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Abstract

We present a detailed multiwavelength afterglow study of the short gamma-ray burst (GRB) GRB 250704B,
extensively monitored in optical and near-infrared bands. Its afterglow displays an unusually long duration
plateau followed by an achromatic break and a steep decline, deviating from canonical GRB afterglows. While
long plateaus are often explained by central engine activity, we find that for GRB 250704B an energy injection
model requires unreasonable parameters. The afterglow is better explained by an off-axis power-law structured jet
with a narrow core (θc ≈ 0.°7) viewed at a modest angle (θv ≈ 1.°9). A comparison with GRB 170817A shows that
both events are consistent with the off-axis structured jet scenario, where the shape of the light curve is governed
primarily by the geometry of the jet and the viewing angle rather than the energetics, microphysical parameters, or
external density. Our results underscore the importance of incorporating the jet structure in GRB modeling.

Unified Astronomy Thesaurus concepts: Gamma-ray astronomy (628); Astronomical methods (1043); Gamma-
ray sources (633); Optical astronomy (1776)

1. Introduction

Gamma-ray bursts (GRBs) are among the most luminous
explosions in the Universe, characterized by an intense prompt
γ-ray flash followed by a broadband afterglow (P. Mészáros
2006). The current classification of GRBs is based on the
duration of their prompt emission. Bursts whose 90% prompt
emission is released in T90 < 2 s are classified as short GRBs,
whereas bursts lasting longer than 2 s are considered long
GRBs (C. Kouveliotou et al. 1993). Some short GRBs exhibit
extended emission (EE) in the γ-ray band after the initial short
flash (e.g., P. Mészáros 2002; J. P. Norris & J. T. Bonnell
2006; J. P. Norris et al. 2010). Given the classical definition,

short GRBs with EE can have a significantly longer T90.
Because EE is also spectrally softer, classification based solely
on T90 remains debated (T. Ahumada et al. 2021; B. B. Zhang
et al. 2021; J. C. Rastinejad et al. 2022; E. Troja et al. 2022;
J. Yang et al. 2022; A. J. Levan et al. 2024).
GRB afterglows, produced by the deceleration of relativistic

ejecta in the circumburst medium (CBM), are typically modeled
as synchrotron emission from a forward shock. Their light curves
often follow a power-law decay in time, punctuated by breaks
that can arise from changes in the dynamics or geometry of the
outflow. A common cause for such breaks is a “jet break,” when
the relativistic beaming angle exceeds the physical opening angle
of the jet, leading to a faster decline in flux (R. Sari et al. 1999;
J. Granot & R. Sari 2002; B. O’Connor et al. 2024). While on-
axis afterglows display the canonical bright-to-faint behavior,
off-axis afterglows rise more slowly and peak later, as the
relativistic beaming cone gradually widens into the observer’s
line of sight; GW170817/GRB 170817A is a prime example of
such off-axis geometry (L. Resmi et al. 2018; E. Troja et al.
2019b; G. Ryan et al. 2020; S. Makhathini et al. 2021). By
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modeling afterglow light curves across wavelengths and
incorporating parameters such as jet geometry and observer
viewing angle, one can disentangle typical, off-axis, and dark
afterglow behaviors and explain the presence and timing of
breaks in their evolution.
Some GRB afterglows display an early-time plateau phase,

where the light curve remains nearly flat before transitioning into
the standard power-law decay. In a purely geometric framework,
plateaus can occur in off-axis events when the observer’s line of
sight is just outside the jet core: as the relativistic beaming cone
gradually widens, the observed flux increases or stays constant
before declining, producing a plateau-like feature. This effect is
much more common in X-ray afterglows, where more than half
of Swift-detected bursts show plateaus, whereas in the optical
they are relatively rare—only a few dozen have been reported
(e.g., GRB 120404A, GRB 140903A, GRB 150424A, GRB
231117A; C. Guidorzi et al. 2014; E. Troja et al. 2016; F. Knust
et al. 2017; G. Schroeder et al. 2025a). Other explanations for
plateaus, such as sustained central engine activity from a
magnetar or late-time energy injection into the blast wave, have
been proposed (B. Zhang & P. Mészáros 2001; B. D. Metzger
et al. 2008; A. Rowlinson et al. 2013).
Population studies increasingly favor angularly structured

jets over simple top-hat jets for both long and short GRBs:
modeling shows that a narrow core (≈3°–5°) with shallower
wings can reproduce observed afterglow diversity, luminosity
functions, and event rates. The clearest case is GRB 170817A/
GW170817, where late-time radio/X-ray evolution and very
long baseline interferometry (VLBI) superluminal motion
require a successful, narrowly collimated core embedded in
wider-angle ejecta (K. P. Mooley et al. 2018, 2022). Beyond
GRB 170817A, several bursts show afterglow behavior best
explained with structure or modest off-axis viewing, including
GRB 140903A and GRB 150101B (a GRB 170817A–like
analog at cosmological distance), GRB 160821B (afterglow
+kilonova modeling probes jet geometry), and, among long
GRBs, the extreme GRB 221009A, whose broadband after-
glow prefers a shallow structured jet (E. Troja et al. 2016,
2018; G. P. Lamb et al. 2019; E. Troja et al. 2019a;
V. A. Acciari et al. 2021; D. A. Kann et al. 2023; G. P. Srini-
vasaragavan et al. 2023; B. O’Connor et al. 2023). Recent
catalog-level analyses of short GRBs further use afterglow
light-curve shapes and viewing angle constraints to argue that
structured jets may be common rather than exceptional.
The short GRB 250704B displayed an unusual afterglow: a

1-day plateau followed by a sharp achromatic break and rapid
decay, distinguishing it from the known short GRB population.
We present results from extensive multiwavelength follow-up
and broadband modeling. In Section 2, we describe our
observations and data reduction, covering X-ray to radio
bands, and list the publicly available datasets used in this
work. In Section 3, we briefly summarize the prompt
properties of this GRB, based on public data; detailed prompt
emission analysis is beyond the scope of this Letter. Section 4
discusses the temporal and spectral behavior of the afterglow.
In Section 5, we present broadband modeling of the afterglow.
Finally, in Section 6, we summarize our results and compare
this GRB with the GW170817 counterpart.

2. Observations and Data

GRB 250704B was first reported by the Space Variable
Objects Monitor–Gamma Ray burst Monitor (SVOM-GRM)

with trigger time T0 = 2025-07-04T08:16:27 UT (SVOM/
GRM Team et al. 2025). The prompt emission shows a short
burst consisting of two episodes with T90 = 0.68 ± 0.15 s in
the 15–5000 keV band. Several other instruments also reported
this burst, including the Einstein Probe–Wide Field Telescope
(EP-WXT; A. Li et al. 2025), Konus-Wind (D. Frederiks et al.
2025), the Insight–Hard X-ray Modulation Telescope (HXMT;
C.-W. Wang et al. 2025), and the CALET–Gamma-Ray Burst
Monitor (Y. Shimizu et al. 2025). The Inter-Planetary Network
also reported the detection and triangulation of this burst
(A. S. Kozyrev et al. 2025).
An optical counterpart of GRB 250704B was first reported

by the COLIBRI at position R.A. (J2000) = 20h03m29.s51 and
decl. (J2000) = 13 01 23.46 , with an uncertainty of 0.5
(B. Schneider et al. 2025). Independent Very Large Telescope
(VLT)/FORS2 observations obtained a redshift of 0.661
(D. B. Malesani et al. 2025), which we utilize throughout this
Letter. For broadband follow-up observations, we triggered a
number of telescopes: GROWTH-India Telescope (GIT),
Himalayan Chandra Telescope (HCT), W. M. Keck Telescope
(Keck), Victor M. Blanco Telescope (Blanco), Fraunhofer
Telescope at Wendelstein Observatory (FTW), Southern
Astrophysical Research Telescope, Palomar 200-inch tele-
scope, Palomar 60-inch telescope, and Giant Metrewave Radio
Telescope (GMRT), as part of the GROWTH Collaboration
(M. M. Kasliwal et al. 2019). We also used data from various
circulars reported on the General Coordinate Network (GCN).
All data and their sources are listed in Table A1. The
observations and data reduction are described in Appendix A.

3. Prompt Emission: Analysis

The prompt emission of the short GRB GRB 250704B was
detected by multiple satellites. In this work, we adopt the
results reported by Konus-Wind (D. Frederiks et al. 2025). The
observed light curve consists of two distinct episodes, which
can be interpreted as phases of central engine activity
separated by a brief quiescent interval of ∼0.1 s. Each episode
contains multiple distinct pulses, and the total burst duration is
T90 ≈ 0.4s. They report a measured total fluence of
(4.24 ± 0.65) × 10−6 erg cm−2 in the 20 keV–10 MeV energy
range. The 16 ms peak flux, measured from T0 + 0.240 s, is
(5.82 ± 0.89) × 10−5 erg cm−2 s−1. The time-integrated
spectrum from T0 to T0 + 0.256 s is best fit with a Band
function in the 20 keV–15 MeV range, with parameters

1.17 0.8
0.9= + , 2.48 1.91

0.39= + , and an observed peak energy
of E 935p,obs 197

305= + keV.
Using a redshift of z = 0.661, they calculated the isotropic

equivalent energy of the burst to be Eiso = (5.15 ± 0.79) ×
1051 erg, and the rest-frame peak energy is E 1550p 330

510= + keV.
Overall, GRB 250704B exhibits a hard spectrum, consistent
with the typical characteristics of short GRBs in their prompt
emission.
EP-WXT detected the transient in the soft energy range of

0.5–4 keV, starting at the same T0 and lasting for 10 s before
the observation was interrupted by the autonomous follow-up
observation (A. Li et al. 2025). According to the EP-WXT
report, the averaged unabsorbed flux is (1.3 ± 0.95) ×
10−9 erg cm−2 s−1 and the corresponding photon index is
1.7 ± 1.3 over the pulse of 10 s. We note that since the
observation was terminated by the slew, we cannot comment
on whether this might be an extended tail of the prompt
emission or the detection of the early afterglow.
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4. Afterglow

The interaction of the GRB jet with the CBM produces
synchrotron radiation, observed as a multiwavelength after-
glow that probes the burst energetics and environment
(R. Sari 1997; J. Granot & R. Sari 2002). In the simplest
framework, the afterglow emission can be described by simple
power-law dependencies in both time and frequency,
expressed as Fν ∝ t− αν− β. All afterglow data used in this
work are given in Tables A1, A2, and A3.

4.1. X-Ray Afterglow

Figure 1 shows the Swift X-Ray Telescope (XRT) light
curve at 10 and 1 keV. The 10 keV flux density exhibits steep
initial decay, followed by a much shallower decline. A broken
power-law fit yields an initial slope of αX1 = 5.8, a post-break
slope of αX2 = 0.36, and a break time of tb,X = 0.03 days. In
contrast, the 1 keV flux density does not show such a rapid
decay. This difference arises from spectral evolution: as the
spectrum evolves from hard to soft, the 10 keV flux density
decays more steeply in the early phases. To avoid contamina-
tion from this component, we exclude XRT data prior to tb,X
from subsequent analysis.

4.2. Temporal Evolution

We first fit a simple model to the afterglow data to ascertain
its basic properties. Our multiwavelength dataset spans X-ray
to radio bands. The dataset is particularly rich in the optical r,
i, and the infrared J bands. For X-ray analysis, we use 10 keV
data from Swift-XRT as discussed in Section 4.1.
GRB 250704B has a galactic latitude of −10.°04; hence,

galactic extinction (Ar = 0.3) cannot be ignored. We corrected

optical data for galactic extinction using E. F. Schlafly &
D. P. Finkbeiner (2011), while J-band data were corrected
using D. J. Schlegel et al. (1998). Note that the unabsorbed
X-ray fluxes are calculated using the best-fit NH values rather
than just the galactic ones. The combined light curve exhibits
an extended plateau lasting ∼1 day, followed by a rapid decay.
We modeled it using a smooth broken power law:

F x A
t

t

t

t

1

2
1 , 1

b b

11
1 2

( ) ( )
( )/

= +

where A is the normalization, tb is the break time, α1 and α2

are the temporal decay indices before and after the break,
respectively, and δ controls the smoothness of the transition
(Astropy Collaboration et al. 2013). Note that the X-ray fit
discussed in Section 4.1 does not have this smoothing
parameter. We assume an achromatic break to perform a joint
fit to the r, i, and J data to obtain α1 = − 0.13 ± 0.01,
α2 = 3.28 ± 0.18, tb = 0.96 ± 0.02 days, and δ = 0.06 ± 0.05,
confirming a plateau followed by a steep decay. We then scale
this achromatic power law to the other bands and show all
results in Figure 2. We find that the optical trend is reasonably
followed in the X-ray band too—however, our late-time
J-band data point is inconsistent with this simplistic model.
The achromatic nature of the break suggests that we may be
seeing the evolution of a structured jet, or a jet break, though
the latter is typically not preceded by a plateau (W. Zhang &
A. MacFadyen 2009). No additional breaks are seen in our
light curve up to ∼1.67 days.

4.3. Spectral Properties

Assuming a power-law spectrum Fν ∝ ν− β, we now estimate β
at various points in the light curve. Our observations are not
uniformly spaced, leaving some regions where we have coverage
only in a certain band, or some spans with no coverage. Thus, we
cannot directly measure the spectral slope at all points. Instead, we
estimate fluxes in various bands from our broken power-law fit
(Section 4.2) and use it to measure β. Since we have assumed the
afterglow evolution including the break to be achromatic, we get
βo1 = 0.43 ± 0.06. Using contemporaneous observations after
the break at (1.2−1.4) × 105 s, we obtain βo2 = 0.66 ± 0.08
(Figure 2).
Extending this approach to include X-rays, we calculated

the optical-to-X-ray spectral index, giving βox = 0.73 ± 0.02.
In the radio regime, detections were obtained at 6 and 10 GHz
at about T0 + 4 days separated by just 2.88 hr. We ignore the
small time separation and use these values to obtain
βradio = 0.96 ± 0.16, inconsistent with the optical and X-ray
values. Overall, GRB 250704B has a positive β in the light
curve in all observed bands.

5. Afterglow Modeling

In the standard fireball model of GRBs, the afterglow
originates from synchrotron radiation produced when an
ultrarelativistic jet interacts with the CSM (M. J. Rees &
P. Meszaros 1992; P. Mészáros & M. J. Rees 1997; R. Sari
et al. 1998; J. Granot & R. Sari 2002). The observed temporal
and spectral evolution is sensitive to both the physical
properties of the jet and the nature of the surrounding medium.
By modeling this emission, one can infer key macrophysical

Figure 1. The top panel shows flux densities calculated at 1 keV (green) and
10 keV (orange). The 10 keV light curve is fit with a twice-broken power-law
fit (blue). The two temporal breaks are identified at tb1 = 0.033 days (purple
vertical line) and tb2 = 0.774 days (brown vertical line), with decay indices
α1 = 5.8, α2 = 0.36, and α3 = 1.56 marked along the fit. The bottom panel
shows the evolution of the photon index. Prior to the first break, the 10 keV
flux density exhibits an excess emission with rapid decay, while the 1 keV flux
density remains nearly flat.
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parameters such as the isotropic equivalent kinetic energy
(EK,iso), jet opening angle (θc), and observer viewing angle
(θv), as well as microphysical parameters such as the electron
power-law index (p), the fraction of energy in relativistic
electrons (εe) and magnetic fields (εb), and the fraction of
accelerated particles (χ). In this work, we assume χ = 1, such
that all accelerated electrons contribute to nonthermal
synchrotron emission. The temporal and spectral evolution of
the afterglow depends on the synchrotron break frequencies:
the characteristic frequency (νm), the cooling frequency (νc),
and the self-absorption frequency (νa; R. Sari 1997; J. Granot
& R. Sari 2002). In addition, the viewing angle relative to the
jet axis can strongly influence the observed light curve
(J. Granot et al. 2002; N. Fraija et al. 2022).
In this Letter we explore an afterglow viewed off-axis with a

structured jet, as it is the model that better describes the
physics of this GRB. Our modeling for an on-axis jet with
additional energy injection can be found in Appendix C.

5.1. Data Selection

For afterglow modeling, we used all available optical data
and the Swift-XRT flux density at 10 keV. As discussed in
Section 4.1, we ignore initial XRT data. For both optical and
X-ray data, synchrotron self-absorption is negligible because it
affects only radio frequencies.
However, in the radio band, self-absorption plays a

significant role at low frequencies. Thus, the flux evolution
of the radio band depends not only on the cooling (νc) and
characteristic (νm) frequencies but also on the absorption
frequency (νa). For short GRBs, the circumburst environment
is usually a uniform low-density interstellar medium (ISM;
W. Fong et al. 2015; B. O’Connor et al. 2020). In this case, νa
depends primarily on the ISM density (n0) and remains
constant during the afterglow. Low frequencies (∼GHz) are
often impacted by self-absorption, while higher frequencies
like 6 and 10 GHz are typically unaffected. Hence, we exclude
the 1.3 GHz data from our modeling.

Figure 2. Multiwavelength afterglow light curves of GRB 250704B in X-ray (purple), optical (r, i, z, g, and J bands), and radio (1.3, 6, and 10 GHz, with an upper
limit at 0.65 GHz). The light curves are well described by a broken power law with an initial shallow plateau phase (α1 = − 0.13 ± 0.01) followed by a steep decay
(α2 = 3.29 ± 0.18) after the break at tb = 0.96 ± 0.02 days (red vertical line). Spectral indices from the fits are βo1 = 0.43 ± 0.06 (optical) and βox = 0.73 ± 0.02
(optical-to-X-ray), while those derived from observations are βo2 = 0.66 ± 0.08 (optical) and βradio = 0.96 ± 0.16 (radio). The consistent temporal evolution across
X-ray, optical, and radio bands indicates an achromatic break, supporting an off-axis jet interpretation.
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5.2. Numerical Modeling Using jetsimpy

We modeled the multiwavelength afterglow using the
publicly available package jetsimpy (H. Wang et al. 2024),
which calculates the synchrotron emission from a structured
relativistic jet interacting with an external medium. Unlike the
point-source approximation (D. Eichler & A. Levinson 2004;
J. Granot et al. 2018; N. Fraija et al. 2023), jetsimpy
computes the observed flux by integrating over the entire jet
surface, taking into account relativistic beaming, angular
structure of the jet, and light travel time effects. The code
employs a reduced hydrodynamic model that represents the
blast wave as an infinitely thin, 2D surface. By assuming an
axially symmetric jet, the simulation reduces into a 1D problem,
enabling efficient computation of the jet’s angular evolution and
lateral spreading at late times.
We assumed a power-law jet defined as

E E 1 , 2K
c

s

,iso

2 2

( ) ( )
/

= +

1 1 1, 3j
c

s

0

2 2

( ) ( ) ( )
/

= + +

where EK,iso is the isotropic equivalent energy, Γj,0 is the initial
Lorentz factor, θc is the half-opening angle of the jet, and s is
the power-law index (H. Wang et al. 2024). In our fits, we
adopt a nominal value of s = 6 (G. Ryan et al. 2024) and allow
the jet to spread. The model does not incorporate synchrotron
self-absorption.
We initially allowed Γj, 0 to vary as a free parameter, but the

sampler consistently converged to very large values (>1000).
In contrast, fixing Γj, 0 to a low value forced the model to
compensate by requiring a very dense CBM, inconsistent with
typical short GRB environments. Therefore, in our modeling
we have fixed Γj, 0 to be sufficiently high (10100) that the blast
wave begins directly in the deceleration phase, without an
appreciable coasting stage. Note that jets with high Lorentz
factor (>1000) have been seen in short GRBs, for example,
GRB 090510 (M. Ackermann et al. 2010; H.-N. He et al. 2011;
N. Fraija et al. 2016).
We initially allowed Γj, 0 to vary as a free parameter, but the

sampler consistently converged to very large values (>1000).
In contrast, fixing Γj, 0 to a low value forced the model to
compensate by requiring a very dense CBM, inconsistent with
typical short GRB environments. Therefore, in our modeling,
we assumed the absence of a coasting phase and presume an
arbitrarily large initial Lorentz factor (by setting Γj, 0 ∼ 10100)
so that the blast wave begins directly in the deceleration phase
(H. Wang et al. 2024).
High Lorentz factors (Γj,0 ≳ 103) have been inferred in

some short GRBs, such as GRB 090510, which was detected
by Fermi-LAT and showed bright high-energy emission
(M. Ackermann et al. 2010; H.-N. He et al. 2011; N. Fraija
et al. 2016). Similar high values of Γj,0 have been discussed in
the context of Fermi-LAT–detected bursts by various authors
(R. Hascoët et al. 2012; N. Fraija et al. 2024). For completeness,
we retrieved the Fermi Gamma-ray Burst Monitor daily data
from the Fermi Science Support Center archive21 and processed
them using GDT-Fermi (A. Goldstein et al. 2023). We found

that at the trigger time of GRB 250704B Fermi was offline
owing to its position in the South Atlantic Anomaly and
therefore did not observe the burst with any of its instruments,
including Fermi-LAT. Thus, the lack of LAT detection does
not contradict the large Γj,0 inferred from our modeling, which
remains physically plausible.
We then constrained the model parameters (EK,iso, εb, εe, n0,

θc, θv, and p) using the Nested Sampling library MultiNest,
implemented via PyMultiNest (J. Buchner et al. 2014),
with 2000 live points. The priors and best-fit values are listed
in Table 1, with posterior distributions in Figure B1 in
Appendix B. The best-fit model (Figure 3(a)) reproduces both
the plateau and the sharp decay, with the achromatic break
across all bands indicating a geometric jet break from an off-
axis structured jet. Observed flux densities are shown as
circles, median model light curves as dashed lines, and 3σ
uncertainties as shaded bands. The Swift-XRT data at the
earliest epochs, t < tb,X (see Section 4.1), are shown as hollow
markers for both the 1 and 10 keV light curves. Note that these
early data were excluded from the fitting procedure. The 1 keV
XRT data are consistent with the best-fit model, whereas the
10 keV data deviate significantly at early time. This steep
initial decline can be attributed to a hard-to-soft spectral
evolution due to high-latitude emission (HLE), a behavior
previously observed in multiple GRBs such as GRB 061121,
GRB 060607A, and GRB 100906A (S. Ascenzi et al. 2020;
G. Oganesyan et al. 2020; A. Panaitescu 2020). HLE has been
reported in both on-axis and off-axis scenarios, although in the
latter case the transition from the steep decay to the plateau
phase could be smoother, depending on the jet structure and
observer’s viewing angle.
The posterior distributions for GRB 250704B indicate a highly

energetic jet with EK,iso = (1.5 ± 1.4) × 1054erg, consistent with
the long-lived plateau observed for GRB 250704B. The CBM
density is constrained to n0 = 0.01 cm−3, consistent with
expectations for short GRBs (W. Fong et al. 2015; B. O’Connor
et al. 2020). The microphysical parameters are 0.23e 0.07

0.05= + ,
0.008b 0.006

0.016= + , and p = 2.04 ± 0.02. For the structured jet, we
obtain a narrow core angle of θc ≈ 0.69° and a viewing angle of
θv ≈ 1.°83. This implies that 75% of the total energy is
concentrated within the narrow jet (≃θc), and it declines at
higher viewing angles. Within the obtained θv, the fraction of
total energy within the jet is 98.5%.
Figure 3(b) shows the spectral energy distributions (SEDs)

from the off-axis structured jet model at t = 0.17 days,

Table 1
Summary of the Priors and Posteriors for the Model Parameters Obtained from

MultiNest Fitting for Off-axis Structured Jet Model

Parameter Unit Prior Type Parameter Bound Posterior Value

Elog K10 ,iso( ) erg uniform [51, 56] 54.17 ± 0.12

log b10( ) ⋯ uniform [−5, −1] −2.06 ± 0.48

log e10( ) ⋯ uniform [−3, −0.5] 0.64 0.15
0.10+

nlog10 0( ) cm−3 uniform [−4, 1] −1.86 ± 0.75

θc rad log-uniform [10−4, 0.2] 0.012 ± 0.003
θv rad log-uniform [10−4, 0.2] 0.032 ± 0.008
p ⋯ uniform [2.001, 2.8] 2.04 ± 0.01
χ ⋯ fixed 1 1

Note. The posterior values are presented with their uncertainties, and
parameter bounds are listed separately for clarity where applicable.

21 https://fermi.gsfc.nasa.gov/ssc/data/access/
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t = 0.96 days, t = 1.53 days, and t = 4.04 days. At t =
0.17 days, we include the temporally extrapolated spectrum
from the light-curve fit, while at later epochs the observed
optical data are shown at t = 1.53 days and radio
measurements are shown at t = 4.04 days. Across all epochs,
the optical SEDs follow a consistent spectral slope β, demon-
strating achromatic evolution in this regime. This agreement

between the model and the sparse multiwavelength data
highlights the robustness of the structured jet interpretation.
Next, we examine the evolution of the synchrotron break

frequencies, νc and νm, during the observed light curve. Since
the jet is being observed significantly off-axis, we cannot use
simple analytic estimates for the evolution of these frequencies
with time. Instead, we derive the temporal behavior of these
frequencies from the best-fit model at different epochs. As
seen in the bottom panel of Figure 3(a), we find that the
cooling frequency, νc, remains above all the observed bands
throughout the duration of the observations. The characteristic
frequency, νm, crosses the optical band at very early times,
before observations commence, and subsequently passes
through the radio band at ∼4 days after the GRB trigger.
Based on the evolution of the synchrotron break frequen-

cies, most of the optical afterglow is observed in the adiabatic
cooling regime (νm < νoptical < νc) barring a few early data
points. In this regime, the closure relation for a jet expanding
into a uniform ISM predicts a spectral slope of β = (p − 1)/
2 = 0.52 ± 0.01, which is comparable to the measured spectral
indices (βo1, βo2) derived in Section 4.3. In contrast, the radio
band lies in the νradio < νm regime, where a positive spectrum
with Fν ∝ ν1/3 is expected. However, the spectral index βradio
derived in Section 4.3 shows a negative slope: inconsistent
with standard synchrotron theory, but consistent with jet break
from an off-axis structured jet. Furthermore, the temporal
decay index (α) does not solely follow the standard closure
relations of synchrotron emission but is also modulated by the
viewing geometry of an off-axis structured jet.
The radiative efficiency of a GRB quantifies the fraction

of the total energy budget emitted as prompt γ-rays
(N. M. Lloyd-Ronning & B. Zhang 2004). If we directly
calculate this value for GRB 250704B, we get a very low
number: η ∼ 0.3%, rather than the expected 10%–20% range
expected for the fireball model with internal shocks
(P. Kumar 1999; A. Maxham & B. Zhang 2009; X.-G. Wang
et al. 2015). The reason for this apparent discrepancy is that
the efficiency definition is to be applied for an on-axis
observer, where the observed emission is dominated by
material along the line of sight. This shows the importance
of ascertaining whether the observer is within the jet core
before interpreting the apparent jet efficiencies. To consis-
tently compare the jet kinetic energy during the afterglow
phase (EK,iso) with the prompt emission in the efficiency
calculation, the observed (line-of-sight) prompt energy Eiso
must be corrected to its on-axis (core) value. In this case, the
Doppler factor does not play a role (B. O’Connor et al. 2024),
and the prompt γ-ray energy can be approximated from the
jet’s angular energy profile (Equation (2)), assuming no
angular dependence of the γ-ray efficiency.

6. Discussion

6.1. Structure of the Jet

The light curve of GRB 250704B shows several distinctive
features compared to typical GRBs: (1) a pronounced long
plateau in the optical light curve from the first detection at
10.5 minutes to the break time, tb = 0.96 ± 0.02 days;
(2) a steep post-break decay with α = 3.29 ± 0.18;
(3) an achromatic break in both X-ray and optical bands;
and (4) negative spectral decay indices (β) before and after the
break across all bands.

Figure 3. Afterglow modeling of GRB 250704B using jetsimpy modeled
with a power-law structured jet propagating into a uniform ISM viewed
slightly off-axis. (a) Top panel: multiband afterglow light curves with dotted
lines show the best-fit light curves, and shaded regions mark the 3σ
uncertainties. Open symbols denote data points excluded from the fit. Bottom
panel: synchrotron break frequencies νm and νc as a function of time,
calculated from the model. (b) SEDs at multiple epochs, 0.17 days (purple),
t = 0.96 days (green), t = 1.53 days (red), and t = 4.04 days (yellow), with
corresponding derived spectrum from temporal-fit, observed optical–X-ray,
and radio data.
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A nominal model consisting of a top-hat jet expanding into an
ISM environment cannot create long plateaus. In most cases, the
light curves show a rise, a peak, and a decline. An observer
located just beyond the jet core at, say, θv/θc = 1.1 may observe
short plateaus (see, e.g., A. Panaitescu & W. T. Vestrand 2008),
but extending the duration to ∼105 s would make the plateau
unrealistically bright. Top-hat jet afterglows do show achro-
matic jet breaks, but these typically occur after a relatively
shallow decay phase. In contrast, the light curve of
GRB 250704B exhibits a plateau followed by a very steep
decline, which is inconsistent with the jet break scenario.
On the other hand, a power-law structured jet observed off-axis

can naturally produce both a late-time peak and a long-lasting
plateau (A. Panaitescu & W. T. Vestrand 2008). For a general
structured jet, the isotropic equivalent energy of the blast
wave depends on the angle from the jet axis, expressed as
E(θ) = 4πdE/dΩ. The launch mechanism initially sets the angular
structure of the jet and can subsequently be modified by
interaction with the external medium. In the case of short GRBs
associated with compact object mergers, the ejecta along the polar
direction is relatively sparse. Hence, the jet structure remains
largely unchanged from its original form (G. Ryan et al. 2020).
For an off-axis structured jet model, the early rise and

plateau phases are highly sensitive to the jet structure and can
be used to infer jet geometry (G. Ryan et al. 2024; E. Nakar &
T. Piran 2021). In contrast, the post-peak declining phase of
the light curve provides limited constraints on the jet
geometry, since it closely resembles the evolution of an on-
axis afterglow. Moreover, the ratio θv/θc modulates the
morphology of the light curve before peak. If this ratio is
close to unity, the light curve shows a decay; for larger ratios, a
rising behavior is observed. The peak in the light curve is
determined by both the jet’s core angle and the viewing-to-
core angle ratio. For GRB 250704B, we infer a narrow jet with
θc ∼ 0.°7 and an intermediate ratio of θv/θc ≈ 2.73, which

naturally explains the observed long plateau followed by a
steeper decay, consistent with an early-peaking light curve.

6.2. Comparison with GW170817

The GRB afterglow of the GW170817 had, in addition to a
detailed light curve (S. Makhathini et al. 2021, and references
therein), a VLBI measurement of its image at superluminal
motion across the sky (K. P. Mooley et al. 2018; G. Ghirlanda
et al. 2019; K. P. Mooley et al. 2022). The image motion
confirmed that the afterglow is generated by an off-axis jet and
enabled a tight measurement of the viewing angle, θv ≈ 19°
with an estimated error of a few degrees, and jet core angle
(θc ≈ 1.°5 − 4°) at the time of the peak, about 150 days after the
merger (T. Govreen-Segal & E. Nakar 2023). A detailed
numerical modeling of the jet expansion has shown that the
initial jet opening angle (before spreading) was in the range
∼0.°5−4° and that the observations are best explained by a
power-law structured jet with s ≈ 3–4 (T. Govreen-Segal &
E. Nakar 2024). Due to degeneracies between the model
parameters, the density into which the jet propagated is not well
constrained, and it was probably around 10−3 cm−3, with an
uncertainty of at least an order of magnitude (see, e.g., E. Troja
et al. 2019b). In addition, the initial jet isotropic equivalent
energy in the core is not well constrained, and it most likely was
about one or two orders of magnitude lower than the value that
we infer for GRB 250704B. In our discussion, we adopt the
values of θc = 4° and θv/θc = 4.5 for GW170817.
For an off-axis GRB, the time at which the afterglow peaks

depends on the viewing geometry and the ratio of the isotropic
equivalent kinetic energy to the circumburst density, but it is
only weakly sensitive to the core angle (T. Govreen-Segal &
E. Nakar 2024). In particular, it is proportional to v c

2( ) .
Since this value is about 14° for GW170817 but only
∼1.°1 for GRB 250704B, the light-curve peak shifts from
∼162 days (E. Troja et al. 2019b) to ∼1 day.

Figure 4. Comparison of structured jet geometries between GRB 250704B and the GW170817 afterglow. (a) Model originally fit to GW170817 (G. Ryan
et al. 2024) but recomputed using the core angle and viewing angle ratio inferred for GRB 250704B (θv − θc ≈ 1.°1, θv/θc ≈ 2.7). The modeled flux is scaled up to
match the observed afterglow of GRB 250704B. (b) Model from our fit to GRB 250704B recomputed using the core angle and viewing angle ratio inferred for
GW170817 (θv–θc ≈ 14°, θv/θc ≈ 4.5). The afterglow data of the GW170817 event are collected from S. Makhathini et al. (2021).
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We undertake a direct comparison between GW170817 and
GRB 250704B. First, we take the model parameters of
GW170817 from G. Ryan et al. (2024) and change θc and θv
values to those of GRB 250704B. We then apply a scale factor to
the model, and resultant curves are shown in Figure 4(a), along
with observed data. We see a good agreement in the two. Due to
the low value of θv–θc, the light curve peaks much earlier, while
the low value of θc causes the early light curve to be a plateau
rather than a rise, as discussed in T. Govreen-Segal & E. Nakar
(2024). Next, we take model parameters of GRB 250704B but
change θc to 4° and θv to 18°. The resultant light curves, again
scaled by an overall factor, are shown in Figure 4(b). Despite
other parameters being fit to GRB 250704B data, the model shows
reasonable correspondence with observed values for GW170817.
We therefore conclude that both GRB 250704B and

GW170817A can be consistently described within the off-
axis structured jet framework, with their contrasting light-
curve evolution being dominated by differences in jet and
viewing geometry. In particular, the narrower jet core and
intermediate viewing angle ratio of GRB 250704B explain its
earlier peak and extended plateau, while the broader jet and
larger ratio of GW170817 result in the much later peak. This
comparison highlights the importance of long-term follow-up
of short GRBs, since structured jets with larger θv–θc values
may remain undetected until very late times.
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Appendix A
Afterglow Data

In this appendix we list and describe the photometry collected
for the analysis of GRB 250704B, along with the reduction and
calibration methods. All optical and near-infrared data are
presented in Table A1. The X-ray and radio afterglow data are
compiled in Tables A2 and A3, respectively.
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Table A1
Multiwavelength Afterglow Observations of GRB 250704B from Optical Bands

Time T0 Filter Frequency Mag Lim Mag Corr Mag Instrument References
(s) (×1014 Hz) (AB) (AB) (AB)

37044 i 3.931700 19.90 ± 0.10 ⋯ 19.67 ± 0.10 JinShan X. Liu et al. (2025)
1224 i 3.931700 20.46 ± 0.06 ⋯ 20.23 ± 0.06 COLIBRI B. Schneider et al. (2025)
2568 z 3.282160 20.12 ± 0.05 ⋯ 19.95 ± 0.05 ESO-VLT-FORS2 D. B. Malesani et al. (2025)
16848 VT_B 6.050000 20.40 ± 0.20 ⋯ 19.92 ± 0.20 SVOM/VT L. P. Xin et al. (2025)
16848 VT_R 3.810000 20.40 ± 0.20 ⋯ 20.19 ± 0.20 SVOM/VT L. P. Xin et al. (2025)
22053 i 3.931700 20.20 ± 0.03 ⋯ 19.97 ± 0.03 Pan-STARRS J. H. Gillanders et al. (2025)
22053 z 3.282160 20.01 ± 0.07 ⋯ 19.84 ± 0.07 Pan-STARRS J. H. Gillanders et al. (2025)
34101 r 4.811310 20.12 ± 0.08 ⋯ 19.82 ± 0.08 GIT This work
49648 i 3.931700 19.81 ± 0.09 ⋯ 19.58 ± 0.09 GIT This work
51115 r 4.811310 19.80 ± 0.09 ⋯ 19.50 ± 0.09 GIT This work
57708 i 3.931700 19.78 ± 0.05 ⋯ 19.55 ± 0.05 NOT A. Martin-Carrillo et al. (2025)
63108 r 4.811310 20.20 ± 0.10 ⋯ 19.90 ± 0.10 FTW-3KK M. Busmann et al. (2025)
63108 i 3.931700 19.90 ± 0.10 ⋯ 19.67 ± 0.10 FTW-3KK M. Busmann et al. (2025)
63108 J 2.400000 19.40 ± 0.20 ⋯ 19.31 ± 0.20 FTW-3KK M. Busmann et al. (2025)
67680 r 4.811310 20.00 ± 0.20 ⋯ 19.70 ± 0.20 ESO-VLT-UT3 J. An et al. (2025a)
72000 g 6.284960 20.20 ± 0.10 ⋯ 19.76 ± 0.10 GSP, LCO W. X. Li et al. (2025)
72000 r 4.811310 20.10 ± 0.10 ⋯ 19.80 ± 0.10 GSP, LCO W. X. Li et al. (2025)
72000 i 3.931700 20.00 ± 0.10 ⋯ 19.77 ± 0.10 GSP, LCO W. X. Li et al. (2025)
72000 J 2.400000 19.50 ± 0.10 ⋯ 19.41 ± 0.10 ESO-VLT-UT4-HAWK-I Y.-H. Yang et al. (2025)
111111 r 4.811310 20.83 ± 0.05 ⋯ 20.53 ± 0.05 GIT This work
118102 R 4.686720 21.06 ± 0.05 ⋯ 20.77 ± 0.05 AZT-33IK, Mondy A. Volnova et al. (2025)
142344 i 3.931700 21.56 ± 0.14 ⋯ 21.33 ± 0.14 NOT J. An et al. (2025b)
460800 J 2.400000 24.40 ± 0.20 ⋯ 24.31 ± 0.20 Keck-MOSFIRE This work
45258 r 4.811310 20.04 ± 0.12 ⋯ 19.74 ± 0.12 FTW-3KK This work
45553 r 4.811310 20.14 ± 0.07 ⋯ 19.84 ± 0.07 FTW-3KK This work
45764 r 4.811310 20.04 ± 0.06 ⋯ 19.74 ± 0.06 FTW-3KK This work
45976 r 4.811310 20.02 ± 0.06 ⋯ 19.72 ± 0.06 FTW-3KK This work
46188 r 4.811310 20.19 ± 0.08 ⋯ 19.88 ± 0.08 FTW-3KK This work
46399 r 4.811310 20.15 ± 0.08 ⋯ 19.85 ± 0.08 FTW-3KK This work
46611 r 4.811310 20.11 ± 0.07 ⋯ 19.81 ± 0.07 FTW-3KK This work
46823 r 4.811310 20.06 ± 0.06 ⋯ 19.76 ± 0.06 FTW-3KK This work
47034 r 4.811310 20.03 ± 0.06 ⋯ 19.73 ± 0.06 FTW-3KK This work
47246 r 4.811310 20.04 ± 0.06 ⋯ 19.74 ± 0.06 FTW-3KK This work
61902 r 4.811310 20.02 ± 0.03 ⋯ 19.71 ± 0.03 FTW-3KK This work
62114 r 4.811310 20.03 ± 0.05 ⋯ 19.72 ± 0.05 FTW-3KK This work
62326 r 4.811310 20.00 ± 0.03 ⋯ 19.70 ± 0.03 FTW-3KK This work
62537 r 4.811310 20.04 ± 0.04 ⋯ 19.74 ± 0.04 FTW-3KK This work
62749 r 4.811310 20.11 ± 0.05 ⋯ 19.80 ± 0.05 FTW-3KK This work
62961 r 4.811310 20.09 ± 0.05 ⋯ 19.79 ± 0.05 FTW-3KK This work
63172 r 4.811310 20.03 ± 0.06 ⋯ 19.73 ± 0.06 FTW-3KK This work
63384 r 4.811310 20.09 ± 0.05 ⋯ 19.79 ± 0.05 FTW-3KK This work
63596 r 4.811310 20.09 ± 0.07 ⋯ 19.79 ± 0.07 FTW-3KK This work
63808 r 4.811310 20.45 ± 0.27 ⋯ 20.15 ± 0.27 FTW-3KK This work
45258 i 3.931700 20.15 ± 0.18 ⋯ 19.93 ± 0.18 FTW-3KK This work
45553 i 3.931700 19.92 ± 0.07 ⋯ 19.69 ± 0.07 FTW-3KK This work
45764 i 3.931700 19.85 ± 0.07 ⋯ 19.62 ± 0.07 FTW-3KK This work
45976 i 3.931700 20.08 ± 0.09 ⋯ 19.86 ± 0.09 FTW-3KK This work
46188 i 3.931700 19.96 ± 0.08 ⋯ 19.73 ± 0.08 FTW-3KK This work
46399 i 3.931700 20.16 ± 0.10 ⋯ 19.94 ± 0.10 FTW-3KK This work
46611 i 3.931700 19.90 ± 0.08 ⋯ 19.68 ± 0.08 FTW-3KK This work
46823 i 3.931700 20.03 ± 0.08 ⋯ 19.81 ± 0.08 FTW-3KK This work
47034 i 3.931700 19.81 ± 0.06 ⋯ 19.59 ± 0.06 FTW-3KK This work
47246 i 3.931700 19.87 ± 0.06 ⋯ 19.65 ± 0.06 FTW-3KK This work
61902 i 3.931700 19.82 ± 0.04 ⋯ 19.59 ± 0.04 FTW-3KK This work
62114 i 3.931700 19.92 ± 0.06 ⋯ 19.70 ± 0.06 FTW-3KK This work
62326 i 3.931700 19.89 ± 0.04 ⋯ 19.66 ± 0.04 FTW-3KK This work
62537 i 3.931700 19.87 ± 0.05 ⋯ 19.64 ± 0.05 FTW-3KK This work
62749 i 3.931700 19.99 ± 0.06 ⋯ 19.76 ± 0.06 FTW-3KK This work
62961 i 3.931700 19.93 ± 0.06 ⋯ 19.70 ± 0.06 FTW-3KK This work
63172 i 3.931700 19.98 ± 0.09 ⋯ 19.75 ± 0.09 FTW-3KK This work
63384 i 3.931700 19.92 ± 0.07 ⋯ 19.69 ± 0.07 FTW-3KK This work
63596 i 3.931700 20.04 ± 0.10 ⋯ 19.81 ± 0.10 FTW-3KK This work
63808 i 3.931700 19.67 ± 0.24 ⋯ 19.44 ± 0.24 FTW-3KK This work
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Table A1
(Continued)

Time T0 Filter Frequency Mag Lim Mag Corr Mag Instrument References
(s) (×1014 Hz) (AB) (AB) (AB)

45272 J 2.400000 19.84 ± 0.34 ⋯ 19.75 ± 0.34 FTW-3KK This work
45567 J 2.400000 19.42 ± 0.14 ⋯ 19.33 ± 0.14 FTW-3KK This work
45779 J 2.400000 19.81 ± 0.21 ⋯ 19.72 ± 0.21 FTW-3KK This work
45990 J 2.400000 19.59 ± 0.17 ⋯ 19.50 ± 0.17 FTW-3KK This work
46202 J 2.400000 19.90 ± 0.26 ⋯ 19.81 ± 0.26 FTW-3KK This work
46414 J 2.400000 20.11 ± 0.31 ⋯ 20.02 ± 0.31 FTW-3KK This work
46625 J 2.400000 19.91 ± 0.24 ⋯ 19.82 ± 0.24 FTW-3KK This work
46837 J 2.400000 19.48 ± 0.15 ⋯ 19.39 ± 0.15 FTW-3KK This work
47048 J 2.400000 19.37 ± 0.13 ⋯ 19.28 ± 0.13 FTW-3KK This work
47260 J 2.400000 19.41 ± 0.14 ⋯ 19.32 ± 0.14 FTW-3KK This work
61918 J 2.400000 19.53 ± 0.08 ⋯ 19.43 ± 0.08 FTW-3KK This work
62128 J 2.400000 19.68 ± 0.13 ⋯ 19.58 ± 0.13 FTW-3KK This work
62340 J 2.400000 19.52 ± 0.08 ⋯ 19.43 ± 0.08 FTW-3KK This work
62552 J 2.400000 19.44 ± 0.07 ⋯ 19.35 ± 0.07 FTW-3KK This work
62763 J 2.400000 19.51 ± 0.08 ⋯ 19.42 ± 0.08 FTW-3KK This work
62976 J 2.400000 19.44 ± 0.07 ⋯ 19.35 ± 0.07 FTW-3KK This work
63187 J 2.400000 19.57 ± 0.08 ⋯ 19.48 ± 0.08 FTW-3KK This work
63399 J 2.400000 19.58 ± 0.09 ⋯ 19.49 ± 0.09 FTW-3KK This work
63610 J 2.400000 19.65 ± 0.09 ⋯ 19.56 ± 0.09 FTW-3KK This work
63822 J 2.400000 19.72 ± 0.34 ⋯ 19.62 ± 0.34 FTW-3KK This work
137884 r 4.811310 21.89 ± 0.07 ⋯ 21.58 ± 0.07 FTW-3KK This work
144446 r 4.811310 22.06 ± 0.05 ⋯ 21.76 ± 0.05 FTW-3KK This work
137884 i 3.931700 21.84 ± 0.11 ⋯ 21.61 ± 0.11 FTW-3KK This work
144446 i 3.931700 21.85 ± 0.06 ⋯ 21.62 ± 0.06 FTW-3KK This work
137898 J 2.400000 21.65 ± 0.27 ⋯ 21.56 ± 0.27 FTW-3KK This work
144461 J 2.400000 21.19 ± 0.10 ⋯ 21.10 ± 0.10 FTW-3KK This work
133056 J 2.400000 ⋯ 18.90 ⋯ HCT This work
291168 r 4.811310 ⋯ 21.80 ⋯ HCT This work

Note. The table includes the time since the burst (T − T0) in seconds, filter or band, central frequency (in Hz), measured magnitude (in AB system), upper limits,
galactic-extinction-corrected magnitude (in AB system), and observing instrument, along with references for each data point.

Table A2
Log of X-ray Observations of the X-ray Afterglow of GRB 250704B Taken Using Swift-XRT and Chandra

Tstart − T0 Tstop − T0 Flux Photon Index Flux10 keV Flux1keV
(s) (s) (10−11 erg cm−2 s−1 ) (10−4 mJy) (10−3 mJy)

1963 2109 2.43 ± 0.54 1.65 0.31
0.43+ 4.97 ± 1.10 2.22 ± 0.49

2109 2214 1.41 ± 0.32 1.72 0.22
0.31+ 2.60 ± 0.59 1.37 ± 0.31

2214 2435 1.64 ± 0.37 1.84 0.20
0.28+ 2.52 ± 0.57 1.75 ± 0.39

2435 2535 1.26 ± 0.28 1.93 0.23
0.33+ 1.68 ± 0.37 1.43 ± 0.32

2535 2633 1.27 ± 0.28 2.03 0.18
0.24+ 1.41 ± 0.31 1.52 ± 0.34

2633 2718 1.44 ± 0.32 2.12 0.23
0.31+ 1.37 ± 0.30 1.80 ± 0.40

2718 2834 1.00 ± 0.23 2.19 0.18
0.24+ 0.83 ± 0.19 1.28 ± 0.29

2834 2926 1.22 ± 0.28 2.26 0.18
0.24+ 0.88 ± 0.20 1.61 ± 0.36

2926 3044 1.00 ± 0.22 2.31 0.23
0.31+ 0.64 ± 0.14 1.33 ± 0.30

3044 3159 1.05 ± 0.23 2.25 0.18
0.23+ 0.77 ± 0.17 1.38 ± 0.30

3159 3272 1.01 ± 0.23 2.18 0.15
0.20+ 0.84 ± 0.19 1.30 ± 0.30

3272 3445 0.68 ± 0.15 2.11 0.18
0.24+ 0.66 ± 0.15 0.84 ± 0.19

3445 3681 0.87 ± 0.15 2.08 0.20
0.26+ 0.89 ± 0.15 1.07 ± 0.18

7571 7832 0.50 ± 0.11 2.04 0.16
0.21+ 0.54 ± 0.12 0.60 ± 0.13

92,754 172,449 0.063 ± 0.019 1.90 0.39
0.54+ 0.088 ± 0.026 0.070 ± 0.021

177,117 193,406 0.036 ± 0.010 1.88 0.43
0.59+ 0.052 ± 0.015 0.039 ± 0.011

1,553,549a 1,573,369 < 0.003 ⋯ < 0.0053 ⋯

Note. Flux values (column (3)) are obtained in the 0.3–10 keV band. Flux10keV and Flux1keV are the flux densities calculated at 10 and 1 keV, respectively.
a Observation taken with Chandra.
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A.1. GIT

We used the GIT located at the Indian Astronomical
Observatory (IAO), Hanle-Ladakh, to acquire data of the
optical afterglow of GRB 250704B (T. Mohan et al. 2025). GIT
is a 0.7 m wide-field, fully robotic telescope specifically
designed for the study of transient astrophysical events
(H. Kumar et al. 2022). The afterglow was observed in the
Sloan r and i filters. Data were downloaded and processed in
real time using the GIT data reduction pipeline. All images were
preprocessed by subtracting bias and flat-fielding followed by
cosmic-ray removal via the Astro-SCRAPPY (C. McCully &
M. Tewes 2019) package. Astrometry was performed on the
resulting images using the offline solve-field astrometry
engine (D. Lang et al. 2010). The sources were detected using
SExtractor (E. Bertin & S. Arnouts 1996) and cross-
matched with the Pan-STARRS DR1 catalog (K. C. Chambers
et al. 2016) through vizier to obtain the zero-point in the
images. Finally, the pipeline performed point-spread function
(PSF) photometry using PSFEx (E. Bertin 2013) to generate the
PSF of the image and obtain the GRB 250704B afterglow
magnitudes.

A.2. Swift-XRT

Swift-XRT began observing GRB 250704B approximately
34 minutes after the trigger and continued with multiple
epochs up to 2.17 days. For the light-curve analysis, we used
the publicly available results from the UK Swift Science Data
Centre.22 We adopted the unabsorbed flux and photon index
(Γ) reported in the 0.3–10 keV energy range. Assuming a
power-law spectrum of the form Fν ∝ ν− β, where the spectral
index β = Γ − 1 and Γ is the photon index, we normalized the
spectrum using the unabsorbed band flux over the 0.3–10 keV
range and then evaluated the corresponding flux density at 1
and 10 keV.

A.3. Chandra

We triggered Chandra through Chandra DDT (proposal No.
26409057; PI Pathak) to observe GRB 250704B. The source
was observed for a single epoch at ∼18.10 days from the trigger
for an exposure of 19.82 ks. We reprocessed the data to get new
level-2 data through ciao-4.15. Since the source was not
detected, we followed the srcflux method to determine the
model-dependent upper limit and obtained flux �3.41 ×
10−15 erg cm−2 s−1 in the energy range of 0.5–7.0 keV. With
same method discussed in the previous section, we calculated a
flux density of 5.34 × 10−8 mJy at 10 keV. This research
employs a list of Chandra datasets, obtained by the Chandra
X-ray Observatory, contained in DOI: 10.25574/cdc.493.

A.4. HCT

We observed the field of GRB 250704B using the Hima-
layan Faint Object Spectrograph Camera mounted on the 2 m
HCT at IAO, Hanle, India. Observations were carried out in J
and r bands, beginning at 2025-07-05T21:16:47.94 UT for the
J band and at 2025-07-07T17:12:23.27 UT for the r band. A
total exposure time of 1170 s in the J band and 3600 s in the r
band was obtained. Standard data reduction and photometric
analysis were performed using Astro-SCRAPPY, SExtrac-
tor, the offline astrometry.net algorithm, and PSFEx, as in
the case of GIT. The magnitudes are calibrated against Pan-
STARRS DR1 for r band and against the Two Micron All Sky
Survey (2MASS) catalog (M. F. Skrutskie et al. 2006) for the J
band. The derived upper limits are listed in Table A1.

A.5. Keck I

We observed GRB 250704B with MOSFIRE mounted on
the 10 m Keck I telescope (PI Kasliwal; PROGID: C348) and
acquired J-band imaging of the afterglow. The observations
started at 08:55 UT on 2025 July 9 and consisted of five sets of
box-9 dithered images with 11 s exposures and three coadds
each. We used standard reduction methods to coadd the images
and used the 2MASS catalog to calibrate our photometry. We
detect a source close to the 3σ limit of our observations at
J = 24.4 ± 0.2 mag (AB).
Additionally, we observed GRB 250704B with the Low-

Resolution Imaging Spectrometer (Oke et al. 1995) on the
Keck I telescope. Observations started at 10:20 UT on 2025
July 24 and consisted of a series of 20 30 s exposures using the
d680 dichroic, obtaining simultaneous observations in the V
and I filters. We do not find a source at the position of the
afterglow.

A.6. Blanco

We obtained four epochs of observations with the Blanco
telescope between July 5 and July 8. The first epoch included
imaging in the ugriz filters, the second and third epochs were
obtained in riz, and the last epoch (July 8) was taken in the
r band.

A.7. Fraunhofer Telescope

We observed with the 3kk instrument mounted on FTW using
the r, i, and J bands (F. Lang-Bardl et al. 2016). We acquired
four epochs of data on 2025-07-04 20:50:45, 2025-07-05
01:28:10, 2025-07-05 22:34:31, and 2025-07-06 00:23:53 UTC
(M. Busmann et al. 2025). Each night two epochs were
acquired, one at the beginning of the night and one at the end.
The first three epochs were taken with 10 × 180 s exposures,
and the last epoch was taken with 30 × 180 s exposures. We
calibrate the J-band observations against the 2MASS catalog

Table A3
Log of Radio Data for the Radio Afterglow of GRB 250704B Taken Using VLA, MeerKAT, and uGMRT

T − T0 Instrument Energy Band Flux Flux Upper Limit Reference
(s) (mJy) (mJy)

354,240 VLA 6 GHz 0.150 ± 0.005 ⋯ G. Schroeder et al. (2025b)
343,872 VLA 10 GHz 0.092 ± 0.007 ⋯ R. Ricci et al. (2025)
492,480 MeerKAT 1.3 GHz 0.070 ± 0.005 ⋯ G. Schroeder et al. (2025c)
1,171,802.9 uGMRT 1.3 GHz ⋯ 0.050 This work
1,171,620.9 uGMRT 0.65 GHz ⋯ 0.114 This work

22 https://www.swift.ac.uk/xrt_live_cat/00021535/
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and the r and i band against the Pan-STARRS1 catalog. We
detect the afterglow in all epochs.

A.8. Palomar 200-inch Telescope

We use the the Wide-field Infrared Camera (WIRC;
J. C. Wilson et al. 2003) on the Palomar 200-inch telescope
using the near-infrared J and Ks bands. We acquired three
epochs of WIRC data on 2025 July 04–06. The observations
consisted of three sets of box-9 dithered images of 45 s and
one coadd for J band and 3 s and 10 coadds for Ks band. We
followed standard reduction techniques and calibrated against
2MASS. We detect the afterglow in the images in the first and
second epochs, but not in the third epoch.

A.9. Palomar 60-inch Telescope

We acquired images with the Spectral Energy Distribution
Machine (N. Blagorodnova et al. 2018) on 2025 July 04 and
05. The first epoch was automatically scheduled through our
program responding to Einstein Probe events. Our second
epoch was in response to the afterglow detection. We follow
standard reduction methods and calibrate against Pan-
STARRS (C. Fremling et al. 2016).

A.10. uGMRT

We observed the field of GRB 250704Bwith the wideband
receiver back end of the upgraded GMRT (uGMRT) in two
frequency bands: band 4 (central frequency 750 MHz,
bandwidth 400 MHz) and band 5 (central frequency
1260 MHz, bandwidth 400 MHz) on 2025 July 16 and 17,
respectively (48_059; PI: Eappachen). The raw data were
downloaded in the FITS format and converted to the
CASA (Team CASA et al. 2022) measurement set format. Then,
the data were calibrated and imaged using the automated
continuum imaging pipeline CASA-CAPTURE (R. Kale &
C. H. Ishwara-Chandra 2021). Eight rounds of self-calibration
were done within each pipeline run. Both the band 4 and band 5
observations in both epochs did not yield detections, and the
upper limit values listed in Table A3 are the 3 × rms value in a
large circle (of radius ∼20× resolution at the respective band)
centered at the location of GRB 250704B, in the residual image.

A.11. Other Public Data

We collected the photometry circulated through GCN on
this target (see Table A1), which spans from g band to J band.
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Appendix B
Corner Plot of Structured Jet Model

For completeness, Figure B1 shows the corner plot of the
posterior distributions of the parameters obtained from our off-
axis structured jet modeling (see Section 5.2).

Figure B1. Posterior distribution of physical parameters for model fitted using jetsimpy with a structured jet interacting with the ISM medium and MultiNest.
The model is fit for the Elog K10 ,iso( ), log b10( ), log e10( ), nlog10 0( ), θc, θv, and p parameters. The histogram shows the 16th, 50th, and 84th percentiles of the
probability distribution.
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Appendix C
Energy Injection Modeling

In this appendix we explore models including energy
injection.
The presence of long plateaus in GRB afterglows is often

attributed to continued energy injection by some central
engine, for instance, by a magnetar (B. Zhang & P. Mészáros
2001; B. D. Metzger et al. 2008; A. Rowlinson et al. 2013). To
test this scenario, we used the afterglowpy package, where
the energy injection is parameterized as

L t L
t

t
, C1

q

0
0

( ) ( )=

with L0 the luminosity of energy injection, t0 fixed to 1 ks by
default, and q the power-law index of energy injection
(G. Ryan et al. 2020, 2024). An additional parameter, ts,
specifies the time in the source frame at which the injection
ceases.
In our modeling, we adopted q = 0, which corresponds to a

nearly constant luminosity injection from the central engine
over the timescale ts, followed by a sudden termination when
the central engine collapses to a black hole. Such constant
injection naturally explains the shallow decay or plateau phase
commonly observed in many GRB afterglows (B. Zhang &
P. Mészáros 2001; Z. G. Dai & T. Lu 1998). For the dynamics
of the jet, we assumed a relativistic top-hat jet propagating in a
uniform ISM, with free parameters EK,iso, εb, n0, θc, θv, and p.
Using the same sampling method described in the

Section 5.2, we obtained the posterior distributions summar-
ized in Table C1. The inferred light curve for the best-fit model
overlaid on the observed data is shown in Figure C1. From the
best-fit values, we infer an isotropic kinetic energy of
EK,iso ∼ 1051 erg, implying a radiative efficiency exceeding
80%. The model favors a jet with a core angle of 2.4°, viewed
almost on-axis. We find a characteristic time of ts ∼ 1 ks in
source frame, suggesting that up to this epoch the central

engine remains active, continuously injecting energy into
the jet.
The inferred CBM density is n ∼ 0.1 cm−3, about an order

of magnitude larger than the range typically expected for
magnetar-powered afterglows, 10−3 to 10−2 cm−3 (A. Rowli-
nson et al. 2013), where lower densities are generally more
favorable for efficient energy injection. The microphysical
parameters are εe = 0.74 ± 0.07, εb ∼ 0.003, and
p = 2.06 ± 0.01. The unusually high value of εe suggests a
strong inverse Compton cooling (R. Sari & A. A. Esin 2001),
which is not included in our present model. On the other hand,
if we fix εe to the typical value of 0.1, the fit quality degrades
significantly and requires an unrealistically large external
density, again inconsistent with the magnetar scenario.
Overall, we find that while the constant energy injection

model is capable of reproducing plateau features in GRB
afterglows, fitting the afterglow of GRB 250704B within this
framework requires implausible values for physical parameters
such as εe or n0. In contrast, the off-axis structured jet model
does not suffer from these shortcomings and is therefore
preferred for explaining the afterglow of GRB 250704B.
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Figure C1. We modeled the multiband afterglow light curves of
GRB 250704B using afterglowpy, assuming a relativistic structured jet
with a top-hat profile propagating into a uniform-density ISM, and
incorporating a constant energy injection rate. Dotted lines show the best-fit
light curves, and shaded regions mark the 3σ uncertainties.

Table C1
Summary of the Priors and Posteriors for the Model Parameters Obtained from

MultiNest Fitting of Energy Injection Model Implemented Using
afterglowpy

Parameter Unit Prior Type
Parameter
Bound

Posterior
Value

Elog K10 ,iso( ) erg uniform [48, 53] 51.04 0.03
0.03+

log b10( ) ⋯ uniform [−5, −1] 2.58 0.06
0.08+

log e10( ) ⋯ uniform [−3, −0.1] 0.13 0.04
0.02+

nlog10 0( ) cm−3 uniform [−4, 1] 0.96 0.04
0.03+

θc rad log-uniform [10−4, 0.2] 0.044 0.001
0.001+

θv rad log-uniform [10−4, 0.2] 0.003 0.001
0.001+

p ⋯ uniform [2.001, 3] 2.06 0.004
0.007+

Llog10 0( ) erg s−1 uniform [43, 51] 45.28 0.023
0.028+

tlog s10( ) s uniform [2, 6] 3.06 0.10
0.09+

χ ⋯ ⋯ ⋯ 1
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