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The Hyper-Kamiokande project is a 258-kton Water Cherenkov together with a 1.3-MW high-
intensity neutrino beam from the Japan Proton Accelerator Research Complex (J-PARC). The
inner detector with 186-kton fiducial volume is viewed by 20-inch photomultiplier tubes (PMTs)
and multi-PMT modules, and thereby provides state-of-the-art of Cherenkov ring reconstruction
with thresholds in the range of few MeVs. The project is expected to lead to precision neutrino
oscillation studies, especially neutrino CP violation, nucleon decay searches, and low energy
neutrino astronomy. In 2020, the project was officially approved and construction of the far
detector was started at Kamioka. In 2021, the excavation of the access tunnel and initial mass
production of the newly developed 20-inch PMTs was also started. In this paper, we present a
basic overview of the project and the latest updates on the construction status of the project, which
is expected to commence operation in 2027.
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Figure 1: Hyper-Kamiokande detector: a cylindrical tank with a diameter of 68 m and a height of 71 m is
filled with 258 kt of pure water.

1. Introduction

Since the discovery of the evidence of neutrino oscillations in atmospheric neutrinos, there
has been significant progress in neutrino physics over the past few decades. The first observation
of astrophysical neutrinos from SN1987a and the real-time solar neutrinos have led to a new field
of neutrino astronomy. To perform a higher-precision study, a highly massive neutrino detector is
desirable. This can substantially improve the current sensitivity limit for nucleon decay searches.

The Hyper-Kamiokande project involves a plan to build the next-generation multi-purpose
water Cherenkov detector at Kamioka together with a high-intensity off-axis neutrino beam from
the Japan Proton Accelerator Research Complex (J-PARC) at Tokai, Japan, a newly planned near
detector, Intermediate Water Cherenkov Detector (IWCD), and existing T2K near detector suits,
which will provide initial neutrino flux constraints and a fundamental understanding of neutrino
interactions.

The Hyper-Kamiokande far detector is a 258 kton water Cherenkov detector. The detector
consists of a cylindrical tank with a diameter of 68 m and a height of 71 m, as shown in Fig. 1.
The fiducial volume is 188 kton, which is eight times larger than that of Super-K, and it is designed
to be viewed by high-QE photo-detectors with 40% photo-coverage. The far detector site is located
at Mt. Nijugo-yama in the Tochibora-mine at Kamioka at a distance of 295 km from J-Parc. At this
location approximately 8km south of the Super-Kamiokande site, the neutrino beam from J-PARC
will be exposed to the same off-axis angle of 2.5 degree, which is identical to as the configuration
in the T2K experiment. The rock overburden of the site is approximately 600 m, which is slightly
shallower than that for the Super-Kamiokande (approximately 1000 m). However, the atmospheric
muon rate is still at an affordable level for data collection and analysis.

The goals of Hyper-K physics are precision neutrino oscillation with accelerator neutrinos
and neutrinos from natural sources such as atmospheric, sun, or supernova, as shown in Fig. 2.
The discovery of neutrino CP violation and precision measurement of neutrino mixing parameters
constitute the most urgent subjects. This size of a gigantic water Cherenkov detector will lead to
low-energy neutrino astrophysics with high sensitivity and high precision, such as the detection of
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Figure 2: The Hyper-K physics sensitivities. (Upper left) the expected CP violation sensitivity for 10 years
operation as a function of CP & with sin? 613 = 0.1 and sin” 653 = 0.5. Normal hierarchy is assumed. (Upper
right) the wrong hierarchy rejection sensitivity for atmospheric neutrino observation as a function of running
time. (Bottom left) the p — e* + #¥ life time with 3-o discovery as a function of running time. (bottom
right) the p — v + K™ life time with 3-0 discovery as a function of running time.

solar HEP neutrinos or supernova neutrinos from distant galaxies, such as M31. The first hint of
the proton decay can potentially be delivered by such a gigantic water Cherenkov detector with a
fiducial mass that is larger than that of current Super-Kamiokande by about one order of magnitude.
The 3-0- discovery can be realized for p — e*7% and p — ¥K* with 10% years and 3 x10°* years,
respectively. There are rich scientific cases from low energy to high energy. The basic description
of the detectors and the projected physics sensitivities can be found elsewhere [1-3].

In 2020, the project was officially approved by the host country. The collaboration transitioned
from a proto-collaboration to a real collaboration in September 2020. Accordingly, the collaboration
structure is reorganized for the construction work in the coming years. The number of collaborators
has been increasing rapidly since the project approval, and it now involves a total of 450 people
from 93 institutes in 19 countries participate as of May 2021.

Figure 3 shows the project timeline and milestones. In 2020, the intensive geological surveys
and site preparation work were conducted. In 2021, access tunnel excavation was commenced,
and it was followed by the excavation of the main cavern from 2023 to 2024. In 2021, mass
production of the new 20-inch PMT commenced and was followed by the delivery of electronics
and other equipment. The construction of the tank structure is scheduled in 2024 and 2025, and
then PMT installation will occur in 2026. Simultaneously, the power upgrade of the neutrino beam
began during the shutdown period in 2021 and 2022 at J-Parc. After integrating all the efforts, the
experiment will be online in 2027.
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Figure 3: Time line of construction.

In this article, we present basic overview of the project and report the latest updates on the
construction status as of the summer of 2021.

2. Current status of construction works

In 2020, the construction of the entrance yard and intensive geological surveys were performed.
The results indicated that the rock quality at the Hyper-K main cavity location was excellent. The
basic design of an underground facility was determined. As a major milestones, the excavation of
the access tunnel commenced. The entrance to the Hyper-K underground facility is currently under
construction.

Figure 4 (left) shows the potential photo-detector arrangement of the Inner Detector (ID) and
the Outer Detector (OD). The ID volume is approximately based on a dimater of 64m and height of
66m, and it is designed to be viewed by photo-detectors with a 40% photo-coverage.

With respect to ID, a new 20-inch PMT (Hamamatsu R12860) is developed with a high QE
photo-cathode and with a large Box & Line (B&L) type dynode as shown in Fig. 5 left [4]. Thus,
to date, installation of 20,000 new B&L 20-inch PMTs is planned. This in turn will provide a
20 % photo-coverage. Hence, when compared to the Super-K 20-inch PMT, the performance will
significantly improve, and it will lead to twice the photo-detection efficiency with a similar dark
rate (~4 kHz), better charge and timing resolution, and almost twice the water-pressure tolerance
(1.25 MPa). During the last refurbish work in the summer of 2018, 136 prototype PMTs were
installed and operated in the Super-K tank for long-term stability checks. To date, no significant
problems have been identified. In 2021, the initial mass production of PMTs started, and the first
1,000 PMTs will be delivered to Kamioka. A detailed inspection is in progress. To prevent chain
implosion, 20-inch PMTs will be enclosed in protective covers. Currently three different prototypes
are designed, and the final test and design choice will occur shortly.
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The addition of multi-PMT (mPMT) modules is planned to provide additional photo-coverage
and to provide new information on Cherenkov photons. The mPMT module consists of 19 3-inch
PMTs assembled in a pressure vessel with in-case front-end electronics and a high-voltage supply,
as shown in Fig. 5 (middle and right) [5]. Each hit at the mPMT will be digitized via the in-
case front-end electronics and sent to the readout computers. Given the good transit-time-spread,
low dark rate of 3-inch PMTs, and new features involving high granularity of photo-coverage and
directional information, mPMT can provide unique information for Cherenkov ring reconstruction.
For example, it can improve ring reconstruction at the fiducial edge near the wall, and can serve a
reference PMT for detector calibration.

The ID is surrounded by OD to veto cosmic ray muons and to shield y-rays or neutrons from
environmental radioactivity or muon spallation in the rocks. The thickness of barrel OD is 1 m
and that of top/bottom part is 2m. With the reflection sheets covering the entire surface of the OD
region, it will be viewed by 3-inch PMTs with wave length length shifter (WLS) boards to enhance
Cherenkov photon yields [6].

To mitigate the disadvantages of large number of excessively long cables from photo-detectors
(~100 m), the front-end electronics and high-voltage supply units will be placed under the water
contained in pressure vessels. It is not possible to frequently replace the underwater equipment once
a large amount of water is filled. Therefore the overall failure rate must be low enough, i.e., 1% per
year. This constitutes a major challenge in Hyper-K R&D. Currently, four different digitizer options
are proposed, and R&D work is ongoing [7]. Additionally, a pressure vessel, water-tight feed-
through connectors, and heat dissipation design for underwater front-end electronics are currently
being intensively developed.

ID photo-detectors, 20-inch PMTs, and mPMT modules will be placed inward at the 70 cm
x 70 cm grid, while some of the grids will be occupied by underwater electronics vessels. With
this hybrid photo-detector configuration, Cherenkov rings can be detected by 20-inch PMTs with
additional useful information from mPMT modules as shown in Fig. 4 (right). The ID and OD are
optically separated by the opaque sheets. Furthermore, OD photo-detectors with WLS boards will
be placed outward and their front-end electronics will also be placed under the water in a manner
similar to that of 20-inch PMTs.

All the raw hits of the photo-detectors are digitized at the underwater front-end electronics,
and then digitized data will then be sent to the readout computers from the underwater box via an
optical link. All the read out hits are buffered by the Read Out Buffer Unit running in the online
computers. Subsequently, they will be processed by the Trigger Processor Unit to issue the triggers
based on the purposes and then they will be recorded.

At the J-Parc site, upgrade works of neutrino beam intensity have commenced. Beam upgrade
can be mainly realized by increasing the repetition rate of the accelerator, from 2.48 s per cycle to
1.16 s per cycle. Furthermore, upgrade works, including that of magnet power supply, is scheduled
in the 2-years shutdown period in 2021-2022. This is followed by various works to manage high-
radiation environments. In conjunction with RF system upgrade, total neutrino beam power will be
as high as 1.3 MW in 2028.

There are near detector suites for monitoring a neutrino beam and studying neutrino interactions
at the J-Parc site [8]. The on-axis neutrino direction monitor INGRID and the ND280 magnetized
tracker are currently operated as T2K near detectors as shown in Fig 6. The T2K Collaboration is
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Figure 4: (Left) Hybrid photo-detector arrangement in the far detector. (Right) Cherenkov rings detected
by the hybrid configuration.
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Figure 5: Photo-detectors for the far detector. (Left) a new Box&Line 20-inch PMT (Hamamatsu R12860),
(Middle) schematic view of a multi-PMT module, and (Right) image of a multi-PMT module.

now upgrading ND280 to introduce the Super Fine Grain Detector and new horizontal TPC during
the shut down in order to add 3-dimensional tracking capability and to enhance the large angle
acceptance. Additionally, the Intermediate Water Cherenkov Detector (IWCD) is planned to be
newly built. It will provide neutrino-water interaction, especially electron-neutrino interactions,
by using the same technique as that utilized in the Hyper-K far water Cherenkov detector. The
water tank of the IWCD can move vertically and scan the off-axis angle of the neutrino beam
such that neutrino interactions can be investigated with the different beam energy spectra. It is
essential to precisely understand systematic uncertainty in neutrino interactions by considering
energy dependence.

3. Summary

The Hyper-Kamiokande project is a next-generation multi-purpose neutrino experiment. It will
use a 258-kt water Cherenkov detector together with an upgraded 1.3-MW off-axis muon neutrino
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Figure 6: Near detector suites that are expected to be used for the Hyper-K project [8]. (Left) Intermediate
Water Cherenkov Detector (IWCD). (Middle) the upgraded T2K ND280 magnetized tracker. (Right) T2K
INGRID neutrino beam monitor. ND280 and INGRID are built and operated by the T2K Collaboration.

beam from J-Parc. The project was officially approved in 2020 and subsequently construction was
commenced. In 2021, two important milestones have been achieved: excavation of access tunnel
and mass production of 20-inch PMTs. The main cavity excavation and tank construction will soon
follow. PMT installation is expected to occur in 2025, and the experiment is expected to be online
in 2027 along with the upgraded neutrino beam. As soon as the experiment is operational and
starts to provide new data, many breakthrough results in the various areas of particle physics and
astroparticle physics will be expected.
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