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PROMPT AND AFTERGLOW ANALYSIS OF THE Fermi-LAT DETECTED
GRB 230812B

Amit K. Ror1,2, S. B. Pandey1, A. Aryan1,3, Sudhir Kumar2, and A. J. Castro-Tirado4,5

RESUMEN

La emisión temprana de GRB 230812B se destaca como uno de los eventos más luminosos observados por instru-
mentos del satélite Fermi tales como GBM y LAT. El análisis espectral de emisión temprana (tanto integrado en
el tiempo como en sus diversas fases temporales) de esta explosión respalda una componente térmica adicional
y otra no térmica, lo que indica una composición h́ıbrida del jet (chorro). Los parámetros espectrales α, Ep y
kT del modelo espectral de Band+Blackbody son los que proporcionan un mejor ajuste. Además, las emisiones
de la postluminiscencia a enerǵıas más bajas son consistentes con la emisión de sincrotrón del choque externo
que se va propagando hacia adelante barriendo el medio del medio interestelar. El instrumento LAT detectó
una emisión de muy alta enerǵıa (VHE) que se desv́ıa de los esperado del mecanismo de emisión sincrotrón,
posiblemente originada por el aumento del factor de Lorentz de los fotones de emisión temprana motivado
por electrones acelerados en el choque externo a través de mecanismos de emisión de Compton inverso (IC) o
auto sincrotrón Compton (SSC). La comparación de las propiedades de emisión temprana y de la posterior de
este estallido reveló que, a diferencia de la emisión simultánea (gamma) y más brillante, la postluminiscencia
posterior de GRB 230812B es más débil que la de los otros estallidos de rayos gamma también brillantes y
asociados con una supernova (GRB 130427A y GRB 171010A) con desplazamientos al rojo similares.

ABSTRACT

Prompt emission of GRB 230812B stands out as one of the most luminous events observed by both the Fermi-
GBM and LAT. Prompt emission spectral analysis (both time-integrated and resolved) of this burst supports
an additional thermal component together with a non-thermal, indicating the hybrid jet composition. The
spectral parameters α, Ep, and kT of the best-fit Band+Blackbody model show a tacking behaviour with the
intensity. Further, the low energy afterglow emission is consistent with the synchrotron emission from the
external forward shock in the ISM medium. LAT detected very high energy emission (VHE) deviating from
the synchrotron mechanism, possibly originating from the Lorentz boosting of prompt emission photons by
accelerated electrons in the external shock via Inverse Compton (IC) or Synchrotron Self Compton (SSC)
emission mechanisms. The comparison of the prompt and afterglow emission properties of this burst revealed
that, unlike the bright prompt emission, the afterglow of GRB 230812B is fainter than the other SN-detected
bright bursts (GRB 130427A and GRB 171010A) at a similar redshift.

Key Words: Gamma ray burst — mechanism: Blackbody, Synchrotron, Synchrotron self Compton.

1. INTRODUCTION

Gamma-ray bursts (GRBs) are distant and pow-
erful cosmic events characterized by two phases: A
highly variable prompt emission in soft γ-rays and
hard X-rays with a duration of (T90) seconds (s) to

1Aryabhatta Research Institute of Observational Sciences
(ARIES), Manora Peak, Nainital-263002, India.

2Department of Applied Physics/Physics, Mahatma Jy-
otiba Phule Rohilkhand University, Bareilly-243006, India.

3Graduate Institute of Astronomy, National Central Uni-
versity, 300 Jhongda Road, 32001 Jhongli, Taiwan.

4Instituto de Astrof́ısica de Andalućıa (IAA-CSIC), Glori-
eta de la Astronomı́a s/n, E-18008, Granada, Spain.

5Departamento de Ingenieŕıa de Sistemas y Automática,
Unidad Asociada al CSIC por el IAA, Escuela de Ingenieŕıa
Industrial, Universidad de Málaga, C. Dr. Ortiz Ramos s/n,
29071 Málaga, Spain.

minutes, followed by a smoothly decaying afterglow
emission spanning a broad temporal (hours-days)
and energy ranges (radio-TeV energies; Kumar &
Zhang 2015). GRBs are traditionally classified based
on temporal and spectral properties into short/hard
(SGRB) and long/soft (LGRBs; Kouveliotou et al.
1993). SGRBs (T90 < 2 s) come from compact bi-
nary mergers, and LGRBs (T90 > 2 s) are likely orig-
inating from a massive star collapse (Galama et al.
1998; Hjorth et al. 2003; Abbott et al. 2017). How-
ever, GRB 200826A (T90 ∼ 1.2 s from collapsar;
Ahumada et al. 2021), GRB 211211A (T90 ∼ 50 s;
Troja et al. 2022), and GRB 230307A (T90 ∼ 35 s;
Levan et al. 2023) come from mergers are outlier
to the traditional classification. Newly introduced
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classifications include intermediate bursts and ultra-
long GRBs (ULGRBs, T90 > 1000 s; Mukherjee et
al. 1998; Boër et al. 2015; Ror et al. 2024), broaden-
ing the classification beyond traditional LGRBs and
SGRBs.

Over the 50 years of study, the GRB prompt
emission remains a subject of ongoing exploration
(Pe’er 2015). Several theories describe its origin from
internal shock or magnetic reconnection in the ultra-
relativistic jet. The jet composition can be baryonic
or magnetic, and the mechanism of prompt emission
from these ultra-relativistic jets (synchrotron, non-
thermal, thermal, or hybrid) is still an open question
(Zhang et al. 2018; Gupta et al. 2024). A widely
employed Band function (Band et al. 1993), intro-
duced during the BATSE era, characterizes the non-
thermal spectral components of GRBs. It incorpo-
rates four parameters: (1) normalization constant,
(2) low-energy spectral index (α ∼ -1), (3) high-
energy spectral index (β ∼ -2), and (4) peak energy
(Ep ∼ 300 keV; Preece et al. 2000). However, results
of time-resolved spectral analysis from Kaneko et al.
(2006) have revealed variations, with a harder α ∼
-0.72. Subsequent studies of 1500 time-resolved spec-
tra from 78 bright bursts (Wang et al. 2024) revealed
that the α values from 80% of spectra crossing the
limit (-3/2,-2/3) are due to the fast and slow cool-
ing limits from synchrotron emission mechanism
known as synchrotron line of death (Preece et al.
2000). Recently, new models have been used to fit
complicated spectra like the physical synchrotron
and blackbody to constrain the emission mechanism
(Burgess et al. 2020). Studies have shown that in the
case of GRBs, where α crosses the limit (-3/2,-2/3),
still the physical synchrotron model is found to best
fit the spectra in some cases (Burgess et al. 2020). In
addition, the study of the spectral parameter evolu-
tion during the prompt emission serves as a valuable
tool to constrain emission mechanisms. The peak en-
ergy Ep shows four types of evolution: flux tracking,
hard to soft, soft to hard, and a chaotic (Golenet-
skii et al. 1983; Norris et al. 1986). Time-resolved
spectral analysis of bright GRBs from Fermi-GBM
revealed that the Ep obtained for most of the cases
shows flux tracking, but hard to soft evolution is
common in single pulse GRBs (Wang et al. 2024;
Li et al. 2021). The evolution of α is, on the other
hand, less predictable. However, recently Gupta et
al. (2021, 2022); Gupta (2023); Ror et al. (2023) and
Ror et al. (2024) determined the flux tracking evo-
lution of α in GRB 140201A and GRB 201216C, re-
spectively.

GRB afterglows from the cooling population of
accelerated electrons from external shocks generally
decay following a simple or broken PL. The late-
afterglow light curve (hereafter LC) of some nearby
GRBs exhibits a distinct bump, indicating the emer-
gence of the underlying supernova (SN; Galama et
al. 1998; Hjorth et al. 2003). Detailed spectroscopic
examinations of these underlying SNe reveal that
they are predominantly hydrogen-deficient broad-
line type Ic-BL, often categorized as striped envelope
supernovae (SESNe), for more detail about SESNe
please refer to Pandey et al. (2021). Notably, SN-
associated GRBs display a luminosity of three to
five orders of magnitude less than typical LGRBs, so
detectable only in the close proximity up to a red-
shift of ∼ 1. The energy source of GRB-associated
SNe is believed to be thermal heating from radioac-
tive Nickel trapped within the ejecta. Recently, the
magnetar model has emerged as a compelling frame-
work to explain the power source for GRB-associated
SNe (Kumar et al. 2022). Another plausible energy
source for GRBs associated with SNe involves the
interaction between the ejected material and the cir-
cumstellar medium surrounding the burst. In the
case of GRB 230812B, Srinivasaragavan et al. (2024)
used the radioactive heating model to explain the
power source of SN 2023pel to constrain the radioac-
tive Nickel mass MNi = 0.38 ± 0.01 M� and the total
ejecta mass of 1.0 ± 0.6 M�. Recently, Wang et al.
(2024) demonstrated that GRB 230812B is one of
the shortest long-duration GRBs (T90 ∼ 3 s) with
a collapsar origin. This event is analogous to GRB
200826A (Ahumada et al. 2021), where a longer jet-
bore time through the stellar envelope was proposed
to account for the shorter burst duration.

Until 2018, LAT was the only very high-energy
instrument that successfully detected GeV emissions
from more than 100 GRBs (Fraija et al. 2019). LAT
detected the maximum energy photon from GRB
130427A with an energy of ∼ 95 GeV (Ackermann
et al. 2014). After 2018, six long GRBs (GRB
180720B, GRB 190114C, 190829A, GRB 201015A,
GRB 201216C, and GRB 221009A) were detected as
having TeV emissions associated with their prompt
and afterglow emissions (Gupta et al. 2021; Ror et al.
2023, 2024). A single synchrotron component could
not explain the double bump observed in the broad-
band SED of VHE-detected GRBs, and an additional
Synchrotron Self Compton (SSC) or inverse Comp-
ton (IC) component is required (Fraija et al. 2019;
MAGIC Collaboration et al. 2019; Fraija et al. 2021;
H. E. S. S. Collaboration et al. 2021; Ror et al. 2023).
In our work, we have tried to constrain the possible
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Fig. 1. Represents the Fermi-GBM LCs of GRB
230812B, plotted from the CSPEC (green), CTIME
(blue), and TTE (magenta) data files. The Upper panel
shows the 1s binned LC of CSPEC and 64 ms of CTIME
and TTE observation. Similarly, the lower panel shows
the LC binned with 1s for all CSPEC, CTIME, and TTE.
The vertical gray region corresponds to the pulse pileup,
which we removed from our data analysis.

origin of GeV detection associated with the GRB
230812B.

The content of the paper is as follows: §2 is
devoted to multi-band observation and analysis of
GRB 230812B, §3 to results, §4 to discussion, and §5
to summary and conclusion. In this paper, the cho-
sen cosmological parameters are the Hubble constant
H0 = 71 km s−1 Mpc−1 and the density parameters
ΩΛ = 0.73 and Ωm = 0.27. Uncertainties are given at
1σ level if not stated otherwise. The representation
of afterglow flux follows the convention expressed by
F(ν, t) = t−αν−β .

2. MULTI-WAVELENGTH OBSERVATION AND
ANALYSIS

2.1. Prompt emission observation and analysis

On August 12, 2023, at 18:58:12.05 UT (here-
after T0), the Gamma-Ray Burst Monitor (GBM,
Meegan et al. 2009) on board Fermi gamma-ray
space telescope (Fermi) discovered and localised
GRB 230812B (Fermi GBM Team 2023; Lesage et
al. 2023). During the prompt emission phase, the
initial 3.3 ± 0.1 s exhibited 95% of the burst’s flu-
ence in γ-rays, hence considered the T90 duration.
However, a softer tail persisted for approx 10 s post-
detection (Lesage et al. 2023; Roberts et al. 2023).

2 0 2 4 6 8 10 12 14

Time-T0
0

10000
20000
30000
40000
50000
60000
70000

C
ou

nt
s 

s−
1

(a) BGO1 (1-30) MeV
(0.2-1) MeV

2 0 2 4 6 8 10 12 14

Time
0

50000

100000

150000

200000

C
ou

nt
s 

s−
1

(b) NaI7 (50-300) keV
 (8-50) keV

2 0 2 4 6 8 10 12 14
Time - T0 (s)

1
0
1
2
3
4

H
R

(c) NaI7 (50-300 keV)/(8-50 keV)

Fig. 2. The multi-wavelength prompt emission LC of
GRB 230812B is plotted from the GBM TTE observa-
tion. (a) GBM-BGO observation plotted in the 0.2-1
MeV (gray) and 1-30 MeV (green). (b) Similarly, the
NaI LCs in the energy ranges 50-300 keV and 8-50 keV
are plotted. (c) Evolution of hardness ratio (HR, number
of photons detected in 50-300 keV / number of photons
in the 8-50 keV) from the combined NaI-3, NaI-6, and
NaI-7 scintillation detectors of Fermi-GBM.

Prompt emission’s preliminary analysis revealed that
the time-integrated spectra within the 0-32 s time-
interval were well-described by the band function,
yielding parameters of Ep = 273 ± 3 keV, α = -0.80
± 0.01, and β = -2.47 ± 0.02. The fluence recorded
during this period was 2.5201 ± 0.0002 × 10−4 erg
cm−2 by Roberts et al. (2023). In addition to Fermi-
GBM, GECAM -C (Xiong et al. 2023), Konus-Wind
(Frederiks et al. 2023), and AGILE/MCAL (Casen-
tini et al. 2023) also detected the intense prompt
emission from GRB 230812B.

GBM observations for this burst were acquired
from the official web page of Fermi Science Sup-
port center6. Before analyzing the Fermi-GBM data,
we carefully check the observed LC from the three
types of spectral file (CTIME, CSPEC, and TTE)
using the GBM-Tool python package (Goldstein et
al. 2023). In the 64 ms bin LC, we found a glitch
around [1.12-1.312] s in the TTE data. A thin ma-
genta spike in the TTE LC at around 1.2 s (see
upper panel of Figure 1) corresponds to the ar-
tificially generated spike mentioned by Roberts et
al. (2023). This bright spike is not present in the
CSPEC and CTIME data files, which might be due

6https://fermi.gsfc.nasa.gov/ssc/data/access/gbm/
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Fig. 3. Represents the evolution of the prompt emission parameter obtained from the time-resolution spectral analysis
of GRB 230812B. In each plot, the left Y-axis represents the flux plotted in the background as a step function, where
each step represents the width of the Bayesian block in which the spectral parameters are evaluated, and the X-axis ticks
are midpoints of the Bayesian block. The orange-shaded region represents the time range where CPL+BB is the best fit,
and the red-shaded region is the region where Band+BB is the best fit. The difference in the DIC ∆DIC= DICBand+BB-
DICCPL+BB is shown in the upper-left panel. A dashed line at -10 is plotted to select the best-fit model. The upper-right
panel represents the evolution of low energy spectral index α obtained from CPL+BB (orange) and Band+BB (red). Two
dotted lines at -3/2 and -2/3 represent the limits of synchrotron emission from external shock (Preece et al. 2000).
Similarly, the middle-left and middle-right panels represent the evolution of Ep and kT, respectively. The lower two
panels represent the magnetic field strength B and the energy distribution index p of the shock-accelerated electrons.

to their coarse temporal or spectral resolution. How-
ever, the LC plotted with 1.024 s resolution from the
TTE, CSPEC, and CTIME data files showed similar
results without any discrepancy (see bottom panel
of Figure 1). TTE data in the interval [1.12-1.312] s
was lost due to its band-width limit, and also, there

is observed pileup in all types of data files during
the time-interval [0.5-1.4] s (Roberts et al. 2023).
We have not utilized the data corresponding to this
time range during the time-resolution spectral fitting
of GBM data. As recommended by the Fermi-GBM
team, we have used NaI-3,6,7 and BGO-0 detectors
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for the GBM data analysis. All other detectors are
blocked by different parts of the spacecraft and can-
not be considered reliable (Roberts et al. 2023).

We closely followed the methodology described
in Ror et al. (2023), for the prompt emission spec-
tral analysis. The time-integrated spectrum analysis
in the temporal range of -0.1s to 5s was performed
by combining the detectors NaI-3,6,7 and BGO-0,
obtaining a spectrum spanning the energy range of
∼ 0.01 - 40 MeV. As usual, we discarded the 33-37
keV range to avoid the sodium K-edge. The time-
integrated spectrum in the given temporal and en-
ergy range was extracted utilizing the GtBurst soft-
ware (Caballero-Garćıa et al. 2023; Castro-Tirado et
al. 2024). To employ the Bayesian analysis method
for the temporal and spectral analysis of GBM data,
we used a Python-based software package, Multi-
Mission Maximum Likelihood (3ML, Vianello et al.
2015). For the spectral fitting within 3ML, we utilized
a multi-nest sampler with 10,000 iteration steps, as
described in Vianello et al. (2018). We have used sev-
eral empirical models such as Power Law (PL), Band,
and Cutoff PL (CPL) and physical Synchrotron

and Blackbody (BB) models and their combinations
(PL+BB, Band+BB, CPL+BB), to fit the time-integrated
spectrum. Burgess et al. (2020) provides the com-
plete details on the physical synchrotron model. To
compare between the different models, we used the
deviance information criteria (DIC).

Further, we performed the time-resolved spectral
analysis of Fermi-GBM data to study the parame-
ter’s evolution during the prompt emission. For the
time-resolved spectral analysis, the GBM LC from
the brightest detector (NaI-6) was rebinned using
the methodology known as Bayesian block binning
by setting the false alarm probability at 0.01 (Scar-
gle et al. 2013). The obtained time slices were then
applied to all other detectors. The advantages of
Bayesian block binning methods are given in Burgess
(2014). From this method, we obtained 29 spectra,
out of which only 24 are statistically significant with
S > 20 (Vianello et al. 2018). After extracting the
spectrum using GtBurst, we fit each spectrum with
several empirical and physical models as discussed
above for time-integrated analysis. The results of
the spectral analysis for the prompt emission are pre-
sented in Figure 3 and elaborated upon in section 3.

2.2. Afterglow observation and analysis

Initially, the burst was beyond the observational
range of the Burst Alert Telescope onboard Neil
Gehrel Swift Observatory (Swift-BAT, Barthelmy et
al. 2005). Following a sequence of tiled observations,

the Swift X-ray Telescope (XRT) successfully local-
ized the burst at T0+25 ks (Evans & Swift Team
2023; Kennea & Swift Team 2023; Page & Swift-
XRT Team 2023). All Swift-XRT observations were
taken in photon count (PC) mode. The preliminary
XRT LC and spectrum were modeled by a simple PL
and absorbed PL with indices αx = 1.80 ± 0.4 and
Γx (βx+1) = 1.82 ± 0.15 (Beardmore et al. 2023).

To delve into the afterglow characteristic of GRB
230812B, the X-ray temporal and spectral data were
obtained from the online repository 7 of UK Swift
Science Data Centre (Evans et al. 2007, 2009). For
the optical data analysis, we obtained the data re-
ported from GCN circulars 8. The redshift (z=0.36)
of the burst was measured from the spectroscopic
observations using the 10.4m Gran Telescopio de Ca-
narias (de Ugarte Postigo et al. 2023).

In the case of GRB 230812B, the flux density
X-ray LC at 10 keV showed no flare or plateau
throughout the XRT observations from T0+25 ks to
T0+1400 ks. We modeled the X-ray LC with a sim-
ple PL using the MCMC technique. We obtained a
PL index of αx = -1.22+0.05

−0.05. The X-ray flux density
LC and the PL model fitted to it are shown in the
left panel of Figure 4.

Similarly, the optical LC also seems to decay
without breaks. Following a similar methodology, we
fitted the optical LC using a simple PL and obtained
the decay index of αo = 1.080.03

−0.03. As shown in the
left panel of Figure 4, the optical LC starts deviat-
ing from the PL decay at ∼ 4 days after T0. This is
because the underlying supernova emission began to
emerge about four days after the burst trigger (Srini-
vasaragavan et al. 2024; Hussenot-Desenonges et al.
2023).

We have retrieved the X-ray spectra in the time
range of 25 ks to 38 ks and the energy range of 0.3
- 10 keV. For the XRT spectrum fitting, we utilized
an absorbed PL model with a multiplicative Galactic
absorption component (phabs) and the host absorp-
tion component (zphabs) in the X-ray spectral fitting
package (XSPEC; Arnaud 1996; Gupta et al. 2022).
The galactic hydrogen column density (NHGal) was
fixed at 2.02 × 1020 cm−2 during the spectral fitting.
There is no flare or any other variation present in the
XRT LC. We first calculated the host hydrogen col-
umn density (NHz = 7.20 × 1020 cm−2) along the
line of sight by fitting the absorbed PL to the av-
erage spectrum. Then, by fixing both NHGal and
NHz, we again fit the XRT spectrum with the same

7https://www.swift.ac.uk/xrt_curves/00021589/
8https://gcn.nasa.gov/circulars
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absorbed PL model and obtained a spectral index of
βx = 0.68+0.08

−0.08.
After that, we created an optical r-band to X-

ray spectral energy distribution (SED) in the time
interval 25 ks - 38 ks. We fit the optical-X-ray SED
with the PL and obtained a PL index βox = 0.740.01

0.01.
The optical r-band to X-ray SED and corresponding
PL fit is presented in the right panel of Figure 4.

2.3. Fermi-LAT observation and analysis

At the moment of the GBM detection, the LAT
boresight angle was 29◦. Scotton et al. (2023) re-
ported that Fermi-LAT detected the GeV photons
from the GRB 230812B. Preliminary LAT spectral
analysis above 100 MeV revealed the PL distribu-
tion of energy with the photon index ΓLAT = 2.16
± 0.14. Fermi-LAT recorded a photon with a maxi-
mum energy of 72 GeV at T0+32.2s (Scotton et al.
2023).

We employed the GtBurst software to download
Fermi-LAT data spanning T0 to T0+10 ks. Subse-
quently, we conducted an unbinned likelihood anal-
ysis on the time-integrated LAT data, covering the
energy range of 0.1-100 GeV. In our analysis of
LAT data, we selected a 10×10 deg2 region centered
around the GRB 230812B. The instrumental re-
sponse function P8R3 SOURCE, a maximum zenith
cut of 100 degrees, and a skybinning of 0.2 degrees
were applied. Finally, we utilized the gtsrcprob tool
to calculate the probability of observed photons as-
sociated with GRB 230812B.

The time-integrated spectral analysis of LAT
data yielded a photon index ΓLAT = -1.99 ± 0.13,
with an average flux = 3.79 ± 0.68 × 10−9 erg s−1

cm−2 in the 0.1-10 GeV energy range. Additionally,
we extracted the spectral file for XSPEC. We again
fit the extracted spectra in XSPEC and obtained a
photon index of ΓLAT = 2.03+0.27

−0.23 and a flux of 3.52
± 0.98 × 10−9 erg s−1 cm−2, consistent within the
error. We saved the QDP file from the XSPEC and
plotted the LAT spectra in Figure 5.

Following this, we performed the time-resolved
analysis of LAT data. Initially, we binned the
LAT data in 5 s bins, and subsequently, the bin
width was increased, as illustrated in Figure 6.
Up to the initial 100 s, the instrument response
function P8R3 TRANSIENT020 was utilized, followed
by a switch to the instrument response function
P8R3 SOURCE. The outcomes of the time-resolved
spectral analysis are presented in Figure 6. The flux
obtained in the range 0.1-10 GeV decreased with
time following a PL decay, with the decay index
αLAT = 1.04 ± 0.08.

3. RESULTS

3.1. Prompt emission

The prompt emission multichannel LC of GRB
230812B is presented in the upper and middle pan-
els of Figure 2. The evolution of hardness ratio (HR,
i.e. no. of photons in 50-300 keV / no. of photons
in 8-50 keV) is presented in the lower panel of Fig-
ure 2. The prompt emission LC is the fast rise and
exponential decay (FRED) type with a single broad
pulse. The HR remains > 1 for almost T0 to T0+
2 s and seems to follow the intensity of the burst,
indicating that GRB 230812B is a hard burst.

The time-integrated spectrum of GRB 230812B
is best modeled by Band+BB with the minimum DIC
value of 9531 over synchrotron, Band, CPL, and
CPL+BB with DIC values of 9570, 10356, 24725,
and 13234, respectively. The best-fit parameter ob-
tained from the best-fit model are α = -1.02+0.01

−0.01,

Ep = 411.35+8.21
−8.18 keV, β = -2.75+0.04

−0.04 and kT =

24.05+0.32
−0.32 keV.

The prompt emission time-resolved spectral fit-
ting results are presented in Figure 3. The upper
left panel of Figure 3 illustrates the difference be-
tween the DIC values of two best-fit models, Band+BB
and CPL+BB, i.e., ∆DIC = DICBand+BB-DICCPL+BB.
∆DIC < -10 means that the Band+BB is best fit-
ting; otherwise, CPL+BB is best fitting. The time-
resolved spectral analysis revealed that during the
rising phase of the LC’s prompt emission, the time-
resolved spectra are best fitted by the CPL+BB model.
Conversely, during the decay phase of the LC, all the
spectra are best fitted by the Band+BB model based
on the lower DIC values. In Figure 3, the orange
shade region represents the interval during which
CPL+BB is best fitting, and the red shaded region rep-
resents the interval during which Band+BB best fits
the time-resolved spectra. The total isotropic γ-ray
energy release Eγ,iso = 8.74 ± 1.61 × 1052 erg along
with the Ep value is found to be consistent with the
Amati correlation for LGRBs (Amati 2006).

3.2. The prompt emission parameter’s evolution

The evolution of the low energy spectral index
α obtained from the best-fit model is presented in
the upper right panel of Figure 3. Throughout the
prompt emission, α seems to follow the intensity.
The α obtained from the CPL+BB in the 2-10 s time
intervals deviates from the flux tracking. This might
be due to the CPL+BB model not fitting well in the
given time interval. Similar to the α, the peak en-
ergy Ep of the spectrum is also found to be fol-
lowing the intensity. Hence, the GRB 230812B is
a double-tracking burst. The time-integrated and
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Fig. 4. Left panel: XRT (green) and r-band optical LCs (red) are plotted. The colored dotted line and the shaded area
around them represent the PL fit and associated error bar for both LCs. The vertically shaded region corresponds to
the time interval used to construct an optical r-band to X-ray SED. Right pane: optical to X-ray SED. Optical r-band
data is plotted in a red square, and X-ray observation is shown in blue. The blue dotted line represents the PL fitted to
X-ray spectra at 0.3-10 keV. The red dotted line represents the PL model fitted to the combined r-band to X-ray SED.
Green squares and the dotted line represent the LAT spectra and corresponding power law fit, respectively.

time-resolved spectral analysis results showed that
the single empirical Band or CPL do not fit well the
spectra, but an addition of a thermal component is
required. However, the evolution of the thermal en-
ergy component kT is somewhat complicated. It
closely follows the flux up to T0+3 s. After that,
it shows almost a constant value of ∼ 7 keV, but
with larger error bars. Nevertheless, the physical
Synchrotron model did not fit the spectrum well.
However, it is still reasonable to check for the evo-
lution of the magnetic field strength (B) obtained
from fitting with the Synchrotron model. The evo-
lution of B closely matches with the evolution of Ep,
as shown in the lower panel of Figure 3. The elec-
tron energy distribution in the synchrotron model
follows a PL with a PL index p. The parameter p
is obtained from fitting the synchrotron model and
is also showing a flux tracking evolution as shown in
the lower right panel of Figure 3.

3.3. Afterglow emission and the closure relations

The observed X-ray and optical r-band LCs of
GRB 230812B do not show any flare, plateau, or
bump (see Figure 4). Both X-ray and r-band LCs
were fitted with a simple PL obtaining temporal de-
cay indices of αx = -1.22+0.05

−0.05 and αo = 1.080.03
−0.03.

Both X-ray and optical decay indices are consistent
with each other within 3σ. In addition, the spectral
indices βx = 0.68+0.08

−0.08 and βox = 0.740.01
0.01 obtained

from the fitting of XRT spectra in 0.3-10 keV and

combined optical r-band to X-ray SED are also con-
sistent within 1σ. This indicates that both X-ray
and optical emissions come from the same spectral
regime. We checked the closure relation followed by
the GRB external shock (Sari et al. 1998). We found
that the optical and X-ray spectral and temporal in-

dices satisfy the relation β = p−1
2 and α = 3(p−1)

4
in the spectral regime νm < νo < νx < νc in the
ISM-like surrounding medium.

Fermi-LAT data was not included in the Spectral
Energy Distribution (SED) due to the absence of op-
tical and X-ray observations during the Fermi-LAT
detection. From Fermi-LAT temporal and spectral
analysis we obtained decay indices of αLAT = 1.04 ±
0.08 and βLAT (ΓLAT-1) = 1.03+0.27

−0.23. The observed
βLAT is slightly steeper than βo and βx. The differ-
ence ∆β = βLAT-βx is 0.4 ± 0.3, which is consistent
with the assumption that νc might lie between the
X-ray and LAT observation in the ISM medium.

3.4. Discussion

3.5. Afterglow LC comparison

We compared the X-ray and optical afterglow
LCs of GRB 230812B with a set of 15 SN-detected
GRB from Kumar et al. (2022) in Figure 7. We
found the Swift-XRT and optical r-band afterglow
LC of GRB 230812B is consistent with other GRBs
in the background and does not possess an excep-
tional bright afterglow or SN emissions. Even the
optical and X-ray LC of GRB 230812B is relatively
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Fig. 5. Represents the fitting results of time average LAT
spectra in the energy range 0.1-100 GeV

fainter than the bright bursts of GRB 130427A (Xu
et al. 2013) and GRB 171010A (Kumar et al. 2022)
at similar redshifts as shown in Figure 7. Our anal-
ysis concluded that the afterglow of GRB 230812B
and its associated SN 2023pel (Hussenot-Desenonges
et al. 2023; Srinivasaragavan et al. 2024) is an inter-
mediate bright GRB/SN compared to other GRBs.

3.6. Possible origin of GeV emission from
Fermi-LAT

The observed power-law decay of the LAT light
curve and spectra indicate that the LAT emission
originates from an external shock. However, unlike
optical and X-ray observations, the emission mecha-
nism of LAT-detected photons still needs to be com-
pletely clarified. According to Fraija et al. (2019),
the maximum energy of photons from synchrotron

external shock model can be 10 GeV × (Γ0/100) ×
(1+z)−1. Where Γ0 is the bulk Lorentz factor, and
z is redshift. Considering the bulk Lorentz factor
Γ0 = 315, calculated it from the observed Eγ,iso us-
ing the relation given in Liang et al. (2010). Using
the above relations, we calculated that, in the case
of GRB 230812B, the Synchrotron emission mech-
anism could only generate a maximum energy pho-
ton of 23 GeV, as shown with a red dotted line in
the lower panel of the Figure 6. From the lower
panel of Figure 6, it is clear that all photons lie be-
low this level except for 72 GeV photons. Thus,
the origin of the 72 GeV photons cannot be from
synchrotron emission. This has been observed ear-
lier for the VHE bursts (GRB 180720B, 190114C,
190829B, GRB 201015A, GRB 201216C: Fraija et
al. 2019; MAGIC Collaboration et al. 2019; Fraija et
al. 2021; H. E. S. S. Collaboration et al. 2021; Ror et
al. 2023), where the observed VHE photons are ex-
plained via synchrotron self Compton (SSC) or
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Fig. 6. Top panel: represents the Fermi-LAT LC of GRB
230812B in the energy range of 0.1-10 GeV. Squares de-
note the observed flux, and the dotted line represents the
PL fitted to the LC. The shaded area represents the 1σ
error associated with the fit. The middle panel repre-
sents the evolution of the photon index derived from the
time-resolved fitting of LAT spectra. The bottom panel
displays the temporal distribution of LAT-detected pho-
tons, with the color map indicating the probability of the
photons being associated with GRB 230812B. The red
star at 32 s represents the maximum energy photon of
72 GeV from Fermi-LAT. The red dotted line represents
the maximum energy allowed by synchrotron emission
for GRB 230812B.

external Inverse Compton (IC). It is possible that
the non-thermal photons from the prompt emission
were Lorentz boosted by accelerated electrons in the
external shock resulting in the observed LAT emis-
sion. This suggests that the IC and SSC are the po-
tential emission mechanisms that could be responsi-
ble for the VHE 72 GeV photons observed from GRB
230812B.

3.7. GRB 230812B compared with other S- and
LGRBs

The characteristics of GRB 230812B compared
to the other burst from the IceCube9 catalog are
shown in the Figure 8. In the upper right panel of
Figure 8, we compared the Eγ,iso of redshift detected
bursts. The observed Eγ,iso of the bursts is found
to correlate with the luminosity distance (DL). We
fitted a PL and found the relation: log10(Eγ,iso) =
(45.42± 0.16) + (1.66± 0.04)× log10(DL).

9https://user-web.icecube.wisc.edu/~grbweb_public/

Summary_table.html
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Fig. 7. A comparison of optical r-band (left) and Swift-XRT (right) luminosity LCs of GRB 130427A, GRB 171010A,
and GRB 230812B (red) with other SN-detected bursts (grey) in the background, see Ror et al. (2023) for more details.

GRB 230812B, with the observed distance of
1.9 Gpc corresponding to the cosmological age of
9.75 Gyr, is inconsistent with the above relation.
Along with GRB 130427A and GRB 171010A, GRB
230812B lies outside of the 5σ range of relations,
as shown in Figure 8. This is due to its excep-
tionally high prompt emission brightness at z=0.36.
Most of the other GRBs at this redshift are fainter
than GRB 230812B, except for GRB 130427A and
GRB 171010A. In the lower-left panel of Figure 8,
we compared the observed fluence of GRB 230812B
(red star), GRB 130427A and GRB 171010A along
with other bursts from the IceCube catalog. GRB
230812B is the brightest burst with T90 < 5 s, and
only slightly fainter than GRB 130427A and GRB
171010A at the similar redshift. This huge flux de-
tected in such sort time scale is the possible region
for observed pileup in Fermi-GBM. The lower right
panel compares the Ep (i.e., Hardness) of the Fermi-
GBM detected bursts. GRB 230812B is harder than
the GRB 171010A and softer than the GRB 130427A
at a similar redshift. GRB 230812B with T90 > 2 s
lies around the dividing line of the population of
SGRBs and LGRBs. However, based on the ob-
served underlying SN and other observed properties,
GRB 230812B is classified as a LGRB. Our analysis
indicates that GRB 230812B is one of the bright-
est Fermi-GBM and LAT-detected LGRB with the
hardest prompt spectra.

4. SUMMARY AND CONCLUSION

This work presents a detailed prompt and after-
glow analysis of Fermi-LAT GRB 230812B. Due to
its extreme brightness, the detecting instruments
(Fermi-GBM) suffer a pileup in the time range

[0.5-1.4] s, which we exclude from our analysis. The
time-integrated spectral analysis showed that the
spectrum in the Fermi-GBM energy range is the best
fit by the Band+BB function. In addition to this, all
the time-resolved spectra favour an additional ther-
mal component along with a dominant non-thermal
component. All of these findings indicate the hybrid
(baryonic + magnetic) jet composition of the burst.
Spectral parameter evolution from our time-resolved
analysis showed that the low energy spectral index
α crosses the slow and fast cooling limit imposed by
the synchrotron emission mechanism. The evolution
of α poses a challenge to linking the non-thermal
prompt emission with pure synchrotron emission.
In addition, both α and Ep were found to track
the intensity of the burst throughout the prompt
emission duration. The X-ray and optical LCs of
this burst do not show any signature of late central
engine activity (flare or plateau). Both X-ray and
optical emissions are consistent with the closure
relation in spectral regime νm < νo < νx < νc in
the ISM-like surrounding medium. The Fermi-LAT
analysis showed that in the early stage (< 10 ks),
the LAT spectral index βLAT is harder than the
βx, indicating that the LAT emission is coming
from a different spectral regime or entirely different
origin. With the assumption of synchrotron origin
of the LAT photons, we calculated that the break
frequency νc may lie or remain between the X-ray
and LAT frequencies throughout the observations.
However, the synchrotron emission mechanism is
unable to explain the origin of the 72 GeV photons
detected by LAT at T0 + 32s >> T90, i.e., during
the afterglow phase. The most plausible explanation
for the VHE-detected photons is IC or SSC boost-
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Fig. 8. Prompt emission characteristic of GRB 230812B compared with SN-detected GRB 130427A and GRB 171010A
at similar redshift. Upper left panel: represents GRB 230812B in Amati correlation space (Amati 2006). Upper right
panel: represents the Eγ,iso distribution of GRBs plotted against the luminosity distance in Mpc and the universe’s age
in Gyr. Lower left panel: represents the fluence distribution of GRBs along with the T90 duration on the observer frame.
Lower right panel: Ep in the observed frames plotted with the T90 duration. A vertical dashed line at 2s separates
between SGRBs and LGRBs.

ing of prompt or early afterglow photons by the
shock-accelerated electrons in the external medium.
The comparison of X-ray and optical LCs of GRB
230812B with similar bursts (GRB 130427A and
171010A) revealed that, unlike the bright prompt
emission, the afterglow of GRB 230812B was fainter
than the other SN-detected GRBs at a similar Ep,
Eγ,iso, and redshift. Moreover, previous studies
have shown that low-redshift GeV-TeV detected
GRBs, such as GRB 130427A and GRB 201015A,
are associated with supernovae (Ror et al. 2023).
This event further reinforces the idea that the
association of low-redshift GeV-TeV detected GRBs

with underlying supernovae is a common occurrence.
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