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Why 48Ca )

Highest Q value (4.27 MeV, 15Nd: 3.3 MeVj*
— Large phase space factor
— Little BG (y: 2.6 MeV, 3: 3.3 MeV)

Natural abundance — 0.187%

— Isotope separation — expensive (no Gas)

Next generation

—<m >~ T2~ M2 (no BG) M E =
~ M-174 (BG limited)

—48Ca (no BG so far)

Beyond inverted hierarchy, 48Ca +
enrichment + bolometer has a chance.
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Nuclear Matrix element
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Candles
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GT: usually considered
Fermi: none if isospin holds

Tensor: small
e 48Cq Ab initio cal. (shell model)2ZE B 5%
GT(AT=1
— lowest order = 0 fs/ = (AT=1)
* GT: n(1:7/2) — p(f5/2) no GS 4 1:7/2
* Fermi: n(f;,) — p(f;,) I1AS 5/2| Fermi(AT=0)
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48Ca double beta decay by }!
ELEGANT VI PRC78 058501('08) (o dles

~ QBB of “BCa

N
TT T

COUNTS(/40keV)
'—\
o

10
CaF,(Eu) ;
1 i
CaF,(pure) = i
10
_2:”” R ....
CaF,(Eu) 103000 3250 3500 3750 4000 4250 4500 4750 5000
CaF,(pure) =724 Energy(keV)
n=la4rn__ | T.)% > 5.8x10% year (90% C.L.)
(m,)<35~22eV (90% C.L)
XJ Not limited by backgrounds
Silicon oil Optical grease

n =140 n=147 But only 6.4g of 48Ca s



How to sense m =1~10-2eV D

» Big detector Candles

— Huge amount of materials

* Low radioactive background

— Active shield

— Passive shield

— Low background material

— BG rejection by signal processing
* High resolution

— Backgrounds from 2v[3 decay

e CANDLES is our solution



CANDLES IIT @ Kamioka

‘CANDLES IIT
o Site: flFAFAIIIE T ~1000 m

o MHIAS: EA3IM X @Z4m (kX v 7)

o LT U F L — & i

o YHPF—NRE L7

Kamioka Lab. Map

o
Super Kamiokgnde
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CANDLES ITI(UG)

i)

CANDLES at Kamioka under

ground laboratory

% CANDLES III CaF, //?l/—’i’ (CaF ,(pure))
A 305 kg (961 x 3.2kg)
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CANDLES ITI(UG)

CANDLES at Kamioka underaround laboratory

4

% CANDLES III * CaF, > FL—%5 (CaF,(pure))

305 kg (961 x 3.2kg)
T ~ lusec

¥ BES>FL—F (LS)
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AR FE2m3

t ~ #10nsec
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Pulse Height

SN ERFCIRDBG ™

Rejection of LS Events Eardles

* Pulse shape information by
500 MHz Flash ADC

Liquid

. Scintillator
— Typical Pulse Shapes
CaF,
: : 2 250 :
|} [CaFr 2t B L|qU|d Scmtlllator
L|qU|d Scmtlllator E TR |

.......................................

100 150 200 450 300 350 400 450 500 100 150 200 250 300 350 400 450 500 100 150 200 '250 300 350 400 450 500
Time(2ns) Time(2ns) Time(2ns)

charge in partial gate
charge in full gate

Charge Ratio =
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RAZFRl (afilFDEE) ™
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@ SRR (C K Da-yHIFF75l : shape indicator(SI)

Shape Indicator

aix : 2P0 7.6MeV(E,=2.6MeV) ref : Shape Indicator
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Events/50keV

Events/50keV

/,J]J_LEX’\7 ~NIL

WlllllllilllllllTl

h % F on SUS LiveTime 4hr
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L 1 1 1 L I 1 1 1 L | L 1 1 1 I 1 L L 1 | 1 1 1 1 I 1 L 1 L I 1 1
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Energy(keV)
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llINITIEIIIlTI

% F on rock LiveTime 8hr

NP RN IS BRI S R
3%00 4000 5000 6000 7000 8000 9000 10000

Energy(keV)

Events/50keV

bU
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2of
10f

L 1 1 L L 1 1 1 1 1 1 1 1 1 L 1 1 1 L 1 L 1 1 1 n L
3000 4000 5000 6000 7000 8000 9000 10000

i % HI % LiveTime ~ 90days

Energy(keV)

B/A SUS: &H

B A E 0.32+0.03 |28x7:72+7

2B (SUS) 0.44+0.01 |51+2:49+2

wECER) 0.38+0.01 |40+3:60+3
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CANDLES IIT : /8#0(C k3 taem . 0D
% CaFZ

----- ¥ Light yield increase at low temperature
% Test experiment
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40% increase: This year

Water temperature
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CANDLES IV : “8Cai=ifa
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e 48CG®5FIJ'J—_'_€EED\§_ : 5)%%@

PR EBEARL -SSR A
,;E%Tﬁaé,%ﬁt W NJ7wW 7"
{ BN
JL—0OR)—&
= fE T )7 (C
PV INER % K EN

1. Ca =8

'05'7\/1—7_-”/

40Cq
ion
\

[EARLE DR DRI TE
Im. 20m. 200miKENH>S

8gX
BAFELE Ca
4OCCl .
) 7
=Ha8Ca

/}I JE

|| ZkENIEEE
| = 1m

20m
200m

2. D3J>IT—F)EtHE

INe=

l

el il o

24




S,

*\.
';..-

ﬁ

k)

)
3

CANDLES IV : 48Ca;
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2V decay:
- the ultimate BG -

« 2vPB[ decay
— IR F—5fREE

— 1% or better to explore
sub 10 meV region

~

« UFL—A
— 2.8%: our limit

Ry
\

7

» Light collection
* cooling
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— o
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Background 1

o 2vBp ER(Ultimate BG)
o IRILFX—NHREEDE - Bolometer

o CaF,#HmANTRDMSERFY (ThRFI) Qui6.21MeV
o Th%%I(p-afE5S) - Bolometer (no quench)

o ThZRZI(208TI) > FESMME e
o ELEGANT-VID#ZERH 5 Qy:5.00MeV

10cmiL A#E& > ME1E (4~5 cmTOK)
o 5
o i%iﬁq:"lft%@?EYﬁE 208ph o

o IRIF—NEREORE+FER/NEE

BolometerBi® TIRTE MBGIR L KE K Al gE

212Bj -

Q, :2.25 MeV

212P° 0*
0.299 psec

Q.:8.95 MeV

CaF,i5 5 DEFEE © 0.9 usec

4.468x10° y
o LML.. HLL\BGHEH TR
o BCaNQIE : 4267.98(32) keV TwHIER arXiv:1308.3815 o g Q,=4270
o 2BUMNDQIE : 4270 keV ar T é.? 163.0 0.078% 40
DR ER T TIXRERA e 1 10

2 Scintillating Bolometer®Bi# ?3Th
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Scintillating Bolometer®d 51

o BEIC. LDOADEERTERIL
o CRESST-II (CaWO,), Lucifer, AMoRE
o CaF,(Eu) NIMA386 (1997) 453
famm (0.3 g) . FIFFH RIS BEREAS /D ELY
A BEED
&;;f;% S @k
BT a8 (RIRE)
h

1 !

b

B CRESST-ITEER
3. EEETENT -

g
1 AR
i

i 427Mev|  OVBBRRIL
3cm 2
,& R
~
CaF2f& & Q M}‘Oﬂm/
O REES 4 —RE
L EES 4.27 MeV

o BEICMAZ. HAELRFIZEETHIET. HIAEDARITOF I
BZRAU-a/pRiFE#EAIZE1TD

o F7#BackgroundT#H5238UMNaERIEE R (QfE=4.27MeV=0vppERED
QiE) = HEFR T 5E
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