Experiments of Ov (35 Decays

- The presont status and the future -

Hideaki Ohsumi

(SAGA)_

. Introduction
. The detector sensitivities (m, limits))

. Where we are 7 Where we should go? )

Histories (the present and the future)

. Ge detectors

e Heidelberg-Moscow(GENIUS), IGEX,..

. Full B-ray tracking experiments

e ELEGANT, NEMO, ...

. Thermal Detectors

e Milano-TeO, (CUORE), ....

. New Directions

e Liquid scintillators (Xe, LENS(Yb)...)
e Large scintillater trackers (MOON,...)
e Others Qi}. Xe

. Concluding Remarks
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Opp (0T — 2+) = 3287keV 1481
Qps (0F — 07) =4271keV 2045

7.5% 34.5%

Qpp (27) = 1509 keV 1997
Qps (07) = 2802keV 2533

108

2220 2495
2995 3034
5.6%
50 Nd”oPm
819, 742
» G
v .
1365y 150G
1660 3033
2479 31367

[ S i




g10T X T'T < g0l XTI < CSET WDypr < Udyyg
20T X80 < 120T1 X (90 F)0C LEV'T  Ndger < Ngeg
'L ot XTTT < 0T x(89°0 F ¢v'0 — LEO + )SL'9 89€°C  WSycr < PNoey
§€ecree 0Txph< 0z0T X 9°€ < LOVT oy < 9Xoer
—..._voo. 8 NNOHXG.MA |
10T X 67 < 20T X(TQF T 65T 9Xoer < ALoes
. 50Ix69< e 0IX O F L L9800  Xgey < ALeggs
1z0T X Q6 < éx:g:moi@m
20T X 67 < méx@olm?rvo:moii |
1201 X$°¢ < 6101 X(SE0F S0~ 60+)9T v08T  USgrr < PDor;
01 XTT < s101 X (T — 77 + )92
10T XE€TT < 4107 %(89°0 F €570 — 8€°0 + )789
B0t L 0IXT8< e 0IX(@o—¢0+)STT V€0 Mooy < OWooy
:ExiA s10T X (0 F+ +'0— 80 +)17T
6101 X{60F )6 1S€°¢ OWge < IZgg
1201 X §'6 < 00T X (LOOF 10 F)€80
baee 01X < 0z0T X (90°0 — 970 +)80°1 766'C T g < 9Ses
(o) 20 01 x.?@ NLS <
1201 X(IT°0 — €10+ 100 F )LLT
Ol X80< =~ o0IXH0—L0+)T6 6£0T 3Sg, + 9Dy,
eI X T F 1T — 47+ e
Mﬂ‘-.-ld 10T X 66 < LTV gy < L@ e
(A2) “wi (1) 43133 (16) U1 (ASI) 99D MHRIR

109



The Detector Sensitivities

- m, limits VS Experimental parameters -

e Transition probabilities

_In2

=-——-——Sn-m2 | Sn:GOulMOu‘2 OCQ%ﬁ

e The numbers of Qv B0 events

. Y;I?’LO-F-ED°tm

O Ype (# of background events) ~ 0

V,<l=m,< nal/gt“l/zsgl/ze}}m

e

O Ypg >0 (Ye=AE - Igcitm) |
Y, < /Yag = my < ny VST AR - Ipg)M

m

O VYpecxng (Ipg=mno-Kpg)

= m, < 'n.(;1/4t—1/4S;1/2651/2(AE . Kpe)/*

1

ng. # of 83 source, ¢,,: Measuring time
¢p: Detector efficiency, AE: Energy resolution
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Figure 11. Neutrino masses and mixings in the scheme with inverse hier-
wrchy. Shown is the example with large solar neutrino mixing,.
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Ge Defeclors

DOUBLE-BETA DECAY 23
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Ge-Detectors
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The NEMQ3 detector

20 sectors

A
_];’;'T 3m
A\ 4
Source : 10 kg of BB tzotopes (20 m= with 50 gm thickness)
Tracking 6180 Geiger vells
Calorimeter : 1940 plastic scintilators coupled to low radioactivity PM

AE/E (FWHM) at 1 MeV: walls 13%: top & bottom 14.5%

Magnetic field : 30 Gauss

Shielding : Iron (20 cm) + neutron shielding

[dentification : e ¢, 7.«
BB events detection
Measurement of source radiopurity
Background rejection

R LRy TP AR mpem e ——p—————
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~ ® Position vesolution
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Fig. 3. Elemeptary Geiger cell, 1 — Eight grounded wires, diame-

ter 100 wm, length =1 m. 2 — Central anode wire, diameter 100
wm, length =1'm, H.V.= +1800 V. 3 — Cathode ring (?=29
mm).4"' Heli ’as qRCLIEILI.
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Source distribution in NEMO23

O

7 kg '"Mo
1 kg %Se
0.6 kg '%Cd

Y ke *“”Fc{);
.7kg Cu
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Fig. 4. Energy sum of “one crossing electron” events recorded during ! h with and
without neutrons source.
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Fig. 7. Energy spectrum of “one crossing electron” events recorded during 10700
‘hours (for the four shielding configurations) with the NEMO 2 prototype
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Fig. 8. Projection of the simulated neutron capture places in the NEMO 2 detector
in the case of the neutron source located in the south side of the NEMO 2 prototype.
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(energy beyond well known region)

v Source Candidates: (E’B"kv) .

e Cosmic p (> TeV) Bremsstrahlung (no }A-cgrture:
(wide energy region) S - .

e Neutron capture ~y-ray

1

i. < outside surrounding materials T
2. < inside the detector itself L ¥
. . ‘...-‘In

Wt  EE,~3MeV T (6:5 - 10MeY)’ SOV
n which corresponds:to the neu- o
0 tron binding energy,
g |
n
NeT

i~ NN\ AN\
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<

The Energy Spechrum of Nal detector (in LSM)
1bin=20keV  T554 howrs(Normalize)

3
%1@7; | —— (A) No-shield
g | — (B) PEB (8cm)

10 . — cc)(c_u(se..)) =

: - ]
0oL Pb (o)
10

3 ! ,, :
CHO VL@
10 @ Ry » @

i ] il 1l “ I A i I. I i I E .1 I 1 H

)4 T T8 10 12 14
MoV
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Results (preliminary)

1. Region III: (6 MeV < E < 10 MeV)

e [,(6— Eﬁﬁxfe‘@""} = 3.2{ 4 Q:ﬁ 1075 /em?® /sec

e I,{capture{Nal, Cu)) 2~ 72107 /e /sec 4@
2. Region II+III: (4 MeV < E < 10 MeV)

e L{4—10MeV) ~ T . 1075/cm?/sec
3. Region IV: ( E > 10 MeV)

o Direct effect:
= (9-=£4) x107? /cm?/sec (= 7.7+4.4/m?/day)
(ﬁ 4 /m?/day Frejus exp.)
(cf 1.75:107? /cm?/sec at Bordeaux)

o i Bremsstrahblung:
(8 > 10MeV) ~ 1.0 & 0.3 - 10 fm?/sec

Teherml (<0.025¢1)
= .6 £o.\ - 0~ ﬂ/cmyrec

V.Chazel. et of Astmpo«ﬂicle Physico

3 He counter
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NEMO 3 : Expected performances

* 10 kg of ""Mo (0= 3.038 MeV) - 5 yewrs

s ;Sowc_e contamination: 2MBi < 0.3 mBylkg
| 208TF <002 mBg/kg

° B =34 Gaws + (Z@ cm iron + Z@ cm pamﬁ #) ,s'iue!(img

. -{0
Internal Background: < 0.1% (YCTAL) iy;" R
28] < 0.04 -events/vkg <2
214R; <008 cventsiykg <5 -
BB(2v) 0.11 eventsiykg &.§ |

< 0.0 events/yks < owep
0.5

9.5 background events expected it 5 year's

o &
Signal

(5 o effl EC‘t) R

(90 % CL) ,

24 events-détected G.events excluded

! | v
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Thermd Defe ctors ( Bele metei’ﬁ)

_ LAVARL
Cv= 1944 v..)(@) T/ .
4E 2~ " C, T? ( dE ~j00eV 1 MeV
Ge 1kg 10nk )
Fossible Detectors for rr decoys

Te 03, CaFa, Ge, Cqu,‘wMoPLO".

CUQORE (Cryoa.mic Uhder&ro\ml O'asew«in;
for Rove Events)

D PreSen'l‘ \ cry sts(. x20 » "9"3 ("'".”'E;
| "

Jaby 21k

(3 CUORICING 4u'ys‘l'uﬂ¥l4°p\au = 56 Cryshe
a2ky (e 13.3ky)

@CUDRE 428 ¥ Ttower = 1020
~ ' b ,
798ky (" Te 210k)
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Figure 1. Preliminary CUORE design
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Counts

Counts fkeV
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Figure 2. Calibration spectrum of a 750 g crystal
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CUORICINO set-up

The CUORICING wray is a sct of

Socnbic TeO. ervstals of 3 gy s and "oty e

arranged i a tower-like structure of

4 plancs with 4 crystals per plane

The gap between the ervstals is only 6 mim

st stenctuee v h bedpson stads and reduciion

s hacRennn hrenge s coaneidence dnalby i

SINGLE CUORICINO PLANE: now under tost
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)(e m L‘-ﬂld scintt "d’or S

v (8.9 — %04,)
eas.'ly enriched

Xe = 2i4oh solubility 15  oombar

PC
PC
PC
, & TMé PC "
Xe 9% TAY  vede Ky m'f'* :
CTFO05 CTF2 BXINO -
0.5 m radius 1 m radius 2.7 m radius
1 m radius 4.25 m radius

Fig. 4. Geometrical features of the three considered configu-
rations. The CTF2 configuration is the same as the CTF, with
the scintillator loaded with xenon. On the contrary, the CTF05
and BOREXINO (BXINO) configurations feature an innerin-
ner vessel which contains the PC + Xe solution, whereas the
rest of the inner vessel contains PC alone.

PC: PC+PPO Qi‘.uid s:ﬁaﬂ Hator

of
LENS  20ten Yb

6 .
¢ \ﬂ,,.;' H{ + 2B Gave)
12.7¢4 Q=10%8.5 keV
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$:190em disk in BOREXINO
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Cd W0y (45ky)
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n
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TABLE I. Liquid Xenon as a WIMP Detector.

1. Large mass available - up to tons.
» Atomic mass: 131.29
» Density: 3.057 gm/cm3
* W, value (eV/pair) 15.6 eV
» No long-lived isotopes of xenon

2. Drift velocity: 1.7 mm/us
» 250 V/icm
 Scintillation wave length: 175 nm
e Decay time: 2 ns - 27 ns

3. Light yield > Nal, but intrinsic scintillator (no doping)

= Excimer process very sell understood
= First excimer laser was liquid xenon in 1970!
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