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The research project aimed at direct measurement of possible sources of
periodic background that may affect search for the Dark Matter at deep underground laboratories was
successfully completed. For that purpose, we constructed several particle detectors and installed
them at the Kamioka neutrino observatory. The detectors were used to measure the thermal and fast
neutron flux, and the radon gas activity underground for a 1l-year period. The acquired experimental
data are being used to study backgrounds that could give an alternative explanation to the
well-known Dark Matter observation claim made by the DAMA/LIBRA collaboration.

Direct Dark Matter search

Dark Matter underground laboratory Nal(Tl) detector



Dark matter (DM) constitutes 85% of the total matter in the Universe and it is most likely to

be composed of Weakly Interacting Massive Particles (WIMPs). A direct WIMPs search is a

well-established field which utilizes wide range of experimental techniques and target
materials. Many experiments aimed at detection of weak periodic signals from DM particles
rely heavily on periodicity of observed signals as evidence for their DM origin (Figure 1). It
is possible; however, that these periodic “signals” originate from unidentified sources of
background, e.g. neutrons that may produce nuclear recoils identical to that from WIMPs.

All dark matter experiments are located deep underground in order to reduce neutron flux
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significant contribution to the total neutron flux (Figure 2) which makes neutron flux
dependent on decay rate of a—emitters such as 222Rn (Tx = 3.8d), and it’s daughter nuclei
(?18Po, 214P0). This effect was already observed by a direct measurement of the thermal
neutron flux deep underground. Therefore, it is reasonable to assume that these seasonal
neutron-flux variations may create variations in number of nuclear recoil events in DM
detectors not protected by large external buffers, such as DAMA/LIBRA. In order to
understand how these neutron-flux variations may affect the “signal” detected by
DAMA/LIBRA type Nal(TI) detectors several measurements will be made simultaneously at
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using radon gas detectors and 2-inch Nal(T1) detector sensitive to the y—rays (609 and
1120keV) from the 214Bi decay.

e Thermal and fast neutron fluxes will be measured by two separate detectors.

The purpose of these measurements is to find possible correlations between several keV
signals in Nal(Tl) detectors, the radon activity in the mine air and the neutron flux.
Combined information obtained from all these measurements may help to understand origin
of the periodic background.



E.g. the thermal neutron flux is expected to originate from deeper layers of rock (moderated

in the rock, and the ground water), while fast (several MeV) neutrons from boundary layers

only. A large volume liquid scintillator (doped with 6Li) detector will be used to detect fast

neutrons using a delayed coincidence method
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high energy resolution radon gas detector

(Figure 3) will be used to identify 5490keV a—particles from decay of 222Rn in the air.

The KamLAND Mogura DAQ electronics (Figure 4) that provides a flexible environment
for detecting pulses of different durations (up to 10us) and amplitudes is used in this
project. Operation of the Mogura DAQ electronics is supported by Dr. Y. Takemoto (The
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Nal(TIl) detectors are equal to 2-3 events/day/keV/kg which is sufficient for this project.
The ultra-low background 5-inch Nal(TI) crystals developed by the KamLAND-PICO
group are coupled with new 4-inch ultra-low background Hamamatsu R13444X PMTs.
These PMTs are developed by joint efforts of the KamLAND-PICO group and
Hamamatsu Photonics K. K. by using already existing ultra-low background Hamamatsu
R11065-20 3-inch PMT as a prototype. The ultra-low background shielding for Nal(TI)
detectors was constructed at the same underground clean room. The shielding is
connected to a permanent source of boiled off nitrogen gas to avoid the radon induced
background.

Radon detectors

Large air-ion-pulse ionization chambers are used for 222Rn measurements in the air. Two

units were produced together with research collaborators Dr. A.M. Gangapshev, Dr. V.V.

Kuzminov, and Dr. V.V. Kazalov from Baksan Neutrino Observatory (BNO), Institute for



Nuclear Research, Russian Academy of Sciences. Detector components were produced
partially in Russia. In addition to radon gas detectors, 2-inch Nal(TIl) is used to monitor
intensity of 609 keV y—rays from the 214Bi decay.

¢ Fast neutron detectors

The fast neutron detector is made of acrylic container viewed by 2 pairs of fast 5-inch
Hamamatsu R1250 photomultipliers. A stable liquid scintillator based on pseudocumene
(83%), surfactant (17%), PPO (5g/L), and LiBr-H20 is used. A delayed coincidence method
allows to identify fast neutrons where prompt signals are produced by recoiled protons from
the fast neutron scattering, and delayed signals come from products of the thermal neutron
capture on éLi. Only charged particles with a very short stopping range are produced in the
6Li + n — 3H + 4He + 4.78MeV reaction which improves the neutron detection efficiency.

e The thermal neutron detector

A thermal neutron detector with a large detection area is made of a thin scintillating layer
of 6LiF+ZnS(Ag) which is insensitive to y-rays. The thermal neutron capture on 5Li results in
a bright light emission (1.6x105 photons per neutron capture) that is detected using three 5-

inch Hamamatsu R1250 photomultiplier and recorded by the CAEN DAQ.

Within the framework of the project, we acquired experimental results that were published
in academic journals. The data can help to understand origin of the Dark Matter that
composes about 25% of our Universe. These results can be also used for planning of new

underground experiments aimed at search for new physics.
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