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EARLY-TIME OPTICAL SPECTRAL SHAPE MEASUREMENTS OF
GRB 200925B

Zhavlonbek Abdullayev1,2, Toktarkhan Komesh1,3,*, Bruce Grossan1,4, Ernazar Abdikamalov1,5,
Zhanat Maksut1, Maxim Krugov6, Shynaray Myrzakul2, Duriya Tuiakbayeva1,7, and Alma Kostangeldinova7

RESUMEN

Las mediciones para determinar los espectros ópticos en banda ancha de posluminescencias de estallidos de
rayos-gamma (GRB) generalmente se realizan una hora o más tras del evento desencadenante. Con nuestro
sistema automatizado de respuesta rápida, el generador de imágenes de tres canales simultáneos (BSTI) en el
telescopio de fuentes transitorias de la Universidad de Nazarbayev en el Observatorio Astrof́ısico Assy-Turgen
(NUTTelA-TAO), comenzamos las mediciones del estallido GRB 200925B a los 129 s después de la alerta
proporcionada por Swift-BAT. Las pendientes del declive de la curva de luz en las bandas g′, r′ e i′ en el
intervalo de tiempo de 129 s a 1029 s son -0,43 ± 0,31, -0,43 ± 0,15 y -0,72 ± 0,14 respectivamente. Durante
la fase de declive, se midió un cambio de color de rojo a azul y un cambio en la pendiente logaŕıtmica β de
-2,73 a -1,52. La evolución de la pendiente espectral óptica es consistente con una disminución de la extinción
provocada por la destrucción del polvo circundante.

ABSTRACT

Optical broad-band spectral shape measurements of gamma-ray bursts (GRBs) are typically made starting an
hour or more after the trigger event. With our automated, rapid-response system, the Burst Simultaneous
Three-channel Imager (BSTI) on the Nazarbayev University Transient Telescope at Assy-Turgen Astrophysical
Observatory (NUTTelA-TAO), we began measurements of GRB 200925B 129 s after the Swift BAT trigger.
The temporal decay log slopes in the g′, r′, and i′ bands in the time interval 129 s to 1029 s are -0.43 0.31,
-0.43 0.15, and -0.72 0.14, respectively. During the decay phase, a shift in color from red to blue, a change in
log slope of β from -2.73 to -1.52 was measured. The evolution in the optical spectral slope is consistent with
a decrease in extinction caused by dust destruction.

Key Words: dust, extinction — gamma-ray burst: individual: GRB 200925B

1. INTRODUCTION

While the single-band optical flux of gamma-ray
bursts (GRBs) has been detected as early as ∼10
s after the onset of gamma-ray emission (e.g., Ak-
erlof et al. 1999; Kobayashi & Sari 2000; Racusin
et al. 2008; Vestrand et al. 2005, 2014; Oganesyan

1Energetic Cosmos Laboratory, Nazarbayev Univer-
sity, Astana 010000, Kazakhstan. ∗E-mail: tok-
tarkhan.komesh@nu.edu.kz

2Department of General & Theoretical Physics, L. N. Gu-
milyov Eurasian National University, Astana, 010008, Kaza-
khstan.
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7Sh. Ualikhanov Kokshetau University, 76 Abaya str.,
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et al. 2023; Xin et al. 2023; Jin et al. 2023), the
earliest measurements of the spectral shape are typ-
ically made much later, starting an hour or more
after trigger (e.g., Filgas et al. 2011; Krühler et al.
2011; Pozanenko et al. 2020). In order to study the
early-time optical behavior of GRBs, our group de-
veloped an automated, rapid-response system, the
Burst Simultaneous Three-channel Imager (BSTI)
on the 700 mm diameter Nazarbayev University
Transient Telescope at Assy-Turgen Astrophysical
Observatory (Grossan & Maksut 2020). The sys-
tem responds to Swift Burst Alert Telescope (BAT)
and other high-quality GRB alert positions and be-
gins simultaneous imaging in i′, r′, and g′ typically
20-100 s after trigger.

Komesh et al. (2023) describes the measurement
of the broad-band spectral shape of GRB 201015A
with this instrument. The authors found pronounced
colour evolution from 58 s to 4140 s after trigger, and
concluded that the likely cause was dust destruction
due to powerful UV emission in the event. Morgan
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110 ABDULLAYEV ET AL.

et al. (2014) also found red to blue color evolution in
GRB 120119A, but in the initial 200 s following the
trigger.

In this paper, we present and analyze our
NUTTelA-TAO optical measurements of GRB
200925B. We include the archival X-γ ray measure-
ments in our analysis. Our observations of GRB
200925B began 129 s after the BAT trigger. We ob-
serve in the Sloan filter bands g′, r′, and i′ (Grossan
et al. 2020). In the initial phase spanning from 129 s
to ∼1029 s after trigger, we observe variations in the
light curve that differ from those typically observed
at later times. These measurements serve as diagnos-
tic tools for probing both the physical mechanisms
within the outflow and the environment surrounding
the progenitor (e.g., Zaninoni et al. 2013; Melandri
et al. 2008).

In this paper, we focus on the evolution of the
temporal and broad-band spectral slopes during the
early afterglow phase. We use the temporal parame-
ter α and the spectral log slope parameter β defined
via: fν ∝ tανβ . Our observations are presented in
Section 2. Our results are described in Section 3,
and conclusion is provided in Section 4.

2. OBSERVATIONS

We observed GRB 200925B beginning at 21:52:46
UT on September 25, 2020, 129 s after the BAT trig-
ger. Detailed observational parameters can be found
in Table 1. Our cameras recorded 15 s exposures, but
we co-added the images to the exposure time of 225 s
in the time interval 129 s to 1029 s after trigger. The
five sigma upper limit sensitivities achieved for the
g′, r′, and i′ filter images are 18.5, 19.1 and 18.6 mag-
nitudes, respectively. The weather was clear during
the observation. The calibration process was per-
formed using five Pan-STARRS catalog stars iden-
tified in our images. We verify the accuracy of our
measurements by comparing standard star magni-
tudes and colors with catalog values. The standard
deviation of our magnitude values compared to cat-
alog values of the five standard stars were 0.08, 0.04
and 0.03 mag in the g′, r′, and i′ filters, respectively.
We also verify our measurements by examining sim-
ulated stars of known actual brightness that we in-
cluded in our images.

The BAT and XRT data were obtained through
the Burst Analyser (Evans et al. 2010), which is pro-
vided by the UK Swift Science Data Centre at the
University of Leicester (hereafter ”SSDCUL”)8.

8https://www.swift.ac.uk

3. RESULTS AND DISCUSSION

3.1. Optical light curve and spectral log slope

Figure 1 (upper panel) shows the optical light
curve. In all filters, g′, r′, and i′ , we see a monotonic
decay (see Table 1 for values). Temporal decay log
slopes for the g′, r′, and i′ bands are -0.43 0.31,
-0.43 0.15 and -0.72 0.14, respectively.

To determine the intrinsic log slope of the GRB
emission, we account for extinction effects originat-
ing from both within our Milky Way galaxy and
local surrounding of the burst. The Galactic ex-
tinction toward GRB 200925B is 0.133, 0.092 and
0.068 magnitudes in the Sloan g′, r′ and i′ filters,
respectively (Schlafly & Finkbeiner 2011). We use
the mean value Alocal

v = 0.15 determined by Li et al.
(2018) for the local extinction and the empirical ex-
tinction curve from Pei (1992) for the Small Magel-
lanic Cloud (SMC). We obtain the local extinction
values for the Sloan g′, r′ and i′ filters as 0.06, 0.04
and 0.03 magnitudes, respectively.

Figure 1 (lower panel) shows the spectral log
slope as a function of time. The determination of
the optical spectral log slope involves fitting a power
law spectrum to the g′, r′ and i′ data captured dur-
ing time interval ranging from 129 s to 580 s and to
the r′ and i′ data captured during time interval of
580 and 1029 s (note that g′ is not detected in this
time interval). The obtained spectral log slopes are
-2.73 0.28, -2.27 0.32, and -1.52 0.06, respectively.

3.2. γ-X-ray light curve

Data of 10 keV values of XRT and BAT were
obtained by the SSDCUL. These values were de-
rived through spectral and temporal fits encompass-
ing both the BAT and XRT measurements, ensuring
a uniform basis for comparison as described in detail
in Evans et al. (2007, 2009, 2010). Figure 2 (upper
panel) displays the γ-X-ray light curves alongside the
optical light curves. Dashed lines indicate best fit
model with 2 breaks (Evans et al. 2009). Flares and
plateau are noticeable in the X-ray light curve dur-
ing the initial time interval until approximately 1100
s relative to the BAT trigger time. The early-phase
temporal decay log slope is -4.5 (+1.2, -0.9) until
125 s. Subsequently, following the second break at
4100 s, the decay transitions to a log slope of 0.07
(+0.11, -0.12). In the sunsequent phase, it under-
goes decay with a temporal decay log slope of -1.4
(+0.25, -0.21).

3.3. Color Evolution

The temporal decay value of longer wavelength
band i′ is steeper than those in shorter wavelength
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OPTICAL SPECTRAL SHAPE MEASUREMENT OF GRB 200925B 111

Fig. 1. Optical light curve (upper panel) and spectral log slope β (lower panel) of GRB 200925B. t0 = 21:52:46 UT on
September 25, 2020. In this plot, the magnitudes have not been corrected for Galactic extinction. For clarify, we shift
the i′ and g′ bands by -1 and +1 mag, respectively.

TABLE 1

NUTTELA-TAO OBSERVATION OF GRB200925B.

Tmid (s) texp (s) Magnitudes Flux density (mJy)

g′ (error) r′ (error) i′ (error) g′ (error) r′ (error) i′ (error)

242 225 18.08 (0.13) 17.63 (0.07) 16.95 (0.06) 0.23 (0.03) 0.34 (0.02) 0.63 (0.04)

467 225 18.39 (0.17) 17.94 (0.07) 17.42 (0.07) 0.17 (0.02) 0.26 (0.01) 0.41 (0.03)

692 225 UL 18.62 18.32 (0.01) 17.96 (0.11) UL 0.14 0.18 (0.01) 0.25 (0.02)

1029 225 UL 18.74 18.63 (0.12) 18.25 (0.13) UL 0.13 0.13 (0.01) 0.19 (0.02)

UL indicates the error value is a 5 sigma upper limit. The mJy flux values are corrected for extinction effects
from both within our Milky Way galaxy (Schlafly & Finkbeiner 2011) and local to the burst (see Section 3.1
for details).

bands g′ and r′. This is what one might observe from
fading emission behind a dust column that decreased
with time, causing decreasing reddening with time.
The blue channel would appear to decay slower than
the more red ones, which are less affected by red-
dening. Eventually when the reddening no longer
changed, the spectral and temporal slopes would
converge to their intrinsic values. Here at late times
we do observe these constant slope values, both in
the optical and, after 4100 s, in the X-ray.

In order to determine the changing local redden-
ing, we assume a constant intrinsic spectral and tem-
poral log slope as observed during later stages, with a
value of β=-1.52 and α=-0.72. This is the same pro-
cedure used in Komesh et al. (2023). Using these in-
trinsic values, we derive the local reddening as given
in Fig. 3 shows a decrease in Alocal

v from 0.30 ±
0.09 mag to -0.01 ± 0.14 mag in the time interval
129 s to 580 s. This amounts to a change of 1.87 σ.
Subsequently, Alocal

v appears to remain constant.
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112 ABDULLAYEV ET AL.

Fig. 2. X-ray and optical light curves of GRB 200925B. UL refers to the 5σ upper limit. BAT refers to the 10 keV
X-ray flux extrapolated from BAT data, and XRT gives the 10 keV flux from XRT data (Evans et al. 2010). Dashed
lines indicate the best fit model (χ2=29.8, dof=24) with two breaks obtained by SSDCUL (Evans et al. 2009).

Fig. 3. Local extinction, Alocal
v , as a function of time

for GRB 200925B. See the main text for definition and
method.

Long GRBs are observed in regions with active
star formation (Woosley 1993; Woosley & Bloom
2006). The majority of GRBs exhibit a moderate
level of dust extinction around ∼ 1000 s, with occa-
sional cases of heavier extinction Perley et al. (2009).
Red-to-blue color evolution of the color of GRBs has
been observed in GRB and attributed to destruction
of dust grains in at least the two cases given in the

introduction. We observed a monotonic red-to-blue
color evolution which is consistent with dust destruc-
tion, but the weakness of the statistical significance
does not allow us to make a definite conclusion that
it is present.

4. CONCLUSION

We studied the early-time optical behavior of
GRB 200925B, starting 129 s after the BAT trigger.
Our analysis revealed variations in the light curve
from 129 s to approximately 1029 s after the trigger.
We accounted for extinction effects from both within
our Milky Way galaxy and the local environment of
the burst. The spectral log slope analysis revealed
monotonic change from red to blue during the early
afterglow phase. This is consistent with decreasing
reddening with time, but this change had low statis-
tical significance. Consistency with dust destruction
is conceptually significant, however, as we have only
observed and analyzed a small number (total 4 in-
cluding soon-to-be-published) of early light curves,
and one was a clear case (Komesh et al. 2023), and
one consistent with dust destruction. If this trend
continues, it will become clear that this is a common
and important process.
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Additionally, we presented X-ray and optical
light curves, highlighting flares and plateaus in the
X-ray light curve during the initial time interval until
around 1100 s relative to the BAT trigger time. The
temporal decay log slope exhibited changes during
different phases of the afterglow.
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