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Outline
CANDLES for Double Beta Decay of “Ca

4% Design Concept of CANDLES for Background Rejection
» 4rt Active Shield

% Expected Background
+ Internal Background

4% Background Regection & Reduction
+ High Purity CaF, Crystal
+ Sequential Pulse Rgjection
+ Pulse Shape Discrimination between a. and y rays
. Position Correlated Background Rejection

S Summary
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Design Concepts of CANDLES

_ _ CANDLES
CAlcium fluoride for studies of Neutrino and Dark matrters
by Low Energy Spectrometer

4 Undoped CaF, Scintillator (CaF,(Pure
Double Beta Decay Source “6Ca
(Qyp=4.27TMeV’
Peak Emission at UV Region (280nm)

quid Scintillator |
unter Wave Length Shifter
» Liquid Scintillator
Wave Length Shifter
4 it Active Shield

» Large Photomultiplier Tube

Signals from both scintillators
are detected simultaneously

i

+ Active Shielding Technique
: Different Time Constants
Buffer Ol CaF,(pure) . 1usec
Liquid Scintillator : afew 10 nsec
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Active Shielding Technique
(Pulse Shape)

# Concept of 4 Active Shield Acrylic Case
and Performance Test :20% 20x 20cm?
. Pulse Shape of Signals Sinch PMT
from CaF, and Liquid Scintillators

Setup
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: _— Lngillat
Typical Pulse Shape of Each Scintillators by 100MHz F%bn& ! ;10§a56(xpu1r8%

90 ., ............ EOPPRSPONE SNRONS SRR SO APPSR

)| 140f gt CHEAPUER) bl E 2+ L iquiid Scinttillator
voob i QU Scintil | ator.

ZOEJ i,

100f ------------ NS SRS S e e — 60F """""" """""" """""" """""" """"""
aop
30
20F {5
10F- |-
0

80 Y I P PP PP SOTPPNS PP

60|}

40F

20F

ob4

50 100 150 200 250 300 350 400 50 100 150 200 250 300 350 4

Time(10ns/ch) Time(10ns/ch) Time(10ns/ch

Saori Umehara, 20th Sep. 2005, US-Japan Seminar



Active Shielding Technique

» Concept of 4n Active Shield and Performance Test
+ Dual Gate Technique

Ratio = -Charge of Partial ADC Gate

Charge of Full ADC Gate

80NSeC  pgrtial ADC Gate

Liquid Scintillator
Event
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{ Clear Discrimination between CaF, and Liquid Scintillators
. .Well Act as Veto Counter
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Expected Background

INn CANDLES
Background Studies
with CaF El£ stem
External Background (ELEGANT M) i baa
= Strongly Suppressed § b B G
Because of High Qg of “Ca(4.27MeV) %
4t Active Shielding System 810

I |

4 Remaining Background . . .The Only Decays < i
(

2

\ 200 ' 25200 ' 30%0 ' 35200 ' 40300E‘n§00(g€
& 2vpp Decay Event Qe Y
Improve Energy Resolution — Simulation
+ Natural Radioactivitiesin CaF,(pure) Crystal leliilétzé‘gi Snagifgtli T
Improve Purity of CaF, in CaF,(Eu) Crysta
\ Rejection by Offline Analyses

J — Serious Background
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Light Propagation in CANDLES

% Energy Resolution with Prototype Detector Standard y Source

Counts

» CaF,(pure) (280nm Peak Emission)

» Liquid Scintillator ; Wave Length Shifter
+ PMT ; 5inch x 4 modules PMT
» PTFE Reflector > Light Collection : ~809 (Borosilicate Glass) ~ (Wave Length Shifte

(CANDLESI)

Liquid Scintillator
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Energy Resolution: 9.1%(FWHM) at 662keV

=3.4% (FWHM) at 4.27M ev(QBB of 4Ca)
Reg. for CANDLESIII ; 4.0%
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LDACLRAyYylUUlivs
from Natural Radioactivities

.. In Crystals

o

Sequential Pulse _
U-Chain Sequential Pulse
B+o
- oo | *“Bi & ‘ *10Ph %
E..=5.8MeV(U)
=3.2/MeV max
Thchan — 7.83MevV —— 5.3MeV(Th

Gl = el

- Because .
Q, = 2.25MeV o CaF%)(pure) Decay Constant
= Z. e —
208T| Event B Q,=89MeV
Th-Chain

0( 208T|
- ©° - 36"n T,,= 3.05min '%.-

Q,=6.09MeV | Q,=4.99MeV

E,o=2.0MeV

2B and 2%8TI(T,,,=3min) . .
Space-Time Correl ation Cut

/ For Rgection. .. ~

Development of High Purity CaF,(pure) Crystal
Sequential Pulse Rejection by FADC

Pulse Shape Discrimination between o and y rays
Space-Time Correlation Cut . . . For 2%8T| Rejection )
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Development of High Purity
CaF,(pure) Crystals

4% Selection of CaF, Powder

+ Growing Process of CaF,(pure) Crystals

CaF
PowoFer

r

Raw Material
CaCO,, HF

Radlioactivities irf CaF, Powder
(HPGe measurement)

{

(a-ray measurement
by delayed coincidence)

Radioactivities ih CaF,(pure) Crystal}

HPGe Measurement . . . For Measurement in CaF, Powder

Schematic Drawing
Sample
[

0‘. /Pb/

OFEHC Cu N For Measurement
~ T of CaF, Powder
[mﬁ ﬂ Po . HPGe Detector

Sensitivity:  3mBg/kg

N

\

[ Ge Detector

pan Seminar




Delayed Coincidence
._-- Measurement . )

Delayed Coincidence Measurement .. . Radioactivitiesin Crystals
ﬂn. o| *VBi &T-aﬂ ?PPb | (‘Delayed Coincidence = A

. Qﬁ =3.27MeV Q =7.83MeV Measurement of
o 2 Correlated Event in the Chains
. 2 MV (5 = 8050 eV L Prompt Decay + Delayed Decay y

CaF, Crystal

Experimental Setup al igcal I?nagy Spectra(Th-Chain

1.5

COUNTY(/50keV/kg/day)

CaF, Clystals pris

Vvith-Reflegﬁbii B o5
P i
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[EEN

For Measurement of CaF, Crystal

. Delayed Coincidence Ml easurement . . . Sensitivity:  5uBg/kg
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Development of High Purity
CaF,(pure) Crystals

Relation between Radioactivities in Powder and Crystal

Check of Radioactivities Relation between Powder and Crystal
in many kinds of Powder and Crystals g g g
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© Powder Radioactivity (U-chain)
e Crystal Radioactivity (U-chain)
0 Powder Radioactivity (Th-chain)
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Radioactivities (Arbitrary Unit)

B Crystal Radioactivity (Th-chain) U ated
10 |
High Purity Powder 107 _ ________________________________________________ S O 0 N N
— High Purity Crystal y Hidn Pdrit
o A |B| LCl .
. ) Crystal ID
= Selection of Powder So far . . .CaF,(Eu) in ELEGANT VI System
U-chain(?*Bi) :1100uBg/kg
Th-chain(**°Rn)  :98uBq/kg

U-chain(?4Bi) :41uBg/kg (Averaged 42) . .. 1/25 of Previous Crystals

Th-chain(?°Rn) : 21uBag/kg (Averaged 42) . . . 1/5 of Previous Crystals
in Progress. . .

=
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Rejection of Sequential Pulse 2

4% Seguential Pulse
Th-Chain  Sequential Pulse T _=0.299usec
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Background Rejection Efficiency by 100MHz FADC
AT > 30ns(3ch)
|f Fast Sampling FADC ..

dbad : : Uil N
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AT >5ns; Reection Effi. = 99%
Saori Umehara, 20th Sep. 2005, US-Japan Seminar




Pulse Shape Discrimination

petween o and y rays

% Reference Pulse

o Fay

R R TR VRO 250“300 350 400 450 R R R TR VR0 0D 250“300 S

TIME (10 nsec) TIME (10 nS@C)-O
CaF2 Pulse = 2 Exponential Components
Fast Slow Fast Slow
111+ 6ns 894+ 15ns  Decay Constants 128+ 13ns 936+ 13ns
(384+ 02 ] 37.3% 07 Intensity [ 17.3+ 0.1 | 381+ 07

Intensity of Fast Component )
aray > vy ray .. .Apply to PSD

= =
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Pulse Shape Discrimination

petween o and y rays (PSD betweenyanda rays

% PSD (Event by Event Analysis) rray Bven coray Bvent
FADC (100MH?Z) Som
Fit with Two Exponential Function O |
(fixed time constants)
Ratio ; Acgy/Agon ( AJA, =05(ray) AJA, = 1.0(a-ray)
N\ /

(Intensity of Fast and Slow Component)
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Clear Discrimination between o and y(B) Events
Background Rejection Efficiency > 99.7%
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Position Correlated

e Background Rejection |
% 208T| Events
"h-Chain 205T| Event Qp = 4.99MeV " For 205T| Event Rejection . . .

Space-Time Correlation Cut
E O O [ 212p; ]a‘ L 4 The Same Crystal (o and p-rays

36% Tu2= 3.05min T1/2:3m| n

Prompt a-ray Delayed B-ray N

% Check for Space Correlation Cut (Position Reconstruction)

-xperimental Setup (CANDLES Il)  Experimental Result Crystal Position
. Position Reconstruction

Upper View CC\DI o~ OF
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06f of Event Position
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Pos. Parameter 1 | Regjection of 298T| Events

(Pulse Height Ratio 1
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Background Rate
of CANDLES Series

& CANDLES Series

CANDLESIII CANDLESIV CANDLESV
Crysta 3.2kgx 60 crystals
Total Mass 191kg 6.4 ton 100 ton
Energy Resolution 4.0%(Req.) 3.5%(Req.) 3.2%(Req.)
“Bi(uBg/kg) in Crysta 50 10 1
2Bi(uBag/kg) in Crystal 20 1 0.1
2vp 0.01 0.10 1.33
214B| 0.01 0.03 0.05
212B| 0.07 0.10 0.15
208T] 0.04 0.06 0.10
Expected BG 0.14/year 0.29/year 1.63/year
Measuring Time 5 years 6 I
<mv> 0.56 eV 0.10 0.03
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Summary
% Background Regection & Reduction

CANDLES System
4n Active Sheild by Liquid Scintillator

Energy Resolution . . . for 2v33 Reduction
4.0% (FWHM)@4.27MeV for CANDLESHI|
: PMT coverage ~60%(PMT x 60)
Radioactivitiesin CaF, (averaged 42)
U- and Th-Chain activity ; 41uBg/kg,21uBag/kg
BG Rgection Factor
Sequential Pulse Rgjection x 102 (min. timelag : 5 nsec)
PSD efficiency x 103 at4MeV (Energy dep.)
Space-Time Correlation (for 2%TI) x 104

—> CANDLES Il Sengitivity : 0.56eV
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