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Hyper-Kamiokande (HK) is a next-generation international neutrino experiment currently under
construction in Japan. HK will explore proton decay and have the capability to detect Earth-
crossing, atmospheric, solar, cosmic, and accelerator neutrinos. Expected to start data collection
in 2027, HK will require periodic calibration for optimal performance. The calibration at lower
energies will involve utilizing a Deuterium Tritium neutron Generator (DTG), entailing the gener-
ation of a radioactive N16 cloud strategically positioned in various locations within the water tank.
A simulation of N16 cloud generation and decay was conducted in preparation for propagating
the decay products through the detector volume using dedicated HK simulation software. The
DTG will be deployed using a computer-controlled crane to achieve accurate positioning while
prioritizing the cleanliness and safety of the detector.
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1. Hyper Kamiokande Detector

Hyper-Kamiokande (HK) is an upcoming neutrino experiment being constructed in Japan,
featuring a far detector in Hida, Gifu, and upgraded near detector facilities in Tokai, Ibaraki.
Following Super-Kamiokande (SK) and T2K, HK aims to study proton decay and neutrinos from
various sources, with data collection expected to begin in 2027 [1].

The experiment will utilize a 200-kiloton underground water tank containing an Inner Detector
(ID) and an Outer Detector (OD). The ID will include 20,000 box-and-line photomultiplier tubes
(PMTs) of 50 cm diameter and 800 multi-PMT modules for enhanced precision. The OD will
consist of 3,600 smaller 7.6 cm PMTs, serving as a veto for cosmic muons and other background
events.

2. Lower Energy Calibration

Hyper Kamiokande’s low-energy events are those with energies lower than 100 MeV. The de-
tector’s energy at this range will be calibrated mainly with an electron linear accelerator (LINAC),
while a DTG is to be used to cross-check the energy scale, and to estimate the systematic uncertain-
ties, especially directional and positional. The neutron generator will be lowered inside the water
tank through calibration ports at the top of the tank, after reaching the desired deployment point,
the neutrons will be fired, creating a radioactive N16 cloud, which will eventually beta decay, and
the daughter particles will be used as a calibration source.

2.1 Water Activation Simulation

Figure 1: Left: Visualization of 200 neutron tracks. Center: The yield of N16 isotopes as a function of
incident neutrons’ energies. Right: Spatial Properties of created N16 isotopes.

Water activation by 14.2 MeV neutrons was simulated with GEANT4 to study the yield and
spatial distribution of the generated N16 cloud. These neutrons are energetic enough to produce
N16 isotopes via (n,p) reactions, but not O15 or other isotopes via (n,2n) on O16, which is prohibited
at this energy. The neutron beam was directed along the Z axis, simulating the calibration device’s
deployment from the top of the water tank (Figure 1 Left). This explains the left-skewed Z coordinate
distribution (Figure 1 Right), while the X and Y distributions are symmetric. Neutrons traveled
away from the deployment point an average of 15.36 cm before capture, with half captured within
11.47 cm from the deployment point.
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To measure N16 yield as a function of neutron energy, 200 points between 10 and 20 MeV
were simulated. The threshold for N16 creation is around 10.7 MeV, with a peak at 11.7 MeV, but
the narrow peak makes the 14 MeV energy point more relevant for our case.

2.2 N16 Decay Simulation

The N16 decay process was simulated with GEANT4, and the properties of the decay products
were analyzed. The lifetime distribution fit an exponential curve, yielding a half-life of 7.12s,
consistent with the literature [2]. This half-life allows the device to be raised above the radioactive
cloud before data collection, reducing shadowing. The gamma spectrum is dominated by 6.13 MeV
gammas (67%), while 27% of N16 decays directly to the ground state of O16. Both gamma and
beta particles exhibited uniform directional distribution.

Figure 2: Lifetime of N16 isotopes, the energy distributions of their decay products, and directional
information of emitted electrons and gamma rays.

3. Conclusion

The DTG provides a reliable method for enhancing low-energy calibration precision in HK.
Simulations of N16 generation and decay confirm the effectiveness of neutron-induced water acti-
vation. Complementing the LINAC system, the DTG offers cross-checks and reduces uncertainties
in energy scale, positional, and directional calibration. Its successful deployment will ensure the
accurate detection of low-energy events, such as solar and supernova neutrinos.
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