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Recent studies of neutriho oscillations suggest that the effective mass to be studied by neutrinoless double beta
decays is of the order of 0.1~0.02 eV if the neutrino is a Majorana particle in nature and the mass spectrum is of
the quasi-degenerate (QD) or the inverted hierarchy (IH). Thus it is of great interest to study double beta
decays with the QD and IH sensitivities. 10%Mo is shown to have large responses for the double beta decays.

MOON (Molybdenum Observatory Of Neutrinos) is a double beta decay experiment with a ton’s scale of 199Mo,.
It aims at high-sensitivity studies of the neutrinoless double beta decays with sensitivity to the effective mass of
<mv>~30 meV in order to study the effective mass in the QD and IH regions.

The MOON detector consists of multi-layer modules with plastic scintillators and enriched 1Mo foils. It is
based on the double beta decay study of 1Mo by the ELEGANT-V. When 2 ton %Mo source with 95%
enrichment is used, 8 decays/year can be expected assuming the neutrino mass of a few meV. Inrthis case, the
total area of the 19°Mo foil will be 5,250 m? with 40 mg/cm2. The several thousand layers of a few m? foils will be
used. Two beta rays from 190Mo foil are detected by two plastic scintillators, which are placed above and below
the 19%Mo foils. The other plastic scintillators are used as an active shield to reduce the radioactive backgroﬁnd
(BG) events. A plastié scintillator layer works as a calorimeter as well as an active shield.

The two-neutrino double beta decay signals (2 v B 8) are background in 'the 0v BB window at the Q, (3.034
MeV) region. The good energy resolution is cruciai to reduce the 2 v 8 8 background. Neutrino ﬁlass
sensitivity depends on the energy resolution. The energy resolution of around 7% in FWHM at the Qg is
required for MOON. Most RI BG’s are below the 0v 8 8 signals. These requirements are evaluated to be
realizes by the MOON multi-layer plastic scintillator modules with large PMT coverage i.e. large
photon-collection efficiency.

The MOON-1 detector was built as a prototype of the MOON detector to prove feasibilities of the MOON

detector with the requirements as given above. MOON-1 consists of 6 plastic scintillators, each 1 cm thick and
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53 cm by 53 cm, and 3 layers of enriched %Mo foils (94.5% enrichment), which is divided into four sections.
Each section consists of 2 foils, each with 20 mg/cm?2 thick and 18 cm by 18 cm in the area. 190Mo foii is
interleaved between two PL’s. The %Mo foils are supported with the aluminized Mylar films. 56 PMTs, each
with 60 mm by 60 mm, are attached to the four PL sides s to get about 82% coverage of the four-side surface.
One PMT sees 3 layers of the plastic scintillators. The hit layer can be identified by the PMT hit pattern. The
measurement using the MOON-1 detector is carried out at the Oto underground laboratory (1,400 m w.e.) since
August 2005. The MOON-1 detector is placed inside the shield of the ELEGANT V detector. The 14 Nal
detectors, each with 10.2 cm by 10.2 cm and 101.6 cm long, are placed at top and bottom of the MOON-1 detector.

Relative gains of PMT are adjusted by using the Compton scattering of the 208T1 2.61 MeV gamma rays. - The
absolute energy scale is calibrated by using the sum of the energy deposits on a Plastic scintillator and a NaI(TD
detector. The energy resolution of a plastic scintillator is obtained from the measured energy resolution of the
reconstructed gamma-ray peak and that of the Nal detector.

The energy resolution for the plastic scintillator was found to be as good as 7.9+1.4% in FWHM at the 2.08
MeV regions. It meets the required energy resolution of the MOON detector at Q,, (3.034 MeV).

The data of 12 days (live time 276 hours) are analyzed. The double beta decay events will be identified
requiring two beta rays emitted at opposite sides to give signals at two adjacent layers of the plastic scintillators.
Two-layers hit events for one 19°Mo foil, which is 51 g, is analyzed. 200 keV deposit is required for one layer and
500 keV deposit is required for summed deposit on two layers. Hits in the other layers, more than 200 keV
deposit, and the Nal(T1) detectors are used as veto. In this analysis, no event is observed over the 2.7 MeV
regions for 12 days measurement. The detection efficiency of MOON-1 detector is estimated with Monte Carlo
simulation for 0 v 8 B.

It was found to be 39.5% in the energy window over the 2.7 MeV. The systematic error by the energy window
was found to be most. The detection efficiency is 39.5™5_g5(syst.)%. Upper limit of the half-life time for 0v 8 B
is obtained to be T12>1.2X 102! years 90% CL from 612 g-day measurements.

In short, the energy resolution of around 7% in FWHM for the large size (1 cm thick and 53 cm by 53 cm)
multi-layer plastic scintillator modules was obtained. The data reduction and the Ov 38 event analysis were
made successfully for the MOON-1 multi-layer plastic scintillator modules. - The 0v 8§ efficiency of around
40% is achieved for MOON-1.

These result show experimentally, for the first time, the feasibility of MOON with the IH mass sensitivity in

views of the energy resolution.
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