-0006-6697-8548
https://orcid.org/0000-0002-5042-5088
https://orcid.org/0009-0003-1323-9774
https://orcid.org/0009-0004-9520-5822
mailto:boconno2@andrew.cmu.edu
http://astrothesaurus.org/uat/2109
http://astrothesaurus.org/uat/629
http://astrothesaurus.org/uat/1390
http://astrothesaurus.org/uat/1390
http://astrothesaurus.org/uat/304
http://astrothesaurus.org/uat/1730
https://doi.org/10.3847/1538-4357/ae878f
https://doi.org/10.3847/1538-4357/ae878f
https://crossmark.crossref.org/dialog/?doi=10.3847/1538-4357/ae878f&domain=pdf&date_stamp=2026-07-28
https://creativecommons.org/licenses/by/4.0/

THE ASTROPHYSICAL JOURNAL, 1006:210 (16pp), 2026 August 1

Figure 1. Gemini r-band acquisition image (3 x 15 s) from 2026 March 27
(T + 17.4 days) showing the placement of the Gemini spectroscopic long-slit
(white) observation that covers both the GRB and the host galaxy. Later
Gemini spectra were obtained using different position angles (blue for 2026
April 23; red for 2026 May 13). The length of the rectangles mimicking the slit
are simply for visualization purposes, while the 1”7 width is shown to scale.
North is up and east is to the left.

GRB-SNe have spectroscopic classifications (see, e.g.,
J. Hjorth & J. S. Bloom 2012; Z. Cano et al. 2017a;
G. Finneran et al. 2025, and references therein), while the
remaining candidates are based on late-time photometric
bumps in their optical lightcurves (e.g., J. S. Bloom et al.
1999; A. Zeh et al. 2004).

The association of GRBs to stripped-envelope SNe fits
within the collapsar framework for long GRB production
(S. E. Woosley 1993; A. I. MacFadyen & S. E. Woosley 1999;
A. 1. MacFadyen et al. 2001). In this model, the core collapse
of a rapidly rotating, stripped star powers both a relativistic jet
and an SN. Material falling onto a newly formed black hole, or
in some cases a rapidly spinning magnetized compact remnant,
launches a jet that drills through the star and produces the
prompt gamma-ray emission (see, e.g., T. Piran 2004), while
radioactive heating from freshly synthesized *°Ni powers the
optical SN (see, e.g., S. E. Woosley & J. S. Bloom 2006;
J. Hjorth & J. S. Bloom 2012; Z. Cano et al. 2017a). The
observational association between long GRBs and SNe is
therefore a cornerstone of our understanding of jet-driven
stellar death.

Low-redshift events are especially valuable because they
provide the clearest opportunity to disentangle afterglow, host
galaxy, and SN light, and to follow the spectroscopic evolution
in detail. GRB 260310A is the latest nearby burst to offer this
opportunity. The event was detected by Fermi (Fermi GBM
Team 2026; R. Hamburg & C. Meegan 2026) and AstroSat
(S. Salunke et al. 2026), although the initial localization was
poor. An optical counterpart was discovered by GOTO
(D. O’Neill et al. 2026) and reported to the Transient Name
Server (TNS),"® and subsequent optical follow-up strength-
ened its association with GRB 260310A (K. Hinds et al. 2026;

13 https: / /www.wis-tns.org /object/2026fgk
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R. Konno et al. 2026). The identification was then secured by
the discovery of X-ray and radio counterparts (C. T. Christy
et al. 2026; S. Giarratana et al. 2026; R. Jayaraman et al.
2026b; L. Rhodes et al. 2026), which established that the
optical transient was indeed the afterglow of the burst.

A redshift of z=0.153 was measured from nebular emission
lines (A. de Ugarte Postigo et al. 2026b; K.-R. Hinds et al. 2026a;
B. Hsu et al. 2026). At this distance, the burst had an isotropic-
equivalent gamma-ray energy release of E. j,=35 X
10 erg and a rest-frame spectral peak energy of E,=200keV
(J.-L. Atteia et al. 2026; Fermi GBM Team 2026; K.-R. Hinds
et al. 2026a), placing it as a significant outlier to the Amati
relation (L. Amati et al. 2002; L. Amati 2006). Owing to its
proximity, the optical afterglow is one of the brightest ever
observed from a GRB (D. A. Perley et al. 2026). At later times,
optical spectroscopy revealed the emergence of a Type Ic-BL SN,
SN 2026fgk, in the lightcurve (A. de Ugarte Postigo et al. 2026a;
R. Gill et al. 2026; K.-R. Hinds et al. 2026b; B. O’Connor et al.
2026b), conclusively linking GRB 260310A to the collapse of a
massive stripped star. GRB 260310A /SN 2026fgk is therefore
only the twelfth GRB-SN discovered within 1 Gpc. In this paper
we present a photometric and spectroscopic characterization of
the optical to near-infrared (OIR) afterglow of GRB 260310A
and of the associated SN SN 2026fgk, place the event in the
context of the known GRB-SN population, and use it to extend
the still limited sample of nearby, spectroscopically secure
GRB-SNe.

Throughout the manuscript we adopt a standard ACDM
cosmology (Planck Collaboration et al. 2020) with Hy=
67.4kms 'Mpc !, Q,,=0.315, and Q, = 0.685. At redshift
z=0.153, this cosmology corresponds to a luminosity distance
of 756 Mpc. All upper limits are reported at the 30 level and
all magnitudes are in the AB system.

2. Observations
2.1. Fraunhofer Telescope Wendelstein

We observed the OIR counterpart of GRB 260310A with
the Three Channel Imager (3KK; F. Lang-Bardl et al. 2016)
mounted on the 2.1 m Fraunhofer Telescope at Wendelstein
Observatory (FTW; U. Hopp et al. 2014). Observations began
on 2026 March 13, corresponding to 3.6 days after the trigger.
The 3KK camera is capable of obtaining images in three filters
simultaneously: two optical and one near-infrared (NIR). We
carried out daily observations in the griz bands as weather
allowed. NIR observations (JK;) were initially obtained
simultaneously, but were not available after 2026 March 28
due to an issue with the cooling system. The cooling system
was repaired and NIR observations began again on 2026 April
22. The complete log of observations is tabulated in Table 1.

The FTW data were reduced using a custom pipeline
(C. A. Gossl & A. Riffeser 2002) to perform bias and dark
subtraction, flat-fielding, and cosmic-ray rejection. For more
details, specifically with regard to the NIR data reduction, see
M. Busmann et al. (2025). For optical images, we performed
difference imaging with the Saccadic Fast Fourier Transform
(SFFT) software'” (L. Hu et al. 2022) using archival Pan-
STARRSI1 (K. C. Chambers et al. 2016), hereafter PS1, and
Legacy Survey images as templates. Due to the large host
offset, the non-difference-imaging photometry was nearly

' https: //github.com/thomasvrussell /sfft
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Figure 2. Normalized flux density relative to the flux density at the break time
toreax fOr the griK bands. This shows the different relative slopes of these bands
after the break, as well as the late-time color evolution.

identical (<0.1 mag deviations) to difference imaging photo-
metry until late times (=15 days). Due to the lack of available
NIR templates, the JK; photometry did not undergo difference
imaging. We performed aperture photometry on the difference
images using Photutils (L. Bradley et al. 2024) with AB
magnitude zero-points calibrated to the PS1 (K. C. Chambers
et al. 2016) and Two Micron All Sky Survey (M. F. Skrutskie
et al. 2006) catalogs for optical and NIR data, respectively.
Standard Vega to AB magnitude conversions were applied to
the NIR data. The photometry is reported in Table 1.

2.2. Seimei Telescope

We obtained low-resolution spectra at two epochs using the
Kyoto Okayama Optical Low-dispersion Spectrograph with
optical-fiber integral-field unit (KOOLS-IFU; K. Matsubayashi
et al. 2019, 2025), mounted on the 3.8 m Seimei telescope on
Mount Chikurinji, Japan. We used VPH-blue (2026 March 14)
and VPH-red (2026 March 15) grisms, giving a spectral
resolution of A\/AX =~ 500 and 700, respectively. After a
standard reduction procedure including bias subtraction, flat-
field correction, distortion correction, and cosmic-ray removal,
a one-dimensional spectrum was extracted from the two-
dimensional image by subtracting a sky spectrum extracted
from the region around the target. For the wavelength
calibration, we used Hg, Ne, and Xe lamp frames. Finally,
we performed flux calibration by observing a spectrophoto-
metric standard star (HR3454). A log of spectral observations
is presented in Table 2.

We obtained g-, r-, i-, and z-band images using the TriColor
CMOS Camera and Spectrograph (TriCCS) mounted on the
3.8m Seimei telescope starting on 2026 March 14. After
standard image reduction procedures including bias, dark and
flat corrections, and astrometric alignment, the multiple images
in each filter taken on the same night are stacked based on the
astrometric solution. Difference imaging and photometry was
performed using the same pipeline and methods as outlined

O’Connor et al.

above for FTW (see Section 2.1). The photometry is reported
in Table 1.

2.3. DESI

The Dark Energy Spectroscopic Instrument (DESI) includes of
5000 science fibers that can each be positioned independently on
sky (E. F. Schlafly et al. 2023; C. Poppett et al. 2024). Each fiber is
107 ym in diameter, which is equivalent to ~1"5 on the sky. The
spectrograph utilizes three cameras in the approximate BRZ bands
that cover 3600-9824 A at a spectral resolution R ~ 2000-5500
(DESI Collaboration et al. 2016, 2025, 2026; T. N. Miller et al.
2024). Each spectrum is reduced and flux calibrated with the DESI
spectroscopic data pipeline (J. Guy et al. 2023).

DESI obtained a sequence of spectra of GRB 260310A (see
Table 2) at 6.2, 7.1, 8.1, and 12.1days after the GRB
discovery. Each spectrum had an effective DESI exposure of
1200 s as part of a “dark” time tile. The spectra were obtained
as part of the DESI Transients Survey (X. J. Hall et al. 2026b),
a spare fiber program that targets publicly reported transients.
For other examples of DESI spare fiber targets and a more in-
depth review of the observing strategy, see A. D. Myers et al.
(2023), DESI Collaboration et al. (2024), and X. J. Hall
et al. (2026b, 2026c¢). The DESI spectra are publicly available
through the DESI Transients Survey Zenodo (X. J. Hall
et al. 2026a). The DESI spectra are automatically corrected
for Galactic extinction, which is minimal in this field
(E(B — V) = 0.02mag; E. F. Schlafly & D. P. Finkbeiner
2011).

2.4. HET

We observed GRB 260310A with the 11 m Hobby-Eberly
Telescope (HET; L. W. Ramsey et al. 1998; G. J. Hill et al.
2021) at McDonald Observatory under program M26-1-005
(PI: D. Gruen) on 2026 March 19). The observations were
scheduled using the HET queue-scheduling system
(M. Shetrone et al. 2007). We used the low-resolution
integral-field spectrograph (LRS2; T. S. Chonis et al.
2014, 2016) to obtain spectra in the red channel (i.e., LRS2-
R data). The raw LRS2 data were initially processed with
Panacea,15 which performs bias subtraction, dark subtrac-
tion, fiber tracing, fiber wavelength evaluation, fiber extrac-
tion, fiber-to-fiber normalization, source detection, source
extraction, and flux calibration for each channel. The absolute
flux calibration was based on default response curves,
measurements of mirror illumination, and exposure throughput
derived from guider images. We extracted the flux-calibrated
one-dimensional spectrum using the LRS2Multi'® package,
integrating over the 0'59 fibers within a 1.5 radius aperture
centered on the transient (Figure 1).

2.5. Gemini

We performed observations with the Gemini Multi-Object
Spectrograph  (GMOS) at Gemini-North under programs
GN-2026A-Q-202 (PI: M. Tanaka), GN-2026A-DD-102
(PI: B. O’Connor), and GN-2026A-Q-123 (PI: G. Srinivasaraga-
van). The observations were performed under program
GN-2026A-DD-102 (PI: B. O’Connor) with the time charged
across multiple programs. Long-slit spectroscopy of the optical

' hitps: //github.com/grzeimann/Panacea
'® hitps://github.com /grzeimann /LRS2Multi
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Figure 3. Best-fit model (power law + Arnett) to the multiwavelength lightcurve of GRB 260310A in the observer frame. The thick solid lines in each filter
represent the total model. The thin dashed lines represent the broken power-law afterglow component, and the dotted lines, shown only in the g and » bands to avoid
clutter, represents the Arnett model lightcurve. Photometry presented in this work (FTW and Seimei) is shown as solid circles and publicly reported photometry
compiled from GCN Circulars is shown as empty squares (S. Belkin & M. Shrestha 2026; R. Brivio et al. 2026; K. Hinds et al. 2026; R. Konno et al. 2026; C.-H. Lai
et al. 2026; J.-J. Li et al. 2026; A. Martin-Carrillo et al. 2026a, 2026b; E. Moreno Méndez et al. 2026; N. Passaleva et al. 2026; D. A. Perley et al. 2026; R. Stein
et al. 2026; A. M. Watson et al. 2026). The vertical lines at the top of the figure mark the epochs of our optical spectra (Figure 4).

transient was acquired on 2026 March 27 (17.4days; PIs:
M. Tanaka and B. O’Connor), 2026 April 5 (26.3 days) and
2026 April 20 (41.3 days), 2026 April 23 (44.3 days), and 2026
May 13 (64.1 days), see also Table 2. Due to shared data access of
the late spectra, these spectra also appear in K.-R. Hinds et al.
(2026b). All spectra used the B480 grating and a 1” slit width. For
the spectra taken on 2026 March 27, 2026 April 5, and 2026 April
20, the slit covered both the transient and the host galaxy as shown
in Figure 1. These spectra suffer from slit losses caused by
atmospheric differential refraction (A. V. Filippenko 1982) and
have untrustworthy flux calibrations at the blue end, which we
exclude from our analysis. The spectra have been absolute flux
calibrated based on near-simultaneous photometry, which agrees
with the observed spectral shapes at >5000A. Additional
corrections for slit losses were made following (A. V. Filippenko
1982). Atmospheric differential refraction does not impact the
identification of SN features at >5000 A. The slit orientation of
later spectra covered only the transient (2026 April 23), and edges
of the host galaxy light profile (2026 May 13), and were less
impacted by atmospheric differential refraction. The sequences on
2026 March 27 and 2026 May 13 were only partially obtained due

changing weather conditions. The data were reduced and analyzed
using the DRAGONS software (K. Labrie et al. 2019).

3. Results and Analysis
3.1. Multiwavelength Lightcurve Modeling
3.1.1. Model Setup

We performed a simultaneous multiwavelength OIR fit to
the lightcurve of GRB 260310A in the grizJK; filters using
models supplied in the redback software package (N. Sarin
et al. 2024). Posterior sampling was performed with Bilby
(G. Ashton et al. 2019) using the nested sampler dynesty
(J. S. Speagle 2020). We empirically modeled the lightcurve
with the combination of a afterglow component plus the
contribution of an SN.

For the SN we applied two models. The first was a
redback model based on the SN 1998bw (T. J. Galama et al.
1998; J. Sollerman et al. 2000, 2002; R. A. Stathakis et al.
2000; F. Patat et al. 2001; A. Clocchiatti et al. 2011), with an
extrapolation to extend the wavelength range of the SN’s
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Figure 4. Spectral sequence of GRB 260310A obtained with Seimei, DESI, HET, and Gemini. The spectra are smoothed with a Savitzky—Golay filter (thick lines)
and the unsmoothed spectra (thin lines) are also shown. Emission lines and telluric absorption regions have been clipped from the spectra prior to smoothing. The
spectra are initially well described by a power law F,, oc v~ 5 with spectral index 3~ 1.0 and later evolve to show broad absorption features at ~5000 and ~6100 A.

blackbody spectrum to redder wavelengths to allow joint
fitting of the NIR (JKj) data. Due to this model extrapolation,
the JK; model is less certain and prone to larger uncertainties.
The redback model is based on the sncosmo (K. Barbary
et al. 2016) v19-1998bw template (M. Vincenzi et al. 2019).
This model is parameterized by a simple multiplicative scale
factor kogpy to correct the flux of the template to match
observations. A value of kogp,, = 1 matches the observed flux
scale of SN 1998bw with rest-frame absolute magnitudes
Mp=—18.9 and My = —19.3 mag (T. J. Galama et al. 1998).
A second fit instead employed a simple Arnett model
(W. D. Arnett 1982). This model is parameterized by the
nickel fraction fy;, ejecta mass M., ejecta velocity vej, and

floor temperature Ty, In both cases, the models were
integrated through the grizJK; filters using sncosmo
(K. Barbary et al. 2016) to ensure proper k-corrections were
employed to match the observed wavelengths at redshift
z=0.153.

The afterglow component was phenomenologically para-
meterized as a simple temporal broken power law of the form
(K. Beuermann et al. 1999; J. E. Rhoads & A. S. Fruchter
2001)

1 P say t san\ 11 /s
E/,AGOC v=h —(( ) + ( ) P (D
2 Toreak Threak
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Figure 5. Comparison between the best-fit model derived only from the photometry to the observed DESI and Gemini spectra at 8.1, 12.1, 17.4, and 26.3 days
showing the onset and evolution of SN features. The solid black line represents the total model (power law + SN 1998bw) while the blue dashed line represents the
power-law component (F,, < v~ %) and the dashed purple line represents the spectral series of SN 1998bw with a flux scaling factor kogpy, = 0.50. In each panel the
observed spectrum is shown both in raw form and smoothed. The thick solid red line represents the smoothed observed spectrum with the power-law component
subtracted. The marker color reflects the bandpass of the photometry using the same color scheme as in Figure 3.

where (3 is the spectral slope of the afterglow, s is the
smoothing parameter, and «; and «, are, respectively, the
temporal slopes before and after the break time fye.. We
jointly fit the X-ray lightcurve out to 18.5 days (Y.-H. Yang
et al. 2026) in order to constrain the spectral index and
postbreak temporal slope, excluding the rebrightening phase
(see Section 3.1.2, for further discussion). This fit is shown in
Figure 2.

We performed both sets of fits (power law + SN 1998bw
and power law + Arnett), which are displayed in Figures 3 and
11 in Appendix B. Both fits were performed with an additional
10% systematic error added in quadrature to the statistical
error of each data point to account for uncertainties (e.g.,
different filter transmission curves) between the different
telescopes used.

3.1.2. Comparison of X-Ray and Optical-Near-infrared Behavior

The OIR lightcurve is well described by an initial shallowly
decaying power law (¢~ %% % °%7) with a temporal break to a
steeper decay at ~8—10 days (observer frame) after the GRB
trlgger The ;)ostbreak K, lightcurve shows a steeper decay
(=t~ 2.0 than the optical data (%t_1 65+ 01074 g and

~r M7 £ 01940 7 and J). We show this in Figure 2, where the

flux density in the griK bands is shown normalized to the flux
at the break. This shows clearly the different postbreak slopes
in each band.

A similar behavior is also observed at X-rays (R. Jayaraman
et al. 2026c), where an initial shallow slope (%Foss iO'08)
breaks to a steeper decay (~t =% *°1%) after ~8-10 days
(Y.-H. Yang et al. 2026). Thus, we find that the postbreak
X-ray decay slope matches the K -band slope. The different
postbreak decay slopes of the OIR bands can be explained by
the contribution of an SN to the optical lightcurve, which
serves to flatten out the power-law decay prior to taking over
nearly completely at late times. Instead, the K band matches
the X-ray decline as the SN contributes least to the NIR at that
stage of its evolution. This signals that the prebreak lightcurve
is dominated instead by the afterglow, as expected. While it is
difficult to reconcile the initially shallow decay slopes with
standard afterglow closure relations (R. Sari et al. 1998;
R. A. M. J. Wijers & T. J. Galama 1999), the achromatic break
can be interpreted as a jet break (P. Mészdros & M. J. Rees
1999; J. E. Rhoads 1999; R. Sari et al. 1999; J. Granot &
R. Sari 2002).
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Figure 6. Visualization of the two-dimensional Gemini GMOS-N spectrum obtained on 2026 April 5 (T, + 26.3 days). The spectrum covers both the host galaxy
(bottom trace) and transient (top trace), as shown in Figure 1. The spectral direction is the x-axis, which goes from blue to red wavelengths from left to right. The
spatial direction along the slit is the y-axis. Each panel covers 300 A (observer frame) in width and is 11” in height. The scale is chosen to maximize the visibility of
the emission lines. An atmospheric telluric absorption region (the A band) is visible to the right of [N II].

Following the achromatic break observed in the X-ray and
OIR data, the X-ray lightcurve subsequently exhibited an
extremely late-phase plateau (or a rebrightening; R. Gill et al.
2026; K.-R. Hinds et al. 2026b; R. Jayaraman et al. 2026a;
G. Waratkar et al. 2026; Y.-H. Yang et al. 2026). The exact
origin of the late-time X-ray emission is unclear, though it
could be potentially explained by an off-axis jet (J. Granot
et al. 2002; E. Rossi et al. 2002; P. Kumar & J. Granot 2003;
A. Panaitescu & P. Kumar 2003), a two-component jet
(H. Pedersen et al. 1998; E. Berger et al. 2003; K. Sheth et al.
2003; F. Peng et al. 2005), energy injection (B. Zhang &
P. Mészaros 2001; E. W. Liang et al. 2006; B. Zhang et al.
2006), refreshed shocks (M. J. Rees & P. Mészaros 1998;
P. Kumar & A. Panaitescu 2000; R. Sari & P. Mészaros 2000),
inverse-Compton (IC) scattering of optical SN photons
(R. A. Chevalier 1982; C.-I. Bjornsson & C. Fransson 2004;
R. A. Chevalier & C. Fransson 2006; R. Margutti et al.
2012; A. M. Soderberg et al. 2012), or a long-lived magnetar
central engine (E. Troja et al. 2007; N. Lyons et al. 2010;
A. Rowlinson et al. 2010). We note that additional physics
beyond the standard forward shock afterglow are also
potentially required to match the shallow X-ray and OIR
slopes at early times (see C. T. Christy et al. 2026; R. Gill
et al. 2026; Y.-H. Yang et al. 2026).

As the nature of this additional X-ray emission is not
certain, it is difficult to predict its impact on the OIR
lightcurve, as depending on the interpretation, this rebrighten-
ing may or may not contribute to the OIR emission (e.g., IC
SN emission would not contribute to the OIR) at late times and
with varying contributions. We leave a full analysis of the
multiwavelength dataset to future work (see also Y.-H. Yang
et al. 2026).

While the timescales of the X-ray rebrightening matches the
typical timescales of a Type Ic-BL SN, it is difficult to produce
such luminous late-time X-ray emission with IC scattering
alone, see, e.g., R. Margutti et al. (2013). If instead the
rebrightening impacts the entire broadband afterglow, it could
contribute significantly to the OIR depending on the spectral
index and spectral energy distribution (SED; e.g., a spectral
break between the nonthermal X-ray and OIR emission at late
times). We find that while the nonthermal rebrightening is
capable of matching the overall OIR brightness, it cannot
explain either the (i) SN spectral features out to 40-60 days or
(ii) the long-term OIR color evolution (in particular relative to
g band; see Figure 2). These features strongly suggest a

nonthermal rebrightening cannot be the dominant contribution
to the observed OIR emission after 20 days. If the rebrighten-
ing does contribute at OIR wavelengths then our inferred SN
contribution should be taken as an upper limit, though the
existence of SN spectral features (see Section 3.2) does require
a significant SN component (kogpy, = 0.2) to exist between 20
and 60 days.

If instead the OIR rebrightening at >20days is due
predominantly to the same component as the X-ray rebrighten-
ing, and that the OIR and X-ray lie on the same spectral index,
this would imply that SN 2026fgk is potentially the faintest
GRB-SN observed to date. While this is possible, it is
inconsistent with the spectral features of the SN at >40 days,
and, according to Occam’s razor, it is unlikely to have the
faintest GRB-SN also appear in a source exhibiting an
extremely odd X-ray rebrightening.

3.1.3. Results of Model Fitting

Our model fits (power law + SN 1998bw and power
law + Arnett) are shown in Figures 3 and 11 in Appendix B.
The greater flexibility of the simplified Arnett model provides
a better match to the SN evolution (Figure 3). While
SN 1998bw provides a useful representative case (Figure 11 in
Appendix B), the SN evolution of SN 2026fgk is clearly at
least slightly different, particularly in the redder bands where it
is brighter than SN 1998bw. Additionally, based on our fit,
which yields kogpw = 0.4-0.6, we find that SN 2026fgk is
approximately 0.5-1.0 mag fainter than SN 1998bw.

In either case, the exact SN contribution is sensitive to the
underlying afterglow contribution (e.g., the late-time temporal
index). However, the afterglow decay inferred here agrees
well with the X-ray lightcurve out to 18.5days (Y.-H. Yang
et al. 2026). Additionally, our inferred SN ejecta mass of
4-6 M., with nickel mass~ 0.4-0.5 M., ejecta velocity of
~16,000 + 3000 km s, and total kinetic energy Ex = (3-8) x
10°! erg are in good agreement with other GRB-SN observa-
tions (J. Hjorth & J. S. Bloom 2012; Z. Cano 2013; Z. Cano
et al. 2017a), see, e.g., Figure 5 of G. P. Srinivasaragavan
et al. (2023).

3.2. Spectral Analysis and Supernova Features

We obtained an optical spectral sequence (Figure 4) of
GRB 260310A starting at 4.4 days and continuing to 64 days in
the observer frame. The timing of our spectral sequence
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relative to the lightcurve is shown in Figure 3. The early
spectra from Seimei, DESI, and HET are well described by a
power law F, oc v~ 7 with spectral index 3~ 1.0. This agrees
with the photometry-based SEDs at <8 days and our light-
curve modeling in Section 3.1. This observed spectral index
can also be explained by [F=0.9 extincted by a visual
extinction Ay~ 0.1 mag from dust intrinsic to the source
environment at z = 0.153, which provides a better agreement
with the X-ray data (Y.-H. Yang et al. 2026).

The spectra clearly evolve and display broad undulations
typical of Type Ic-BL SNe at later times. We associate these
with blueshifted Fe I1 A5169 and Si IT A6355 absorption at high
velocities > 10* km s, typical of GRB-SNe. The later spectra
obtained with Gemini are noisy and suffer from telluric
absorption and chip gaps in critical regions of the Sill
absorption features. However, the evolution of the features is
clear. In fact, we find evidence for deviations from the power
law in spectra obtained at 8.1 and 12.1 days by DESI. These
features agree well with the expectations from our power
law + SN 1998bw fit to the photometry, which included no
additional spectral information. This is shown in Figure 5,
which displays the SED of the power law + SN 1998bw fit to
the OIR lightcurves (see Section 3.1) at 8.1, 12.1, 17.4, and
26.3 days versus the relevant DESI and Gemini spectra. We
show the total model and the individual components.
Additionally, we have subtracted the power-law component
from the observed spectra after smoothing. This shows good
agreement with the features and evolution of SN 1998bw. The
spectra suggest that the velocity of the Fell feature was
initially faster than SN 1998bw at 8.1 and 12.1 days, but
slowed down by 17.4 and 26.3 days to below the speed of
SN 1998bw’s ejecta. While this is not an exact template match
to the observed spectra, it provides a useful diagnostic and
comparison to the canonical GRB-SN. This comparison, and
the observed spectra, provide conclusive evidence than
GRB 260310A was associated with a standard collapsar
progenitor that produced a Type Ic-BL GRB-SN. Additionally,
the SN features definitively show that the optical rebrightening
has to have a significant, likely dominant, SN contribution.

The SN features continue to be clearly seen out to late times.
Figure 4 shows the presence of the bumpy SN spectra at 44.3
and 64.1 days. We note that the final Gemini spectrum at
64.1 days is noisier due to a combination of fading of the
source and that only one-half the planned sequence was
executed due to changing weather conditions. However,
despite this, the bump at 5500 A is still clearly visible.
Between 44.3 and 64.1 days the Fe II A5169 features gradually
declined, as observed for other nearby Type Ic-BL SNe at
similar distances (see, e.g., J. C. Rastinejad et al. 2025;
G. P. Srinivasaragavan et al. 2025a, 2025b).

3.3. Environmental Analysis of Gamma-Ray Burst Site and
Galaxy

GRB 260310A is located at a large angular offset of
5.4 + 072 from its host galaxy (Figure 1). We obtained
Gemini spectra (Table 2) that covered both the transient and
host galaxy with the slit aligned as shown in Figure 1. A
visualization of the two-dimensional spectra is shown in
Figure 6 that clearly demonstrates that the GRB explosion site
and nearby galaxy are located at z=0.1530 and 0.1525,
respectively, with only a small velocity offset of ~100 kms ™'
between them, likely due to the galaxy’s rotation. This velocity
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offset, as well as the rotation curve of the galaxy, are visible in
Figure 6. At this redshift, the projected physical offset between
the galaxy’s centroid and the GRB explosion site is
14.8 + 0.6 kpc. Figure 6 shows a “bridge” of star formation
reaching from the galaxy to the GRB site along the slit. The
next closest knot of star formation observed along the slit is
1.3kpc from the GRB’s explosion site. Tracing the galaxy
rotation curve of Ha back along the slit, we find that even in
the opposite direction the ongoing star formation in the
galaxy’s disk extends to at least 6” from the center of the
galaxy. This is consistent with the offset of the GRB, and
shows that its observed location fits within the light profile of
the galaxy, as traced by ongoing star formation. Additionally,
deep imaging (g > 25 AB mag) obtained with FTW/3KK at
later times clearly shows the morphology of the galaxy is that
of a central bulge superimposed on a disk that extends to the
GRB explosion site.

We performed an analysis of the nebular emission lines of
both the GRB site and host galaxy to explore their individual
properties. The GRB explosion site shows common nebular
emission lines associated with ongoing star formation
(Figure 6), including the [O1I] doublet at AA3726, 3729,
nebular [O 1] at AA4959, 5007, Balmer lines (Ha, HB, H~,
Ho, He, and H(), [Ne 1II] at A3869, He 1 A\5876, and the [N II]
and [S 1] doublets. The host galaxy shows weaker emission
features and deep Balmer and calcium absorption that together
indicate both an old stellar population and a new burst of star
formation. For the host, HG is detected in both emission and
absorption with a slight velocity shift in the centroid of those
components. This may be due to the rotation curve of
the galaxy, but likely also shows that the kinematics (and
locations) of the old and new stellar populations in the host
galaxy are different. We also detect Na I D absorption from the
host galaxy, but not at the location of the transient.

We used the penalized pixel-fitting (pPXF) software
(M. Cappellari & E. Emsellem 2004; M. Cappellari
2012, 2017) to fit the optical spectra and derive the relevant
emission line fluxes. We utilized the E-MILES stellar library
(A. Vazdekis et al. 2016). At the transient location, we
derive a near—Case B recombination Balmer decrement
Ha/HB=2.76 + 0.12 (D. E. Osterbrock 1989); Baldwin—
Phillips—Terlevich (BPT; J. A. Baldwin et al. 1981) ratios of
log([OMI]/HB) =046 £ 0.02 and N2 =log([N1]/
Ha) =—0.95 £+ 0.03 placing the transient location firmly in
the star-forming region; and a subsolar gas phase metallicity
12 4+ log(O/H) ~ 8.2—8.3 (roughly 0.4 Z.) derived from N2
and O3N2 (M. Pettini & B. E. J. Pagel 2004; R. A. Marino
et al. 2013), where we adopt a solar metallicity of 12+
log(O/H)=8.69 (M. Asplund et al. 2004, 2009). The
statistical uncertainty (~=20.05) on the metallicity is smaller
than the systematic uncertainty (0.1-0.2 dex) on the calibration
(M. Pettini & B. E. J. Pagel 2004; R. A. Marino et al. 2013).
From the Ha luminosity at the transient location, we derive
a star formation rate (SFR) of 0.85 4 0.10M.yr '
(R. C. J. Kennicutt 1998) using a Chabrier (G. Chabrier 2003)
initial mass function.

For the host galaxy, we derived log([N1]/Ha)=—0.34 +
0.01 and log(fO 11]/HB) = —0.44 £ 0.05. From these, we obtain a
near-solar metallicity of 12 + log(O/H) ~ 8.6-8.7 from O3N2
and N2 (M. Pettini & B. E. J. Pagel 2004; R. A. Marino et al.
2013). Therefore, the host galaxy has a higher metallicity than the
GRB explosion site. While these quoted errors do not include the
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Figure 7. Observed optical lightcurves of long GRBs (gray) and low-
luminosity GRBs (black) compared to GRB 260310A (red circles). A few
specific GRBs are highlighted for a more specific comparison. GRB 221009A
(magenta) is shown both observed (dashed) and dust corrected (solid). Data
have been compiled from T. J. Galama et al. (1998), E. H. McKenzie &
B. E. Schaefer (1999), J. Sollerman et al. (2000, 2002, 2006), E. Pian et al.
(2006), D. A. Kann et al. (2006, 2010, 2011), A. Clocchiatti et al. (2011),
A. Nicuesa Guelbenzu et al. (2012), D. A. Perley et al. (2014), V. D’Elia et al.
(2018), and B. O’Connor et al. (2023).

intrinsic calibration scatter, which is of order ~0.18 dex for O3N2
and ~0.16dex for N2 from R. A. Marino et al. (2013), both
diagnostics show the same trend that the GRB environment has a
lower metallicity by roughly 0.3-0.5 dex. In the context of the
comparison sample shown in Figure 10, the local GRB site sits in
the region more commonly occupied by resolved GRB explosion
sites compared to the integrated host value.

4. Discussion
4.1. Optical Afterglow Properties

Due to its nearby distance (z=0.153), GRB 260310A
displays an extremely bright multiwavelength counterpart. At
optical wavelengths, it is among the brightest GRB afterglows
ever discovered. To demonstrate this, in Figure 7, we show the
r-band lightcurve of GRB 260310A versus a sample of 190
long GRB afterglows. The optical lightcurves shown in
Figure 7 were largely obtained from a public repository'’ of
GRB lightcurves initially compiled by D. A. Kann (see
D. A. Kann et al. 2006, 2010, 2011; A. Nicuesa Guelbenzu
et al. 2012) and supplemented by additional events.

Based on this, we find that GRB 260310A displays the
brightest observed optical afterglow in the era of the Neil
Gehrels Swift Observatory (N. Gehrels et al. 2004) at optical
wavelengths (see also R. Gill et al. 2026; K.-R. Hinds
et al. 2026b; Y.-H. Yang et al. 2026). This is largely due to the
intervening Galactic dust impacting GRB 221009A (T. Laskar
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et al. 2023; A. J. Levan et al. 2023; B. O’Connor et al. 2023),
as its dust-corrected brightness exceeds GRB 260310A.
Additionally, we have excluded GRB 980425, GRB 060218,
and GRB 171205A, see Figure 7. While these bursts clearly
exceed its brightness at optical wavelengths, their optical
lightcurves are generally attributed to a combination of
shock cooling emission at early times and SN emission at
late times (e.g., S. Campana et al. 2006; E. Pian et al. 2006;
A. M. Soderberg et al. 2006; Z. Cano et al. 2011; L. Izzo et al.
2019). They simply exceed the observed brightness of
GRB 260310A due to their significantly closer distances.
Comparing GRB 260310A to energetic GRBs at a similar
redshift (z~0.15), such as GRB221009A at z=0.151
(A. de Ugarte Postigo et al. 2022; D. B. Malesani et al.
2025) and GRB 030329 at z=0.1685 (J. Hjorth et al. 2003;
K. Z. Stanek et al. 2003), we find that it closely matches the
observed brightness of GRB 030329, while lying below the
dust-corrected lightcurve of GRB 221009A.

However, even correcting for the redshift, we find that
GRB 260310A is among the most luminous GRB afterglows,
and comparable to GRB 130427A (z =0.34; D. Xu et al. 2013;
A. Maselli et al. 2014; D. A. Perley et al. 2014; W. T. Vestrand
et al. 2014) and GRB 030329 at late times (10 days). At this
phase the SN contribution begins to emerge (Figure 3) and
takes over as the primary contributor to the lightcurve.

4.2. Comparison to Other Gamma-Ray Burst Supernovae

Here we compare the properties of GRB260310A/
SN 2026fgk to other Type Ic-BL GRB-SNe identified in the
literature. We compiled and cross checked the nearby GRB-SN
sample by combining multiple GRB-SN catalogs (J. Hjorth &
J. S. Bloom 2012; Z. Cano et al. 2017a; G. Finneran et al. 2025)
and adding more recent secure additions to the literature (e.g.,
S. Klose et al. 2019). In total, there are 73 GRB-SNe that have
been identified in the literature (see, e.g., G. Finneran et al.
2025, and references therein), of which 38 have spectroscopic
classifications of varying signal-to-noise ratio depending
largely on the burst’s redshift and afterglow brightness.
Within 7 < 0.2, there are 11 previous GRB-SNe, making
GRB 260310A the twelfth case of a low-z GRB-SN with
spectroscopic confirmation. These events are GRB 980425/
SN 1998bw (T. J. Galama et al. 1998; R. A. Stathakis et al.
2000; F. Patat et al. 2001), GRB 030329/SN 2003dh
(J. Hjorth et al. 2003; T. Matheson et al. 2003; K. Z. Stanek
et al. 2003), GRB 031203 /SN 20031w (D. Malesani et al. 2004),
GRB 060218 /SN 2006aj (S. Campana et al. 2006; P. Ferrero
et al. 2006; P. A. Mazzali et al. 2006; E. Pian et al. 2006;
A. M. Soderberg et al. 2006; J. Sollerman et al. 2006),
GRB 100316D/SN 2010bh (R. Chornock et al. 2010; Z. Cano
et al. 2011; Y.-Z. Fan et al. 2011; R. L. C. Starling et al. 2011;
F. Bufano et al. 2012; E. F. Olivares et al. 2012),
GRB 130702A /SN 2013dx (V. D’Elia et al. 2015; V. L. Toy
et al. 2016; A. A. Volnova et al. 2017; P. A. Mazzali
et al. 2021), GRB 161219B/SN2016jca (Z. Cano et al.
2017b; C. Ashall et al. 2019), GRB 171205A/SN 2017iuk
(V. D’Elia et al. 2018; J. Wang et al. 2018; L. Izzo et al.
2019), GRB 180728A/SN2018fip (A. Rossi et al. 2026),
GRB 190829A /SN 20190yw (Y.-D. Hu et al. 2021; K. Bhiro-
mbhakdi et al. 2024), and GRB221009A/SN 2022xiw
(M. D. Fulton et al. 2023; M. Shrestha et al. 2023; G. P. Srini-
vasaragavan et al. 2023; P. K. Blanchard et al. 2024). Since the
launch of the Einstein Probe (EP; W. Yuan et al. 2025), there
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Figure 8. The flux-stretching factor kogp,, relative to SN 1998bw in rest-frame
V band of a sample of GRB-SNe is shown vs. the isotropic-equivalent gamma-
ray energy E. ;, release of the GRB prompt emission. The data were compiled
from J. Hjorth & J. S. Bloom (2012), J. Hjorth (2013), J. Greiner et al. (2015),
Z. Cano et al. (2017a, 2017b), S. Klose et al. (2019), L. Izzo et al. (2019), Y.-
D. Hu et al. (2021), G. P. Srinivasaragavan et al. (2023), Y.-D. Hu et al.
(2021), A. Rossi et al. (2026), and references therein. This figure is reproduced
from J. Hjorth (2013) and G. P. Srinivasaragavan et al. (2023).

have been an additional four Type Ic-BL SNe associated with
high-energy (X-ray) detections at z<0.2: EP250108a/
SN 2025kg (R. A. J. Eyles-Ferris et al. 2025; J. C. Rastinejad
et al. 2025; G. P. Srinivasaragavan et al. 2025a; W. X. Li et al.
2025), EP250304A /SN 2025thm (L. Izzo et al. 2025; L. Cotter
et al. 2026), EP250827b/SN 2025wkm (G. P. Srinivasaragavan
et al. 2025b), and, occurring after the discovery of
GRB 260310A, EP260321a/SN 2026gzf (T.-W. Chen et al.
2026; G. Corcoran et al. 2026; A. Martin-Carrillo et al. 2026c¢;
B. O’Connor et al. 2026a; J. C. Rastinejad et al. 2026; W. Yuan
et al. 2026).

In Figure 8, we compare the flux-stretching factor kogpy, Of
these GRB-SNe relative to the canonical SN 1998bw
(T. J. Galama et al. 1998) versus the isotropic-equivalent
gamma-ray energy release of the GRB’s prompt emission.
While it is well known that there is no significant correlation
between the SN brightness and the GRB prompt
emission (e.g., J. Hjorth 2013; S. Schulze et al. 2014;
G. P. Srinivasaragavan et al. 2023), there is an obvious
selection effect of identifying the faintest explosions, of both
types, at low redshifts (z < 0.2). We find that GRB 260310A
matches well with the distribution of other GRB-SNe (see also
R. Gill et al. 2026; K.-R. Hinds et al. 2026b).

Additionally, our inferred SN ejecta mass of 4-6 M
with nickel mass ~0.4-0.5M; and total kinetic energy
Ey= (3-8) x 10°" erg align well with other GRB-SNe. For
example, the analysis of Z. Cano et al. (2017a) presents
“average” GRB-SN properties of E, = (2.5 + 1.8) x 10°%erg,
Mj=6 £ 4 Mg, and My; = 0.4 £ 0.2 M., These are consistent
with the agreement between the SN 1998bw flux-stretching
inferred for SN 2026fgk as compared to other GRB-SNe
(see Figure 8).
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Figure 9. Cumulative distribution of projected physical offsets for long GRBs
from their host galaxies (P. K. Blanchard et al. 2016; J. D. Lyman et al. 2017).
The location of GRB 260310A is shown as a red vertical line.

4.3. Local Environment and Galactocentric Offset

Long GRBs are understood to arise from the deaths of massive
stars (S. E. Woosley 1993; S. E. Woosley & J. S. Bloom 2006)
and are therefore expected to trace recent star formation.
Consistent with that picture, population studies have shown that
long GRBs are typically concentrated on the brightest ultraviolet
light of their hosts at small galactocentric offsets (J. S. Bloom
et al. 2002; A. S. Fruchter et al. 2006; P. K. Blanchard et al. 2016;
J. D. Lyman et al. 2017). GRB 260310A is unusual in this context
because its projected separation from its host galaxy is large,
5.4 + 0'2, corresponding to a projected physical offset of
14.8 £ 0.6 kpc at z=0.1530 (Figure 1). This is 10x larger than
the median value for long GRBs (P. K. Blanchard et al. 2016; see
Figure 9). However, the host normalized offset is only
R/R.=23 £ 0.1, where R. = 2’4 is the half-light radius of the
host galaxy. Moreover, the Gemini spectra demonstrate that the
burst is not dynamically detached from the host (Figure 6).
Instead, the redshift difference between the GRB site (z =0.153)
and the host (z = 0.1525) is only ~100 km s_l; nebular emission
forms a clear bridge between the galaxy and the burst position;
and Ho emission extends to comparable distances on the opposite
side of the galaxy (Figure 6). Taken together, these observations
indicate that GRB 260310A occurred in an outlying HII region
embedded within an extended, low surface brightness star-
forming disk, rather than in an isolated satellite or halo
environment. In that sense, the event appears to belong to the
same broader class of long GRBs with large galactocentric offsets
(>5kpec) but still clearly locally star-forming environments
identified in other low-redshift systems (L. Christensen et al.
2008; E. M. Levesque et al. 2011; S. Schulze et al. 2014; L. Izzo
et al. 2017; A. Melandri et al. 2019; C. C. Thone et al. 2024).

The GRB site itself remains actively star forming, with
SFRya ~ 1 M. yr ', and is clearly less metal enriched than
the host galaxy (12 + log(O/H) ~ 8.6), with a subsolar
metallicity 12 + log(O/H) = 8.3 (see Section 3.3). This is
consistent with the expectations for a collapsar progenitor
and with observations of other GRB environments (e.g.,
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Figure 10. BPT diagram for long GRB host galaxies (squares) and explosion
sites (circles) compared to a background population of Sloan Digital Sky
Survey galaxies (small gray circles; D. G. York et al. 2000; H. Aihara
et al. 2011; V. Stampoulis et al. 2019). Both the explosion site (red star) and
integrated host galaxy (red square) of GRB 260310A are shown. The long
GRB data are compiled from L. Christensen et al. (2008), X. H. Han et al.
(2010), P. L. Kelly et al. (2013), S. Schulze et al. (2014), E. R. Stanway et al.
(2015), T. Kriihler et al. (2015), L. Izzo et al. (2017), Z. Cano et al. (2017b),
K. E. Heintz et al. (2018), A. de Ugarte Postigo et al. (2018, 2020),
A. Melandri et al. (2019), and C. C. Thone et al. (2024).

E. M. Levesque et al. 2010a, 2010b; T. Kriihler et al. 2015).
Thus, while the burst occurred at large projected radius, it has
a locally favorable environment for long GRB production,
namely a star-forming region with lower metallicity than the
galaxy-integrated value (Figure 10). That result is fully
consistent with the resolved view of nearby long GRB hosts,
in which the immediate burst environment is often less
enriched than the host as a whole even when the galaxy-
integrated  spectrum  appears comparatively  evolved
(E. M. Levesque et al. 2011; C. C. Thone et al. 2014;
T. Kriihler et al. 2015, 2017; Z. Cano et al. 2017b; L. Izzo
et al. 2017; M. J. MichatowsklI et al. 2018; M. Tanga et al.
2018; A. Melandri et al. 2019; C. C. Thone et al. 2021, 2024).
GRB 260310A therefore illustrates an important point about
the interpretation of GRB host environments. Large projected
offsets do not necessarily imply that the progenitor formed in a
remote or quiescent region of the host galaxy. In this case, our
Gemini spectroscopy definitively shows that the burst site is
part of a continuous star-forming structure connected to the
main body of the galaxy, and that the metallicity declines
toward that outer region approaching the GRB explosion site
(Figure 6).

5. Conclusions

We present the results of our comprehensive OIR observing
campaign of GRB260310A utilizing FTW, Seimei, DESI,
HET, and Gemini. At the nearby distance of z=0.153
(756 Mpc), GRB 260310A provided a critical opportunity to
search for and identify an SN component. Our investigation
yielded the spectroscopic classification of the associated
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SN 2026fgk, confirming GRB 260310A’s relation to other
long GRBs with collapsar progenitors. SN 2026fgk is only the
twelfth GRB-SN uncovered within 1 Gpc (z < 0.2) since 1998.
It is the fifteenth Type Ic-BL SN within 1 Gpc associated with
a prompt high-energy transient when including recent EP fast
X-ray transients and adds to the growing sample of spectro-
scopically classified GRB-SNe.

We find that the optical afterglow of GRB 260310A is
among the brightest ever observed, matching GRB 030329 at
late times and exceeding the observed optical lightcurve of
GRB 221009A. The brightness of the afterglow, combined
with the rather smooth onset of SN features, masked the SN
discovery and it was not robustly uncovered spectrally until
~17 days posttrigger. Only a handful of z < 0.2 GRB-SNe had
SN spectral features identified later than this, e.g,
GRB 031203/SN 2003lw (D. Malesani et al. 2004) and
GRB 221009A /SN 2022xiw (P. K. Blanchard et al. 2024).

Additionally, while the ~15kpc offset of GRB 260310A
from its putative host galaxy is among the largest ever
observed for a long GRB, we find that this is simply due to an
offset HII region. This H1I region is linked to the host galaxy
by a bridge of star formation as observed along the Gemini
GMOS slit. The offset is in the direction of the extension of the
host galaxy disk, and we find that it is simply due to an
extended low surface brightness disk. The GRB explosion site
has a very low metallicity compared to the host galaxy, as
expected for a collapsar progenitor and consistent with the
explosion sites of other GRB-SNe.

GRB 260310A continues the line of low-redshift (z < 0.2)
GRBs with outlier properties in both prompt emission and
galactocentric offset, and demonstrates the diversity in GRB
explosion properties. Due to its nearby distance and circum-
polar sky position, additional observations of both the GRB-
SN and afterglow to significantly later times are both possible
and warranted to improve constraints on the physical
parameters of the explosion. We strongly encourage additional
follow-up at all wavelengths.
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Appendix A
Log of Observations

In Tables 1 and 2, we present a log of all photometric and
spectroscopic observations obtained and analyzed in this work.
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Table 1
Log of Photometry of GRB 260310A from FTW and Seimei

Start Time (UT) AT Exposure Telescope Filter AB Magnitude
(days) ()
2026-03-13 19:37:11 3.61 2160 FTW g 18.66 + 0.01
2026-03-13 19:37:11 3.61 2160 FTW i 18.16 + 0.01
2026-03-13 19:37:28 3.61 2037 FTW J 17.50 + 0.01
2026-03-13 19:48:45 3.62 2400 FTW r 18.39 + 0.01
2026-03-13 19:48:45 3.62 1950 FTW b4 17.94 + 0.02
2026-03-13 19:49:01 3.62 1432 FTW K, 17.07 + 0.01
2026-03-14 14:05:06 438 210 Seimei r 18.62 + 0.04
2026-03-14 14:05:06 4.38 210 Seimei g 18.87 = 0.03
2026-03-14 14:05:06 438 90 Seimei i 18.35 + 0.04
2026-03-14 14:07:44 438 120 Seimei b4 18.11 + 0.04

Note. Times AT are given relative to the GRB trigger. The photometry has been corrected for Galactic reddening E(B — V) = 0.02 mag (E. F. Schlafly &
D. P. Finkbeiner 2011). The full version of this table is available in machine-readable format in the online journal. A portion is shown here for guidance regarding its

form and function.

(This table is available in its entirety in machine-readable form in the online article.)

Table 2
Log of Spectroscopic Observations of GRB 260310A /SN 2026fgk
Start Date (UTC) AT Telescope Instrument Grating Exposure
(days) (5)

2026-03-14 14:24:00 4.39 Seimei KOOLS-IFU VPH-Blue 2550
2026-03-15 14:09:36 5.38 Seimei KOOLS-IFU VPH-Red 2700
2026-03-16 08:53:08 6.16 Mayall DESI 1200
2026-03-17 08:07:32 7.13 Mayall DESI 1200
2026-03-18 06:49:15 8.08 Mayall DESI 1200
2026-03-19 09:50:00 9.20 HET LRS2 LRS2-R 1800
2026-03-22 06:59:22 12.08 Mayall DESI 1200
2026-03-27 14:56:32 17.42 Gemini-North GMOS B480 2120
2026-04-05 12:40:09 26.32 Gemini-North GMOS B480 4000
2026-04-20 13:09:59 41.34 Gemini-North GMOS B480 5901
2026-04-23 12:02:23 44.30 Gemini-North GMOS B480 6000
2026-05-13 07:43:05 64.12 Gemini-North GMOS B4380 4000

Appendix B analyses in the literature (e.g., J. S. Bloom et al. 1999; A. Zeh

Additional Model Fitting Results

In Figure 11 we show the best-fit model to the multiwavelength
lightcurve for the power law 4 SN 1998bw model with an
SN 1998bw flux scaling factor of kogpy =0.50. The use of
SN 1998bw as a template is the standard adopted method for such
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et al. 2004). We note that the NIR (JK) behavior of the model is
uncertain and due to extrapolation to wavelengths beyond the
available templates for SN 1998bw (e.g., v19-1998bw;
M. Vincenzi et al. 2019). The JK; model lightcurves of
SN 1998bw should therefore be interpreted with caution.


https://doi.org/10.3847/1538-4357/ae878f
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Figure 11. Best-fit model (power law + SN 1998bw) to the multiwavelength lightcurve of GRB 260310A in the observer frame. The thick solid lines in each filter
represent the total model. The thin dashed lines represent the broken power-law afterglow component and the dotted lines, shown only in the g and r bands to avoid
clutter, represent the model lightcurve of SN 1998bw with a flux scaling factor kogpy, = 0.50. Photometry presented in this work is shown as a solid circle and
publicly reported photometry compiled from GCN Circulars is shown as empty squares (S. Belkin & M. Shrestha 2026; R. Brivio et al. 2026; K. Hinds et al. 2026;
R. Konno et al. 2026; C.-H. Lai et al. 2026; J.-J. Li et al. 2026; A. Martin-Carrillo et al. 2026a, 2026b; E. Moreno Méndez et al. 2026; N. Passaleva et al. 2026;
D. A. Perley et al. 2026; R. Stein et al. 2026; A. M. Watson et al. 2026).
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