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Abstract

We report a very bright, long-duration gamma-ray burst (GRB), GRB 220426A, observed by the Fermi satellite.
GRB 220426A, with a total duration of Toy = 6 s, is composed of two main pulses and some subpeaks. The spectral
analysis of this burst with a Band function reveals that both the time-integrated and the time-resolved spectra are
very narrow with a high « 2 0.2 and low 5 < —3.1. It is highly reminiscent of GRB 090902B, a special GRB with
a photospheric emission identification. Then, we perform the spectral analysis of this burst based on nondissipated
photospheric emission, which can be well modeled by a multicolor blackbody with a cutoff power-law distribution
of the thermal temperature. The spectral fittings reveal that the photospheric emission can well describe the
radiation spectrum of this burst. We conclude that this burst would be a second burst in the class of GRB 090902B
observed by the Fermi satellite. We also discuss the physics of the photosphere and the origin of the high-energy

component in GRB 220426A.

Unified Astronomy Thesaurus concepts: Gamma-ray bursts (629)

1. Introduction

The emission mechanism of gamma-ray bursts (GRBs) has
been a puzzle since their discovery half a century ago. The
difficulty in understanding prompt emission mainly lies in the fact
that no known theoretical models can straightforwardly
interpret all of the observational data. According to the large
statistics of the temporal and spectral properties of the prompt
emission, two main categories of the prompt emission mechanism
are proposed. One invokes the nonthermal emission mechanism,
owing to the nonthermal characteristic of the Band component
observed in most GRBs. In this scenario, previous works have
shown that the synchrotron or synchrotron self-Compton radiation
emitted by accelerated electrons is a promising mechanism
(Tavani 1996; Lloyd & Petrosian 2000; Zhang & Mészaros 2002;
Daigne et al. 2011; Zhang & Yan 2011; Uhm & Zhang 2014).
Another mechanism is the Comptonized quasi-thermal emission
from the outflow photosphere (Thompson 1994; Ghisellini &
Celotti 1999; Pe’er et al. 2006; Thompson et al. 2007;
Giannios 2008; Lazzati & Begelman 2010; Mizuta et al. 2011;
Lazzati et al. 2013; Ruffini et al. 2013), according to the quasi-
thermal components detected in the spectrum of some GRBs
(Ryde 2004; Ryde 2005; Ryde & Pe’er 2009; Abdo et al. 2009;
Ryde et al. 2010; Zhang et al. 2011; Guiriec et al. 2011; Toma
et al. 2011; Axelsson et al. 2012; Ghirlanda et al. 2013; Guiriec
et al. 2013; Larsson et al. 2015). Although thermal components
are rarely observed, their contributions to the GRB prompt
emission could not be ignored. In the classical fireball scenario,
photospheric emission is suggested to be an obvious component
in the prompt emission (Mészdros & Rees 2000; Mészaros et al.
2002; Daigne & Mochkovitch 2002; Rees & Mészaros 2005). For
a burst with low or intermediate magnetization in the jet
composition, the photospheric emission may appear as a shoulder
in the radiation spectrum of the prompt emission (e.g., Gao &
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Zhang 2015; Beniamini & Giannios 2017). Observationally,
bright photospheric emission is indeed found in several bursts,
e.g., GRB 090902B, which highlights the importance of the
photospheric emission during the GRB prompt phase.

GRB 090902B is a bright, long GRB, detected by the Gamma-
ray Burst Monitor (GBM) and Large Area Telescope on board the
Fermi Gamma-ray Space Telescope. The spectrum of its prompt
emission is peculiar. Some works revealed that the gamma-ray
prompt emission of this burst is dominated by thermal emission in
the energy range from ~50keV to ~10MeV (Abdo et al. 2009;
Ryde et al. 2010; Zhang et al. 2011). Abdo et al. (2009) revealed
that both the time-integrated and time-resolved spectra of this burst
can be fitted with the Band function and an additional power-law
spectral component. Compared with the Band component found in
other GRBs, however, the Band component in GRB 090902B is
very narrow, with o~ —0.3 and F~ —3.32, rather than the
general values of a~—1 and B~ —23 (Preece et al. 2000).
Because the shape of the Band component in this burst is too
narrow for synchrotron radiation, it is likely of a photospheric
origin. Based on the spectral model of a multicolor blackbody with
a power-law distribution of temperatures, Ryde et al. (2010) found
that the time-resolved spectra of the prompt emission in this burst
can be well fitted. GRB 220426A is a bright burst with a duration
of Toy ~ 6 s over the energy range from 50 keV to 300 keV. In the
period of [0.002, 9.856] s after the Fermi trigger, the fluence in the
energy range of 10-1000keV is (1.084 4 0.005) x 10~ * erg cm >
and the time-integrated spectrum fitted by a Band function reports
a narrow Band component with E,=14634+09keV, a=
—0.05+£001, and g=—3.08+0.04 (Malacaria et al. 2022).
This burst also triggered the observation of the Konus-Wind
experiment (Frederiks et al. 2022). Based on the Konus-Wind
observation, the time-integrated spectral analysis of this burst also
reveals a narrow Band component with o = —0.297597 and
= —4.007937 in this burst (Frederiks et al. 2022). The narrow
Band component found in this burst is very similar to that found in
GRB 090902B. Thus, we would like to believe that the
photosphere emission is responsible for the prompt emission of
GRB 220426A.
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Figure 1. Left panel: modeling the radiation spectrum of photospheric emission with CPL-mBB (red dashed line), where the solid line is the numerical result (e.g.,
Deng & Zhang 2014). Right panel: fitting the radiation spectrum of GRB 090902B with CPL-mBB and the power-law spectral model.
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Figure 2. Light curves of GRB 220426A in different energy ranges.

In this Letter, we report on the observations and spectra
analysis of GRB 220426A. The paper is organized as follows. In
Section 2, the modeling of a nondissipated photosphere emission
is presented. Different from Ryde et al. (2010), a multicolor
blackbody emission model with a cutoff power-law distribution
of temperature is proposed. In Section 3, the data reduction and
the spectral analysis of GRB220426A are performed. In
Section 5, we present the conclusion and discuss this burst.

2. Spectra Modeling of a Nondissipated Photospheric
Emission

Several GRBs are identified as having a distinct thermal
component by fitting them with a Plank radiation spectrum.
However, the photospheric emission is generally different from
a single blackbody emission owing to the inherent geometric
effects of the jet. For example, the observed temperature is
latitude dependent due to the Doppler shift and the latitude-
dependent photospheric radius (Pe’er 2008). Therefore, the
photospheric emission is better represented by the emission
from a multicolor blackbody (mBB) instead of a single
blackbody. Ryde et al. (2010) suggest that the observed
spectral flux at a photon energy E from the photospheric
emission can be described with (i.e., mBB)

ar, (1)

TmaX 3
FURE, T = [ 4D E
Toin dT  exp(E/kT) — 1

where Th,x is a free parameter and T, < Th.x cannot be
determined. For each Planck function, the spectrally integrated
flux for each Planck function is given by f(7) = ADKT) /15,
where A(T) is the normalization as a free parameter. In Ryde
et al. (2010), the contribution of each single blackbody emission
is taken to be

f(T) = fmax (T/Tmax )q 5 (2)
where f,

ax 18 the spectrally integrated flux at T = Ty, and the
index ¢q is a free parameter.

In reality, an individual photon in the jet can be scattered to
an observer by an electron at any position in the outflow with a
certain probability. That is to say, the observed photons can be
from both the different latitude and different radius of the jet.
Because the observed probability P of a photon is related to the
optical depth 7 for photons from their location to an observer,
i.e., P oc exp(—7), a power-law distribution of the temperature
for the mBB may not describe well the contribution of the
emission from a different radius of the jet. By fitting the
radiation spectrum of the photosphere from the numerical
calculation (e.g., Deng & Zhang 2014), we point out that the
temperature distribution of the mBB used to describe well the
photospheric emission may be

J(T) = frnax (T/T) exp[—(T/Te)°], 3)

where T is the cutoff temperature. The mBB with temperature
distribution as in Equation (3) or (2) is denoted as CPL-mBB or
PL-mBB, respectively. In the left panel of Figure 1, one can
find that the CPL-mBB with ¢ =3 and s = 1.2 can well model
the emission of a nondissipated photosphere. Here, Tp,x > 1.
is taken in CPL-mBB, ry, is the radius of the photosphere, and
rs is the saturation radius of the fireball. In the right panel of
Figure 1, we show the time-resolved EFy spectrum fitting of
GRB 090902B with the CPL-mBB and power-law spectral
model for one of the time intervals in Table 1 of Ryde et al.
(2010), i.e., [9.22, 9.47] s. The value of C-stat/dof = 286.75/
286 is reported in the fitting.

We would apply the CPL-mBB with ¢ =3 and s = 1.2 to fit
the thermal component in other GRBs. Based on the fitting
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Figure 3. Spectrum analysis results of GRB 220426A with the Band function. Here,
GRB 090902B (from Table 1 of Abdo et al. 2009).
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the bottom-right panel plots the evolution of « and (3 in this burst and
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Table 1
Spectral Fittings of GRB 220426A with the Band Function (Columns 3-7) and CPL-mBB with ¢ = 3 and s = 1.2 (Columns 8-10)
Time Interval ~ Labels a 3 Ey(keV) Norm C-stat/dof kT.(keV) fuax keVs~tem=2)  C-stat/dof
[0, 6] s 0.11 £ 0.01 —3.254+£005 7504 +£094 1.67+003 627.97/357 17.39 +0.06 2338 +9.56 707.32/359
[0, 1] s a 0.68 £0.08 —3444+029 83.03+4.64 0524004 313.00/357 28.78 £0.53 1283 £ 26.83 340.49/359
[1,2]s b 0.41 £0.03 -3.714+£021 77.05+£2.05 1.60+0.07 363.50/357 22.03+0.20 2686 + 28.76 358.22/359
[2,3]s c 0.21 £0.03 —355+0.15 92004212 1.714+0.05 398.11/357 22.68 +0.17 3848 + 34.02 372.51/359
[3,4] s d 0.20 £0.03 —4.07+028 6588 £1.62 228+0.10 342.02/357 16.03 +0.13 2416 4+ 22.58 322.64/359
[4, 5] s e 0.19 £+ 0.03 -3.73+£0.13 5797 +121 4.00+0.16 408.71/357 14.13 +0.09 3231 +£23.90 369.14/359
[5,6]s f —0.09+0.04 —431+050 5002+177 1.86+0.14 275.67/357 9.89 £0.10 1107 £+ 12.36 271.55/359

result with CPL-mBB, one can obtain the value of 7, and f,

max*

higher than those in GRB 090902B although the values of 3 for

The photospheric temperature Ty, of the outflow propagating
along the light of sight is related to the value of T, by T, = 3T
according to the numerical results. Correspondingly, F, =

oTohTon / d} = 0.63 fo T pmBByE according to the numerical
results. The values of Ty, and Fpp, can be used to estimate the
properties of the photosphere.

3. Data Reduction and Spectral Analysis of GRB 220426A

GRB 220426A was detected by the Fermi Gamma-Ray
Burst Monitor (GBM) at 07:14:08 UT (7,) on 2022 April 26
with a duration of Toy~ 6's estimated in the energy band of
50-300keV (Malacaria et al. 2022). GBM has 12 sodium
iodide (Nal) scintillation detectors covering the 8 keV-1 MeV
energy band, and two bismuth germanate (BGO) scintillation
detectors that are sensitive to the 200 keV-40MeV energy
band (Meegan et al. 2009). The brightest Nal and BGO
detectors, i.e., Nal2 and BGOO, are used for our analyses. The
light curve of GRB 220426A can be found in Figure 2. From
these light curves, one can find that the burst consists of double
main pulses with some subpeaks.

As reported by Biltzinger et al. (2022), the time-averaged
spectrum from 0.002s to 9.856s can be fitted with the Band
function and the best-fit result of the Band function is
E,=1463+09keV, a=—0.05=£0.01, and 3= —3.08 £+ 0.04.
It reveals that the Band component in this burst is very narrow.
Then, we would like to perform a detailed spectral analysis of the
prompt emission in this burst. First, the Band function is used in
our spectral fitting. The fitting results can be found in Figure 3 and
reported in columns 3—7 of Table 1, where different time intervals,
ie, [0, 6]s, [0, 1]s, [1, 2]s, [2, 3]s, [3, 4]s, [4, 5]s, and [5, 6] s,
are adopted. Here, the time intervals of [0, 1] s, [1, 2] s, [2, 3]s, [3,
4]s, [4, S5]s, and [5, 6] s are indicated in Figure 2 with labels
a, b, ¢, d, e, and f, respectively. In the time interval [0, 6]s,
the best-fitting result with the Band function reports
Ey=75.04+094keV, a=0.11£0.01, and 5= —3.25+0.05,
which is consistent with the result reported in Biltzinger et al.
(2022). In the other time intervals, the spectral fittings also reveal a
narrow Band component with a high value of a~ 0.3 and a low
value of 3~ —3.4. Both high « and low 3 are highly reminiscent
of GRB 090902B, the spectral analysis of which with the Band
function reported o 2 —0.3 and 8 < —3.7 in the time intervals of
[0, 13] s after the Fermi trigger.

The narrow Band component of GRB 090902B is found to be
consistent with a multicolor quasi-thermal spectrum (Ryde et al.
2010; Zhang et al. 2011). In the bottom-right panel of Figure 3,
we plot the evolution of o and 8 with time for GRB 220426A
and GRB 090902B in their prompt emission phase, where the
values of o and (3 are taken from Table 1 of Abdo et al. (2009).
One can find that the values of a in GRB 220426A are generally

these two bursts are almost the same. This implies that the
radiation spectra of the prompt emission in GRB 220426A are
narrower than those in GRB 090902B. Then, we would like
to believe that the narrow Band component found in
GRB 220426A may be also consistent with a multicolor quasi-
thermal spectrum. In Figure 4, we show the spectral fitting
results of GRB 220426A with CPL-mBB, ¢ =3, and s=1.2.
The fitting results are also reported in columns 8—10 of Table 1.
According to Table 1, one can find that the value of C-stat/dof
in the fitting with CPL-mBB is closer to unity than that in the
fitting with the Band function. This indicates that the CPL-mBB
with ¢ =3 and s = 1.2 can present a better description of the
radiation spectrum observed in GRB 220426A compared with
the Band function. It reveals that the prompt emission of
GRB 220426A originates from the photosphere.

4. Discussion

The identification of the emission from the photosphere
allows one to determine the physical properties of the relativistic
outflow, such as the bulk Lorentz factor I'y;, and the radius 7y, of
the photosphere, and the initial size of the flow R, (Pe’er et al.
2007). In the case of ry, > ry=TI'Ry, the photospheric radius is
given by 7,y = Pjeor/ 87rF3mpc3 , where P is the power of the
jet. In addition, one can have P = 47rdf (Toh /rs)z/ 3P},h,
Ton = To(rpn/R)"2/3, and Ty = [Pet(t)/(167R§ 0)]'/4. Taking
Y to represent the radiation efficiency of the jet in the gamma-
rays, one can have P; = 47rdf YF,,s, where F, is the observed
spectrally integrated gamma-ray flux and can be estimated as
Fops = Fpn in GRB 220426A. Then, one can use kT, and Fpy, to
estimate 7, and I'p,. In Figure 5, we show the evolution of k7,
Fon, 7pns I'pn, and Ry in the course of the burst. Because
the redshift z of GRB 220426A is not known, we take z = 1.
One can find that the temperature and Lorentz factor of
the photosphere decrease with time. However, the radius of
the photosphere and the initial size of the flow increase with
time. The increase of the Lorentz factor and photospheric radius
relative to the time implies that the jet becomes dirtier with time.
The increase of R, with time may reflect the evolution of the
environment for the jet formation.

The time-resolved spectral analysis of GRB 090902B reveals
a significant power-law component that is distinct from the main
radiation component (Abdo et al. 2009, see also the right panel
of Figure 1 in this paper). We also note that there seems to be an
additional component in the radiation spectrum of
GRB 220426A. Then, we would like to fit the radiation spectrum
with CPL-mBB and the power-law spectral model F(E)=
FoE”. The fitting results are shown in the left panel of Figure 6,
where the time interval of [1, 2]s is fitted as an example. The
best-fitting result reveals that the power-law spectral component
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Figure 5. Evolution of kT,

is presented with 3~ —2.01 & 1.36. The power-law spectral
model with 3~ —2.01 +1.36 is very similar to the spectral
shape in the low-energy regime of the radiation spectrum in the
CPL-mBB model. It may reveal that the high-energy emission in
this burst may be formed by the inverse Compton of the CPL-
mBB photons by the electrons. Then, we perform the calculation
of the inverse Compton of the CPL-mBB photons by the
electrons with different v, and 7. = on. = 0.01, where o is the
Thomson cross section, 7, is the number of electrons per square
centimeter along the line of sight, and I',, = 200 is adopted. The
inverse Compton component can be found in the right panel of
Figure 6. One can find that the spectral shape of the inverse

» Fon» T'phs 7pns and Ry in the course of the burst.

Compton component in the high-energy re%ime can be described
with a power-law function F(E)ox E~°, which is slightly
different from the reported spectral fitting result but within the
error bound. Pe’er et al. (2012) have studied the connection
between the thermal component and nonthermal component in
GRB 090902B. They argued that the three emission mechan-
isms, i.e., synchrotron emission, synchrotron self-Compton
emission, and Comptonization of the thermal photons, contribute
the same order of magnitude to the radiation spectrum above the
thermal peak. When the synchrotron and synchrotron self-
Compton emission component make a significant contribution to
the spectrum above the thermal peak of GRB 220426A,
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Figure 6. Spectral fitting results with CPL-mBB and the power-law spectral model (left panel) and theoretical inverse Compton spectrum of the CPL-mBB photons

(right panel).

however, the spectrum above the thermal peak may be shallower
than F(E) x E™".

There are also quite a few cases where a thermal component
was claimed in the time-integrated or time-resolved radiation
spectra but is not dominant in the radiation spectrum (e.g.,
Guiriec et al. 2011; Axelsson et al. 2012; Guiriec et al. 2013).
In these bursts, the thermal component is presented as a
“shoulder” of the main radiation component. It suggests that
these bursts are in fact different from GRB 090902B and thus
GRB 220426A, for which the dominant radiation component is
the photospheric emission. Hou et al. (2018) found that the
radiation spectra of GRB 081221 can be well fitted with PL-
mBB. For this burst, we also perform spectral fittings with the
Band function or CPL-mBB. The radiation spectral fittings
with the Band function for GRB 081221 generally report low
values of a~ —0.7, which implies a broad radiation spectrum
compared with those in GRB 220426A and GRB 090902B
(<12 after the burst trigger). It should be pointed out that
these kinds of broad radiation spectra could not be well
described by CPL-mBB with ¢ =3 and s=1.2. In fact, our
spectral fittings reveal that the values of C-stat/dof (>1.4)
reported in the fittings with CPL-mBB, ¢ =3, and s =1.2 for
this burst are higher than the values of C-stat/dof (~1.2)
reported in the fittings with Band function. In addition, both
GRB 220426A and GRB 090902B have a power-law comp-
onent that is distinct from the main radiation component. Then,
we would like to believe that GRB 220426A would be the
second case in the class of GRB 090902B, for which the
dominated radiation component can be well modeled with a
nondissipated photospheric emission.

5. Conclusion

In this paper, we report on a very bright, long-duration
gamma-ray burst, GRB 220426A, observed by the Fermi
satellite. With a total duration of Too=65s, GRB 220426A is
composed of two main pulses and some subpeaks. The spectral
analysis of this burst reveals a very narrow Band component
around 100 keV, which is highly reminiscent of GRB 090902B.
Then, we perform a detailed spectral analysis of this burst based
on the model of a nondissipated photospheric emission. Here,
the emission of a nondissipated photospheric emission is
modeled as a multicolor blackbody with a cutoff power-law

distribution of the thermal temperature. It is found that the
photospheric emission can present a better description of
the radiation spectrum of this burst compared with the Band
function. We thus conclude that this burst would be the
second burst in the class of GRB 090902B observed by the
Fermi satellite.
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