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= Summary
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MOON Mo/Majorana Observatory Of Neutrino
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Real-time detection of low-energy solar v
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Detectors

m Plastic scintillators (1.7m x 1.5m x 15mm/layer) :
e [3-ray energy & time, y-ray veto
e FWHM AE/(E,+E,) = 7% @3MeV — 5%

Wire chambers (1.7m x1.5m x 10mm/layer) :
gas mixture; Ar+CO,

particle ID; B/y

correction for position dependent response of PLs
delayed anti-coincidence with «, B

position separation of 5mm X 5mm

(wire-spacing + charge-division or anode X cathode)

m Active shields : thick PL or Nal



Features

Multi-layers of source foils, scintillators
and wire chambers

= capability to measure different B nuclei
m sensitivity to BB energy- and angular- correlations
m good selectivity of BB and BG

with information of E, t, position

Compact and modular structure

= scalable from sub-tons to multi-tons
m easy to shield against external & internal BG's
= large acceptance
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Backgrounds

m Radioactive impurities with large Q, : 2Bi, 28Tl
m (n,ny), (n,y) by u-induced neutrons

m2vBB T, 10, > ~1/10°
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205T1 (Qz=4.999MeV) : B-y-y in source foil
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| 583kev Y
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2614.6keV Y,

Y 0+

208Pb

--- to be rejected with
m anti-coincidence by v,

m coincidence with MWPCs on both sides of source
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Response for 1.8MeV p+583keV y+2614keV y
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Neutron-induced y-rays

Main components of MOON detector; 12C, 1H, 19°Mo, etc.

Quantity o (inelastic) | o (capture)
[mole/unit] | (average) [b] | (thermal) [b]
12C 1.1x10° 0.4 0.0034
1H 2.2x10° 0 0.332
100Mo 200 0.9 0.2
82Se 244 0.8 0.799
150Nd 133 1.25 15.9

tH(n,y)*H ; Q=2.225MeV << Qg of 1%°Mo, 82Se, 1°Nd...




Production rates of neutron-induced vy

Reaction R, [unit? s]
12C inelastic (4.44MeV) 2.1x10°¢
100Mo inelastic 3.3%x108
12C thermal capture 1.9%x1038
100Mo thermal capture 5.5x107

Total 2.2%x10°¢

@, (E,, < 20MeV) ~10-8 n/cm?/MeV/s at 2000m w.e. (Gaitskell 2001)



Response for 5MeV y 0vBp window
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Estimated background rates ; summary

Background source Rate [/ton/yr]
208T| B-y-y in source <~0.6
214Bj B-y in source ~0.1
214Bi B (- — 0*) <0.01
Two external 2614keV ys -0.03
acc. coin. (for 0.1Bg/kg 232Th)
Neutron-induced y 0.2~1
100Mo 2vBB (FWHM=5%) 4.1

Total ~6
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Sensitivity for <m >

FWHM@3MeV =7% and 5.3%
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Sensitivity vs. Energy resolution
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H. Ejiri, Czeck. J. Physics, 56 (2006) No 5, 459.
MOON-1 = Nakamura, M. Nomachi et al., JPSJ 76, 114201 (2007)
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100Mo enrichment

Ready for multi-ton 9.6% to 90% |
Centrifugal technology at VNIIEF; «|

&)

Osaka JINR VINIIEF joint project:

%)

(

otope outp

6K centrifuges of MoFg 100 kgly™ |
Medical uses by (y,n)(u,n)

H.Ejiri T.Shima et al., JSPS , 2012, 2013
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Road map

FWHM=5.3% or 4% @3MeV

Phase | Ngg [t] X T [y] T <m,> [meV] (90%CL) | # of Cost
[10°°y] 82g¢ 100\ unit | [GYen]
0.03 x 2 0.45 /6 | 54 | 133 | 77 1 1
2 0.12 X 4 3.5 46 | 32 | 79 | 46 4 4
0.48 X 4 10.1 32 | 22 | 56 | 32 16 16
Phase-1 R&D Constru Constru Commis Run Run
ction ction sioning
Phase-2 R&D for R&D for Constru Constru  Run Run Run
PL PL ction ction
Phase-3  Study for matrix Selection of isotope;  R&D for R&D for Constru Constru  Constru
element Se or Mo FPD FPD ction ction ction



RCNP Osaka Cyclotron Exp. for v-response studies
H. Ejiri, D. Frekers, T. Shima et al.
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RCNP PR C 2012-13, Ge, Se, Zr, Mo, Te, Xe DBD
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M?2v with M(1+) by CER reproduce M?V(EXP) g (exp) =0.9.

o 1 2 3 4 6 8 10 12 14 16

M(J=2-) for M% is observed/identified. The exp. suggests CER
provides information on M% and on g,=0.5.



"
Flat Panel Detector for digital X-ray radiography
amorphous Se SSD

position-sensitive
available on market

‘.‘ » Active source plane
\

&= M position resolution for vertex
B measure energy loss in source

SHIMADZU 17" x17” FPD
(8M pixels) > improve effective AE

B detect delayed a-rays
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Another aspect of g nuclei
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Barium

in solar-system abundance is mainly from s-process,
but is dominated by r-process in metal-poor stars.
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v-process
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134,136Xe(v,,e) may play crucial role
in production of 13%136B3 in r-process.

Cf. 138La is well reproduced with v-process on 13Ba.
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Summary

1. IS one of the feasible solutions for next-gen.
Ovpp experiment, because of its high efficiency, good
resolutions (E, x, t), compactness, scalability, etc.

2. Sensitivity; <m_ > ~ 20 - 60 meV for 2 ton-yr (~16Gyen).

3. Applicable to astronomical v detection, measurement of
v-induced reaction on Bf nuclei for nuclear astrophysics,
study of v-diffraction effect, etc.

4. Study of spin-isospin response of BB nuclei is crucial
to choose a good B source.

5. Collaboration with Milan group for development of
scintillating bolometer (CaMoO,)
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K.Ishikawa and Y.Tobita, arXiv:1106.4968



independent of type of v (Dirac or Majorana)
sensitive to absolute value of v rest mass

Experiment | L., [km] | L, [km] | E, [MeV] l(_rrolv[lz(g(])]meV) (erv[fg]mew
K2K 0.3 250 1200 192 4800
T2K 0.28 295 600 96 2400

KamLAND - 180 3 0.48 12

OPERA - 730 17000 2720 68000
LSND - 0.03 35 5.6 140
gﬁgg'ze 0.4 1 3 0.48 12
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L, o<E,, Q ocl/L2 <1/E2, o, <E,

.". Event rate o«<1/E,
- - - Lower energy neutrinos are more useful.

Example. 1C (Q,=960.2keV, T,,,=20.33min.) for v source
L, = 61.2m for m,=50meV, 1.54km for m, =10meV

Detector:2m x2m x 2m, 11C: 10%3Bq ‘BRILLIANT@RCNP

> Eventrate: ~1lcpm@61.2m
~2.3cpd@1.54km



