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Double beta decay ?
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CANDLES 3

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

® undoped CaF,
pPO000000S (CaF,(pure))

L al n Ca (Qgm4.27 MeV)
Ioonoononoon | @ Liquid Scintillator (LS)
R = 47 active shield
TR = Passive shield
I renrann | = wavelength shifter for
i I CaF,

O a @ Photomultiplier

= large photo-coverage
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CANDLES | D
- POP (Proof of Principle) Detector Cpncles

N

€ CaF,(pure) crystal
In liquid scintillator
(with w.l. shifter)

viewed by 4 PMTs (5 inch)

PMT(5") X 4

¢ LS : mineral oll
+ DPO (3 g/l)
+ Bis-MSB (0.3 g/l)

) 4ractive shield

2006/12/15 RRAFFEHEMEMERFMAEAREKS 4




;’
Performance Test (4 active shield)eq.
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2 ADCs with -
different gate width 1
_______________ = events from LS
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2053
% SR
Clear separation events from CaF,
between CaF, and LS 0 1000 2000 4000 4000

CaFz(pure) Equivalent Energy (keV)
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Wavelength shifter Condle

Standard y Source

Side View

wavelength shifter

@®CANDLES | with
10 cm? CaF,(pure)

m 4 PMTs (5 inch)

CaF,(pure)

137Cs (662 keV)
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Candles
@\ SR
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L e 2148 (U)
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BI (Th) 1 A)0299# '
o

0.10 ev/yr L cosory .

r 212Pb 36 % o
50 100 150 200 250 300 350 400 1064 h -
Tme(lO nsec/ch) '

=
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Pulse Height(10 m\V/ch)

%qQ,, = 8.95 Mev
208p|y
‘stable

. [Qy =500 Mev

by

E,,=5.6 MeV (U)
m 8T D—y  o006ewyr 4.9 MeV (Th)
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@®CANDLES 111,

+ H

J 1A HA

= 964, 308.1 kg (#48Ca: ~350 Q)

s BG referencefs

‘dirty’ crystal : 14

+ U:65 mBqg/kg, Th:28 mBqg/kg

—%"f‘n ga . 904

»

Candles

o 15 U: 0.036 mBg/kg, Th: 0.028 mBag/kg
+ Best crystal U: 0.014 mBg/kg, Th: 0.006 mBg/kg
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Rejection of Double Pulse Candles
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Typical Pulse Shape (500 MHz FADC)
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— fitted shape

PMT__ [ PMT LinFI/O PM AMP FADC

‘Dirty’ CaF, crystal
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Pulse Shape Discrimination  co.
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®Pulse Shape discrimination
= Shape Indicator (PRC 67(2003) 014310)

~ ] ™\ mean value:
e no energy dependence (>1 MeV)
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Energy(ke
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CANDLES 111 (#1F) -
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%
@ CaF,(pure)
m 103 cm3 X 96 crystals; 308 kg
@ 5&12::/>9:|/_9 Reflector
= two phase system
= Purification system

& H,O Buffer
m passive shield

® LEFIBEEE
n- 172 PMT-(-X 14) :-R7250
m 13”7 PMT (X 48 - 56) : R8055
= Mmirror type reflector

€ HEILILURNICRETFTE pure.
| 2007§~
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CANDLES 1l (@ KR K%)

& TOrA TR
€ CaF, modules
= 103 cm3 X 60 crystal; 191 kg
= With conversion phase
& RIKFL—43
= #1000 X 71000 acrylic container
@ KK\ TF7 - passive shield
« 92800 X 72600
®NLETIERE
= 15" PMT (X 8) : R2018
= 13” PMT (X% 32) : R8055
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'CANDLES HI (prototype)

»

Candles

-——h2.6m
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CaF, module Condls
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#Two Phase system
®CaF, + KEREHE + 7V LB

Index 1.44@586nm (CaF,)

Index 1.46@586nm (Mineral Oil)
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4 CaF, modules installed
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Candles

Photomultiplier Tube
(13inch)
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1700keV ~2200keV
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= S(ADC(i) x PMT(i)) / ZADC(i) w0l
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Position Reconstruction
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Candles
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@CaFERNDELLIEHEL
s [AREDCaF, N\ —DEEFEDREL
®New doped CaF, crystal
» BBIEER, 1EE1iSI§T R RE
s SRIE and/or AIRALBTOHERN
o {ESEHILREL of. f(car,Ew) ~0.18
®Enrichment

s Crown Ether®) ¥l FE
4% =1.014%0.006
o ,,% =1.012+0.005

(preliminary)
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Crown Ether ?
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@ Held by electrostatic Crown Ether =

attraction between
negatively charged O-
of the C-O dipoles &
cation (Ca?*)

—O- ~O—C

& How well the cation fits c
Into the crown ring _({C—CP_

€ Liquid (ag-salt)-liquid 18-crown-6

Dicyclohexano

(org-crown) extraction
In i1sotopic equilibrium
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