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Double beta decay ?
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@R ADOIE (4.27 MeV)
= next largest; 1°9Nd (3.3 MeV)
= large phase space factor
= almost background free (y: 2.6 MeV, B: 3.3 MeV)

&R ELWBAFREL— 0.187%
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x EGLKIRHE
& iR L R
s M ocl/T? oc M, 2 if background free
» M « 1/T* oc Mdet“‘ if background limited
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Candles

CAlcium fluoride for studies of Neutrino and Dark matters
by Low Energy Spectrometer

CaF:z crystal
+ w.l. shifter

—

ﬁ%nnnmnnnmnn
Einininininininininln
OooOonoooonon
[ oooonooooooo [l
lohonooooooooooll
[ oonoonoooonono [l
Ilooooooooooooll
[ ononooooonono |
[loooonoonooooooll
OO000000000
000000000000

liquid scintillator

Water Buffer

€ undoped CaF, (CaF,(pure))
= %Ca (Q,74.27 MeV)
s 300kge> 3t =100t or
enrich

€ Liquid Scintillator (LS)
= 4 active shield
= Passive shield
= wavelength shifter for

€> Cfb <:aF2 . .
€ Photomultiplier
17" PuT = large photo-coverage
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* y~ 2.6 MeV, [~3.3 MeV, a(max)~2.7 MeVe.e.
(quench;f,, ~ 0.3)

m Successive decays of «, £, yin decay chain
+ ~1 usec decay time CaF,

Pulse shape W
E_ =5.8M
B+a a=-8MeV (U)

5.3MeV(Th)
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=i ECaF, #5 M DB F

CaF,(Eu) in ELEGANT VI
U-chain(414Bi) :1100 uBg/kg
- in(220 .
U and Th Th-chain(%?°Rn) : 98 uBqg/kg

(ICP-MS)

Raw Materials CaF Fused CaF
[ CaCO,, HF ]':»[ Powder ]':»[ CaF, ]':»[ Crystzal ]

Radioactivities in CaF, Powder <-p Radioactivities in CaF,(pure) Crystal
(HPGe measurement) (a-ray measurement)

ﬂ Powder selection
Crystal growing

N

101 crystals

U-chain(214Bi) ~36 uBg/kg ...1/30 of Previous Crystals (14+5 uBq/kg ;Best)
Th-chain(?2°Rn) ~29 uBg/kg ...1/3 of Previous Crystals ( 6+ 1 uBg/kg ;Best)
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! BRI By 7 pulse shape (500 MHz FADC)
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Prompt time(2 nsec) time(2 nsec) —— recorded shape
— fitted shape

99% of double pulse
events will be rejected
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PMT

CaF2(Pure) FADC (100 MHZ)”é{ﬁﬁﬁ dOU.ble pulse@ﬁFB{]}
CaF2Eu) 3394 kg day

LiH + Paraffin
Airtight box

Muodule Frame

\ o 10 30685255 5500 3758 4000 425 4500 4750 5000
Cd sheet Energy(keV)
Surrounded by H,BO; loaded-water tank FADCEARTE &1 T4947 kg-day

T, > 5.8x 1022 year (90% C.L.)

Phys. Rev. C 78, 058501 (2008) <mv><(3.5-22)eV  (90% C.L.)
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Pulse Shape Discrimination 3’
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@®Pulse Shape discrimination
= Shape Indicator (PRC 67(2003) 014310)

% R —— :gg Difference in decay Shape
: i between o and yrays
g == : ~PSD between v and o. rays ~
§ v-ray Event o-ray Event
104 1000 1500 2000 2500 300 £ % § 5 8 g
NS N (Adn. =0s(ray)  AdA, =10(c-ray)
b gL L
i \ mean value:
ot [T no energy dependence (>1 MeV)
b ~99.7% reduction at Q-value

Energy(ke
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CANDLES III (prototype) e
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@ KR KFHEHFHRZZEEL (sea level)

= small version for R&D
= check the performance of CANDLES

€ CaF, modules
= 103 cm3 x 60 crystal; 191 kg Calibration & & 1
s REZEHE (UV — \[fRxe) (#60)
. . . U:65 mBqg/kg, Th:28 mBqg/k
¢ Liquid scintillator e e
= #1000 x 71000 acrylic container

& H,O Buffer : passive shield
= %2800 x 2600

¢ PMTs
= 15" PMT (X 8) : R2018

33.4% photo-coverage
s 137 PMT (x32) : R8055
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CANDLES III D

Candles

CaF,: 191 kg
103 cm3x 60

| Position X-Y 2nd_| __hot__
ntries

300 — R Mean x -3.039
' o Meany .5.558

RMSx 1238
- |RMSy 1236

Position
reconstruction

g gm0 | IN X-Y plane

Tank: 2.8 x12.6 m
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@ Live time:10.9 days T
& R §
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s MEBERTERID g (#60)
HzER (5EDOR. TE £ 1
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= Double pulse®#EBR (X417 : ' i
S TLVELY [ i N

. TREIEDIES |
j (#25 - 59)
10 ] |

] ]
1 2 3 4 5 6 7
Energy (MeV)
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K CaF,(pure)
= 103 cm3 x 96 crystals; 305 kg
@ Liquid scintillator

= two phase system
m Purification system

@ H,O Buffer
= passive shield

& PMTs
s 177 PMT (x 14) : R7250
= 13”7 PMT (x56) : R8055
= Mmirror type reflector

& photon trans. simulation
=) energy res. ~3.5 % @ 0,

& Kamioka underground lab.
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SBCaN _ERN—FFREDHRE
» YASTRFDIRE->FEOYE - RYE D FERFE
s CANDLES system (CaF, in L.S.)
@ CANDLES III (prototype)
s 60 CaF, modules installed
» RADAVEITH
@ CANDLES III (U.G.)
o T EEREDICEEF
s AEFRICKEHESFOFETE
» 4R LIRS EXINStall - ECAKYERBIBIATE
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