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FIG. 3: Bands allowed at 2o by neutrino oscillation data, in each of the three coordinate planes of the parameter space
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Double beta decay isotopes

isotope | Q ab.(%) | isotope | Q ab.(%) | isotope | Q ab.(%) | isotope | Q ab.(%)
(keV) (keV) (keV) (keV)
46Ca 990.4 0.004 § 98Mo 112 24.13 | 130Te 2529 34.08 § 170Er 654 14.93
48Ca 4272 0.187 § 100Mo 3034 9.36 | 134Xe 830 10.44 | 176Yb 1087 12.76
70Zn 1001 0.62 | 104Ru 1300 18.62 | 136Xe 2468 8.87 | 186W 488 28.43
76Ge 2039 7.61 | 110Pd 2000 11.72 | 142Ce 1417 | 11.114 § 1920s 414 40.78
80Se 134 49.61 | 114Cd 537 28.73 | 146Nd 70 17.2 | 198Pt 1047 7.163
82Se 2995 8.73 | 116Cd 2805 7.49 | 148Nd 1929 5.7 | 204Hg 416 6.87
86Kr 1256 17.3 | 122Sn 366 4.63 | 150Nd 3368 5.6 | 232Th 842 100
94Zr 1144 17.4 | 124Sn 2287 5.79 | 154Sm 1251 22.75 ) 238U 1145 99.28
96Zr 3350 2.8 | 128Te 867 31.74 | 160Gd 1730 21.86
1 Q>33MeV; Q/;(214Bi):3-27 MeV V.I. Tretyak and Y.G. Zdesenko 2002
2008/06/27_1 Q> 1.7 MeV oo —R RS 5




Present Limits for Ov double beta decay

Candidate| Detector Present <m> (eV)
nucleus type (kg yr) Ty, (yr)

48Ca >1.4*10%2 (90%CL)

76Ge Ge diode | ~47.7 >1.9*1025 (90%CL) <0.35"

82Ge >1*1023 (90%CL)

100Mo >4.6*%1023 (90%CL)

116Cd >1.7*1023 (90%CL)

128Te TeO, cryo >1.1*1023 (90%CL)

130Te TeO, cryo| ~12 >3*1024 (90%CL) <0.19 - 0.68

136Xe Xe scint ~4.5 »1.2%10%24 (90%CL) | <1.1 - 2.9

150Nd >1.2*10%! (90%CL)

160Gd >1.3*102! (90%CL)

" But also claim of signal by part of same group (see Cattadori's talk)

2008/06/27 FH-1—NI/PAER




Heidelberg-Moscow experiment @ LNGS:
claim of evidence of Ovp[ of 76Ge (2004)

214Bj Ovpp
- 2 214Bj
MT=10.9 kg (86% "°Ge) x 13 yr x 0.8% M , , :

=72 kg yr ol z \

N

b =0.11 cts/(kg keV yr) before PSA
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Corresponding to

M, = 440 meV with KK ME

Signal found at
Q45 0 =2038.70 + 0.44 keV
Q5" =2039.06 £ 0.05 keV
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Experimental projects

CANDLES
COBRA
CUORE

DCBA

EXO
GERDA
MAJORANA
Kiev

MOON
NEMO

SNO+
XMASS

2008/06/27

48Ca
116Cd
130Te

150N d

136X @

°Ge

°Ge

100|V|0’ 116Cd’“
100Mo

82Se, 199Mo,...

150Nd

136X @

Scintillator
Semiconductor

Bolometer

Tracking

Lig. Xe TPC 4t
Semiconductor
Semiconductor
Scintillator
Tracking
Tracking

Liquid scintillator
Gas scintillator

FH-1—MNI/AER

Constructing (111 T)
R&D

CUORICINO...running
CUORE-O0...constructing

R&D
EXO-200...constructing
Phase-I| ... constructing
R&D
R&D
R&D

NEMO-3...running
Super-NEMO... R&D

R&D
R&D
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* CUORICINO
* NEMO-3
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CUORICINO: the present

eHigh natural abundance 11 modules of 4
(33.9%) crystals each 5x5x5 cm?3

eHigh Q-value (2530keV) 2 modules for 9+9 7
almost out of y-bkg 3x3x6 cm? crystasls _ I
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Laboratori Nazionali del
Gran Sasso: 3500 m.w.e.

* Low thermal capacity  «40.7 kg TeO,

e Big crystals available  * 11.2 kg 13°Te
e Very high radiopurity ¢ 5 x 102> nuclei 3°Te

FHI1—N/HAES




Bolometers as True Calorimeters

r Thermal bath ]

Thermal coupling (G) ]

Sensor ]
Absorber (C)
Basic Physics: AT=E/C ;m- i
Implication: Low CB Low T -gm_
Bonus: (almost) No limit to AE (k,T*C) ELMZ
= o
Not forall : t =C/G R1s J oo o

4

Time [s
2008/06/27 FEHE-1—MN/HEES s} 13




CUORICINO: an update

! 50Co sum peak
N | | Ov-DBD peak @2530.3 keV |

g 2 Total statistic ~ 15.53 kg ('30Te) x y
318 data analyzed up to August 2007
14
10 Ao Bld ), . - O I 0
5 ¥ b =0.18 + 0.01 c/keV/kgly
- '24|30' o 'zslml L I25|60I o Izﬁloo
Energy [keV] Maximum Likelihood

Anticoincidence background spectrum: the bb-On region flat background + fit of 2505 peak

Ti/, = 3.1 +10%* y (90% CL)

= (m,) < 200—680meV”

* Dependent on the value for the nuclear matrix elements

2008/06/27 FHI1—N/AES
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Fréjus Underground Laboratory : 4800 m.w.e.

Source: 10 kg of Bf3 isotopes

cylindrical, S =20 m?, d ~ 60 mg/cm?

Tracking detector:

drift wire chamber operating
in Geiger mode (6180 cells)
Gas: He + 4% ethyl alcohol + 1% Ar + 0.1% H,O

b e L L Ll

Calorimeter:

1940 plastic scintillators
coupled to low radioactivity PMTs

B BRCAT Y RS SF

Magnetic field: 25 Gauss
Gamma shield: Pure Iron (d =18 ecm)
Neutron shield: 30 cm water (ext. wall)

40 cm wood (top and bottom)
(since march 2004: water + boron)

mmmp | Particle ID: e, et, y and o

2008/06/27 FEHE-a1—MN/EES 15




B decay isotopes in NEMO-3 detector

09

10

100Mo 6.914 kg

\"l-_

05 04

14 15

Qpg = 3034 keV Qpp = 2995 keV

00

19

82Se 0.932 kg

-

28 May 2008
2008/06/27

——

[ BBOv search

NEMO-3 Neutrino08
FH-_1—NI/BAES

[ BB2v measurement}

A

(116Cd 405 ¢

%7Zr 94g
Qgp = 3350 keV

IS0Nd 37.0¢
Qpp= 3367 keV

BCa 7T0¢g
Qpp = 4272 keV

10Te 454 ¢
Qe = 2529 keV

miTe 491 g

Cu 621g

N

New
Results

\ External bkg
measurement

(Enriched isotopes produced by

centrifugation in Russia)

S
16
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New result: 43Ca Bf3

S0

FLTTT T T T T T T T T[T T T TT T TTTIT [ TTTTTTTTTTTL]

- NEMO-3]|

Preliminary -
133 events’|
S/B6.76

- Dala ]
Edskg MC  —
—2¥BRMC
—Total MG -

0

NN - T . T
0 05 115 2 25 3 35 4 45 5
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30 | -
25 - W | 1

zof |
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30
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—
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q1 -08-06-04-02 0 02040608 1

Coso,

Preliminary results: T,,, (2vBp) = [4.4 75, , (stat) £ 0.4 (syst)] x 10 y

T,, (0vBpB) >1.3 x10*2y (90% C.L) —p- <m,> < 29.6 ¢V (90%CL), Eff. 22%
Refs: E Caurrier et al., Phys. Rev. Lett. 100 (2008) 052503 (NME)

2008/06/27
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New result: °Zr 2vp3[3

. ®  data=678 = o ®  data=678
EATICAA ) 2 - - r i
i - sum of bkgs = 328 + 1 - F NEMO-3 sum of bkgs = +1
s [NVEMO-3 f bkgs = 328 + 11 2 NEMO-3 f bkgs = 328 + 11
~120[- £ 7oL -aind
e Zr 2fi2v = 331+ 23 €70 re\“‘ﬂ Zr 2p2v = 331+ 23
—_ - o -
2100 .+. —— Total MC =659+ 25 ® s0f P —— Total MC = 659+ 25
3 n
- m —
80 -
: s val =
B .m‘na Y 40 *
60| ell
C PY 30
40 —
C 20
201 10
% ~o5 1 15 2 25 3 35 4 9 0. . 1
E, + E, (MeV) Cos(6)

Preliminary result:
Fr: T,, 2vpp) = [2.3 = 0.2(stat) = 0.3(syst) | x 10y

T,,(0vpp)=18.6 x 101y (90% C.L) w=—p <m> <7.4-20.1eV (90%CL), Eff. 19%
Refs for NME : Simkovic, et al., Phys. Rev. C 77 (2008) 045503
Kortelainen and Suhonen, Phys. Rev. C 76 (2007) 024315

2008/06/27 FH-_2—NJ/HEES 18




Recent result: 'Nd 2vB (Moriond)

= [77] F
E - NEMO 3 °°Nd Preliminary *s' 3007 NEMO 3 ""°Nd Preliminary
0w 300 + s Data (939 days) z B » Data (939 days)
g C 2vpBB + background MC ‘s 250 2vpp + background MC
B 250 Background MC E
8 250¢
S I L 200
5 200f- S/B= 2.77 g SIB= 2.77
S Mass = 37¢g =z
& 150f
£ C
E C
= 100f

50}
0

35 4
E+E,[MeV]

Preliminary results: T, , 2vBp) = [9.20 035 ,, (stat) £ 0.62 (syst)] x 1013y
Expected T,,, (Ovpp) =1.45x10**y
Observed T, ,, (0vBp) =1.8 x 102y (90% C.L.) Eff. 19%
<m,> < 1.7-2.4 ¢V (90%CL), QRPA (2007, corrected paper compared to 2000)
deformation not taken into account
<m> < 4.8-7.6 eV: pseudo-SU(3) Hirsh (95) deformation taken into account

Ref for NME : V. Rodin et al., Nucl. Phys. A 793 (2007) 213.

J.H. Hirsch et al., Nucl. Phys. A 582 (1995) 124.

~2008/06727 FE—1-— N /Re
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« COBRA

» Kiev

« MAJORANA
« SNO+

FH-_1—M/HRES
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COBRA
http://cobra.physik.uni-dortmund.de

Slides courtesy of Kay Zuber. Location

Use large amount of
CdZnTe
Semiconductor Detectors

Large array of
CdZnTe detectors

K. Zuber, Phys. Lett. B 519,1 (2001)

: , INFN
208810857 Christchurch (NZ) Y Tt S ) PN C. Cattadori Uopmmens



The first layer( 16 detectors, 1 cm3, 6.4 g each) of

4 rarr . 07
CdznTe array: full array 64 detectors 64 detector array (Oct. 07)

FArray in Cu shielding

Readout: Energy

Started installation at LNGS in april 2006, world wide largest array «
this type of detector

Sum spectra of first 16 detectors
Alternative painted detectors (four 1 cm3 CdZnTe)
Sum spectrum. 11.9 kg days.
o E
g E ) :.
;) x Cd113 beta decay . Half-life about 8x10'% yrs -g’ ?ﬂ Red detectors 108 kg days.
s I E, 10 k- Colourless detectors 0.5 kg days.
T | Cdl16 g F oy
g F peak region 38 F preliminary
10E 10 Nt
E F N "\
F Eo e,
L 1 {*} i
l; ? * f '\‘VIOMW ' ‘
m” AT
».;..L..\.J.;..l. UP 1000 1500 200(] 250030003500
0 1000 2000 3000 4000 5000 6000 Energy (keV)
sy blue= colourless painted detectors + nitrogen flushing
Dominated by radon in air and red passivation on detector surface black = 16 layer with red passivation + air

2008/06/27 FHI1—N)/HAR 22



Kiev group

« EXxperiments developed and/or considered in the past with
different scintillating crystals with different isotopes
— e.g. CAMEO, CARVEL, etc.
— possible deployment of crystals in large, existing detectors
(e.g. Borexino, SNO)
« Currently the following scintillating crystals (and
experiments) are being developed

— 16CdwO, 116Cd, Q-value =2.80 MeV

also 19Cd B*B*decay, Q-value = 2.77 MeV
— CaMO, 10Mo, Q-value =3.03 MeV
— ZnWOQO, 64Zn, Q-value =1.10 MeV

2008/06/27 FH-_a2—MNJ/BES 23



CaMoO, crystal scintillators

2B decay of 1°°Mo

) 4 137
£10% 662keV, FWHM = 103% (@)~ Cs
i
210
= \
S
10? i g o o
0 100 200 300 00 0
anne
e 10® — =75 keV, P Xerays H7oss
2104 (®)*Bi
..5 4 570 keV, FWHM = 10.7%
210 ) 1o$4 keV, FWHM =7.7%
jon =
o 2 = 5
U]O E ‘\.‘f”\.‘:"_
o 100 200 300 '460'0;'5{)0
3 anne
g0 232
g10] (¢) “"Th 871, 2615 keV
£ 3 FWHM = 4.7%
?’lo 31
510%4
(=]
SA0)
0 200 400 600 800 o ?oo
anne

Energy resolution
FWHM=10.3% for 662 keV v line
of 137Cs was obtained with

ICMSAI, Moscow, Russia CaMoO, crystal scintillators
NIMA 584 (2008) 334 produced by CARAT

e —

2008/06/27 FEH-aA—N/HEE 24



CaMoO, radiopurity

CARAT, Lviv, Ukraine

o 107

210

o
4

Po

,_
=]

(%)

PETTTTY it

Counts/10 keV/kg/!
- ©
il

(a)

_ Counts/10 keV/kg/h
S ~ ©o © ©°
by 0 vl e canh i g 5 Py

=)

(b)

ICMSAI, Moscow, Russia
NIMA 584 (2008) 334

2008/06/27

Energy (keV)

FEHI1—MNI/HAER

Source | Activity (mBqg/kQ)
CARAT ICMSAI

232Th |< 0.7 <1.5
228Th  (0.2-0.4 0.04
238 <0.5 <1.5
226Ra  |2.1-2.5 0.13
210pp | <400 <17
210po | 400-500 <8
40K <1-<3 <3
20Sr <60 - <180 (<23

measured in the Solotvina

Underground Lab

23
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MAJORANA 76Ge 0Ovp -decay

2008/06/27

I+] mm

Slides courtesy of dr. Steve Elliott

1
0.9 : ——— MauJoraNa Prototype Module (30 kg, 1 count/ROI/tly)
- -10.3
% 0.8 oz GRS 0% MAaJORANA Prototype Module (30 kg, 10 counts/ROl/tly)
= o E -10.4
al 0.7 :— ‘:I KKDC (30): (0.69-4.18) x 10” years 05
G - D
o 0.6 062
5, . = 0.7 N
2 055 ol -
R = 1.
'% 04 E_ g
@ 03F 2=
E 02f - &
- =10
0.1 I 38
0 : 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1
0 0.5 1 1.5 2 2.5 3
live time [years]
FH-a1—M/BAES 26



The MAJORANA Demonstrator Module

Detectors are deployed in string and operated
in an ultra-clean, electroformed Cu cryostat

» 60-kg of Ge detectors

— 30-kg of 86% enriched 76Ge crystals required
for science goal; 30-kg non enriched

— Examine detector technology options
p- and n-type, segmentation, point-contact.

» Low-background Cryostats & Shield
— ultra-clean, electroformed Cu
— naturally scalable

— Compact low-background passive Cu and Pb
shield with active muon veto

» Located underground 4850’ level at SUSEL/DUSEL

» Background Goalin the OvBp peak region of interest (4 keV at 2039 keV)
- ~1 count/ROI/t-y (after analysis cuts)

2008/06/27 FH-_a1—MJ/ES
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Present Status

« Approved & Supported: As a R&D Project by DOE NP & NSF PNA

+ Pro

gress towards Demonstrator Module

UG clean room laboratory space should be available early 2009 at
Sanford Laboratory (Homestake gold mine, Lead, SD).

UG Electroforming facility will be initial focus due to required time to
prepare Cu parts of shield.

Early prototype cryostat with point-contact detectors will soon follow.

Working with industrial partner to develop Ge refinement process that
could be located either near detector fabrication facility or UG.

« SEGA: enriched segmented detector

2008/06/27

We have completed our initial performance testing of this detector
« First enriched segmented detector: works well as designed

Presently assembling detector into low-background cryostat
« Plan to move to WIPP for operation in late 2008

FEHI1—MNI/HAER
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Experimental Programs — |V

SNO+ with Nd-loaded liquid scintillator
...also called SNO++

0.1% Nd in 1000 tons of scintillator
with natural Nd corresponds to 56 kg of 1°°Nd isotope

sensitivity below 100 meV with natural Nd

meters of ultra-low background self-shielding against gammas
and neutrons

leads to well-defined background model
liquid detector allows for additional in-situ purification
possibility to enrich neodymium at French AVLIS facility

2008/06/27 FH-_2—NJ/HEES 29



56 kg of '*°Nd and <m > = 100 meV

|_Simulated SNO+ Energy Spectrum_|

v

Events /10ke

-
o
o

= — Total
90 = - ®B Solarv's
— 2l
B0 Bi
— — 203'|‘|
70— —— 2v Double Beta
= — Ov Double Beta
60 — —— 2v + Backgrounds
50
40F-
30F-
20
10 ;— 2
0c e e e it S | f T |

3.4 36 38
Energy (MeV)

(5]
w
N

6.4% FWHM at Q-value
3 years livetime

U, Th at Borexino levels
5o sensitivity

note: the dominant
background is B solar
neutrinos!

214Bi (from radon) is almost
negligible

212Po-208T]| tag (3 min) might
be used to veto 28Tl
backgrounds; 22Bi-2'2Po

(300 ns) events constrain
the amount of 29Tl

2008/06/27 FH-_1—NJ/HEE
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Status of SNO+

funded by NSERC for final design/engineering and
Initial construction 2008-2010

submission of full capital proposal to CFl in Q4 2008
with decision in Q2 2009

construction of hold-down net begins in 2009

construction of scintillator process and purification
begins in 2010

end of 2010 — ready for scintillator filling
new collaborators welcome!

2008/06/27 FH-_2—NJ/HEES 31
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e CUORE-0 @Gran sasso
e EXO-200 @WIPP
« GERDA @Gran sasso

2008/06/27 FH-1—NJ/HEE
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CUORE will be a closely packed array of

988 detectors

741 kg of TeO,
204 kg of 130Te

33

"J/¢gEfals each

19 towers with
13 planes of

Ei'"—'?ﬁ::l.—bl

2008/06/27




CUORE-0: The Demonstrator

CUORE-O will be the first CUORE tower to be installed in the dilution
refrigerator in hall A of LNGS, presently housing Cuoricino

L

/i, CUORE-0
S ] .‘:{‘...1’_ o -

‘:‘_ by \‘%\ bt [“. ‘\‘{“'\.t

R SN SN s - \

2008/06/27

(111

i}

Motivations of CUORE-0O

* Test with high statistics the many improvements
done on several technical aspects of the assembly
procedure:

* gluing

* holder

* zero-contact approach

* wires

* CUORE-0 background should be around 1/3 of
Cuoricino background in the DBD energy region and
close to the CUORE target in energy degraded alpha
region

* CUORE-0 will be a powerful experiment that will
overtake soon Cuoricino sensitivity

e N

F=a—+ /RS 34




Sources of Background @ 2.530 MeV

6 é 2|4BiT , QzﬁRfoc
7 230Thﬂ
5+ / / i
‘?:‘ 234Uu
20 43 190
§ Pty
3 _
é ' 238 ‘ I,
o
e 2; 232-;_1
] f o |
l —
“'HW “”1' |
5 ‘l"w w0, byl L.nuumlah.,qu'l.‘ummﬂ'[ Lty

2200 2800 3400 4000 4600
Energy [keV]

® Flat background above 2615 keV
e Natural extrapolation below
e Contribution to the Ov-DBD region: ~ 70%

® In R&D already decreased by a factor ~5

2008/06/27 FEIA—MN/HARE 35




Radon: The big enemy

TEST: expone crystals and structure materials to Rn-source

Radon concentration in the radon box

350

300
250

200
150

100

22Rn [KBg/m3]

50

0.00 50.00 100.00 150.00 200.00
time [h]

5 sovpce S0 sOuroe
Cu sabs
T souroe
5 sals
2008/06 FH-I—MNI/RAER 36




CUORE-0 vs Cuoricino

X 1024
8 CUORE-0 + Cuoricino ]
e
Mar 2010 pd
7 =
§ | CUORE-0
E Cuoricino sensitivity // sensitivity
= p
s 67T I
Z
A i |
June 2009
> [ Jul 2008 )
) /Jan 2007 |
4 1 1 1 1 1 1
0 10 20 30 40 T [months]
2008/06/27 FH-I2—MN)/HAES
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X and Y grids
7 EXO-200 TPC basics

» drift direction

-~

/
| /

cathode APD [Slane

Neutrino 2008 Giorgio Gratta
2008/06/27 FH-_I—N/HE
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EXO-200 LXe TPC field cage & readout planes EXO low activity copper

Central HV plane vessel “hugs” the fiducial

(photo-etched acrylic supports volume very closely
phosphor bronze) .

* Very light (~1.5mm thin, ~15kg)
to minimize materials

‘Different parts e-beam welded
together

* Field TIG weld(s) to seal the
vessel after assembly
(TIG technology tested
for radioactivity)

+ All machining done under

flex cables on back of APD plane (shallow) shielding

~500 “"Bare” LAAPD

APDs are ideal for our
application:

- very clean & light-weight,

- very sensitive to VUV

QE > 1 at 175nm

~1 B5m

"""""""

Gain set at 100-150

V~1500V 008
AV < +0.5V 3
AT < +£1K  APD is the driver
for temperature stability
Leakage current OK cold

2008/06/27




SALT STORAGE PLES WASTE HANCLING
SAl"sH‘LN?LNG SUPFCRT BUILDING
HAE

AIR INTAKE SHAFT

EXO-200 at WIPP

2008/06/27 FEHE-a1—MN/EES 40



Phases of GERDA

= Phase I:

= Use of existing 7°Ge-diodes from Heidelberg-Moscow and
IGEX-experiments

= 8 detectors for 17.9 Kg of eGe

« EXpected Background ~ 10-2 count/(kg-keV'y) dominated by
crystal internal backg. - KKDC evidence verified in an
external background-free setup.

= Phase II:

=« Add new diodes (+22 kg, total: ~40 kg *""Ge) able to
discriminate SSE/MSE.

= Demonstration of bkg-level <10-3 count/(kg-keV'y)

= Eventually Phase III:
= If background OK

= If KKDC-evidence not confirmed: (1 ton) experiment by a

worldwide collaboration with Majorana )
2008/06/27 FH-_a—k) /RS g



GERDA design

ey Py e s e
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Built with
low activity
steel

1-5 mBaq/kg

- Cryostat arrived at LNGS: 6 March 2008
* Rn emanation OK

* Mounting of inner Cu shielding plates
(thickness 3/6 cm) completed

 LAr evaporation rate tested (< 2% day")
 LAr scintillation light readout to reduce

external bckg in detectors can be mk?

lemented C. Cattadori U e
J/HAES 43

A view inside the cryostat with Cu
lining already in place %E
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Status of Phase I detectors

= IGEX and HdM diodes were removed
from their cryostats and measured

= 17.9 kg enriched and 15 kg
non-enriched crystals (GENIUS-TF)
available

s Reprocessing of all diodes at
manufacturer (ongoing)

= Stored underground during
reprocessing dead-time (HADES)

s Dedicated low-mass Cu holder
constructed for each diode.

Resolutions of former HdAM (ANG) and IGEX (RG) detectors measured in original
cryostats after delivery and maintenance to LNGS

ANG1 ANG2 ANG3 ANG4 ANG5 RGI RG2 RG3
FWHM [keV] | 254 220 293 247 259 221 231 226 |)
N| Mass [kg] 0.980 2906 2446 2400 2781 2150 2.194 2121 |sue
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$Schedule of forthcoming activities (2008-2009) )

= Water Tank & PMTs for u-veto water Cerenkov May-June
2008.

= Technical Building & Superstructure: Summer 2008
= Lock & Clean Room: 2008-2009
= Commisioning: ~ first semester 2009

In parallel:

= Complete Reprocessing of all Phase I crystals, assemble
3-fold strings, integrate cold FE with detector string,
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Why 48Ca ?

® Largest Q value (4.27 MeV)
= next largest; 1°0Nd (3.3 MeV)
= large phase space factor
= almost background free
(v: 2.6 MeV, : 3.3 MeV)

#® Low Natural abundance — 0.187%

= large detector
= Enrichment

Concepts of
CANDLES

4 undoped CaF, (CaF,(pure))

= Ca (Qg=4.27 MeV)

m 300kg 3t 100t
# Liquid Scintillator (LS)

= 47 active shield

m Passive shield

= wavelength shifter for CaF,
@ Photomultiplier

= large photo-coverage

ccccccccc

2008/06/27

a7




Radioactive BG inside CaF,

# Natural Radioactive BGs ~Q

= Maximum energy

* y~2.6MeV, ~3.3MeV, a(max)~2.7 MeVe.e.
(quench;f ,~0.3)

m Successive decays of «, 5, yin decay chain
+ ~1 usec decay time CaF,

Pulse shape

E__=58MeV(U)
b+ 5.3MeV(Th)

2008/06/27 FH-1—NJ/HEE



Development of High Purity CaF, Crystals

CaF,(Eu) in ELEGANT VI
U-chain(**“Bi) :1100 uBg/kg

U and Th Th-chain(??°Rn) : 98 uBqg/kg

(ICP-MS)

Raw Materials CaF Fused CaF
[ CaCO,, HF ]I=>[ Powder ]I=>[ CaF, ]I=>[ Crystzal ]

Radioactivities in CaF, Powder <—p Radioactivities in CaF,(pure) Crystal
(HPGe measurement) (a-ray measurement)

Powder selection
Crystal growing

101 crystals

U-chain(?“Bi) ~36 uBg/kg ...1/30 of Previous Crystals (145 pBg/kg ;Best)
Th-chain(??°Rn) ~29 uBg/kg ...1/3 of Previous Crystals (6=+1 uBg/kg ;Best)
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Rejection of Double Pulse

Typical Pulse Shape (500 MHz FADC)

=
[gmn ; ; ; ; ; ; ; ; o
8 ,.,.E 8 200;_...5 ........... .......... 200
T nds 1| 'S N U U SO S 175
< f = T¢ 150
.% 250:_ """"""""""" %) 150;_ .......... ; .......... S5t U SUURUUORN SRR SURSURUROL SURUPRRONE sk
& 2005t W .a 1255_.... ..... .......... SN SO A SN SO | 8.E; ) R
a') _8 10 nS : 100 E_ .......... e P 100
w 150F ¢ g M o 8 g ; 75
= Delayec SR/ TR S — sob
1005_ """"""""""""""""""""" ST VISR | | - V7] /I A S 25f
50;—' Ay :" e 255_.. .......... ......... ; Al | JR R ........... .......... '210 ‘0‘ — ‘10‘ 7 ‘20‘ = ‘30‘ = ‘40
obd T T 3 Lo AT ‘
Y70 200 400 600 800 1000 1200 1400 1600 0 0 200 400_600_800-16000-1200°1400 1600
Prompt time(2 nsec) time(2 nsec) — recorded shape

— fitted shape

99% of double pulse
events will be rejected
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Pulse Shape Discrimination

Pulse Shape discrimination
— Shape Indicator (PRC 67(2003) 014310)

5T s Difference in decay shape
S Far | . a-event E
g TR < between « and yrays
WV 1{;: i‘i,f -,-e“ \ }. = S_§;
§ e 2 -f*f’.-'?:: == ﬂ ~PSD between y and o rays N
,.E Fy o “.;;-g:_-_.f_},_ = | y-ray Event o-ray Event
I et T
i y—event \T
-10 s ‘agu

SN o ‘ ‘ ‘
0 500 1000 1500 2000, 2500 3000 ¥ ® | & ] I
Energy(ke V) spunoy)y

.;% 1j \\__ 1o \( A/A, =0.5(y-ray) AJA, = 1.0(oc-rayDj
5 T
G sEN .
T > mean value:
[ IS no energy dependence (>1 MeV)
-5F
’ ~99.7% reduction at Q-value

105500 1000 1500 2000, 2500 3000
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CANDLES Ill at Osaka

Liquid scintillator
41000 x 1000 acrylic container
H,O Buffer : passive shield
#2800 x 72600

CaF, : 103 cm3 x 60

PMT:15” PMT (x 8) : R2018 | 33.4% photo- (191 k)

137 PMT (x32) : R8055_ coverage
2008/06/27 FHEIaA—M/PHEE 52



CANDLES It F

- MEFEERE (RERED)

Scale-up version of
CANDLES-III, “Sanchika”
will move on next winter

CaF,: 60(191kg) = 96(305kg)
<m >~ 0.5 eV

L] L]
EEE

\\
pure
water
2008/06/27 FE=1—| Q Q Q
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Challenge on enrichment of 48Ca

resin [Crown Ether )

(mol/L)

Ca Concentration
s o o'
S
»\ S8
T T T I@@I T T ‘JI

044

oncentration(mol/l.)

S
S
N}

@"AH L —

Ca C

S
S

00204

0.002031 \ enrichment
0.00200¢
0.

00198} 3

Isotope Ratlo(‘ *Ca/* 0Ca)

0.00196} g
0.00194}
60 65 70 75 80 8 90

Held by electrostatic attraction between
negatively charged O of the C-O dipoles & Volume (ml)
cation (Ca?*)
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FEH
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(CUORE, GERDA, EXO,...)
— CANDLES IlI#t7F - #[E (2 T E%FAtA
BCadenrichment

* Inverted hierarchyfgigi~[a] [+ T
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