CANDLES AD2
for the study of 48Ca double beta decay and its future prospect

T. Kishimoto
Osaka University

1?;: ? CAND

Osaka

Osaka Univ.
RCNP
Osaka University, Graduate school of science,
# M7, Masoumeh Shokati, Z=WEfiE. Temuge Batpt 3. 71)1Il—##, Bui Tuan Khai,
Univ. of {E%%E\ 7k@§t\ IJJZIK%QZ\ ‘E  NE 3

Fukui

§=  Osaka University, RCNP

Tokushima
Univ.

Fukui University
a@p  EE— IR, -1:,%3@ P#ﬂ.ﬂ f“?k%‘l‘ﬁ

Osaka

sangve  Tokushima University

Univ.

RAE—
Osaka Sangyo University
{ WK, rh ik, Noithong Pannipa, HIPERE
Teukuba — Tsykuba University
RSk

(aég) Saga University !
Ssga The Wakasa wan Energy Rqgearch C T~ o N
T ﬂ n

=11}

Wakasa
Energy
Center

> /
— ‘/—/‘
L — -_




Why 48Ca

5\-

* Highest Q value

T
\%4'5} 4&Ca'
— 4.27 MeV, (1°Nd: 3.3 MeV) 5, |
— Least BG(y: 26 MeV, p:33Mev) £ &1
— Large phase space factor © Lo oo
« Small natural abundance: b e
- 0-187% 25_12;4Sn0. .110Pd
— Separated isotope — expensive _f i
. 19 0 10 20 30 40 50
* Next generathn Natural abundance (%)

—<m >~ TY2 ~ M2 (no BG) M: mass

~ M4 (BG limited)
— Enrichment; mass+S/N: 500 times CANDLES
— High resolution: bolometer (crystal)

* Beyond inverted hierarchy Nuclear matrix element

— 48Ca + enrichment + bolometer i
Sendai2019/3/7 — neutrino mass ?



CANDLES Ill @ Kamioka >

@ CANDLES Il Candles
@ Site: Kamioka U.G.L. ~1000 m Kamioka Lab. Map

@ Size: 3m® X 4mh (watey tank) KamLANDI
@ Liquid scintillator i @ i
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CANDLES III(UG)

CANDLES at Kamioka underground
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aboratory Candles
@ CaF, scintillator (CaF,(pure))
305 kg (96 x 3.2kg)
T ~ lusec
% liquid scintillator (LS)
41 active veto
2m3
t ~a few 10nsec
@ PMT's
13inch PMT x 48
20inch PMT x 14
@ light pipe
light collection : energy
resolution
s @ Veto
Pulse shape difference
CaF,(pure) : ~lusec

ﬁ

V.
Sendai2019/3/7
<€

. Liquid scintillator :a few 10 nseg




CANDLES ITI(UG)

CANDLES at Kamioka underground laboratory Candles
% CANDLES ITI % CaF, scintillator (CaF,(pure))
, 305 kg (96 x 3.2kg)
T ~ lusec

CaF, (305kg) ¥ |iquid scintillator (LS)

41 active veto

. . . . 2m3
Liquid scintillat t ~ a few 10nsec
tank(2m3) > PMT's
PMT 13inch PMT X 48
Light pipe 20inch PMT x 14

> light pipe
light collection : energy
resolution
& Veto ﬁ
Pulse shape difference
CaF,(pure) : ~lusec
Liquid scintillator :a few 10 nseg

N\




4n active veto by Liquid scintillator (LS}

- Rejection of external y—ray background . 4ie:

« Pulse shape information by 500 MHz Flash ADC.

« Distinguish event type by offline pulse shape analysis
taking advantage of different decay time.

BP signal !? External y BG External y BG

3250: 3256': 5250:
5200- CaF, §200 \ C_aF_2+ : %0200-
2 ; é : \ quu|d SC ntll ator § : quL“d SCIn'[Illa'[OI‘
& 150} | [\ (1psec) & 150} \ J\I\ & 150} (~10nsec

100} vﬂw B 100} A M A 100}

5 VoW W 5 v : \
s0F \Mw“\ 50 \I\fﬁw\/&\“/‘wj 50F &M
0: P {’.: hrreth iy .,,--J 0:'.;7. Sy va\..,.. el T A “_'Mw.

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

I Brray A Liquid
§ y-ray Scintillator Liquid
Sendai2019/3/7 CaF, CaF,  Scintillator

CaF,



0
Internal backgrounds and reduction

candles

External BGs were reduced by
LS active shild.

Remaining BGs originate from
internal radioactivity of Th chain (. EY
(298T| and 212Bj-212P0). L el
2v[3B Is not serious BG In
current sensitivity. (it will be

Radon
Double pulse
rejection

Astatine

major BG after 48Ca enrichment) By decay

. . . int _SMeVT allium
We reject remaining BGs by .
analysis. Preceding a rejection

Sendai2019/3/7 7



Rejection of Double Pulse |

Qp =3.27MeV Q,=7.83MeV Candles
212p; B 212Po oL 208
Bi 6 4? [Tm— 0.299pusec =) Pb
Qﬁ =2.25MeV Q.= 8.95MeV

BG in Qpp region: Sum E

Typical Pulse Shape E,(1/3 Quench) +E;~5.3 MeV
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§ / § 0l—m Eu:
[ g:: E h
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2 900N yd S SEol L
QS Te P Qo Ny 20ns
= n =~ L R E <
§o4o /Y Delayed 1 £ ]
2 3 0 Time(10nsec)
~ " S : . -
O GG 1050500350 300 350,400 Vo =50 "to0—p55——Zg0 350 300 350 400
Prompt Time(10nsec) Time(10nsec)
4 .
Reduction

100MHz FADC (old) AT >30ns(3ch); ~5%
sendai2019/37 S00MHz FADC ... AT > 10ns ; ~2% 8




M 208T| event cut D

Th% 5 Candles

*12Bi Q 20871 208
232 ©0 00 Pb §
R TN e

Q, =6.21MeV Qg = 5.00MeV

Eneryg spectrum of prompt events

D R R A

obl Il —— 212Bicandidate
-l = Accidental event

D LA N ....... — 2128| candlda‘re Accidental sof
it g ory ]

s """"""""" Delayed 315MeV N
. . Time gam ~180sec P SN O O O T O

120||||||||||||||||||||||||||||||

Counts
Counts

60\~

7] E — -

7] R p— — g™ .......... S— — — 20 N
- s s ) : : s :

§ § ' A r ﬁ § . v 11 L L L L 11 f 1 — L L L L

i | h.!'ﬂJ IIIH| - 0

{000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 0 200 400 600 500 1000 1200 1400 1600 Time(sot).
Energy(keV)

1. Find parent %!?Bi a-decay candidate by pulse shape analysis.

2. Apply 12min veto from 212Bi candidate in the same crystal.
Sendai2019/3/7



l! External backgrounds g

-- Neutron source run --

» To confirm our assumption that high E gamma ray BG’s
are from (n, y) reactions, 2>2Cf neutron source was set on
the detector and data were taken.

252Gf Run (3.1 hour) Physics Run (88.1 days)
=600 Zindl 157962 —— Date > F x/ndf 540739
%500: mrmk 2661 227 evt ++—El?t1 o % 70;— ms-o:s gfgijggj
C bys 7468 =191evt | 1P oc E
9 " Nee  3139=116evt | J| SUS ((MC) 9
:@400: b 292Gt 4 (MC) G
S300E | S
LI>J200;. : o f - sus (o)
100 T oy
0%4000 5000 6000 7000 5000 600010000 0%4666 5006 6000 7000 5000 900070000
Energy [keV] Energy [keV]
e Spectra for neutron source run and physics run are consistent.
e MC simulation of (n,y) can well reproduce the BG spectrum.
We identified main BG as (n,y) !!
Sendai2019/3/7 10

Neutron flux@Kamioka see K. Mizukoshi’ s Poster



Shield for (n,y) background reduction 2

Candles

== CANDLES tank
=== Pb shield (7-12cm)

Reduce y-ray from surrounding rock
Effect of Pb (n,y) is one order smaller than
that of stainless tank

CANDLES shield overview

== Boron sheet (4-5mm)
Reduce n captured by stainless tank

* (n,y) BGsin CANDLES is expected
to become 1/80 by MC.
* Expected number of backgrounds

after shield installation:

Rock : 0.34+0.14 event/year
Tank : 0.4+0.2 event/year

11



Pb shield construction 3’

Candles
e Pb shield construction was started from

March 2015.
All the collaborators worked very hard!

AL
t\ i ‘v ‘“ o

Sendai2019/3/7 "~ Bottom Pb shield
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Position reconstruction and crystal selectiew

Position of each event is reconstructed by weighted meancoq‘ndles
observed charge in each PMT. S Npe(i) x m

Crystal separation is ~7c peak to peak. Y. Npe(i)
Crystal selection criteria is within 3c from the peak.

27 clean crystals (Th contamination < 10 uBg/kg) out of 96
crystals are selected and the results are compared to all
crystals.

100II]I LI U N I N BN BN N N B B L L L L Ty T rrTT LI
htemp ! : ! ! : ! ! I I
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07\ I
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80 __
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10F
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Crystal Num. 13



LiveTime : 131 days

S s
g
Exp. Data o b
212BiPo Cut :
LS Cut "
208T| Cut m";
Position Cut m3
B el o T | O A
B T R Ty T e e T e
F:wrgwk;{w 1000 2000 3000 4000 5000 6000 ?umf "fg' hﬂﬁw
QBB 4-5MeV 5.5-6.5MeV QBB 4-5MeV 5.5-6.5MeV
LS Cut 115 257 8 12 23 1
208T| Cut 19 49 6 3 6 1
Position Cut 10 34 6 0 2 1

SendaZ0l9%A No event in high purity crystals is confirmed.



hgﬂ

o
Exp. Data and BG MC .
In 27 CaF2 Exp. Data
: MC Total
QBB?
Livetime 131 12 vBB
0v BB eff. 0.39 =+ 0.06 | 1Other BG
Event in ROI 10 0 '
Expected BG 11 ".2 - "‘ , é
T2 48Ca(yr) 38102 >6.2x10 Bﬂ-.,
: T e T
Sensitivity (yr) 6.2x10?2 3.6x10%2 1Qomtr =300~ 3000 00050075300
Energv(keV)
* ELEGANTIV
. X28<1.5,-30<SK1o
Exposure :4947kg  d(2yr<) 29 & <position cut<2 0
Ov ﬂﬂ eff.:0.53 Pileup cut > 20ns
011{;3 48Ca : 5.8x1022yr 208T| cut

-10<0v B B window<2 o
CANDLES is now giving the best lifetime limit!
*further measurement

Sendaiz019i3/7 . developments for future



Updates

21 cr'vs‘rals (228Th < 10 uBa/ kg) 93 crystals
% BE"'I """"""""""""""""""""""""" g > 107 L N R R N L RN RN RN REREE R
= 10 —— PSDp<1.5 and Crystal 20 = E 105 —— PSDp<1.5 and Crystal 20
Q 1 O5 E_ Double pulse cut é Q i Double pulse cut
"9 E . 212 3 "g 105 E Veto 18 mi ft B.212
§ 104;‘_ Veto 18 min after Bi*'* « 3— 8 ‘eto 18 min after Bi*~ «
° Livetime 504 days - © 0% Livetime 504 days
10° .. L o e
Very Preliminary 3 10° Jery Preliminary
1025_ = 102
10_E 3 10 BG from (n,y)
e el fﬂlTIlﬂJlﬂITI 1
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10
Energy (MeV) Energy (MeV)

o Statistics : 504 days

o The obtained spectra as expected from BG estimation

o We have ~ 300 days more statistics (not yet finished analysis)

o BG from (n,y) is reduced by ~ 100 with shield installation.

o Ovpp analysis

o CaF, Crystal x 21
o 228Th contents within crystal < 10 uBq/kg

o All BG cuts are applied, but cut condition is not optimized yef.
@ LS veto & p-events cut
o 212Bi-Po sequential decay, 2°8T| veto after 2'2Po-decay (18 min.)

Replace crystals

16



48Ca enrichment

Natural abundance of 48Ca is 0.187%.

48Ca has a room of 500 times improvement (S & S/N)
by enrichment

Cor)nmercial 48Ca - too expensive (M$/10g but kg-
ton

» Enrichment is crucial for large volume 48Ca DBD
search.

Challenges in CANDLES:

— Crown ether resin + chromatography
« 1.3 times

— Crown ether + micro reactor

— Laser separation

— Multi-channel counter current electrophoresis (MCCCE)
Sendai2019/3/7 17



UNIVERSITY OF

Laser Isotope Separation of 43Ca cﬂ) FUKUI

Absorption spectrum of Ca ionization deflection
i D a 48Cq
- — — .W ‘Q
E momentum
g photon
g hv.
q = i absorption
S ! e.s.
el h e
i— 1 48Ca \w
394MHEz 380MHz T39MHz .
Frequency [S00MHz/div] y phOtOn
isotope shift:a few hundred MHz qﬁl emission
. . .S
laser line width: <1 MHz & — (random)

lonization Method

Optimization of various parameters

ionization deflection
. spatial distribution
TOF meas. of ion meas. by TOF
—_—————) ———————)
Single laser
Two lasers & .
= deflection

*selective excitation
(CW, diode laser)
=ionization
(pulse, dye laser)

(CW, diode laser)

For TOF measurement
=ionization

(pulse, YAG laser)

We confirmed the enrichment of 48Ca in the deflected atomic beam

* Excitation laser 058 Optimization of laser power density
power density o2 TOF 4.5mm from th f original atomic b
. . iti spectra at 4.5mm from the center of original atomic beam
 lonization laser g W Posmo.n of the . p g
wavelength | - S C°||9CF'0n plate will 0001 001 —
power I:[E be ?deIStEd-t'O the 0.0008 0.0008 ‘°Ca same as #Ca
E 1/ achieved 90% ,,,ché,,,, optimal position oo R ("jt' % ]ig_():a
= = Ca
: : Y .b | (nat. X480) | NE g
8 -1.58 - & 0.0004 2 0.0004
High concentration dioderdyel Mid. Concentration | g £
——dyel . "~ 0.0002 = 0.0002
Small duty factor T S Continuous
pulse(10nsec, 10Hz) s operation e “er 63 65 61 6o
- EEHO Time([ps] Time[ps]
4 . ) N\
For the future mass production... Development of collection system of #8Ca
We continue R&D of ‘ Increase atomic beam/laser power
S Deflection Method Optimization of various parameters )
Sendai2019/3/7 18

More details... see K. Matsuoka’s Poster



outlet Multi-channel counter current »
electrophoresis

[ L
Electric——Counter Candles

field cyrrent e Separation using difference of migration
— S S T

| | speed between 4°Ca / *8Ca.

(ees e High power + effective heat removal
insulator (BN)
UGzl

e Pulsed flow to get uniform flow speed

/ : f\ Enrichment
Inlet lon exchange

BN plate 10 mm thick  membrane 43Ca/48Ca(McCcE) Fo/43): 3.08

0.8mm®, every 4 mm RMCCCE) = 43Ca/48Ca(natural) (48/40): 6

BN; Insulator but high thermal conductivity

|
| — Migration path: thermal conductor and
|
|
|

4
PTEP Prog. Theor. Exp. Phys. 2015, 033D03 (10 pages) E)J 3 *
DOI: 10.1093/ptep/ptv020

O

O 2

2 *
Calcium isotope enrichment by means 1 * ¢
of multi-channel counter-current electrophoresis
for the study of particle and nuclear physics 0 | | | |

Sendai?019/3/7 145 155 165 175 18?9

T. Kishimoto!"%*, K. Matsuoka?, T. Fukumoto>, and S. Umehara? V (Applied voltage)



Tabletop instrument
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D

Candles

history

2012: got MCCCE idea

2015: 10mm BN ~348Ca/*3Ca, (6 “8Ca/*°Ca) PTEP
— then faced difficulty

2017 year end
— After 2 years struggle, results become reproducible

2018 February: ~10 times

2018 April: modification to give uniform T and E
— ~afew 10’s times

— May: ~ 100 times

« Condition

SendEZ(ﬁS!ﬂ/?zo mm 21



Highly enriched samples P

Candles
Number of samples

60

50 TK, T. Ohata, K. Matsuoka

40

30

20 Obtained samples

10

2~3 3~4 4~5 o~10 10~20 20~30  30~40 40~50  50~100 100~

sengaizorozr  eCal*3Ca (Enrichment/natural) 22



BCa/*%Ca ratio D

+ 48Ca/*3Ca is so high then 48Ca/*°Ca? Condles

— We usually measure 48Ca/*3Ca, since no interference
— Similar nat. ab. “8Ca: 0.187%, +3Ca: 0.135%

« 40Ar forbids “°Ca measurement in ICP-MS
— Reaction(collision)-cell ICP-MS + reaction-gas (H,, He, NH,)

Art |Z'°Ar+/' A \ —

—

Ca* \J Art + H
~ BN  oH +Ar
H, Reduce Art>4°Ca

Sendai2019/3/7 23



Enrichment D

« Migration distance | = LEt Candles

— p:mobility difference  Au = u(*Ca) — u(*Ca)

— Separation Al = AuEt
 Diffusion: deteriorate separation

— Diffusion constant: D o =+/2Dt
 Enrichment L S increase of E t (£)

Al ENt EWI
. . A A

* Yield ~5% (concentration) Y ==~ 596~ 2

v H
— Migration speed difference ~ 5%

— Long Migration distance ~ 20/0.05 ~ 400 mm

— Enrichment and yields are consistent
Sendai2019/3/7 24



Enrichment D

 Enrichment — Reduction of 4°Ca ]

— 10mm BN 1/6 — 0~10mm
— 20mm BN 1/50 — 0~10mm
— Width

« Hagen-Poiseuille flow — (send pause, | sec) ..
« Every 2mm times 200 — o small (1/4/200)

]

Vo 2V, Vo 2v0:
400 2
o=——~115mm o=——4/200 ~8mm
Next step V12 V12
_ 40mm BN 1/300 — g~14mm & = /BN, ieee

* 99.7% enrichment is possible

 Practical goal is set to 80% enough for DBD 30%
Sendai2019/3/7



Iy

Candles

Production of enriched 42Ca

* Current system
—16(10)% (*8Ca/*’Ca)
— 12 cm?, 0.01 N — 0.1mg/day
* Next system
— 80% or more
—1.2m?, 0.03 N — 0.3g/day — 100g/year

— Tons; require plant — further needs
 Our field
 Other fields (beam, medical use,..)

— CANDLES works for 80%

Sendai2019/3/7 26
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Development for CaF,
Scintillating Bolometer:

» Sei Yoshida, ...

> Collaborative research with Korean colleague
Yong-Hamb Kim (IBS & KRISS)
Minkyu Lee (KRISS)
Inwook Kim
Do-Hyoung Kwon
Hyejin Lee
Hye-Lim Kim

28



Background Candidates for CaF,

o 1
o Tail of 2vpp spectrum %10_,5 \ =
o Improving energy resolution 3 | e
10k
Scintillator > Bolometer i
10
. . o o BB:4.0%
o “48CaXX internal radioactivities 107 OVPP-0.5%
o Th-chain(p-a sequential decays) - Bolometer 4100 1S5 300 435 4300 4350 4400 450 2500
o Th-chain(298TI) 212Bj Q225 eV
-> Segmentation, Multi-crystal LA
o Environmental neutrons Qui6.21MeV Of;f’iec 0

o Improving resolution +Multi-crystal

5 208T|
3.05 min

Possible to further reduce
the BG by developing Bolometer Q' 5.00MeV

o But... new BG candidate
o Q value of 48Ca: 4267.98(32) keV @ arXiv:1308.3815

o Q-value of 238U (a-decay) : 4270 keV

Impossible to avoid
= required particle ID

= Developing CaF, Scintillating Bolometer

208T| p-decay

Qq:8.95 MeV

4.468x10° y
[
238U
L

208pp

o &
4t T

p-a sequential decay
7 of CaF; signal : 0.9 psec

[ q,=4270

& 163.0 L0.078% 40
&

+ 49.55 _20.9% 14

0 <79.0% 1.0

$
0.37 ns -2 ?'.
24104 L
234

29



CaF,(pure) Scintillating Bolometer

o First Challenge using CaF2(pure) and MMC | MMC Au film

u wire 4 phonon collector
o Crystal: CaFz(pure) N et
o Volume: 300g (5cmeg X 5cm) : - W
o Emission peak : 280nm
o Light output: 25,000 photons/MeV
S 0_5: CaF2 crystal —+ePTFE
E, 055
- C.
0.4
0.3 ; Au film phonon collector
0.2F F B - .
b/v;\f > p-q (214BiLPo) b g
. o f/‘l ] \
0.01 02 003 004 005 0.06 N P -,
a's (226Ra, 222Rp 218po) Heat [V] Ligh“lf De‘re‘c‘for

o Problem

o UV scintillation of CaF, is absorbed on Au-deposit for heat signal. There is

position dependence of scintillation absorption. & make worse E-resolution.

30



CaF2(Eu) scintillating Bolometer

o New trial to overcome UV absorption
o CaF,(Eu) +Ag-deposit instead of CaF,(pure) + Ag-deposit

Au absorp’rlon spec’rrum

] 1 - i o Incident angle
% 09 :_ ................ ; ..... .".— ............................. ...... i.e ............ — () degree
B k& P Lo : = 10 degree
S 0.8 H '. = 20 degree
2 0.7F —— 30 degree
= 40 degree
0.6 = 50 degree
0.5 60 degree
70 degree
0.4 = 80 degree
03 .......................................................
02 JURRUROUE, U % . USR-S UUURUR U TURURURTI
01 ;
O . T 4-.“.‘ [T IT TR L |.
500 200 600 700

4

Ag absorp‘rlon spec‘rrum

wavelength [nm]

1 i : Incident angle
0.9 ' = 0 degree
: : : = 10 degree
08 - - 20 degree
0.7 r = 30 degree
‘i 5 40 degree
06 .............. -:I; ............. ............ 50 degree
B i 60 degree
gi 2 5 CGFZ(EU) 70 degree
A i ! . . = 80 degree
; i B emission
03 .......... -
02 ..... =SSR T SO SO B
0.1 -
3| i E -

906 250 500 350 400 450 500 550

~600

weavelehgth dnimi)

IIII|‘I-lII|IIII

: 0| N l
0 005 01 015 0.2 0.25 0.3 .35 0.4 0.45 0.5
heat signal [V]

v Improved light signal properties.
v' In the heat channel, peaks of d's are
widely spread.
(due to position dependence)
v" Due to doping Eu ?

see Xiaolong Li’ s Poster 31



E-Resolution w.o. position dependence

o Evaluate energy resolution w/o position dependence
o We use contaminated CaF, crystal for R&D, ?%6Ra ; ~ 30 mBq within crysTaI

38235d
0
o Delayed coincidence (?2?2Rn - 218Pg > 214pPb) _222rn
o Apply energy , PID parameter, Atime cuts S 0,550
S & 675 _~0.0005% ~30_|
WayeEari (2+) © 511 _0.078% 1.9
s [ PHmax Photon 3.10 min.
S N\ e Athermal 1o 2 0 ,9992% 1.0
E 3 I U LR PR TP Thermalized T zgﬁPo
8 esse
& Li Pl (2% 837 _00011% 75
. . S 100 120. 140 160 26.8m o+ 0 99979% 1.0
using maximum pulse height =~ = Tinetms Zipy,
0« Tume dlfference < 3m|n
— 0 5 - ol 70_ 0 min < Time_diff <3 min
© F 8 F J- 15 min < Time_diff < 18 min
& 0455 o 60F .
[e] E .1 - r A Subtraction
T, 035- el T 0%
03F MR S 2 of IR
g oo tedlevent:© 0.18 [l (6) @ 5.85 MeV
i 0.2; 'nTS ) g >
0.155 o 20¢ I
0.1 ’ ositio 10ﬂ ool [y n_n%;ﬂl}j N J'Ej‘l'; [ ndi[d“-rh:
i o L Y e
% 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 1 1.021.04 1.06 1.08 1.1 112 1.14 1.16 1. 18 12
P.H._max_H (Rn222) P.H._max_H(Po218) / P.H._max_H(Rn222)

Evaluated energy resolution without position dependence, < 0.2% (o) @ Qj,
32



Prospects for the development

e Improving E-resolution of CaF,(pure) scintillating bolometer
o Radio-pure CaF,(pure) crystal had been developed.
o Doping Eu may affect phonon propagation in CaF, crystal.

o New ftrial in the next step

o CaF,(pure) crystal with smaller but thicker Au-deposit phonon collector.
o Smaller - reducing scintillation absorption effect
o Thicker = increasing the strong electron-phonon interaction.

Au film Au film
Au wire MMC phonon collector Au wire MMC phonon collector
N == / “~ s
e eeeeeete— > Ge wafer s — Ge wafer

—+ePTFE —~ePTFE

\
i 1 \[ " 3

MMC.— Au film phonon collector MMC/Mm phonon collector
Au'wirgendaiz019/3/7 Au'wire
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CANDLES project D

Candles

* CANDLES:

— CANDLES IlI(UG): current detector

* First result gives the best limit
 Measurement and analysis underway
» CaF, crystals with low BG (will be replaced)

* Future prospect

— Enrichment #8Ca
« MCCCE works for future tons CANDLES .
to normal hierarchy

— Bolometer Still lot to do

« CaF, Scintillating Bolometer Promising
Sendai2019/3/7 34
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