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Summary of Research Result： 
The purpose of this research is detection of the supernova neutrino in SK-Gd. There 
are two targets, one is neutrinos from nearby supernova explosion, the other is diffuse 
neutrinos from the past supernovae called ‘Supernova Relic Neutrinos (SRN)’. The 
SK-Gd project is gadolinium loading into Super-Kamiokande (SK) to increase inverse 
beta decay interactions of anti-electron neutrinos. 
In 2020 summer, we’ve doped Gadolinium sulfate into Super-Kamiokande. This 

work went well and finished in one month, and the SK-Gd experiment officially 
started from August 2020. This result is published [1]. We confirmed the delayed 
neutron signal using AmBe calibration source, which emits both gamma and neutron 
and makes mimic signal as supernova relic neutrinos. The left figure shows the 
capture time as a function of time. It is consistent with the expected value. One of our 
members, M.Harada, played an important for performing the analysis, and he is now 
writing a paper. The SK-Gd data taking is now working well. 
The paper of the results of SRN search in SK-IV phase (pure water) has published 

[2]. Unfortunately, we could not see significant signals, however, the world best upper 
limit above 13MeV has been assigned (right figure). 
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Neutron capture time by AmBe source calibration as 
a function of time. It is stable at 115.6±0.6㎲ after 
September 2020, which is equivalent to the 
Gadolinium concentration, 110.9±1.4ppm, and it is 
consistent with the amount of doping. 
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Upper limit (90%C.L.) of the anti-electron neutrino 
fluxes in several experiments overlaid with the 
expectations. Our works are shown as red. 
 

The current limit disfavors the Totaniþ 95 model [8] and
the most optimistic predictions of the Kaplinghatþ 00
model [9], and is reaching close to several other model
predictions. Due to not only a higher exposure but also
higher cut efficiencies and more precise background
estimation, this new analysis considerably improves on
the previous SK-IV DSNB model-independent search [71].

VII. SPECTRAL FITTING

In this section, we derive model-dependent limits on the
DSNB flux by fitting signal and background spectral
shapes to the observed data in the 15.5–79.5 MeV range,
and combine the results with the ones from previous SK
phases [22] to achieve a 22.5 × 5823 kton · day exposure.
While atmospheric neutrino backgrounds, notably from
decays of invisible muons and pions, will dominate over
most of the analysis window, we also account for possible
residual spallation in 15.5–19.5 MeV.

A. Signal and sideband regions

In order to evaluate the number of atmospheric neutrino
background events, we define three regions of parameter
space based on the reconstructed Cherenkov angle: one

signal region with θC ∈ ½38; 50#° that will contain most
of the signal and the irreducible backgrounds, and two
sidebands with θC ∈ ½20; 38#° and θC ∈ ½78; 90#°. The low
Cherenkov angle region will be populated with mostly
atmospheric backgrounds involving visible muons and
pions while the high angle region will be mostly populated
by NCQE atmospheric neutrino events with multiple γ rays.
Finally, we separate events with exactly one identified
neutron from the others, thus defining an “IBD-like” and a
“non-IBD-like” region. Note that due to the low efficiencies
of the neutron tagging cuts the non-IBD-like region is
expected to contain a sizable amount of signal. Our analysis
will hence involve six regions of parameter space: two
signal regions with intermediate values of the Cherenkov
angle and four sidebands with low and high Cherenkov
angle values, as summarized in Table VI.

B. Spectral shape fitting

We perform a simultaneous fitting of the signal and
background spectra to the observed data in all six regions of
parameter space defined in Table VI using an extended
maximum likelihood method. Performing this type of
analysis requires knowing the shapes of the signal and
background spectra in each of the regions. While the signal
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SK-IV 2970 days, Observed 90% C.L. (This work)

SK-IV 2970 days, Expected 90% C.L. (This work)

SK-IV 960 days (2015)

SK-I/II/III 2853 days (2012)

KamLAND 4529 days (2021)

DSNB Theoretical Predictions

FIG. 25. The 90% CL expected and observed upper limits on the extraterrestrial electron antineutrino flux from the present work, in
comparison with previously published results from SK [22,23] and KamLAND [25] and DSNB theoretical predictions from Fig. 1 (in
gray). The upper limit from Ref. [22] (blue) has been derived in Ref. [23].

K. ABE et al. PHYS. REV. D 104, 122002 (2021)

122002-24


