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Abstract

In this talk I presented two different topics. One is the status of cosmic reionization study by using
gamma-ray bursts, and the other is recent studies on fast radio bursts (FRBs), especially on the possibility
that FRBs may be produced by binary neutron star mergers.
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1. GRBs as a reionizaiton probe

Gamma-ray bursts (GRBs) are known as a unique probe
for cosmic reionization, and it was indeed demonstrated
by GRB 050904 (Totani et al. 2006). The unprecedent-
edly bright afterglow of Swift GRB 130606A at z = 5.91
gave us a unique opportunity to probe the reioniza-
tion era through high-precision analyses of the redward
damping wing of Lyα absorption, but the reported con-
straints on the neutral hydrogen fraction (fHI) in in-
tergalactic medium (IGM) derived from spectra taken
by different telescopes are in contradiction to each other
(Chornock et al. 2013; Totani et al 2014; Hartoog et
al. 2015). Totani et al. (2016) examined the origin of
this discrepancy by analyzing the spectrum taken by the
Very Large Telescope (VLT) with our own analysis code
previously used to fit the Subaru spectrum. Though the
VLT team reported no evidence for IGM HI using the
VLT spectrum, we confirm our previous result of prefer-
ring non-zero IGM HI (the best fit fHI ∼ 0.06, when
IGM HI extends to the GRB redshift). The fit residuals
of the VLT spectrum using the model without IGM HI
show the same systematic trend as the Subaru spectrum.
We consider that the likely origin of the discrepancy be-
tween the two teams is the difference of the wavelength
ranges adopted in the fittings; our wavelength range is
wider than that of the VLT team, and also we avoided
the shortest wavelength range of deep Lyα absorption
(λobs < 8426Å), because this region is dominated by HI
in the host galaxy and the systematic uncertainty about
host HI velocity distribution is large. We also studied
the sensitivity of these results to the adopted Lyα cross-
section formulae, ranging from the classical Lorentzian

function to the most recent one taking into account fully
quantum mechanical scattering. It was found that the
preference for non-zero IGM HI is robust against the
choice of the cross-section formulae, but it is quantita-
tively not negligible and hence one should be careful in
future analyses.
The neutral fraction fHI ∼ 0.06 at z = 5.9 may seem

high compared with the standard theoretical prediction.
However, a strong conclusion cannot be derived by ob-
serving just one event, because reionization is expected
to proceed highly inhomogeneously. Furthremore, recent
observations of quasar absorption lines may favor a late
reionization scenario (Nasir et al. 2019), which is quan-
titatively in agreement with the result of GRB 130606A.

2. FRBs from binary neutron star mergers

Most fast radio bursts (FRB) do not show evidence of
repetition, and such non-repeating FRBs may be pro-
duced at the time of a merger of binary neutron stars
(BNS), provided that the BNS merger rate is close to
the high end of the currently possible range. However,
the merger environment is polluted by dynamical ejecta,
which may prohibit the radio signal from propagating.
Yamasaki et al. (2018) examined this by using a general-
relativistic simulation of a BNS merger, and show that
the ejecta appears about 1 ms after the rotation speed of
the merged star becomes the maximum. Therefore there
is a time window in which an FRB signal can reach out-
side, and the short duration of non-repeating FRBs can
be explained by screening after ejecta formation. A frac-
tion of BNS mergers may leave a rapidly rotating and
stable neutron star, and such objects may be the origin



of repeating FRBs like FRB 121102. Yamasaki et al.
(2018) showed that a merger remnant would appear as a
repeating FRB on a time scale of ∼1–10 yr, and expected
properties are consistent with the observations of FRB
121102. They also constructed an FRB rate evolution
model that includes these two populations of repeating
and non-repeating FRBs from BNS mergers, and show
that the detection rate of repeating FRBs relative to non-
repeating ones rapidly increases with improving search
sensitivity. This may explain why only the repeating
FRB 121102 was discovered by the most sensitive FRB
search with Arecibo. Several predictions are made, in-
cluding the appearance of a repeating FRB 1-10 yr after
a BNS merger that is localized by gravitational waves
and subsequent electromagnetic radiation.

3. Non-thermal afterglow of the binary neutron star
merger GW170817

The observed non-thermal afterglow spectra of the bi-
nary neutron star (BNS) merger GW170817 from radio
to X-ray are consistent with synchrotron radiations by
shock-accelerated electrons. However, previous afterglow
modelling studies were based on a simplified assumption
that the acceleration efficiency is extremely high; that
is, all electrons in the shock are accelerated as a non-
thermal population. This affects the estimate of the
minimum electron energy and hence νm, the peak fre-
quency of the afterglow spectrum. Lin et al. (2019)
presented Bayesian fitting to the observed data with a
more natural electron energy distribution, in which the
acceleration efficiency is a free parameter. Interestingly,
the maximum likelihood solutions are found with radio
flux below νm in the early phase, in contrast to previ-
ous studies that found the radio frequency always above
νm. Therefore, the νm passage through the radio band
could have been clearly detected for GW170817, if suf-
ficient low-frequency radio data had been taken in early
time. In the new solutions, the lowest energy of elec-
trons is found close to equipartition with the post-shock
protons, but only a small fraction (< 10 per cent) of elec-
trons are accelerated as non-thermal particles. The jet
energy and interstellar medium density are increased by
one to two orders of magnitude from the conventional
modelling, though these are still consistent with other
constraints. It is encouraged to take densely sampled
low-frequency radio data in the early phase for future
BNS merger events, which would potentially detect νm
passage and give a strong constraint on electron energy
distribution and particle acceleration efficiency.
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