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ABSTRACT

On July 2, 2025, the Gamma-ray Burst Monitor (GBM) onboard the Fermi Gamma-ray space telescope detected three short-duration
MeV transients with overlapping sky locations. These events, named as GRB 250702D, B, and E (collectively referred to as DBE),
triggered the detector with delays of approximately 1 — 2 hours between each burst. Follow-up observations of this unusually long
MeV transient (lasting >3 hours) by the Neil Gehrels Swift Observatory and the Nuclear Spectroscopic Telescope Array over a period
of ~10days revealed a steep temporal decline in soft X-rays (cc r~9*01) The time-averaged spectra during the outbursts are well
described by a single power law dN, /dE o« E~'3, while upper limits above 100 MeV imply a spectral cutoff between 10 MeV and
100 MeV. Using standard y-ray transparency arguments, we derive a lower limit on the bulk Lorentz factor. Combined with the steep
decline in X-rays, these constraints point to a relativistic jet origin. The properties of DBE are inconsistent with established GRB
spectral-energy correlations, disfavoring classical long-GRB progenitors. Instead, the basic characteristics of DBE resemble those of
previously reported jetted tidal disruption events (TDEs), though alternative progenitor channels cannot be excluded. In the relativistic
TDE scenario, DBE is the first one with detected MeV y-ray emission. We argue that the observed emission is most likely produced
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by synchrotron radiation from sub-TeV electrons.

Key words. radiation mechanisms: non-thermal —
processes

1. Introduction

| The Gamma-ray Burst Monitor (GBM) onboard the Fermi
. Gamma-ray Space Telescope detected and localized five
Gamma-Ray Bursts (GRBs') on July 2, 2025. Three of these

>< MeV transients, namely GRB 250702D, B, and E (hereafter

o

DBE), have overlapping sky positions, likely originating from
the same source (Neights et al. 2025). The detection of hard
X-ray emission from DBE was also reported by Konus-WIND
(Frederiks et al. 2025), Swift-BAT/GUANO (DeLaunay et al.
2025) and the Space-based multi-band astronomical Variable
Objects Monitor (SVOM; Svom/Grm Team et al. 2025). Soft
X-ray detections spatially coincident with DBE were reported
by the Einstein Probe (EP 250702A; Cheng et al. 2025) and the
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! Not all short-lasting MeV transients named as GRBs upon their trig-
ger originate from classical GRB progenitors, such as collapsars and
binary neutron star mergers.
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Monitor of All-sky X-ray Image (Kawakubo et al. 2025), in ob-
servations preceding the first Fermi/GBM trigger.

Follow-up observations of EP 250702A/DBE by the X-Ray
Telescope (XRT) onboard the Neil Gehrels Swift Observatory
(Swift, hereafter) revealed an associated fast-declining soft X-ray
transient (cc 1~2; Kennea et al. 2025). Observations by the Nu-
clear Spectroscopic Telescope Array (NuSTAR) in hard X-rays
(3 = 79keV), performed ~ 1 day after the trigger of DBE, were
consistent with the steep decline in soft X-rays (O’Connor et al.
2025). A similar rapid decline was observed in the near-infrared
(NIR; Levan et al. 2025).

The duration of DBE in the MeV phase (> 3 hours) signif-
icantly exceeds the typical timescales of classical GRBs (0.1 —
100 s). Its X-ray counterpart also evolves faster than typical GRB
afterglows, where the luminosity decreases as oc ~! before the
jet break time (Mészaros & Rees 1997), i.e. when 1/T" << 6,
where I is the bulk Lorentz factor and 6; is the opening an-
gle of the jet. These two basic observables (i.e., the prolonged
MeV y-ray emission and the steep X-ray decline) make DBE a
candidate for a relativistic Tidal Disruption Event (TDE; Levan
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et al. 2025). The presence of hours-long outbursts preceding the
classical steep decline phase suggests the formation of a rela-
tivistic jet. To date, only four relativistic TDEs have been iden-
tified: SwiftJ164449.3+573451 (Burrows et al. 2011; Bloom
et al. 2011; Levan et al. 2011), SwiftJ2058.4+0516 (Cenko
et al. 2012; Pasham et al. 2015), SwiftJ1112.2-8238 (Brown
et al. 2015), and AT 2022cmc (Andreoni et al. 2022; Pasham
et al. 2023). These events were detected up to hard X-rays
(< 200keV), but not in MeV +y-rays.

In this Letter, we investigate the high-energy radiation asso-
ciated with DBE, from soft X-rays to y-rays. We analyze each
DBE outburst using publicly available data from Fermi/GBM
(8keV — 40MeV) and Fermi/Large Area Telescope (LAT, >
100 MeV). We also analyze the soft and hard X-ray emission
of DBE in the first 10 days, provided by publicly available
Swift/XRT observations, and a dedicated NuSTAR Director Dis-
cretionary Time (DDT) observation obtained by our team. We
then briefly discuss the properties of the emission region, where
the non-thermal y-ray photons are produced.

2. Temporal profile

We extract the background-subtracted MeV light curve over a
5.5-hour interval following the trigger of 250702D (see the up-
per panel of Fig.1 and Appendix A.1). The first two events,
250702D and 250702B, have similar durations of ~ 100 — 150 s
and are separated by a quiescent period of ~ 45 minutes. A third
associated burst, 250702E, occurred ~3 hours later and lasted
~ 600s. Large parts of the intermediate temporal windows be-
tween these three events were not accessible due to Earth’s oc-
cultation. A weak emission episode at’> ~ f; + 6000 s originates
from GRB 250702C (Fermi GBM Team 2025), which is not re-
lated to DBE (Neights et al. 2025).

We performed a time-resolved spectral analysis of the soft
X-ray emission observed by Swift/XRT (0.3 — 10keV) and NusS-
TAR (Harrison et al. 2013) over the period from 0.5 to 10 days
post-trigger of 250702D. The details of the spectral analysis are
presented in Appendix B. The X-ray light curve shows a steep
temporal decline, following #~!9*%! (lower panel of Fig. 1).

3. y-ray spectra

We extract the Fermi/GBM spectra during the three emission
episodes (D, B, and E) from the daily GBM data. The back-
ground spectra for the short episodes (D and B) are estimated
using standard polynomial fits to time intervals before and after
each burst. To evaluate the background during the long-duration
episode E, we adopt the average orbital method. Details of GBM
data extraction and analysis are provided in Appendix A.2.

We first model the spectra of episodes D, B, and E using a
simple power-law (PL) model, dN/dE o E~* (Fig. 2). The best
fit to the data in the energy range between 10 keV (40keV for E)
and 40 MeV provides @ = 1.5 + 0.1 for D and B, and a slightly
softer spectrum for E (@ = 1.64 + 0.04).

We then test for the presence of a high-energy softening by
fitting the spectra with a cutoft power-law (CPL) model. We find
no significant improvement in the fit compared to the simple
PL model. The cutoff energy is poorly constrained in all cases:
E.y > 4MeV for D, E . = 7fé3 MeV for B, and E.; > 14 MeV
for E. We compare the best-fit CPL models with the 30 up-
per limits from Fermi/LAT at 0.1 — 1 GeV (see Appendix C).

2 1y is defined as the trigger time of 250702D, on 2025-07-02
13:09:02.03 (UT).
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Fig. 1: Upper panel: Background-subtracted 5 s-binned light
curve of the hard X-rays/MeV emission detected by Fermi/GBM
(50 — 900 keV). Gray shaded regions indicate time bins during
which the source was occulted by the Earth. The yellow shaded
region marks lo noise level in the light curve. Lower panel:
Light curve of the soft X-ray counterpart obtained from time-
resolved spectral analysis of Swift/XRT (0.3—10 keV, yellow cir-
cles). The flux at 0.3 — 10keV at 10 days (pink square) was esti-
mated by extrapolating the spectral model fitted to the NuSTAR
data (fitted in the 3 — 30 keV range).

These upper limits suggest that the cutoff energy should be be-
tween the GBM and LAT energy bands, i.e. 10 MeV< E¢y <
100 MeV. Our analysis shows that the time-resolved and time-
integrated spectra of DBE are incompatible with the established
spectral-energy correlations (Amati and Yonetoku relations) for
long-duration GRBs (Appendix G).

The spectra of episodes D and B are consistent in normaliza-
tion and spectral shape. Above 200 keV, the background is well
characterized by the average orbital method. Thus, we extract the
cumulative D and B spectrum. Fitting it with a PL. model returns

a = 1.77*)1], indicating a possible softening at high energies.

4. Discussion

The particularly long duration (> 3 hours) and variable MeV ra-
diation is followed by a steep temporal decline in X-rays. The
spectra in the MeV +y-rays are markedly different from those of
classical GRBs. We find a ~ 1.5 or softer in DBE, as opposed to
a ~ 1 in GRBs (Band et al. 1993). Moreover, the DBE spectra
extend beyond ~ 0.1 — 1 MeV, which is unusual for both short
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Fig. 2: Spectral energy distributions of events D, B, and E. The derived data points for the time-integrated spectra of D, B, and E,
along with the best-fit power-law models (with 1o~ uncertainties) are shown using the blue, orange, and green symbols and shaded
regions, respectively. The dashed orange and green lines represent average cutoff power-law models for the time-integrated spectra
of events B and E. Upper limits between 100 MeV and 1 GeV (307) are shown as inverted triangles. The combined D and B spectrum
above 200 keV, along with its best-fit model (107), is shown using red triangles and a red shaded region. The corresponding spectral

slopes (2 — a) are also indicated.

and long GRBs. The inferred photon index, @ ~ 1.5, can be
produced by a cooled population of electrons with a distribu-
tion dN,/dy, o« y;*. In Appendix D, we argue that the observed
spectra are most likely produced by synchrotron radiation from
sub-TeV electrons.

Provided the particularly long MeV duration and their spec-
tral shape, together with the steep X-ray decline (0.5 — 10 days),
we disfavor the origin via classical channels of formation of
GRBs. During the tidal disruption of a star by a massive com-
pact object, the fallback of stellar debris typically produces a
flux decay oc 75/ (Rees 1988). However, the X-ray spectra of
DBE events are non-thermal, with photon indices between 1.4
and 1.6. The rapid X-ray decline may therefore be interpreted as
afterglow emission from a forward shock once 1/T" 2 6; (Rhoads
1997), or alternatively as emission from a jet with diminishing
power.

Several arguments were put forward supporting the extra-
galactic origin of DBE (Levan et al. 2025), including its asso-
ciation with a candidate host galaxy of complex morphology. A
transient relativistic jet formed as a consequence of the tidal dis-
ruption of a star by a compact object is a good candidate for long-
duration MeV radiation. The previous four relativistic TDEs lack
the emission in MeV vy-rays and were observed only up to hard
X-rays (< 200keV). The absence of associated MeV radiation
can be referred to the poor sensitivity of MeV instruments. In
Appendix F, we compare the energetics as well as the temporal
and spectral properties of DBE with those of previously reported
relativistic TDE candidates. Although the sample size is limited,
the X-ray variability, spectral shape, and energetics of DBE are
consistent with those of the other candidates.

The individual outburst rise time and duration are linked to
the density profile of the disrupted star and the mass of the com-
pact object. It was previously argued that a variability time-scale
of ~ 1000 s implies that the disrupted star is most probably a
white dwarf (Krolik & Piran 2011). The disruption of a white
dwarf requires that the mass of the compact object is < 10° My,
In the MeV y-rays, DBE has even shorter observed variability

of ~ 100 — 600 s, which indicates that the compact object is an
intermediate mass black hole (Levan et al. 2025).

4.1. Constraints on the bulk Lorentz factor

We estimate a lower limit on the bulk Lorentz factor of the jet,
assuming that the DBE emission is subject to the usual MeV
compactness constraint®:

1B (=) (1 + 2 F1 -y |
20tmect |1 - ()| ’

€max

ey

where 8 ~ 0.5 is the spectral index (F, o« E# whereB=a-1),
n(B) = 7/6(2 + B)(1 + B)>/3 (Svensson 1987), 6t, ~ 100s is the
observed variability time-scale, €y ~ 0.02 and €,.x ~ 78 are the
minimum and maximum energies of the observed PL spectrum
in units of the electron rest mass, Fo ~ 3 x 1077 ergcm™2 57! is
the flux integrated between € and eyax, z and d; are the redshift
and luminosity distance to the source, respectively.

In Fig. 3, we show the lower limit on the bulk Lorentz fac-
tor of the jet, I' > 7d*? as a function of the isotropic-

L,100 Mpc’®
equivalent outburst luminosity, Li, ~ 4 X 1047di 100 Mpc€TE s,

and source distance. We find that for I' > 10, DBE is placed in
the same category as the four previously reported jetted TDEs in
terms of outburst luminosity.

The total fluence emitted during the three episodes across
€(~ 0.02) — €nax(~ 78) is ~ 107* erg cm~2. Given the exten-
sion of the DBE spectra up to multi-MeV y-rays (> 1 MeV), the
MeV emission provides a reasonable approximation of the total
radiative energy budget. In Fig. E.1, we show I as a function of
isotropic-equivalent energy. To match the energetics of the previ-
ously reported jetted TDEs, a value of I' ~ 30 is required. Com-
bining our constraints on the luminosity of individual outbursts

3 Similar constraints were applied to classical GRBs in Ruderman
(1975); Schmidt (1978); Lithwick & Sari (2001). See Ravasio et al.
(2024) for more detailed derivations.
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Fig. 3: Lower limit on the bulk Lorentz factor of the jet as a func-
tion of the isotropic-equivalent luminosity of the D and B emis-
sion episodes. The color bar indicates the corresponding lumi-
nosity distance to DBE. For comparison, we show the luminosity
(brightest hard X-ray outbursts) measured for Swift J2058+-05
(Cenko et al. 2012; Pasham et al. 2015), Swift J1112+82 (Brown
et al. 2015), AT 2022cmc (Andreoni et al. 2022; Pasham et al.
2023), and SwiftJ1644+57 (Burrows et al. 2011) as dashed blue,
dotted green, and solid red vertical lines.

and the total energy budget, we conclude that 10 < I' < 30 and
100 Mpc < d; < 2 Gpc, consistent with the redshift constraints
from the host galaxy (z < 1; Levan et al. 2025).4

5. Conclusions

We have presented a temporal and spectral analysis of
GRB 250702D/B/E (DBE), three MeV transients with durations
of 100 — 600s, separated by ~ 1 — 3hours. The spatial coin-
cidence of these events indicates a common origin, suggesting
ultra-long central engine activity lasting more than 3 hours. Our
findings can be summarized as follows:

The prolonged MeV emission and the subsequent steep de-
cline in the X-ray light curve in the first 10 days are different
from classical GRBs, pointing instead to a TDE involving a
relativistic jet.

— All three y-ray episodes exhibit soft power-law spectra with
indices @ (dN/dE « E~%) ranging between 1.5 and 1.7 over
the 10keV —40 MeV band, inconsistent with classical GRBs.

— The time-resolved and time-integrated spectra are inconsis-
tent with the Yonetoku and Amati spectral-energy relations
for long GRBs.

— The spectra of episodes D and B, separated by ~45 minutes,
are consistent in spectral shape and normalization.

— No significant high-energy cutoff is found for time-averaged
spectra within the 10 keV — 40 MeV range.

— The Fermi/LAT (E > 100MeV) upper limits during the B

and E episodes suggest that the spectrum softens between

10—100MeV. The combined D+B spectrum above 200 keV
further supports the presence of a high-energy softening.

4 In these estimates, we assume the jet is viewed on-axis. However,
some TDE jets may be misaligned to account for late-time radio after-
glow observations (Beniamini et al. 2023). If the DBE jet is misaligned,
then the true Lorentz factor could be even larger.
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— The constraints on the bulk Lorentz factor, variability, spec-
tral shape and energetics make DBE consistent with the
properties of four previously reported jetted TDEs.

If DBE originated from a jetted TDE, it would represent the first
such event with detected MeV emission. We argue that the ob-
served spectra are most likely produced by synchrotron radiation
from sub-TeV electrons.
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Appendix A: Fermi GBM data analysis
Appendix A.1: Orbital background estimate

To accurately estimate the background for the three observed y-
ray transients, we employed a modified version of the OSV tool
(De Santis 2024; Fitzpatrick et al. 2011). This method leverages
the periodic orbital characteristics of the Fermi satellite. Fermi
operates in 90-minute orbits and performs a rocking maneu-
ver every two orbits to ensure full-sky coverage (Meegan et al.
2009). This pattern results in the satellite returning to the exact
same celestial position every 15 orbits, and to the same position
with identical pointing every 30 orbits. The OSV tool exploits
this by estimating the background for long or faint MeV sources
as the mean event rate observed by the Gamma-ray Burst Moni-
tor (GBM) 15 or 30 orbits before and after the time of interest.

For the binned data, the background estimate Ryck(%;, E;) for
an observed rate R(#;, E;) in a specific time and energy bin ‘1’ is
given by:

R(t; + 24h, E)) + R(t; — 24 h, E;)
2 .

This formula applies to the 15-orbit scenario. For the 30-orbit
scenario, the time difference becomes larger. Furthermore, aver-
aging over 14 and 16 orbits also provides a robust background
estimate (Fitzpatrick et al. 2011). This is attributed to the near-
identical detector position and pointing angles at these orbital
intervals.

It is crucial to note that the effectiveness of the 15-orbit
method for background estimation, particularly above 40keV,
is enhanced by the energy cutoff. Many potential point sources,
which could introduce contamination, contribute predominantly
below 100 keV (Biltzinger, B. et al. 2020). Consequently, for the
majority of our energy bins, the position of the detectors is the
dominant factor influencing the background, rather than subtle
pointing variations.

Fig. A.1 illustrates the background estimates for the primary
time intervals for detectors ‘nb’ and ‘bl’. A qualitative valida-
tion of the background estimation can be done by comparing the
predicted and measured rates in regions immediately adjacent to
the signal. A close match indicates a valid background estimate.

Analysis of the data reveals that the background estimated
using the 30-orbit method generally aligns well with the mea-
sured rates. The sole exception is detector ‘nb’ during GRB
B, where the 30-orbit estimate clearly overestimates the back-
ground. In this specific case, the 15-orbit estimate provides a
much more accurate representation of the pre- and post-burst
background.

Ryex(ti, Ei) = (A.1)

Appendix A.2: Spectral analysis

We first verified that during the temporal bins of the D, B, and
E events, only one sodium iodide detector (nb) and one bismuth
germanate detector (b1) satisfy the source-to-detector angle cuts.
We downloaded the daily data for July 2, 2025, from the Fermi
GBM Daily Data online repository’. To analyze the time bins
of interest, we generated response matrices using the GBM Re-
sponse Generator®, based on the position provided by Swift/XRT.
We identify the D, B, and E outburst times as —100-50 s, 2750—
2850 s, and 11200-11800 s, respectively, since the trigger time

> https://heasarc.gsfc.nasa.gov/W3Browse/fermi/
fermigdays.html

® https://fermi.gsfc.nasa.gov/ssc/data/analysis/gbm/
DOCUMENTATION.html

of GRB 250702D (2 July 13:09:02.03 UT). We extracted the
spectra from GBM daily data using the publicly available Fermi
GBM Data Tools (Goldstein et al. 2022).

We tested two methods to estimate the background spec-
trum during the D, B, and E intervals (see below). The first
method extrapolates a polynomial function fitted to pre- and
post-burst intervals, allowing background estimation over the
full Fermi/GBM energy range (10 keV — 40 MeV). The second
method uses the average orbital background, which lacks cover-
age below 40 keV. The results of the spectral modeling are pre-
sented in Table A.1. We note that all spectral fits presented in this
work are performed using XSPEC (Arnaud 1996), and assuming
Cash statistics (C-stat).

Appendix A.2.1: Spectra of events D and B

The duration of the D event is short (~150 s), so we estimate
the background using both the standard polynomial fit to off-
source intervals (=300 to —200s and 150 to 2505s), and the or-
bital background method (above 40keV). The model parameters
from both methods are consistent within uncertainties. We report
the photon index and flux (10keV—-40 MeV) for the power-law
model, and the cutoff energy E. for the cutoff power-law model.
We do not observe a significant statistical improvement from in-
troducing a high-energy cutoff (A stat = —4, for one additional
free parameter).

Similarly to D, event B also has a short duration (~150 s), so
both background estimation methods are applied, yielding com-
parable results. For wider energy coverage, we use the standard
off-source intervals (2350-2550 s and 3000-3055 s). The cutoff
power-law model gives only a marginal improvement in fit qual-
ity (A stat = —14, for one additional free parameter).

Given that the background at the highest energies (>200
keV) is well described by the orbital method, and that the detec-
tor response remains stable between events D and B, we estimate
the cumulative D+B spectrum (>200 keV, detector bl) for im-
proved spectral characterization. The corresponding power-law
fit is included in Table A.1.

Appendix A.2.2: Spectrum of event E

The E outburst lasts at least 600 s. Therefore, we adopt the or-
bital background method (30 orbits). We model the spectrum
using both power-law and cutoff power-law models. The latter
does not significantly improve the spectral characterization in
the 40 keV — 40 MeV range (Astat = 1).

Appendix B: X-rays
Appendix B.1: Swift/XRT data analysis

To extract the spectra, we downloaded the XRT event files from
the Swift-XRT archive’. We extracted source and background
spectra in each time bin using the xselect tool. For each time
bin, the ancillary response has been generated by xrtmkarf. We
then model 9 spectra with an absorbed power-law model with
two neutral hydrogen absorbers: one fixed to Galactic the equiv-
alent hydrogen column density at Ny = 0.207 x 10> cm™~2 and
the other at the host galaxy. We have adopted 4 different red-
shifts for the host galaxy: 0, 0.5, 1 and 2. The equivalent hydro-
gen column density in the host galaxy is best fitted by Nﬁfo =

(0.8+0.2)x 102 cm™2, N5%% = (22+0.6)x 102 cm™2 , N ' =

7 http://www.swift.ac.uk/archive/
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Fig. A.1: Light curves for two detectors (Detector nb: top row; Detector b1: bottom row) across three different events (Event 1: left
column; Event 2: middle column; Event 3: right column). The estimated background is plotted using three different orbits. For the
‘nb’ data, the energy range is cut between 40 keV and 900 keV, while for ‘b1’ data, the cut is between 200 keV and 40 MeV. Each
panel shows the light curve integrated over energy for a specific detector and event combination.

Name Time-bin [s] Power-law model Cutoff Power-law

Photon index Flux [1077 erg cm 2 s ']  stat(dof) | E. [MeV] stat(dof)
D (=100, 50) 1.48 + 0.06 27553 208(235) >4 204(234)
B (2750, 2850) | 1.47 +0.05 2.7+04 253(235) | 7T 239(234)
E (11200, 11800) | 1.64 +0.04 0.56+004 289(215) > 14 288(214)
D+B 1.77:017 161408 125(119)

Table A.1: Spectral fit results for selected time bins using power-law and cutoff power-law models. Data between 10keV and
40MeV and the standard off-source background estimate is applied to D and B. For the spectrum E, an average orbital method is
applied and thus spectrum at 40 keV — 40 MeV is extracted. For the cuamulative D+B spectrum, we have used the average orbital
background method and the spectrum at 200 keV — 40 MeV is extracted. The reported flux is evaluated at the covered energy band.

(4.6 + 1.0) x 1022 cm™2, and Nilzz = (13.0 = 3.0) x 102 cm™2.
We have verified that the inferred unabsorbed flux is not affected
by the choice of the redshift. And so, we report the unabsorbed
0.3 — 10keV flux (z = 0) and the photon index in the Table B.1.

Appendix B.2: NuSTAR data analysis

A NuSTAR (Harrison et al. 2013) DDT observation of DBE
took place on 2025 July 12 (ObsID 91101324002; PI: E. Kam-
moun) for a total exposure of 39 ks. The data were reduced us-
ing the standard pipeline in the NuSTAR Data Analysis Soft-
ware (NUSTARDAS v2.1.4), and using CalDB20250521. We
cleaned the unfiltered event files with the standard depth cor-
rection. We reprocessed the data using the saamode = strict,
saacalc=3, and tentacle = yes criteria for a more conserva-
tive treatment of the high background levels near the South At-
lantic Anomaly. Due to the high background activity during the
observation, this filtering scheme reduced our net exposure time
to 31.7ks and 32.8 ks, for the two focal plane modules (FPMA
and FPMB), respectively. We extracted the source spectra from
a circular region of radius 40" centered at the coordinates of
the source, using the HEASOFT task nuproducts. Background
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Tetart Tgop Flux Photon Index
(days) (days) (107" ergem2s7!)
054 055 12357150 1615033
058 059 3.53+084 1.90%0:35
073 0.74 7.59* )13 1787034
0.795  0.798 3.504055 1.37£0.40
130 131 1641043 1.401047
137 139 1334028 1.90*03
144 145 1.331032 1.8310%
222 236 0.39+011 190048
533 541 0.10*017 2.244 2

Table B.1: The result of the time-resolved spectral analysis of
Swift/XRT data.

spectra were extracted from a source-free region of radius 80”.
We analyze the spectra from FPMA and FPMB jointly, with-
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Fig. B.1: Left: NuSTAR FPMA and FPMB (blue and red, respec-
tively) spectra fitted with a power-law model. Right: The confi-
dence contours (68%, 95%, and 99%) of the photon index versus
the 3 — 30keV flux.

out combining them. The NuSTAR spectra were binned using the
ftool ftgrouppha with grouptype=optmin and groupscale
= 25. This sets up a binning using optimal binning as described
by Kaastra & Bleeker (2016), but with the additional require-
ment of a minimum number of 25 counts per bin.

We modeled the NuSTAR spectra in the 3 — 30 keV range us-
ing XSPEC. We assumed an absorbed power law, by fixing the
equivalent hydrogen column density at Ny = 102 cm™2 (as-
sumed at z = 0, consistent with the analysis of Swift/XRT).
We let the photon index and the normalization free to vary. This
model results in a statistically good fit (C/dof = 5/7)with a pho-
ton index of 1.8f8'2 and 3-30keV flux log F3_30 = —12.66+0.14.
Extrapolating the best fit to the Swift/XRT soft band results in
an unabsorbed flux in the 0.3 — 10keV range of log Fp3-10 =
—12.6f8'§. The left panel of Fig. B.1 shows the NuSTAR spectra
with the best-fit model. The right panel of the same figure shows
the photon index versus flux contours.

Appendix C: Fermi/LAT

We performed unbinned likelihood analysis of Fermi/LAT data
for the y-ray burst, starting from the 5 ks before the Fermi/GBM
trigger time of GRB 250702D (ty=773154547 s MET) and ex-
panding up to tp+15ks seconds, in the energy range of 0.1-1
GeV, using the GTBURST ® software from Fermi Science tool. We
selected the region of interest covering 12° around the source
location R.A. = 284.69°, Dec=-7.87° (J2000) consistent with
the Swift/XRT and EP observations (Cheng et al. 2025; Ken-
nea et al. 2025). A standard zenith angle (Zd) cut of 100° is
applied to remove any contamination of photons from the Earth-
limb. We used the PS8R3_TRANSIENTO020 event class, which
is suitable for the analysis of transient sources, and the cor-
responding instrument response functions. The isotropic par-
ticle background (‘isotr template’ in GTBURST), galactic
and extragalactic high-energy components of the Fermi Fourth
Catalog (4FGL), with fixed normalization (‘ template (fixed
norm) ’) has been used. No significant emission during the tran-
sients was detected. We estimated a 30 (99.7%) upper-limit of
the energy-flux while fitting a power-law (‘powerlaw2’ spec-
tral model using GTBURST).

In addition, we computed the probability of association of
photons with the burst in the given time interval using the gz-
srcprob module in an energy range of 0.1-100 GeV. Figure C.1

8 https://fermi.gsfc.nasa.gov/ssc/data/analysis/
scitools/gtburst.html

shows the photons detected by LAT during this period and the
probability of photons associated with the transient. We detected
only a single photon with an energy of 1.85 GeV with a proba-
bility greater than 88% of being associated with the source.

Due to the unavailability of good quality data during GRB
250702D (not satisfying Zd cut; Zd>100°), and no high-energy
photons registered by LAT (even if the observation condition
of Zd<100° was satisfied) during GRB 250702B and GRB
250702E (see Tab. A.1 and Fig.C.1), we selected a time-range
starting from —4800 s before the trigger to derive the flux upper-
limits for two different durations of 100 s and 300 s (see Tab. C.1)
in the energy range 0.1-1 GeV.
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Fig. C.1: GeV photon detected by LAT from the location of
GRB 250702D/B/E and probability of association with the tran-
sient. The figure shows the time-windows in which high-energy
photons were detected by LAT from the transient location. The
color bar represents the probability of association of photons to
the transient detected during 7y — Sks to fy + 15ks. The gray
shaded region represents GRB 250702B/E. Note that LAT ob-
served event E for approximately half of its duration. Thus, the
time interval marked by the shaded region corresponds to time
when LAT covered the transient.

Appendix D: Physical constraints

We briefly discuss the possibility that the observed y-ray emis-
sion is produced through synchrotron and inverse Compton (IC)
radiation by a population of cooled electrons. The properties of
the emission region can be constrained by requiring that (i) the
radiative cooling time is shorter than the dynamical time, and (ii)
the jet has a high radiative efficiency (i.e., a large fraction of the
jet energy is converted into MeV 7y-rays).

Producing the observed emission through syn-
chrotron radiation requires electron Lorentz factors
Ye o~ 1071"1_1/z(e/emax)l/zB”l/z, where B’ is the mag-
netic field in the comoving frame of the emission re-
gion and I'y = TI/10. The synchrotron cooling time scale,
Hyne ~ 6mmec/y.B?or ~ 80T (¢/€ma) B/ s should
be shorter than the dynamical time in the comoving frame,
t(’lyn ~ R/ ~ Tét, ~ 10°T 6ty s, where R ~ T2cét, is the
distance from the compact object where the y-ray emission is
produced and 6, = 6t,/100s. For € = € ~ 2.6 X 10 *€pay,
the condition f,. < 7 implies B > 3T,'?6,**G. The
jet Poynting flux, Ly ~ cI'>B”?R?, should be smaller than
the isotropic-equivalent outburst luminosity, Li,. The con-
dition Ly < Liy, implies B’ < 2 x 10°L}[’T36%,' G, where
Lig ~ Lisw/10® ergs™!. Therefore, a population of sub-TeV
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Duration [s] | Analysis period (T-tg) | [ = =2 [erg ecmZs 1] [ T=-25 [erg cmZs1]
100 -4800, -4700 6.8x107 6.7x107°
300 -4800, -4500 3x1077 3.1x107°

Table C.1: Upper limits in the 0.1 — 1 GeV range at the 30 level. Given that DBE was not covered with LAT during the burst periods,
we estimated these upper limits one orbit before at the same position of the sky for two different exposures of 100s and 300 .

electrons (5 x 10°T7'?B; ' < y, < 3 x 10°T;"*B; ',
where B, = B’ /10° G) can account for the observed spectra
of DBE. The maximum energy of electrons can be roughly
estimated by requiring the acceleration time #.. ~ nrp/c to

acc
be compatible with t;yn, where r; is the Larmor radius of an

6114, 1

/2
electron. As a result, Ypux ~ (UB'(TT) ,and for n ~ 1 we

obtain y,x ~ 4 X 106B;_1/ 2, which is consistent with our earlier
requirement based on radiative efficiency.

Producing the observed MeV radiation via inverse Comp-
ton (IC) scattering is complicated. To maintain a high radiative
efficiency in MeV y-rays, the lowest-energy electrons should
scatter the lowest-energy observed photons (¢ = &, which cor-
responds to an energy ~10 keV) in the Klein-Nishina regime.
Then, the Lorentz factor of the lowest-energy electrons should
be y. > 5x10?T';. The Lorentz factor of the highest-energy elec-
trons should be y, > 3x10* I’} because €pax /€ ~ 4% 103, There-
fore, seed photons should have energies < 2x 10T';? eV. In the
external IC scenario, it is difficult to produce far-infrared pho-
tons from the accretion disk. In the synchrotron self-Compton
scenario, one would need an unreasonably low magnetic field,
B <0.1T;°mG.

Appendix E: Isotropic-equivalent energy

Fig. E.1 shows the lower limit on the bulk Lorentz factor of
the jet as a function of the isotropic-equivalent energy released
during the three emission episodes. These lower limits are in-
ferred from two independent methods: y—y absorption (circles)
and constraints from the deceleration time of the X-ray after-
glow emission. The latter is estimated using the standard de-
celeration time condition in a uniform circumburst medium,
r> (3E0/257mom‘,,c5t[3,,z)1/8 (Piran 1999), where n is the num-
ber density of the circumburst medium, Ey is the isotropic-
equivalent kinetic energy of the jet, and #, ; is the afterglow peak
time in the source rest frame. For the limits shown here, we as-
sume a radiative efficiency of 10% for the prompt MeV emission,
ng=1cm=>, and, < 0.5 days.

Appendix F: Comparison with other relativistic TDE
candidates

In Table F.1, we summarize the properties of four previously re-
ported relativistic TDE candidates, along with the DBE event.
The characteristics of DBE closely resemble those of these
events in terms of X-ray temporal decline, spectral index, peak
luminosity, and isotropic-equivalent energy. All of the sources
have been detected in hard X-rays (15-150 keV), with the ex-
ception of AT2020cmc. The typical variability timescale of DBE
(~ 100 s) is comparable to the shortest variability reported for
Swift J1644+57 (~ 100 s) and Swift J2058+05 (~ 500 s). Es-
timates of the bulk Lorentz factor in TDE jets are often model
dependent but generally fall within the range 2-90.
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Fig. E.1: Lower limit on the bulk Lorentz factor as a func-
tion of the isotropic-equivalent energy released during all three
episodes. The lower limits are determined using two methods:
the afterglow deceleration time (squares) and y—y absorption
(circles).

The color bar indicates the corresponding luminosity distance
to DBE. For comparison, we show total isotropic-equivalent
energy measured for Swift J2058+05 (Cenko et al. 2012;
Pasham et al. 2015) and SwiftJ1644+57 (Burrows et al. 2011)
as dashed blue and red vertical lines.

Appendix G: Comparison with spectral-energy
correlations of GRBs

We tested the consistency of DBE with the known spectral-
energy correlations of long GRBs: the E,; - E;,, Amati rela-
tion (Amati et al. 2002), which holds for time-integrated prompt
spectra, and the E, . - L;,, Yonetoku relation (Yonetoku et al.
2004), which is valid for the peak prompt emission spectra.
Starting from the results of our time-integrated analysis with
the CPL model (Table A.1), we computed the isotropic equiv-
alent energy, E;y,, and the rest-frame peak energy, E, ., for the
three events, considering a range of redshift values z € [0.01, 5].
We also computed these quantities for the total duration of the
event (denoted D+B+E), adopting as E, the most conserva-
tive fitted value, namely that of spectrum D. The results are
shown in Fig. G.l1a, together with the 30 scatter region around
the Amati relation adopted from Nava et al. (2012). To investi-
gate the E,; - L, correlation, we extracted the 5-second peak
spectrum obtained from the 5-second binning GBM light curve
of each event, and fitted each of them with the CPL model
to constrain the peak energy. We obtained E, = 1.2*25 MeV
and Fig kev—-10 MeV = (2.8f8§ x 1077) erg cm~2 s7! for spec-
trum D, E, = 5.7”_"2‘3 MeV and Figev-10 Mev = (5.6t?:§ X
1077) ergem™ 5! from spectrum B, and E, = 4.1*}3° MeV and
F10 kev-10 MeV = (I.Stg'g x 1077) erg cm~2 s7! for spectrum E,
which corresponds to the brightest peak of the entire DBE event.
Analogously, we computed the isotropic equivalent luminosity,
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Source 1 I'x Ly iso Ex;so ty r z
(ergs™) (erg) (s)
Swift 11644457 agree with ~53[1] 1.62 £ 0.05[%,2] 3 x 10%[2,3] 2x1093] igg% 2<r<20 035
. . 1.61 + 0.12[4] ~ 105[4] < 10°[4]
2.2 47
Swift J2058+05 22[4] 197+ 0.08[5] 3% 1047[4] 10705 50008] >2.1[4] 119
SwiftJ1112-82 M [%%,6] 133 + 0.08[6] > 10°7[6] - - - 0.89
o 1.4 +0.2[7] ~ 2.4 % 10Y7[7] ~ 4 x 10%[7] ~ 12[7]
2+0.1
AT2020cme aa 1.45 + 0.06[8] > 10%8[8] - <1098]  ~86[8] [x xx] 1?
DBE 1901 FXF: PO L ax 107 @ e 2100 0 <100 10<T<d0 -

Table F.1: Properties of relativistic TDE candidates. [1] Burrows et al. (2011), [2] Levan et al. (2011), [3] Bloom et al. (2011),
[4] Cenko et al. (2012), [5] Pasham et al. (2015), [6] Brown et al. (2015), [7] Andreoni et al. (2022), [8] Pasham et al. (2023).
[*] XRT+BAT joint spectrum (0.3—150 keV). [*%] Followed by the steep decline >30 days. [x % %] In the synchrotron self-
Compton model.
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Fig. G.1: Comparison of the intrinsic properties of DBE, computed for different redshifts, with the Amati relation (a) and the
Yonetoku relation (b). The green line in each panel shows the corresponding relation, with the green-shaded area indicating its 30
scatter. The colored lines display E, ; as a function of Ej, (left) and L;, (right), computed for spectra D, B, and E (distinguished by
line style) as a function of z, encoded by the color map. Circles on top of each curve denote reference redshift values, z = 0.1, 1, 2.
The blue-shaded bands indicate the 10~ confidence intervals (for spectrum B in the left panel; for spectra D, B, and E in the right
panel), while the blue dots denote regions corresponding to lower limits on the fitted £, (for D, E, and D+B+E in the left panel).

Lis, and E,, ., for different redshifts. The results are shown in
Fig. G.1b, together with the 30 scatter region around the Yone-
toku relation adopted from Nava et al. (2012). It is evident that
the three events lie outside both the spectral-energy correlations
that characterize long-duration GRBs.
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