Development of CANDLES detector
to search for neutrino-less double beta deca of 48Ca

CANDLES Sel Yoshida (Osaka Univ.) for the CANDLES Collaboration
1. Double Beta Decay 2. CANDLES Detector
Neutrino less double beta decay (0vpp) Schematic view of * CANDLES Is a project to search for neutrino less

occurs when neutrino is Majorana particle. the detector double beta decay of ¥Ca with CaF, scintillators.

This process _is beyond the standard mod_el 1 | <:| The CANDLES Ill (U.G.) detector is
and observation of Ovp3 proves the following ¥ Y B o currently running at the Kamioka

physical laws; ’f | underground observatory, Japan.
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 Majorana nature of neutrino
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« Lepton number violation 5 * Y6 pure CaFk, crystals (305kg)
[Electron energy spectrum] ‘ Nelatrino hass and its hierarch g | e 02 phOtO-mU“iplierS (13” & 20” PMTS)
y El « ~ 1000 p.e./MeV after cooling the detector
& ﬂ\ > Energy spectrum of Ovp has a peak at Q- I\ * 41 active shielding by liquid scintillator (LS)
fhm \ value. Because 0vpf Is an extremely rare - A: AN LS « Difference of scintillation time constant
& / ‘H phenomenon, low background (BG) condition is - CaF, ~ 1000 nsec / LS ~20 nsec
ofl Thore ere meny natira important. 3 o Pulse shape analysis of LS and CaF, signals
radioactive In the'\energy 5 _
o J| (Gon below 2.6 MeV) » “8Ca has largest Q-value (4.27MeV) among all 3 "9E 0(1.46 Mev) :%{Eﬁ,’:
' / : . : - . L e i Run
Ovpb the OvBp nuclei. Taking this advantage, we Energy Calibration B gL 4 HEZMEV
o N ./‘ﬂ'\ . . . 88 2 E - ‘ 12?8-”(2.6 MeV)
0 1000 2000 3000 4000 target background free measurement ! * Energy scale is calibrated using °°Y y-ray S )
et enerey o eiections (e source (1.84 MeV) : Regular calibration. o 105 h
*The linearity is checked using external y-rays el
3. BOCkgf'OUﬂd Stud Y (e.g. 2.62 MeV of 208T|) and neutron capture y 2451(3.585.0 M) |
- (e.0. , 3.5MeV/5.0MeV of 8Si)  1o: srets e, |
1. Pulse shape discrimination calibration.
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* Decay time of B/ a In CaF2 is different as shown In the figure. In Energy
CANDLES, pulse shape discrimination (PSD) Is used for BG rejection. .
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51\ Average puise shape - Po | 1. Cooling system installation
Tip 1 of a-rays & B-rays sogok. . 2Tl (2.6 MeV) |
S L cenof (26 MeV) v' CaF, scintillator is known that its light output increases about 2% by lowering
@ X _-|Difference is enhanced| | | 1°C temperature. The cooling system has been installed in the Lab..
_ in shape indicator cn0 .| CaFe+lS _
3 L/ =X | signal 2. Neutron and Gamma-ray shield
o A e s TN Shape Indicator We are installing neutron and y-ray shield to reduce external (n,y) backgrounds !!
o . . - Neutron shield : B-loaded sheet on the surface of detector o _>sheld->mm___
 Discriminate B/ o using “Shape Indicator” PRC67, 014310 (2003). - y-ray shield : Pb (7 ~ 12 cm) §. . Pbrem . |
> Most of LS events are rejected by hardware and y? pulse shape analysis. ' ieleH~Grm
A J Y X" P P Y -> Target # of BGs : < 0.5 events Pb10cm )
- Here we discuss a BG study by PSD with 36 days 15t phase data. N VoV ;
o131 Increase >30% o I
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2. Th-chain backgrounds BG1 212B|-212Pg St < \Dy cooling the T mEmem T
— ‘ | ‘ 2,, - detector Pbicem \e=*— EEEa
» 232Th chain produces two of three main BGs. Double Pulse of 2?Bi-?'2Po =00 0 I T TR . S =<~ HEHEE S
— Select 232Th_|east Crystals and apply PSD. Eﬁm] D iﬂl I'dEE" Cé) 1_1§ ........... . _______ ___________ _________________ ¢ |
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— o /ﬁ; ER— ’ | 2tbpl, .:,I,_} Temperature [C]
1.4=1010 —tr 61.0min %‘ 100 [ I ° ° °
S bl Lok | — 5. Development of Scintillating bolometer
Time [ns]
v" By double pulse rejection and o rejection, 212Bi-212Pg is ignorable. CANDLES I Next CANDLES e 1 5V 0
(>99CV 1S re'ected) : : Crystal 3.2kg % 96 crystals 2 % “8Ca 50 % 48Ca | & r\ ‘-’EB"‘ Org;\e . VBB
0 J Time difference between Total Mass 305 kg (350 g) 2 ton (25 kg) 2 ton (610 kg) Em 'I_E ah L?ght detection
BG2. 208T] Qp = 5.0 MeV legria?sltf‘lt:;?'o%andidates Energy (4.0 %) 2.8 % (Req.) 0.5 % (Req.) Elﬂ z 2VBBROe Heat detection
: ISTriouti i
» Tag ?1?Bi (a-ray) by PSD, then apply ¢ ST T | Rezo':;'on . . o
. . = ' i \'"/ . . . 23F
veto-time to the “'“Bi-detected crystal for — ~ ufl =t ? 2122087 0.26 ~0.1 ~0.01 10
12 minutes (4 X T1/2) m_ I ! Half-life =152 +27 sec Expected BG 0.27/ year < 0.7/3 year < 0.2/9 year » 4 of
» BUT, due to long decay time of 212Po, AL ] <m,> 05ev o8V 0.009 ev : ..
rejection efficiency is now only ~60% and Current system  and cooling system HOD 4150 4200 4250 4300 430 nergy(heV)
further improvement of PSD is necessary. ? B i = | | |
b e L e L L * In order to explore the Inverted hierarchy and further normal hierarchy region,
Titersee) we need two improvements:
3. Neutron capture y BG 2 (n.y)  Realizing highly enriched #®Ca, and ton-scale detector
i Sﬂgﬂk « y-rays from neutron captures on materials * Much bett_er energy resolution to ayoid 2V backgr_ound events
. surrounding detector (Stainless tank, rock) can be|| ° In _orgler_to achieve good energy resolution, we are planning to develop the
dominant BGs. scintillating bolometer. 4.468:10%y
Strategy of (n,y) study BG from CaF, internal radlc_)actlvmes can be rejected by zggu ~
“Tl:c+ * Neutron source run (252Cf) * Improved energy resolution o o Qw420 ]
- For better understanding of (n,y) reaction * Crystal segmentation o & 160 ooren o
-1 hour of source run = 1 year of normal run * Quenching effect of scintillation 8
. . s 2t v 49.55 20.9% 1.4
* Detector simulation of (n,y) New BG candidate 22:3;?0 g0 0.79.0% 1.0
, - Geant 4.9.6.p02 v O-val £2381) (0-d . 4270 keV 23411
Comparison of (n,y) Spectrum . . . Q-value o (a-decay) : € 90
netween Data and MC - Generate y-rays uniformly in stainless or rock v Q-value of “6Ca : 4267.98(32) keV
_ Physics Run (88.1 days) according to (n,y) spectrum. » Quenching effect of a-particles in scintillators can discriminate the 238U a-BG.
Mgy 57548 . . .
= =t Nata spectrum is well reproduced by MC. Collaboration Institutions
, —+— Data '
—Foae|  * Various cut efficiency for OvBp analysis can be Q é&%\lﬁi @ RCNP
['_5”5 ¥@1 checked with source run. - O —
|| ] lsk |« (ny) BG in Qep is evaluated from MC or Bk HEB X %
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