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FIG. 2. Spectrum of detected thermal neutrinos nor-
malized to a single event between 10 and 50MeV, i.e.,R 50MeV

10MeV
(dN⌫/dE)dE = 1. Purple-solid, green-dashed, and

blue-dotted curves show the expected spectra at the detec-
tor for hEi = 10, 15, and 20MeV, respectively, where we
adopt Eq. (2) as the cross section. Other parameters are
taken to be our fiducial values adopted in Eq. (8). Black
dotted curves show the expected spectrum of contamination
during a blind search of 80 years expected to be required for
a single detection (top), currently adopted �tobs = 1000 s for
all the mergers during this period (middle), and �tobs = 1 s
we proposed in this work (bottom). Specifically, we consider
invisible muons, atmospheric antineutrinos, neutral-current
quasielastic scattering, and di↵use supernova background as
the sources of contamination assuming Gd dissolution [51, 55].
The shaded area on the left approximately represents the
energy range unavailable due to the spallation background,
where the precise location of the threshold will change.

star mergers with high significance as we discuss below.

IV. CONTAMINATION

Figure 2 shows the expected spectrum of thermal
neutrinos from binary neutron-star mergers at water-
Cherenkov detectors with the same level of contamina-
tion as planned Hyper-Kamiokande with Gd dissolution
[51, 55]. To clarify dependence of the background level
on observation strategies, we plot the expected spectrum
of contamination events per single thermal neutrino for
(i) a blind search of 80 years, (ii) �tobs = 1000 s for each
merger, and (iii) �tobs = 1 s for each merger proposed in
this work. Specifically, we show the sum of decay elec-
trons from invisible muons, atmospheric antineutrinos,
neutral-current quasielastic scattering, and di↵use super-
nova neutrino background [51, 60]. All these spectra are

independent of the detector volume as far as the number
of contamination events scales linearly with the detec-
tor volume, except for the change in the waiting time
P ⇡ 80 years for our fiducial parameters. If the merger
rate is changed, the level of contamination for the blind
search scales linearly with the waiting time, P , while the
spectra for �tobs = 1000 s and 1 s are unchanged because
of the identical number of mergers.
This figure clearly shows that the chance of detecting

thermal neutrinos arises only when we focus on a short
time interval of �tobs ⇡ 1 s right after the merger. Oth-
erwise, for example with the currently adopted �tobs =
1000 s [32, 33], thermal neutrinos from binary neutron-
star mergers are heavily obscured by contamination from
other sources of neutrinos. In the following, we discuss
the expected level of contamination more quantitatively.

A. Quantitative assessment

We examine how severe contamination from other
sources of neutrinos is to detect thermal neutrinos
from binary neutron-star mergers focusing on Hyper-
Kamiokande based on Ref. [51]. Characteristics of target
neutrinos are very similar to those from supernova ex-
plosions, and thus backgrounds are basically the same
as those encountered in searches of the di↵use supernova
neutrino background [24]. This fact implies that Gd dis-
solution will significantly increase the prospect for detect-
ing thermal electron antineutrinos from binary neutron-
star mergers via tagging neutrons from inverse � decay
[55]. Important numbers are summarized in Table III
and the final paragraph of this subsection.
Without Gd, we have to cope not only with electron

antineutrinos that induce inverse � decay but also with
various sources of Cherenkov radiation. On one hand,
the lower energy threshold, Emin, will be required to be
& 20MeV to avoid spallation products and solar neutri-
nos. As a reference, the number of solar neutrino events
in 9.0–9.5MeV is reported to be 1350 for 0.09Mt years
in Super-Kamiokande [51]. This corresponds to ⇡ 1.3
events for 2700Mt s relevant for detecting a single ther-
mal neutrino, and the rate for spallation products is
higher at least by a factor of 5 than this. Even though
solar neutrinos become much weaker at higher energy
(see also discussions in Ref. [61]), spallation products will
serve as severe contaminants for Hyper-Kamiokande at a
shallow site (but see Refs. [62–64] for possible order-of-
magnitude reduction informed by shower physics). On
the other hand, the higher threshold Emax has to be cho-
sen to avoid decay electrons from invisible muons. The
rate of events from invisible muons (and atmospheric
electron antineutrinos) is expected to be ⇡ 220 for 20–
30MeV and 0.56Mt years [51]. Thus, it will produce
only ⇡ 0.03 event for 2700Mt s, while the number will
increase to ⇡ 0.08 and 0.15 with Emax = 40MeV and
50MeV, respectively. Therefore, a reasonable choice may
be Emin ⇡ 20MeV and Emax ⇡ 30MeV, which results in


