Status and future prospect of 43Ca double
beta decay search in CANDLES

he . N I&E@ @]@ﬁ@@‘[@@[ﬁ

Stainless Water

tank 13” PMT

2015 Sep. 7t
Takashi lida

AUP. . .
Topics in Astroparticle H H
QJ and Underground Physics (Osa ka Unl\lerSIty) .



Double beta decay

Standard model * Beyond the SM
Already observed in * Proof of Majorana
some nuclei neutrino
T1/2: 108~ 1020 yr o Ti2:>10%yr
OVBB halfdife:  7— — GoulMay*(mpas)?
vBp half-life: T 2 vMov

©If Majorana neutrino...
Light neutrino mass (See-Saw mechanism)
Matter dominated universe (Leptogenesis)

Constraint of v mass from
oscillation experiments
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) *%Ca double beta decay

Sensitivity vs Live time

Since Ovffis very rare signal, (43 BG rate
¥F 0 evi/y (BG-free)
> Low backaground level —E 1ewvtly
> Good energy resolution, z: '°°""
> Large targef volume 3
W £
are required for Ovp[ search. -
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LiveTime [year]

« CANDLES: Double beta decay experiment with “4Ca
- Advantage: Highest Q-value (4.27 MeV)
» cf. Next highest: '°°Nd (3.37 MeV)
- Disadvantage: Low natural abundance, 0.187%
» Enrichment technique is under development.®?

B T. Kishimoto et al., Prog. Theor. Exp. Phys. 033D03 (2015)

$ In this talk, | focus energy resolution and background.



) The CANDLES-IIl (U.G.) detector

CAlcium fluoride for studies of Neutrino and Dark matters

by Low Energy Spectrometer

OSchematic view

* CaF, (pure) scintillator ( T ~1psec)

Liq4 scintillator

10X 10X 10 cm3 X 96 crystals (300 kg)

Al sheet ./ Reflectance ~93% @ 420nm

atillaton . NS
| Water
|:> Active veto using different time constant!! \ -
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* 62 Photomultipliers (PMT) ) || BEE
13 inch PMT (R8055 ) X48 gl ==L
20 inch PMT (R7250) X 14 /f N
| | Lioht pide e
* Light collection system gnt ke PMT



The CANDLES (U.G) detector in Kamioka observator

CaF2 crystals
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4 active veto by Liquid scintillator (LS)

- Rejection of external y—ray background

* Pulse shape information by 500 MHz Flash ADC.

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

BP signal !?
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@UP Progress from the last TAUP

DAQ upgrade

A For shorter DAQ dead time!!

TAUP 2013 @US
Data taking

v

Magnetic cancellation coil installation
Detector cooling system installation

FOr better energy resolution Js

Data taking

ror lowering backoround level!

i TAUP 2015 @ltaly

2015




) Magnetic cancellation coil

Reconstructed position
Before After

* Winded coil surrounding the water
tank and apply ~1.5A current to

. g Slde vnew
cancel geomagnetic field.
e Better p.e. collection efficiency of
PMT dynode is expected. I
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T~ “Horizontal coil . -
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. 3’ Cooling system

* Cooling system was installed in the last March and tested in June.
e Data was taken with low temperature from October to November.

CANDLES cooling system

: Light yield of CaF2 increase
sLaboratory Room is . . 2% by lowering 1 degree.

\ cooled down by chiller) 6 W
5 / -
4 e y y 1I.;_ ‘ ;
: / = 1-2:_ . . L
.|'_ -
Cooled a|r - ‘ .
08— = Our measurement
' Detect 9.6~ & Literature value (w/o WLS) "
I N T O T T T O O I A A A A
. dlrectl o] 40 -3 20 -0 0 10 20 30 40
CaF2 temperature [O ]

v Room temp.—> 2C, Water temp.—> 4.3C
v' Test data was successfully collected with very good
stability (#0.1& ) during ~1 month.




3’ Light yield increase

Measured energy

resolution for each Crystal
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Before 1 0=4.8%
Coil 1.23 0=4.2%
Cool 1.58 o0=3.6%

Obtained from 88Y source calibration

» After improvements, ~1000 [p.e./MeV] is achieved
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() Stability of energy scale
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Cooling system also works for
stable temperature control.

Energy scale stability is checked
using 2.6MeV y-ray peak of 2%8Tl.

Water temperature
208T] energy peak
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Energy spectrum in CANDLES
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Background candidates @4.3MeV

-

1. 2vpp

CaF:
3

4Ca B

~

* Improve energy resolution
» -1°C = +2% light yield

» Not serious in the current
sensitivity

J/

Radioactive impurities in CaF»

2, 212Bj.212pg (232Th chain)

g‘p CaF:
7o of

212Bj. - $212Pg

* Double pulse (T12~300ns)
- Max Euvisible ~5.3 MeV
- Double pulse & PSD cut

3. 298T1 (*2Th chain)

Y
R 7

20sT]

* Qp=5.0MeV, T12~3 min

- Tag 2'?Bi(a) and veto
events in same crystal
for 12 min

L]

4. External y-ray ((n,y) reaction)
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Recently identified
Remain even after
LS active veto

Schematic View of (n,y) Reaction
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Pulse Height

Pulse shape discrimination in CANDLES

CI

" TSR TTT]

Average Pulse Shape

B-rays

rays
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* LS veto by selecting only B-ray

for (n,y) rejection. P
« 208T| rejection by selecting 2?Bi e
o-ray (parent of 2%8Tl) and veto o

following events.

Time [ns]

PSD Methods
* Make reference pulses for a-ray, 3-ray, LS
(> 1,000 events)
* Fit pulse shape event by event with
reference pulse
— Obtain PSD parameters: %2a, %28, %2p+LS
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Remaining background and sensitivity
B 105w 1Y) No cut— j * Data set before detector
S 100 Il'j _______ I OvfiB.cut | upgrades (coil & cooling).
EW YK Qgp 60.3 tda-vs----;  Low radioactive 26 crystals
E o |I ' R are selected.
) oy 2T (BAY) .« OvBP cutinclude PSD cut and
o Jy : 208T| vetoP .
1D-§ SR S _Ilﬁﬁlrlﬁg B Umehara et al., Proceeding of TAUP2013,
1 E. T S s L NN | O S | Physics procedia, Vol. 61, page 283 (2015)
0 2000 4000 6000 8000
Energy [keV]
Live time 60.3 days
Observed BG 6 events
Estimated BG 1 for 298Tl and 3.4 for (n,y)
Sensitivity for Ovp T1/2 > 0.8 X 10?2 year




Shield for (n,y) background reduction

CANDLES shield-overvieww

wislslalsl =il
DoEnoo
OOOOO0

== CANDLES tank«
= PDb shield (77--12cm)

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

=== Boron sheett (4--5mm)

Reduce n captured by stainless tank

15



™ Background and sensitivity for
the future shielded CANDLES

* Shield design was optimized by MC simulation.

* By constructing Pb shield, y-ray from rock decrease
by factor of 1/180.

* By introducing B sheet, neutron capture on the
stainless tank decrease by factor of 1/40.

* Number of backgrounds after shield installation
estimated by MC is

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

* Ti2 > 10% [year] is expected with one year data.

16



g’ Schedule of CANDLES

v'Side Pb shield construction
1. Bottom Pb shield construction

= W N

Boron sheet installation
Top Pb shield construction
Re-start data taking!!

Done!!

Oct. 2015
Nov. 2015
Dec. 2015
Early 2016

17



¥ Summary

 Current status and future prospect of CANDLES #8Ca
double beta decay search.

* Magnetic cancellation coil and Cooling system
increased light yield, and improved resolution.
* Light yield ~1000 p.e./MeV (X 1.58)
* Resolution 4.8% = 3.6% @1.836MeV

* Now we proceed additional shield installation in
order to reduce (n, v) background.

* Expected (n,y) background with new shield is ~0.7
event/year, which is 1/80 of before.

» Next data taking will start from early next year!!

18



Newcollabotative thstitutesand
Pestdoo arenew wanted!!
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* Backup



» ,Backgrounds in CANDLES

Possible to reduce by good energy resolution ( ~4% at 4.27MeV)
% Radioactive Contaminations in CaF, Crystals

Pile-up Events Plle-up ¢
Th-Chain t of CaF, signal = lusec
. A o
232 212 208
oo [ | iyl el = (D) .
Ernax=D.3MeV(Th-chain)
208T| Event
208T| 238Pp max-— =5.0MeV
m ;} Ti2= 3.0min [Table I ?12Bi and 298TI(T,/,=3min) . .
Qg = 5. OMeV Space-Time Correlation Cut
a—y Particle Identification
" To reject these BG events B

2vBP:igood light collection efficiency (good energy resolution)
Pile-up event : identify the "pile-up” shape
208T]| event : a-y rays particle identification (for prompt 212Bi)

Z1



208
@ 212Bjk Ogrﬁig@;!) decay
o o (T80 521, 30mn =iod (BI85 and (T, 3.

Q. = 6. 2Me\/ Q. = 5.0MeV / Space-Time Correlation Cut
(Ee=1.7MeV) '
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212
< We can identify the prompt 212Bi - 241+ dbsec

Now : rejection efficiency = 55%, acceptance = 90%
K We will improve these efficiencies by DAQ upgrade efc. | 2




Rejection of pile-up events
@ 212k “212Pg decay

Th-Chain Pile-up _Ty,=0.3usec
PBY) Th 212 B| g 212 PO a
TL=1.1X10 1°y;ro © Qp=2.2MeV 64°;° Qa=7.8MeV :
Decay Constant of CaF,(pure)
prompt delayed 1psec
Typucal pulse shapé of plle 9p/even’rs with small A ©
%6 o500, 3 i
i i i i i H : '§ E %400 ‘
A 200
300: 100
200F L T 5; 100" hges“gmg)m
1005 i
0% 653507506750 1000 1250 1500 1750 2000 0 250 500 750 10001250 1500 1750 2000
Time(2nsec) Time(2nsec)

Sum-up signal of 62 PMT

We can identify the pile-up events.

current rejection efficiency > 95% .




Radioactive Impurities in CaF»

« CANDLES developed low contaminated CaF2 by powder selection.
* Radioactivities in CaF2 crystals can be measured by delayed
coincidence assuming radioactive equilibrium.

2381): ~36 uBa/kg (= 9.9 decays/day/crystal)

decay | 214 a deca
2381 |mmeeoe- »| 214B;  Pdecay | 214po | o decay 210pp

3.27MeV | 164ps | 7.83MeV
232Th: ~21 uBg/kg (= 5.8 decays/day/crystal) <::| BG

a decay | 216pg | @ decay
232Th heceene- »| 220RA ——» —| 212Pp

6.41MeV | 145ms | 6 91MeV

e 235U: ~16 pBqg/kg (= 4.4 decays/day/crystal)

a decay 256P g a decay
235 hemmmme-- > 219RA b—mm-— | 211pPp

6.95MeV |1.78ms | 7 53MeV

These a-rays can be used for energy and PSD studies.
a-ray peaks are observed around 1.5~3 MeV due to quench.
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Calcium isotope enrichment by means
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T. Kishimoto!2*, K. Matsuoka?, T. Fukumoto®, and S. Umehara

' Department of Physics, Graduate School of Science, Osaka University, 1-1 Machikaneyamacho,
Toyonaka, Osaka 560-0041, Japan

2Research Center for Nuclear Physics, Osaka University, 10-1 Mihogaoka, Ibaraki, Osaka 567-0047,
Japan

3 Department of Chemistry, Graduate School of Science, Osaka University, 1-1 Machikanevamacho,
Toyonaka, Osaka 560-0041, Japan

*E-mail: kisimoto(@phys.sci.osaka-u.ac.jp

Received October 22, 2014; Revised January 25, 2014; Accepted January 26, 2014; Published March 10, 2015

= We have developed a new method for enrichment of large amounts of calcium isotopes for the
PTE P 3 ﬁ H future study of *Ca double beta decay. The method is called multi-channel counter-current elec-
R f . d trqphoresis (M.(‘CCE). We pr?S?Ilt the ‘concept of MCCCE, in which the‘power density in. the
ereree reJ eCte migration path is the key to efficient enrichment of a large amount of materials. In MCCCE, ions
|n the beg | nn | ng migrate in {11u1ti—chann§ls on a boron nitri.de (BN) plate‘, allowing a substaqtial increas'e in the
power density to be achieved. We made a tiny prototype instrument and obtained an enrichment
factor of 3 for the ratio of the abundance of **Ca to **Ca over that of natural abundance. This
corresponds to an enrichment factor of 6 for **Ca to *°Ca. This remarkably large enrichment
factor demonstrates that MCCCE is a realistic and promising method for the enrichment of large

amounts of ions. It can be applied to many other elements and compounds.
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