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Double Beta Decay

a) DBD2v: (A,Z) — (A, Z+2) + 2e + 2v,
b) DBDOv : (A,Z) — (A ,Z+2) + 2e”
c) DBDy: (AZ) — (A Z+2) + 2e +ny

Three main
decay modes
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DBD & Nevtrino Properties

y Theoretical description ...

(A,Z) Phase space: high ©
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DBD & Neuirino Properties (2)

, Bestfit

Neutrino oscillation experiments have

g .
given convincent evidences that g
neutrinos are massive and mixed B
Missing informations: B-endpoint L. W
* neutrino absolute mass scale S
nature (_Dlracflwajarana} ~ 0,58 , 90% CL
« CP (Majorana) phases :
» exotic processes E

025 is a powerful tool to identify
neutrino mass hierarchy:

* inverse —

« direct

« Juasi-degenerate

e T T

Pascoli S Petcov ST hep-ph 0205022
Spread cdue to implications from solar v experiments
Nucl tri | t (last SNO results included) in the
Lciealr matrix eilements framework of 3 Majorana » mixing
indeterminations —

B

Mot included




DBD Experimental sensifivity
Experimental evaluation of a decay lifetime:

i My, = number of decaying nuclei under observation
= * ® A M
Tayz In2 NN T/ NS M, = number of observed decays

(7>>T) T =measure live time
“Zero Bkg” (No counts): N_= k

Sensitivity = Lifetime corresponding to the minimum detectable number of
events above background at a given C.L.

Eackgl‘ﬂll.:::z ﬂl.;ﬁtguatlﬂnﬁ: S=1In2- N,e,\ ‘n-a- & /I/T}‘{ (R . W)

M, = Avogadro Mumber

1 FWWHM \I R = Background level {(ke! y1)
n = Mole number
a = |sotopic abundance

Background =« detector mass 2 poeutlonemicioney
Wy = Energy resolution (FywHR)
% T = Live time

S=In2 N, -alA-¢ Vm-Tf(FE‘-W)

B f

Linear dependence!



0128 Experimental Situation

2 main experimental approaches:

& Eakkes o /
ACllve oource
- Passive Source — ﬁi@

Best 025 results involve active source experlments

Experiment Isotope T2™ (Y) “%\ . <m> (eV)
You Ke et al. 1998 1BCa > 9.5 x 1021 (76% ., <8.3
Klapdor-Kleingrothaus 2001 5Ge > 1.9 x 10% w <035
."-"-.a|$Et|‘l et al 2002 > 1.En|r x 1022 < 0.33-1.35

Elliott et al. 1992 825 > 2.7 x 1022 (68% <5
Ejiri et al. 2001 1Mo > 5.5 x 1022 <21
Danevich et al. 2000 1MeCd =7 x 1022 < 2.6
Bernatowicz et al. 1993 130128 Tg* (3.52 £0.11) x 104 <1.1-1.5
Bernatowicz et al. 1993 128Ta* > 7.7 x 1024 <1.1-1.5
Mi DBD - v 2002 130Te > 2.1 %1023 <0.85-2.1
Luescher et al. 1998 136 ¥ a > 4.4 % 1023 <1852
Belli et al. 2001 136X a =7 x 1023 <1.4-4.1
De Silva et al. 1997 13O0Nd >1.2 x 1021 <3

Danevich et al. 2001 160Gd > 1.3 x 1021 < 26




2128 Experimental situation

2"d order weak process

Severe test for nuclear matrix elements calculations
Weighted average of the most recent experiments \

1 average asymmetryc bars T + I _ v - v |2
11} add systematic etors i quadrature [Tif 2{ 0" —0 / T =l "(Q; Z / p’j &
Mo 2" 7
2w GT
Isatope T2 (MeV-1) Phase Space Integral
18C3a (4.25 + 1.6) x 101 0.05 Exactly Calculable
hGe {1.38 + 0.14) x 1021 0.15
12ga (8.9 + 1.0) x 1019 0.10 MNuclear strgct_ure effects
967y (1.43+34 ) x 101 0.12 cause variations by a
100Mo (8.2 + 0.6) x 108 0.22 . OOF=1Y
1000 (0*) (6.8 + 1.2) x 1020 0.1 on the matrix elements
16¢d (3.2 + 0.3) x 1019 0.12 l.e. a factor ~100
128Tg (7.2 + 0.3) x 10244//m]ﬁ/ B the ineline
. (2.7 £ 0.1) x 101 0.017 Calculated values span a range of
EEKE ::_g-;' x 1020 - <0.03 3-4 orders of magnitude
anud '[{7’;'{; '0-1&1}} }"11[?21 ::; around the experimental value
U+ 0.0} x /

_ Tretyal and Zdesenlco 2002
Elliott and Vogel 2002
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[ Heidelberg-Moscow
o S Y i Klapdor-Kleingrothaus HV et al. Eur. Phys. .J. 12 (2001) 147
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Russian Science Center Kurchatov Institute B ‘:ﬂvZB el S5 :k
B 0% | R L 53.9 kg
since 1990 s Sianainn 4 i
E o4
Gran Sasso underground laboratory 5 _.«1
(ER
= Five Ge diodes (overall mass 10.9 kg) 02
isotopically enriched ( 86%) in ™ Ge
= Lead box and nitrogen flushing of the detectors o,
= Digital Pulse Shape Analysis (factor 5 reduction) .l h Lil "
- |
B T e:nergy [I.e"-']
% - 47.7 kgy 272
it T,,% >1.9x 1025 (90 % C.L.)
- <m,> < 0.35 (0.3-1.24) eV

HK‘_‘_‘-———_

Accurate background model:

L Typ?> (1.55 £ 0.01(stat) 0195, (syst)) x 102

00 [EEH] | 5y 0
enengy [keV]




i . Klapdor-Kleingrothaus HY et al. hep-ph/0201231
Ev : d ence fﬂ r D‘U' ZB ' K D H K Klapd or-Kleingrot haus HY and Sarkar L. hep-ph /0201224
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Evidence for Ov2p: KDHK (2)

Key issue:
since 214Bi peaks have been identified in the

large (2000-2080) interval, use a narrower

interval (50)

Result:

a “clear” effect is apparent

Significan- | Detectors o5, ¥ frm) e Conf,
e [kq lervre]
LRI R 1.2.3.4.5 | (080 — 35.07) = 10%% | (0.08 - 0.54) | 95% o0,
50513 L2345 | {nod = 3.46) = 10 | (0.26-0.47) | 68% el
ADELE 1.2.3.4.5 LGL s LS .38 Besat, Value

16002 1235 (070 — 18.33) = 10°" (L1 - (.5) 5% .
I, 50 1.2.3.5 (88 = 3.06) = 10°" | (028 - 0.49] | 68% ol
15 G 1.2.4.5 L.60 w104 11,195 [est Yalue
25,053 2AASSE [ (0B —2288) = 10T [ (0 i0- 051) | 90% 1.
28053 2.4.5 551 {LOT — 3.64) = 125 | (00,25 - 0L4T) 68'% o
25053 235 551 LG = 1048 1.4 Hest Value
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Possible Evidence for Ov2p: comments |
Aalseth CE et al. hep-phi0202013

- Winduw EiEE COMMENT ON “EVIDENCE FOR NEUTRINOLESS
i _ s DOUBLE BETA DECAYY
+ Relative heights of 211Bi lines
exrrapnfarr‘un from H\T 2007 ...
* No null hypothesys analysis
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= B, e, B Fad. & A Elen® E. Facinl®, B Gebskedl®, G, Casita

K Mazama® . K. Faskas™, 01 5 Bz 1117, A T KEouges 11, = ASlikes 5K Mo Y when !
. NC! fu" spectrum presanted I Meanbatd, & n::ml.' I:-..f:.-uii. .:I-.I'-I”_"'I'“ IIi..ﬂu i I. *..I..-.I:fllcl A ':\......'..' F. Wilksrssn*

A Dvporfmend aff Phpsics and A
o T
i ternd af Moo, Calyfornm Tnadil

Enmien Ferans Insrsinte, Pamersiip of Climgs, Clesagoe. 1L S085T, LEA

+ No discussion of unidentified peaks
+ No discussion of PSA effect on all peaks
+ No analysis of robustness of the method:
peak — found peak (with correct features)
no peak — found no peak
+ No analysis of results dependence on
model and bkg assumptions

Inafitu
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Tahle 1. A comparison of r|:|g intensities of the <'VBi lines, The count rates for the peaks labeled
as Refl. Peak come from Reld. The relative efficiency for the penks in the 2000-2080 keV region is
an interpolated value based on the 3 reference peaks

Feak Hate Hranchime Helative Expected Hats
(keV')  {e/(kg-vr)) Hat :||5H Effcieney {o/(kg-vrl)
LT 14 14. 85 1 Ref. Pealk
I7hd.h 16 15,365 1.0 R, Peak

AT {0,155 1.11 5
2016, 7 (1005 1.11 (1. (M6
200218 = (2% 1.11 i3
25249 - 0,075, 1.11 s
T 5.3 1565 1.13 Ref. Pealk
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Possible Evidence for Ov2p: comments
Feruglio F et al. hep-ph/02061294

detectons 1235 1 Reanalysis of H-M data sets # 2 and 3

b

T Peaks detection method: similar results
/Hr/ Global fit: much less effect significance (1.5-0.70)
« Fit with flat bkg:
Dependence on the fit interval width
Bayes/Gauss approach: equivalent

i'lf!.n.:d'n

probabil

AN r 0.2 « Peaks identification (<'*Bi?): inconsistent
S UL Uy \_ L _ criticised ...
delectors 2.3.5 with SSE : « PSA uniform suppression
| 084 ¥
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Possible Evidence for Ov2p: comments

21-05-2002

REPLY TO A COMMENT OF ARTICLE

“EVIDENCE FOR NEUTRINOLESS DOUBLE BETA DECAY™

H.V., KLAPDOR-KLEINGROTHAUS
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e-mil: Elapdortigustor mpi-hid mgg. de,

home poge; llllll'ill:.-"_,-"l‘d'1l"|‘-".:l'.'|j?r-|llIE.FI.I]'Jq.l'.ll-r'_-"FIlrrl.rHH'A

Reply for each item in the “comment”™
defending original position of KDHK

More “soft” reply of H.L. Harney:

“part of the criticism is justified

in particular:

“If the peaks at energies other than Q.. cannot be
identified by way of the simulation the confidence
on the possible structure at Qg will be lower than

given in KDHK™

Klapdor-Kleingrothaus HV hep-phi0205228

Mew table {correct) of experimental
and expected 211Bj lines intensities
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Possible Evidence for Ov2p: comments
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IGEX hep-ex:0202026
Pacific Northwest National Laboratory (PNNL)
University of South Carolina (USC)
Institute for Theor and Exp Physics (ITEP, Rusia)
Institute for Nuclear Research (INR, Rusia) Wl
Yeravan Physical Institute (Armenia)

L 7 -
| g - AR RL N
y I =ILY g1 el UYL

117 mole x y PSD

3.7 courts (90%)

MAR A ke¥

|

¢ Hge

T,(00,0*—=0%) = 1.57 X 1025 y (90%)

Lonmmis

<=m,> < 0.33-1.35 eV

1994-2000 i

203 Ihdn P 2069

Canfranc underground laboratory T P
(Laboratory 3 at 2450 m.w.e.)

Heavy low activity shield:

Z _ A 40 cm of lead
Three (2kg) Ge diodes (86% ™Ge) « PVC box flushed with nitrogen
VI 4 eV » 2Zmm of cadmium

- 20 cm of polyethilene
Effective PSD (SSE): ~ 45% of total Statistics . active vty (glasﬁc g e



Low T Detector concepts

Te dominates in mass the compolng
Excalignt achanical — E nergy a bS'DI'bEI'

and thegmal proparies T 0'2 CI"_’-,I'S tal
Cz=2nJK=1MeV/0.1mK

o
R = 100 M2

Heat sink
Tz=10 mK :
7
Thermal coupling dR/T = 100 kQfuK

Gz4nW/K=4pW/mK

Calorimetric approach
Good energy resolution
| No limit to material choice |

Thermometer
NTD Ge-thermistor

¢+ Temperature signal: AT=E/C =0.1 mK for E= 1 MeV

¢ Bias: | = 0.1 nA = Joule power =1 pW =Temperature rise = 0.25 mK
¢ Voltage signal: AV =1 « dR/T « AT = AV =1 W =1 MeV

¢ Signal recovery time: t1=C/G=z05s

¢ Noise over signal bandwidth (a fewHz): V. =0.2pV e, i Siona) dooy!

afactor 2 - 3 smaller

h Energy resolution (FWHM): = 1 keV




Structure & Evolution of the detectors

Common points:

Thermistor: NTD Ge chip glued with epoxy
Heat sink: Cu plates, frames and bars
Holding method and thermal contact: Teflon elements

4Crystal mass: 340 g-760 ¢
4 Elementary module: 4 detectors
% Small amount of Teflon
# Crystal surfaces: lapped by us
l with radio-pure power S

Mi DBD - | '\ ‘

¢+ Crystal mass: 340 g
4 Elementary module: 1 detector
4 Large amount of Teflon
# Crystal surfaces: lapped in China
with 238U-contaminated power




The Mi DBD - Il: experimental set-up
(a general test for the CUORICINO set-up)

|

Wil 5 modules, 4 detector each,

' il are arranged in a tower-like
I‘h m compact structure (6.8 kg)

[

I

The tower is mounted inside
a dilution refrigerator

Tr

Coldest point
and cold finger

ey

The tower is surrounded by
an inner lead shield, ~
(Roman lead)
and all the refrigerator
by a 20 cm thick outer lead shield




Mi DBD - Il @ LNGS

Laboratori Nazionali
del Gran Sasso

Two dilution refrigerators:
Hall A
Hall C (R&D)




Mi DBD ll: results

Total statistic:
, § single 340 g detector +
0128 d x aray + {
- 20 = array (1 and 1) + |
enriched crystal = =

4.3kgy T
t.,>2.08 <102y @ 90%c.l.

(M.L. assuming flat BKG + 22T| and 2Bi peaks) :
=Mmv= =< Dg = 21 EV IQ.’;.:I:-IE..ﬂ,“:-'}J-!E!J'._“;;! w

2381 ) + 232Th calibration spectrum

=] similarto 340 g crystal
214Bi thanks to improved detector design

‘/_,.f"'

Performance of CUORICINO-type
detectors (5x5x5 cm? - 760 g):

¢ Detectorbase T: ~ 7 mK

# Detector operationT: ~9 mK

# Detector response: ~250 mV/I MeV
+ FWHM resolution: ~3.9 keV a 2.6 MeV

228Ac
40K

0.4 1.6 2.8
Energy [MeV]



el kg ¥l

Counk =/ 1k

Mi DBD: background

- Mi single 340 g detector
- Mi DBD |
- Mi DBD I

EKG inthe range 1.0- 2.8 heY

Counts/{keV kg y)

—

Counts/{keV kg v)

EKG inthe range 2.3 - 2.8 heV i
DEBED C-value

T T

0.33 + 0.11 c/kevikgly




Mi DBD Background Model

Experiment/Montecarlo comparison:
* reliability
* quantitative contributions from different sources

-4, Experimental MC: bulk

gunting box
Crystals

GEANT4 .
Mi DBD |

Mi DED || = : TP A |
Cuuricino} 107 - \ M) a,ﬁvﬁm% Ve

Cuore MC: Surface

Counts
l

= (crystals+mounting box) 'ﬁ! | "
!||||||||||||||||||||||||||||||||||||||||||||||r[||'r|_r[r|
400 B0 1200 1400 2000 2400 ZB0O
Energy (keV)

Reliable estimate of experimental sensitivity



Sensitivity limits

2 generation experiments common features:

« Large amount of source material (isotopic enrichment)

« Background reduction (R&D required)

« Intermediate scale steps (D 1- ﬂ 5 eV sensitivity on <m_>)

« Ultimate goal: <m > ~ 20- 501
¥
Matrix elements calculations:
- QRPA Backgrounds:
« NSM - Natural activity

+ OEM
For each method: strength/weakness

. customary ... but not really justified...
Spread on calculated 0225 matrix elements
= uncertainty on their calculation

« Cosmogenic and Induced activities
- Artificial produced activity

« 2028 >\

o — Comparable efforts
(Ca 12.7 353 - 3 E 10.0) - e

T Ge 6.8 708 560 93 128 144 are requireaq
821G, 2.3 96 224 24 12 6.0

1001 ’ : 1.0 5.1 1.2 15.6

L5 " 4 E 1.9 3.1 1.5

130 (0.6 232 28 20 3.6 3.4

163 g & 484 132 B8R 212 72

N A=) - - . 0.1 0.2 -

13 IG e _:I . ; - 34




Future projects

Experiment  Author Isotope Detector description T .{y)  <m>"

Arnaboldi et al.

CUORE 2001 130Te 760 kg of TeQ, bolometers T x 10 0.027
EXO Danevich et al 2000 136Xe  1tenriched Xe TPC 8 x 102* 0.052
Zilesenko et al 16 1t enriched Ge diodes in liquid nitrogen + i
GEM 2001 Ge  ater shicid 7x1027  0.018
Klapdor-
GENIUS Kleingrothaus et al 5 35e 1t emriched Ge diodes in liquid nitroegen 1 x 102 0.015
2001
MAJORANA  Aalseth et al 2002 T8G5e 0.5t enriched Ge segmented diodes 4 x 10  0.025
DCBA Ishiharaetal 2000 1Nd 20 kg enriched Nd layers with tracking 2x10% 0035
CAMEO Bellini et al 2001 M6Cd 1t CdWO, crystals in liquid scintillator > 10% 0.069
- 48 several tons of CaF, crystalin liquid o
CANDLES Kishimoto et al Ca scintillator 1x10
: 2t Gl S0 Ce cristal scintillator in liguid
160 A 26
GSO Danevich 2001 Gd scintillator 2x10 0.065
n. A 34 t natural Mo sheets hetween plastic
100 27
MOON Ejiri et al 2000 Mo scintillator 1x10 0.036
Xe ‘2:33:'““'9“ o 136Xe  1.56t of enriched Xe in liquid scintillator 5x10%  0.086
XMASS AR 136Xe 101 of liquid Xe 3x10%  0.088

* Staudt, Mo, Klapdor-Kleingrothaus Europh. Lett 13 {(1990) 31



Neutrinoless Experiment with MOlibdenum llI
or Neutrino Ettore Majorana Observatory

Large Collaboration: 13 groups from Europe, USA and Japan

Passive source - Spectroscopic approach

)

023 sensitivity:
T~104y
<me>~0.1eV

TR

BT AR

Detector structure: 20 sectors
1 Source:
up to 10 kg of 55 isotopes
(metal filmn or powder glued o mylar strips)
cylindrical surface: 20 m? x 40-60 mg/cm?
2 Tracking volume:
open octagonal drift cells (6180)
operated in Geiger mode
(0,=0.5 mm,o>=1 cm)
3 Calorimeter:
1940 plastic scintillators coupled to low activity PMs:
FWHM(1 MeV) ~ 11-14.5 %
Magnetic Field (30 G) + lron Shield (20 em) + Neutron Shield (30 cm H,0)

oy ER A &

II.- . i

|

my,; ~ 36 tons
Low activity materials



NEMO 3

D.Lalanne&CS.Sutton contr. pap. v 2002

Mow Operating in the Frejus Underground Laboratory: 4800 m.w.e.

Identification of e-, e*, ¥, n and delayed-x
+ 8 events

« source radiopunty
« BKG rejection

by e-y, e-y-«x coincidences analysis

Enriched sources placed in NEMO3

Mass Intended  <m¥,>
Isotope (@) lLA. studies (V)
Who 6914  97% Bp(Ov) 0207
28e 932 9% Bp(0v)  0.6-1.2
"Cd 405 93% BB(2v)
MTe 454  89% BB(2v)
BONd 366 91% BB(2v)
96 Zr 94  57% BB(2v)
BCa 70 13% BB(2v)
ntTe 207 Ext. y bkg
Cu 621 Ext. ¥ bkg

March 2002: start without shielding
Summer 2002: start with full shielding

/fy after enrichrment and chemical processing



The CUORE set-up

Cryogenic Underground Obgzervatory for Rare Events

LBL — U. Como — U. Firenze — Legnaro (LNL)
LNGS — U. Milano — USC — U. Zaragoza

CUORE = closely packed array of 1000 detectors
25 towers - 10 modules/tower - 4 detector/module

b Cubic structure, ideal for active shielding

no more inert Cu plates
o Tacing crystals

!

HHH

Each tower is a CUORICINO-like detector  Special dilution refrigerator



The CUORICINO set-up o

] 1 i

CUORICINO = tower of 13 modules, 4 detector (760 g) each S —
M =40 kg ==
Coldest point | Lo .

New configuration: 2 planes will consist of \; -

340 g detectors arranged in a 33 matrix § gl /|

| LT

Cold finger it E

N b ’

Plane section \

Tower ——=—N—* |

2 s B ’

' % Lead shield , g & /

— il a

S Pty :I:

Y .l

N =z |

Same cryostat | N . T

This detector will be completely  and similar N =

surrounded by active materials.  structure Y \ )

Substantial improvement a5 Mi DED Nf;):ﬁ

In BK.G reduction L= !
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Damlov M. et al. Phys. Lett. B430 (2000) 12

Large Xenon TPC
with single BEa*-ion detection via laser tagging

Caltech
IBM Almaden 2P B.R. =30%
INFN Padova «136Xe s 136Bg** + 2e- b ’
ITEP Mosca 650 nm
UC Irvine « Double Laser Pulse
Stanford University R o Dig
MREAlabian - Optical Spectroscopy o T
U. of Ne'-!':hate' © Asingle ion can emit
U. of Torino I 107 phatonsisec
U. of Trieste *S1p
WIPP Carlsbad Strong background reduction Ba* level structure

M. Moe PRC 44(1 9913931
Xenon Properties: Requirements for high 0225 sensitivity:
» active source approach - Large mass (1-101)
* contonuous purification - High Density Isotopically Enriched (90%) Xe TPC
* no activation - Good Energy Resolution (2%)
 yersatility

- Low Background Environment
+ Ba** Neutralization
* Long Ba lifetime in detector chamber

T>83x10%y(90% C.L)- <m ><(0.05-0.14)eVin5y

+ depleted Xe: blkg check
+ egsy Isotopical enrichment



Waselengh | HY Poser i Hﬂu
PMTs inebus | PRD e
\\ 4 - g {dilTezern arzmith] TH:rI "r';“;'j
|
| |
| L ’/m b
[ atiesr] VquREag
36 332 g =" membrng
W m
| | £
L}
T 1 |r
i micropalicrs Lritigrte
Presa ped el |plane P ‘:\ piesapr veise| \khﬁiﬂ-ﬂ
Buller gas. ___.--'" o Laser enirance por
alivee wide T 3 136
asgle deflocio - I'-Ilkﬂ Xe
Wy =

Single lon Ba Spectroscopy:
= lon trapping &

= lon lifetimes in Xe

EXO (2)

Detector Configuration

Gas-Phase

sTracking: event topography  =High Pressure

sAdditive gas for quenching
and newtralization

iy situ Spectroscopy

No Cryogenics

Large Size

Liquid Phase

Small Size
*Wao High Pressure

slon analysys and quenching
in vacuum

Cryogenics
=Moo tracking

Mo laser in liguid

sElectrostatic lon
Extraction
Ba atom extraction for

analysis

- Collisional broadening in Xe

= Distinguish '**Ba from '*'Ba

Energy Resolution:
lonization + Scintillation = 2%

measurementin vacuum

100 kg PROTOTYPE goals




MAJORANA

Aalseth CE et al. hep-ex/0201021

PNNL | GOAL: <m >~ 0.02-0.07 eV
South Carolina University 3 ] :
TUNL Main CGHCE_I'H. _ Perkin-Elmer design
TEE « cost and time for i.e. " Ge Contacts PTEX2
Dubna * cosmogenic background o e
+ material selection (6-EXTERNAL X 2INTERNAL)
NMSU |
Washington University S

TO > (0.4-2) x 108 y

Conventional super-low bkg cryostat m 10 vears measurement Pori i

{21 crystals)

4 BDE CHAMNYELS
2 CERTER CHAKNELS
TOTAL = B PREAMPLIFERS

« Deep underground location
WIPP/Homestake

- ~$20M enriched 85% "Ge

+ 210 2kg crystals, 12 segments

- Advanced signal processing

+ ~$20M Instrumentation

+ Special materials {low bkg)

+ 10 year operation

Lead or ;ap";.;-er shield



GENIUS

Klapdor-Kleingrothaus HYV hep-ph0103074

Very large mass extension of the active source Ge-diodes approach

Dara-acquisitien
L

GOAL:

+ <m > sensitivity ~10-20 meV

- test all possible m,, scenarios allowed
by oscillation experiments

« Reduce Background
- Enlarge mass

SOLUTION:

large number (400) of naked i.e. (86%)
diodes (total mass ~1ton) —— 10tons
suspended in a very large container of

liquid nitrogen (clean shield)

Gran Sasso or USA underground laboratory

Liguid Mitregen Tzalation Sreel-vessel

DM & Solar Neutrinos

- L1Zm =




GENIUS (2)

- 3 small naked Ge detectors operated
(for a short time) in LN @ LNGS

« Background analysis: very detailed
Montecarlo calculations
Main concern:
- cost and time for i.e. %Ge

- liquid nitrogen vessel:
dimensions & security

- cosmogenic background T e
GENIUS-TF Klapdor- Kleingrothaus HY bep-ph/00d 2022
i Small ‘naked HPGE in LN’ setup
e g + 14 HP(natural) Ge diodes (m; ~ 40 kg)

s small liquid nitrogen box
« standard (Cu+Pb) shield borated polyethylene

Lo + Test long-term stability
HP G ks fow vt s - Cosmogenics deactivation
« Improve 0225 sensitivity (<mn=> ~ 0.1 eV)
« Improve DM search sensitivity (DAMA)

approved by the Scientific Committee of the Gran Sasso Laboratory



GEM

Zilesenko Y et al. nucl-ex/0 106021

« 1 ton of naked HPGe diodes
phase-1: natural
phase-2: enriched (86%) in "5Ge X
« Ultrapure liquid nitrogen (@ 5m, 40 tons) @
« copper vacuum cryostat
« high purity water (@ 11 m, 1000 tons) _

\

| BOREXINO CTF?

Very detailed Montecarlo background
estimate assuming the best up-to-date
radioactive contamination levels
(GENIUS, SNO and BOREXINO values)

Holder & cryostat

= bkg: 0.2 count/keVtonfyear

phase-1: T% > 10¢7 y <m > < 0.05 eV

| 10 year measurement:
‘ phase-2: T%™ > 108 y <m > £ 0.015-0.05 eV



DCBA/ICOBRA

Drift Chamber Beta-ray Analyzer Ishihara IV et al , NIM A 443,101 (2000) -~
Passive source approach o
150Nd (Q=3.37 MeV) OTO underground laboratory
Detector:
= o aniier Wi (R i mme) E@sy Large mass scaling
= Solenoidal coll i 20 @ mm x 1.1 R ——— 15:-:"'13
Euamm-my veto counter 3D tlacklng |n unlfurm B | »
-d.-ﬁl"'g-
Features: BKG reduction "
= Particle identification >

- Momentum measuremenM ﬁ&.,.-;ﬁf‘"’ﬂ
- Energy meas. (140 keV F @ 1Me‘u‘} .w-,-f'

VAR X dMRCly (A {335"43";}} Use large amotunt of CdTe (CdZnTe)
. cnon emiciency ,-m-';-"

- Versatility (naturali.e. "5'3Nd};@ - Semiconductor Detectors

. Di-ﬁ}: :{fg{_ﬁrahﬂﬂ ,;@-ﬁ**'#y Active source approach

» 10 kg CdTe

+ 1600 1 cm? detectors

« En. resolution: 1% @ 662 keV

- 7 isotopes (especially "'8Cd and '*ITe)

« Mass limits for both below 1 eVin5y

« Study of double electron capture

* Upgrades possible (Tracking, Enrichment)

E. Zuber, Phys. Lett. B 519.1 (2001)

<mj>~6-0.05eV "

.
g™

Detector array



MOON

Ejiri H.
1000 <' passive source for 0v23
target for solar neutrinos ST i
R E o
Electron energy and angular correlations f-;
2+ Solar-V
i i
Supermodule of scintillator and Mo ensembles Wl
L

1. 34 tons of natura

0 (~33tons of "Mo:6x6x5m?) o

100Mo
L aom \2. 1 ton of i.e. "*Mo (2 x 2 x 2 m?)
—4 i1l s /e00m plastic scirtillators O=3, 034 MeV
o ol o %/ SEE000 WLS fibers
- wem §| | O B2 000 18 anode PMT=s 3.3 tons W\ 3 ¥
W8 S ) Be) T i . e
i o™ B % gl
: 13 4 40 F 111 ovgg ]
|. 9 o1
. b .'J [ Bl = 20 H —==
i I 2 ity
o Dl " Vi Lo ey = o T 11
s IR i
M N .r 5-_""““ b 2829 33133
BT F
| 2vfR
o M, S— e Al Eﬂm xlﬂ-_i 1
' . & = ]
H“"i 'y 5 '-ﬂ,-""..lt‘ :
Ty Seasar et 2 ovB
" b gy T o b e
] 3 026 06 076 1 1.28 28 28 3 32 34
i Energy (MeV) Sum Energy (MeV)

et al. Phiys. Rev. Lett. 85 {2000} 2917

|3‘] F}:'

100Ru

Oto laboratory
Japan

Main concern:
+ FWHM: 7%
* Mo radio-purity



Conclusions

« OvZp: a powerful telescope on otherwise unaccessible neutrino properties
* 0v2p @ <m,> ~ 10 meV ?
« Experimental goal: OBESERVE 0v2p
« Larger, expensive and more challenging experiments
Background
Mass
Energy Resolution
Isotopic Enrichment
« Subproducts: Dark Matter, Solar n's, Radioactivity
« A wealth of proposal
International collaborations

Fecent reviews:
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