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Abstract

The recently discovered peculiar gamma-ray burst GRB 200826A poses a dilemma for the collapsar model.
Although all other characteristics of the burst are consistent with it being a Type II (i.e., collapse of a massive star)
event, the observed duration of the event is only approximately 1 s, which is at odds with the predicted allowable
timescale range for a collapsar event. To resolve this dilemma, this Letter proposes that the original burst could be
an intrinsically long GRB comprising a precursor and a main emission phase. However, the main emission phase is
missed due to either precession of the jet or the obstruction by a companion star, leaving only the precursor
observed as a short-duration GRB 200826A. Interestingly, we found that the temporal and spectral properties of
GRB 200826A broadly resembled those of the bright precursor observed in GRB 160625B. Furthermore,
assuming the prototype burst of GRB 200826A is similar to that of GRB 160625B, we found that the observer may
indeed miss its main emission because of geometric effects caused either by jet precession or companion-
obstruction models. Our approach provides a natural explanation for the GRB 200826A-like bursts and agrees

with the rarity of those events.

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

1. Introduction

GRB 200826A challenges the traditional observational criteria
used to classify short merger-type and long collapsar-type GRBs
(Kouveliotou et al. 1993; Zhang et al. 2009). With a short duration
of Tog=0.96"30 s (Zhang et al. 2021), GRB 200826A
distinguishes itself from all other Type I bursts through all of its
other observational properties, such as hardness ratio, energy-
related correlations, amplitude parameter, spectral lag, and
possible supernova association (Ahumada et al. 2021; Rossi
et al. 2021; Zhang et al. 2021). Increasing efforts have been made
to explain this peculiar GRB. For example, Ahumada et al. (2021)
claim that it is the shortest collapsar event, and Zhang et al. (2021)
additionally propose several alternatives such as a binary merger
invoking a white dwarf (WD) engine, the “supranova” scenario,
and a newborn magnetar with a heavy baryon-loading wind.
Rather than making any modifications to the GRB’s central
engine, we propose in this Letter that GRB 200826A was actually
the precursor emission of a long GRB whose main emission (ME)
was not observed due to geometric effects.

In terms of geometry, there are two possible configurations that
might lead to the absence of GRB emission. One possibility is that
the jet slips away, in which case the observer is no longer within
the jet cone. Such a slip-away effect can be caused by the
precession of the jet. In such a scenario, the jet is powered by a
hyperaccreting black hole, and the angular momentum of the
black hole is misaligned with respect to that of the accretion disk.
The tilted disk is subject to the Lense-Thirring (LT) torque. The
LT torque together with the viscosity of the disk causes the inner
part of the inclined disk to bend toward the equatorial plane of the
black hole, while the outer part of the disk maintains its original
orbit (Lense & Thirring 1918; Bardeen & Petterson 1975). The
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inner disk would undergo precession. As a result, a precessing
disk will induce jet precession (Reynoso et al. 2006; Liu et al.
2010; Lei et al. 2013).

A second possibility is that the jet is completely blocked during
the ME, so the observer only observes the precursor. This may
occur if the GRB is in a binary system (Zou et al. 2021). Such a
system is composed of a GRB central engine and a stellar
companion. If the observer is on ax1s and the companion star is
located within the jet-opening angle* (case I in Zou et al. 2021),
the observed GRB properties are determined by the observation
angle (the angle between the jet direction and the observer’s
line of sight), the Lorentz factor of the jet, and the obstruction
by the companion star. If the observer is on axis and the
Lorentz factor is greater than a critical value, the companion
star can block the GRB emission so that the on-axis observer
completely misses it. For GRB 200826A, we demonstrate in
this Letter that the ME can be entirely blocked by using an
appropriate Lorentz factor value and geometric configuration.

This Letter starts by comparing the observed properties of GRB
200826A with the precursor of the typical three-episode GRB
160625B, aiming to find observational evidence of their similarities
(Section 2). The jet-precession (Section 3.1) and companion-
obstruction (Section 3.2) models are then applied to explain the
observations of GRB 200826A as well as its possibly missing ME.
A brief conclusion and discussion are presented in Section 4.

2. GRB 200826A as a Precursor

GRB 200826A is considered a precursor of a long GRB due
to the following facts:

1. Temporal and spectral properties consistent with the
precursors of other GRBs. GRB precursors are always

* Here we consider a top-hat jet with §; > 1/I" during the prompt-emission
phase of the GRB, where I' is the Lorentz factor of the ejecta. In this case, only
a small fraction of the emitting surface of the jet is observable. This region is
centered on the line of sight and has an opening angle of 1/T".
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Figure 1. Comparison of the spectral evolution between GRB 200826A and
the precursor of GRB 160625B. Both bursts are fitted by the cutoff power law
(CPL) model. The bottom panel shows the comparison of the light curves of
the two events. Data are taken from Zhang et al. (2018) and Zhang
et al. (2021).

characterized by a short duration and thermal emission
(Li 2007). Indeed, the duration of GRB 200826A is only
1 s, similar to the typical duration of precursors in long
GRBs (e.g., GRB 160625B; Zhang et al. 2018). More-
over, the spectral evolution of GRB 200826A (Figure 1)
shows that its low-energy indexes, «, are greater than
zero in about two-thirds of the time slices, which are
consistent with a thermal origin.

2. Location on the E,—Ej,, diagram consistent with those of
the precursors in other GRBs. The burst is located at the
long (Type II) GRB track on the E,—Ej,, diagram, which
is similar to the precursors of other long GRBs. As an
example, we plot both GRB 200826A and the precursor
of GRB 160625B, a typical three-episode-long GRB with
significant precursor emission, on the E,—Ej, diagram in
Figure 2. One can see that the two events both reside on
the Type II GRB track.

3. Almost identical to the precursor of GRB 160625B. In
Table 1 and Figure 1, we compare the temporal and
spectral properties between GRB 200826A and the
precursor phase of GRB 160625B. The two events
display striking similarities in the following aspects: (1)
similar duration. Both of their Ty, values are roughly
equal to 1 s. (2) Similarly strong signal-to-noise ratios. As
shown in Table 1, the f-parameter values, which measure
the “tip-of-the-iceberg” effect of a GRB (Lii et al. 2014),
of the two GRBs are both above 3, indicating strong
signals above the background (Figure 3). (3) Similar
temporal and spectral evolution patterns. As shown in
Figure 1, the light curves of both events are single-pulse
shaped. Although GRB 200826A has a stronger spectral
evolution, its spectral parameters (such as the low-energy
index, «, and spectral peak energy, Ep) are overall in a
range consistent with those of the precursor of GRB
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Figure 2. The E,, , vs. E. j, correlation diagram. The black and gray solid lines
are the best linear correlations for long and short GRBs, respectively. GRB
200826A (red star) and the precursor of GRB 160625B (green star) both fall in
the long-GRB region. The samples are from Amati et al. 2002 and Zhang
et al. (2009).

Table 1
Properties of GRB 200826A and the Precursor of GRB 160625B (Zhang et al.
2021, 2018)

Precursor of GRB

GRB 200826A 160625B
z 0.7481 1.406
Ty (3) 0.96¢:69 0.84007
f-parameter 7.58 +£1.23 342 +0.14
Peak energy (keV) 120.297323 66.8718
Peak flux (10 ®erg cm™> 9111147 2421041
-1
)

Fluence (10 ®erg cm™?) 4.85+0.19 1.75 4+ 0.05
Isotropic energy (10°! erg) 7.09 & 0.28 8.86 +0.24

160625B. Both events exhibit strong thermal-like spectral
features in >80% time slices.

In summary, GRB 200826A is fully consistent with being a
precursor of a long-GRB event. The question is how the ME of
such a long GRB can be missed by an observer.

3. How Can We Miss the Main Emission?

To miss the ME, either the jet had to slip away within a
certain time frame or the jet had to be blocked during the ME.
The two scenarios correspond to the following two different
physical pictures.

3.1. Jet Precession

Jet precession has long been proposed (e.g., see Liu et al.
2010) for GRBs whose central engine consists of a rapidly
hyperaccreting black hole. For a long GRB, the anisotropic
explosions of its progenitor star lead to the misalignment
between the disk and angular momentum of the black hole. In
such a scenario, the Bardeen—Petterson (BP) effect (Bardeen &
Petterson 1975) tends to align the inner part of the inclined disk
with the equator of the black hole while the outer part of the
disk maintains its original orbit. The outer disk will lead to the
precession of the inner disk and the black hole (Sarazin et al.
1980; Liu et al. 2010; Sun et al. 2012) due to the LT effect,
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Figure 3. Top: light curve of GRB 160625B. Middle: The solid red line is the

light curve of GRB 200826A. The dashed red line is the assumed ME of the

prototype burst. Bottom: The solid blue line shows how the viewing angle v/(f)

changes over time, and the dashed black line is the jet-opening angle. The gray

shaded area is where the ME can be missed by the observer.

which is known as disk-driven precession. The jet will precess
because its direction is determined by the spin axis of the black
hole, and its precession period is the same as the LT precession
period.

The jet precession model has been utilized to interpret various
shapes of GRB light curves (e.g., Portegies Zwart et al. 1999; Lei
et al. 2007) and their complex temporal and spectral evolution
(Liu et al. 2010). There is a possibility that, in some cases, the ME
might be missed as a result of jet precession. Here we will show
that GRB 200826A may be such a case.

As schematized in Figure 4, we assume the jet is conical and
no moving material is outside the cone. Salafia et al. (2016)
studied the effect of viewing angle 1/(f) on GRB peak flux and
showed that the peak flux can be written as a function of ¥(¢):
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Figure 4. The schematic sketch of the precession jet model.
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Figure 5. The blue, orange, and green lines represent the evolution of the
observed peak flux with the viewing angle when the Lorentz factor I' = 20,
100, and 200, respectively.

where fie" =0 — %, B=V1 — T2, F,(0) is the observed
peak flux when the line of sight is centered on the jet axis, and

D is the Doppler factor defined as D = m

Figure 5 shows the observed peak flux changes over the
viewing angle 1/(f) with 6 = 10°. One can see that the larger the
Lorentz factor, the sharper the peak flux drops as the line of sight
in the direction of r,,; moves away from 6,,". For a jet with a
Lorentz factor of I" > 200 (e.g., I' > 214 for the precursor of GRB
160625B; Zhang et al. 2018), we can assume that no flux would
be received by the observer once (f) exceeds 0, and the
observed flux can be written as a function of ¢/(7):

F(0), b > 9(1),

F(w(n):{a o < i1
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Following Hou et al. (2014a, 2014b), the precession period
can be expressed as

= 279303 MBu M oS, 3)
M@ 1‘4@S71

where a. is the spin parameter, Mgy is the mass of the rotating
black hole, M is the accretion rate in units of M sfl, and « is
the viscosity parameter of the accreting disk. In the rest frame
of the observer, the precession period is 7/= (14z)7. For a
standard collapsar model (MacFadyen & Woosley 1999), the
14M., helium core of a 35M. main-sequence star would
collapse to form a 2 to ~3M, black hole. Inserting a.=
0.9, Mgy =3M., M =0.1M., s”', and a=1[0.01, 0.1] into
Equation (3), we get 7/ =[4.52, 2655.67] s. Here, we take
7/'=300s in the following analysis.

For a conical jet, the angle (7) between the observer and the
jet axis can be written as

cos(1 (1)) = cos ops cOs B; + sin yp sin 6; cos 3, 4)

where /3:27’% + Bo, and By = Pops — Pjer. Taking Oops = 10°,
6;=5°, Bo=0, and O, = 10°, the observational angle () as a
function of time is plotted in the lower panel of Figure 3.
According to Equation (2), when (f) is larger than the jet-
opening angle (the black dashed line), the GRB flux will be
missed by the observer. The gray shaded area in Figure 3 marks
the time range during which the GRB emission can be missed.
Using the assumption that the prototype GRB 200826A is a
GRB 160625B-like event that has an ME of 40 s duration
around r=200s, one can find that the ME can be completely
missed due to the precession effect.

3.2. Companion Star Obstruction

If a GRB is accompanied by a stellar companion with a
radius of R., which happens to be located inside the jet-opening
angle, the GRB emission with a radius of Rgrp can be partially
or fully blocked (Zou et al. 2021). In such a scenario, the
absence of the ME can be explained by the full obstruction by
the companion star, as illustrated in Figure 6. First, the
precursor is not blocked before the companion star enters
within a certain solid angle (calculated below) along the line of
sight, allowing the observer to receive the precursor emission
as usual (Figure 6(a)). Then, due to the orbital motion, if the
companion star moves into the line of sight and meets the
requirements for a full-obstruction condition, the observer can
entirely miss the ME (Figure 6(b)). Assuming the radiation is
from the radially relativistically expanding surface, the
radiation of each point of the emission surface will beam into
a conical angle of radius 1/T" in the direction of its velocity.
Consequently, the observer will only receive photons within
the 1 /T cone of a conical jet along the line of sight (between A
and B in Figure 6). We assume a typical top-hat jet with an
opening angle of 8 ~ a few degrees, much larger than the
beaming angle of 1/T" as the Lorentz factor may reach several
hundred during the prompt-emission phase. The full-obstruc-
tion condition can be expressed numerically as follows:

1. The observer can only receive the photons within the 6,
cone. 6 is defined as 6y = 1 with T being the Lorentz
factor of the ejecta. The maximal obstruction angle by the
companion star (i.e., the opening angle of the blocked
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Figure 6. The schematic sketch of the companion-obstruction model. See also
Zou et al. (2021). (a) The configuration of the system during the precursor
phase. (b) The configuration for the ME phase.

emission surface with respect to the GRB central engine;

Zou et al. 2021), 6, = RR° , must exceed the maximal
GRB

observed cone angle 6.

2. During the time gap between the precursor and ME, the
motion angle of the companion star must exceed 26, in
order to occult the ME.

3. During the ME phase, the motion angle of the companion
star could not exceed 26, — 26,. Otherwise, the observer
would receive the flux of the ME at its late stage.

These conditions can be written as

90 2 90; (Sa)
Qt,, = 200; (5b)
th < 20( - 290’ (SC)

GMee
where Q= /==

e is the angular velocity of the companion

star, M., is the total mass, d is the distance between the
central engine and the stellar companion, f,, is the duration of
the ME, and 1, is the waiting time between the precursor and
the ME. In our analysis, t,, =35 s and #,, = 180 s (Zhang et al.
2018) are adapted in accordance with the those of GRB
160625B.

Assuming a typical parameter set with M, =50M,
I'=800, Rgrg = 10'! ¢m, (i.e., a typical photosphere radius;
however, see Zhang et al. 2018), and R, = 0.02R, (1.39 x10°
cm), d can be constrained at d <3.25 X 10'2 cm according to
Equation (5b).

4. Summary and Discussions

In this paper, we suggested that the Type II short GRB
200826A may actually be a precursor of a long GRB whose
main emission was missed by the observer. The absence of the
main emission is further explained by geometrical models that
invoke either the precession of the jet or obstruction by the
companion star. By assuming that GRB 160625B serves as a
prototype of GRB 200826A, we were able to successfully
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apply these two models and reproduce the GRB 200826A
event by omitting the ME of the prototype burst. Even though
both models provide acceptable fits, the companion-obstruction
model requires more fine-tuning of the parameters and even
coincidental alignment between the GRB and the companion
star, which, on the other hand, is in agreement with the rarity of
the event. Nevertheless, our results shed some alternative light
on how to explain the GRB 200826A-like events. Future
observations of similar events will be helpful to test the
hypothesis proposed in this paper.
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