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% Double beta:decay
% Double beta:decay of  48Ca
% CANDLES system
=Cak,(pure) scintillators + Liquid scintillator

% CANDLES IIl system at -+ Kamioka underground lab:
Expected backgrounds
Shielding system for background reduction

% Low background measurement
% Summary

Umehara, Saori, 25" Jul. 2017, TAUP2017
2



;D Double beta decay of  4°Ca ;D

% Double beta decay nuclei
% 48Ca : low background K  large scale detector
* higher Q 4 gvalue (4.27MeV)
K low background
because Qg gvalue is higher than BG
E...=2.6MeV(?%BTIl, &ray)
3.3MeV/(21B i -raf)
% Double beta decay of  4Ca by using CaF, scintillators
¥ ELEGANT VI : CaF ,(Eu) scintillator
ﬂ K realized low background condition

% CANDLES system: for large scale detector
CANDLES IlII': current system

max
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» CANDLES Il »

CANDLES att Kamioka underground laboratory.

& CANDLES 1l i @ CaF, scintillator (CaF,(pure))
A =N = =Y I 305 kg (96modules G 3.2kg)
| 48BCaK 350¢g

time constant t~ 1nsec
@ Liquid scintillator (LS)

4U active shield

volume :2m3

time constant t ~ a few ten nsec
% Large photomultiplier tube
Ho_ 13inch PMT U 36

20inch PMT U 14

10inch PMT U 12
@ Light pipe system

guide scintillation light to PMTs

4m
T T .

N

" Pulse shape difference between
CaF, and liquid scintillators
( 41 s eaféw 10nsec)

\_ K background rejection

Vo




CANDLES Il

CANDLES at' Kamioka underground laboratory

% CANDLES Il % CaF, scintillatorr (CaF,(pure))
' 305 kg (96modules U 3.2kQ)
Main detector *CaK 3509

time constant t~ 1nsec
% Liquid scintillator(LS)
4U active shield
volume :2m?3
time constant t ~ a few ten nsec
% Large photomultiplier tube
13inch PMT U 36
20inch PMT U 14
10inch PMT U 12
% Light pipe system
guide scintillation light to PMTs

CakF, scintillators
(305kQ)

-----------

Liquid scintillator
tank (2ms3)

" Pulse shape difference between
. CaF, and liquid scintillators
oy 2d ( 4 s eaféw 10nsec)
‘ \ K background rejection




. Background rejection ‘
}” by liquid scintillator }D
% Re j ect iomnniofray baskgreunds by!pulsé

shape discrimination Yof CaF, = ~1000nsec
@ Typical pulse shape in CANDLES IlI LS =-~20nsec
@50_ 250¢ 3251’)_
Y [CaF, : | CaktLS g | LS
gmz o \ =background 3"} =background
< 150} | 150} > 150}
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7 \
In CANDLES system . ..
short pulse LS scintillator~a few 10ns and long pulse Cak,=~ 4 | s ¢g|cC
CaF, selection by using FADC Kk rejection of backgrounds

\Krealized 4U active shield Y,
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| Backgrounds in CANDLES }D
% 2 E @efdents : negligible for CANDLES 1l -

Possible to reduce by good energy resolution
current energy resolution 6%(4.27MeV)

& éray fromrneutron capture
hi gh e nArayrfrgnyneufron capture on Fe, Ni, Si
within stainless steel (main tank), rock in the mine.
K new shielding system

% Radioactive contaminations:in-CaF 5 crystgllg_up

|Ie' u eventS Q@‘ 2. ZSMPV because of
212
22Th | o o m |;'> PO Y of CaF, signal = 1 sec
40 T1/2
Th-chain = 8. 95|\/|ev a E,..x=5.2MeV(Th)
db‘Vo 5.9MeV(U)

208T| events Q- = 6. 09Me 208 7] 58pp ) 212Bi and 298
Pb \ Biand #°TI(T»,=34) ...
Ty = 3.1min : steble rejection by 2'2Bi tagging

Qp = 4.99MeV (W particle i
To reject these BG events;
Hi g h e nmy:gopnstruction of the shielding system
Plleeup event = identi-uUpdashapeof the
208T| event : identification of prompt 21?Bji ( by parti cl e-gi d




Shielding system

& § ard OoObackground free m
Schematic view of === CANDLES tank(stainless steel)

the shielding system = Pb &ray shield
= B sheet neutron shield
ST % Shielding system K BG ~1/100
PR A Pb bricks

k 7~12 cm in thickness
kr edu eray B@from ( n,)eaction in rock.
k B G -rays from rock will decrease

by factor of ~1/120

B sheet
k B,C loaded silicone rubber sheet

~ 5mm in thickness
k reduce thermal neutron
K reduce BG from (n ,) il main tank.
k N-capture events will decrease
by factor of ~1/30

Construction of the shielding system

Shieldings inside/outside the tank
BG rate : ~ 1/100

poEnoE|
SIEl= =islE
SI=I=i=i=l=




Shielding system

% Co

Compleg_ sh

uction was finished in 2016

“Under ﬂf@w

% BG reduction factor

% Energy spectra before/after
shield construction

([
#rays from neutron capture

were reduced by shielding system
(~1/100 ~ 1/70

— Data in 2014 (56.9 days)
— After cooling (28.1 days)

o nf::\mm

—After shleldlnq (21 5 days)
: BG from neutron
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Backgrounds in CANDLES

% Bray frommeutron capture

hi gh e nrayrfrgnyneulron capture on Fe, Ni, Si
within stainless steel (main tank), rock in the mine.

% Radioactive contaminationszinrCaF , Crystals

Pile-up events Qp= 2. 25M¢=V Pile-up
oo 212 212 po because of
By ° m @ T Y of CaF, signal = 1 sec
490 12 =
Th-chain ) 8 95|\/|ev a L%—SZMeV(Th)
db ” 5.9MeV(U)

208T| events Q- =6. 09'\/'6 208 T + Zospb
- E i |:{> e 2128? and 208TI(T 40 =34) ...
rejection by 21?Bi tagging
(¥ particle |

Q, = 4.99MeV

To reject these BG events;

Hi g h e nmy:gopnstruction of the shielding system

Pileeup event l denti-Updathiape of t he
208T| event : identification of prompt 2B (by particl e-gi d
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}’ Rejection of pile ~-up events }”

@ Pile-up events : 212Bjk 212Pg decay \

% Radioactive contaminationin CaF , : Th-chain
Th-chain Pile-un T,,=0. 3l sec

P

232Th 212 Bj %) 212pg U _
E g myeaJ © 0 |5 —22mev 50}[%:7_8%\/}@ Maximum energyK 5.2MeV
prompt decayed

Typical pulse shape %Energ spectrum Time distribution
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We can identify the pile -up events
current rejection efficiency > 95%
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208T| rejectionr K 212Bi tagging

@ 212Bjk 208 k 208Pp decay
Th-chain

a 208 T| 2% pp max—2-0MeV
232 212R;j
oo (58] 9 1, “omn. 24 (00T 5 ang =117 =3

Q,=6.2MeV 0, = 5.0MeV rejection by 212Bi tagglng
Ee=1.7MeV)

Energy Spect§ Zfz et distribution 298T1 energy spectrum
Bi

oj;oroceedlnq/ — el ey 300

Counts

wi ] || /] Proceeding®ents . b

N Accidental eMdnts data
60: q
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Half -life =178 U55sec

k we can reject 208T| event by 212Bj tagging

_ Obtained half life 178sec ( 29Tl 183sec) P50

k current rejection efficiency ~75%, acceptance~83% 12

T M




B

Energy spectra ;'D

% Energy spectra: Méasurement time 131days
27 crystals

— Experimental data

Counts
~
L=}
N

95 crystals

.. “1%Birej .(0nsec)
= LS signal rej .
T 2087 rej .

Counts

Position cut U2 W

-1

1000 2000 3'000 4000 5000 6000 7000 8000 9000

Num of event

without 208T]|
with 208T]| cut

Posi t

cut

on

1000 2000 3000 4000 50()0 60()() 7()()() 80()() 2000

Energy(keV) Energy(ke
95 crystals 27crystals(high purity crystals)
QO D 4-5MeV  55-65MeV QO D 4-5MeV  5.5-6.5MeV
115 257 8 12 23 1
19 49 6 3 6 1
2110 34 6 0 2 1

No event in high purity crystals
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e experimental data

I — simulation(total)
ReSU t @ray from N capture

tamination K 208T]
% Result of measurement for . 131days S eag
other BG
Energy spectrum and
results BC_§ simulation
OEGD effi 039 0.06 10 27 crystals
Num. of eve.(exp) 0(27CaF), 10(95CaF) 10 Qg@

Expected BG ~1.2,~11

Half life of 48Ca  >6.20 10??year(27crystals)
>3.80 10%2year(95crystals) i ESSRN. e . W -4 N U SO SO

Sensitivity 3.6U 10%2year(27crystals)
6.20 10%2year(95crystals)

N

Lot o) iII 1

1 1 I

19000™—3300""3000 33003000 530¢

Energy(keV)
W ELEGANT VI ) (Chi’<1.5-3w< S| <1
measurement time K 4947kg k day(2 years <) -2W<positionc<

half life limit K 5.80 10% year with 298TI cut
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