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Abstract

We investigate the scattered long-lasting emission component with timescale ∼ 104 sec following the
short gamma-ray bursts by the double neutron star merger ejecta. We performed Monte Carlo simulation
for the photon propagation in the jet and the ejecta. We found that the scattering efficiency which mainly
depends on the opacity of the jet and the ejecta could be an order of magnitude larger than that of the
scattered prompt emission for the relativistic scatterer.
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1. Introduction

A neutron star (NS) binary merger is considered to be
the most likely origin of short gamma-ray bursts (sGRBs;
e.g., Paczynski 1986; Narayan et al. 1992). Simulta-
neous detections of a gravitational wave (GW) and a
sGRB should be a smoking-gun evidence for the merger
scenario. Since a sGRB is most likely a collimated rel-
ativistic jet, the probability of the simultaneous detec-
tion with GWs is low. In fact, the apparent isotropic-
equivalent energy of GRB 170817A, which was simulta-
neously detected with the first GW-detected binary NS
merger event GW170817 (Abbott et al. 2017b), was sig-
nificantly lower than that of ordinary sGRBs (Abbott et
al. 2017a; Goldstein et al. 2017; Goldstein et al. 2017). A
possible origin of GRB 170817A is the scattered prompt
emission of sGRB (Kisaka et al. 2018).

Significant fraction of short GRBs show a long-lasting
plateau component with the duration of ∼ 103 − 105

sec in their light curves (Kisaka et al. 2017). The ori-
gin of the emissions may also be a collimated relativis-
tic jet (Kisaka & Ioka 2015). Then, the significant
fraction of photons could be scattered at a larger an-

gle by the surrounding merger ejecta if the optical depth
for the Thomson scattering is larger than unity (Naka-
mura 1998; Eichler & Levinson 1999). The scattered
plateau emission could be detected by off-axis observers
(Kisaka et al. 2015). Kisaka et al. (2015) roughly esti-
mate the luminosity of the scattered plateau emission,
without taking into account the structure of the merger
ejecta. Here, using the Monte Carlo model based on
Kisaka et al. (2018), we calculate the radiation energy of
the scattered plateau emission taking into account the
mass density profile of the merger ejecta as a function of
the viewing angle.

2. Model

In order to estimate the isotropic radiation energy of the
scattered component, we perform Monte Carlo simula-
tion for the photon propagation. The model is based
on Kisaka et al. (2018). For the jet, we assume that
the Lorentz factor, the opening angle, the isotropic lu-
minosity, and the emission radius are Γj = 10, ∆θ = 0.2
rad, Liso = 1046 erg s−1, and rem = 3 × 1013 cm, re-
spectively. For the dynamical merger ejecta, we consider
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Fig. 1. Isotropic radiation energies of the scattered (red curve) and

unscattered plateau emission components (black curve) normal-

ized by that of pre-scattered one with θv = 0 as a function of the

viewing angle θv .

the power-law density profile ρ ∝ v−β with β = 3, the
maximum velocity vmax = 0.3c, the minimum velocity
vmin = 0.1c, and the total ejecta mass Mdyn = 0.01M⊙
(e.g, Hotokezaka et al. 2013). We neglect the relativis-
tic component of merger ejecta for the scatterer since the
mass density of this component becomes significantly low
at the plateau emission phase (∼ 103 − 105 sec).

3. Results and Discussion

Figure 1 shows the isotropic radiation energy as a func-
tion of the viewing angle θv. The normalized isotropic
energy of the scattered component (red curves) is ∼
10−3 − 10−2 for the viewing angle of θv ∼ 20◦ − 40◦.
From the analytical estimation (equation 23 in Kisaka
et al. 2018), the normalized isotropic energy is

Eiso,sc(θv)

Eiso(θv = 0)
∼ 2× 10−2

(
∆θ

0.2 rad

)(
Γj

10

)−1

ϵsc, (1)

where ϵsc is a correction factor coming from, e.g., the
opacity of the jet and the scatterer (Kisaka et al. 2018).
Then, the correction factor is ϵsc ∼ 0.1 − 1 for θv ∼
20◦ − 40◦.

If this model applies to GRB 170817A using θv ∼ 20◦

(Mooley et al. 2018) and assuming the highest luminosity
of on-axis plateau emission ∼ 1046 erg s−1 (Kisaka et al.
2017), the expected luminosity of the scattered compo-
nent is ∼ 1044 erg s−1, which is consistent with the upper
limit (< 1.65 × 1045 erg s−1) by MAXI at 1.7 × 104 sec
after the GW trigger time (Sugita et al. 2018).

The value of ϵsc ∼ 0.1 is an order of magnitude larger
than that of the scattered prompt emission for the rela-
tivistic scatterer case. The main difference comes from

the optical depth for photons with the perpendicular di-
rection relative to the jet axis, τ⊥. At the prompt emis-
sion phase (< 1 sec), the optical depth τ⊥ is much larger
than unity. Then, the scattered photons cannot cross the
jet region. As a result, the only scattered photons which
come from the narrow range of the azimuthal angle rela-
tive to the jet axis could be detected. On the other hand,
at the plateau emission phase (∼ 104 sec), the electron
density in the jet is significantly reduced, so that the
optical depth τ⊥ ∼ 0.1 is lower than unity. Then, the
scattered photons can cross the jet region. Therefore,
the correction factor ϵsc becomes large for the plateau
scattered component. More detailed analysis including
the dependence of other model parameters and discus-
sion will be presented in a forthcoming paper.
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