DOUBLE BETA DECAY AND NEUTRINO
MASS
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(A,Z+1)
(A,2)
\

(AZ) > (AZ+2) +2€ <2V,
(A,Z) 2> (A,Z+2) +2e + 4 (X 'S )
(A,Z) > (A,Z+2) +2¢

also B'B", B'EC, ECEC (recent results by
Dama,Barabash etc..)



EXPERIMENTALLY

- ransition rate of neutrinoless DBD proportional to €
instead than 10 €'*'" for the two-neutrino channel.
[ess dependent on transition energy

- a peak should appear i the sum spectrum of the two

clectron encergies
Evidence for two neutrino double beta decay found in

S T -
BCa, Ge, ¥Se, *7r, Mo, "Cd, “Te. ' Te. PXe,
PING, U

also to excited states of Mo
with direct, pcochemical and radiochemical experiments
THEORETICALLY

- lepton number violation
right handed currents nand A

~

non-zero "effective" neutrino mass <m, >

2 2

2 +Cpp<n>“+

T T =Cpum<my>2+Cap<A>

+CmA <my><A>+Cppy <my><n>+Cjpy <A><n>



The Sudbury Neutrino Observatory http://neutrino 2002 ph.tum.de pages/transparencies hailin 2% himl
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A. Hallin: The Sudbury Neutrino Observatory (28/33)
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Direct Neutrino Mass Experiments: Present and Futue http://neutrine2002 . ph.tum.de/p...ransparcncies/weinheimer 2 huml
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Ch.Weinheimer: Direct Neutrino Mass Experiments: Present and Future (2/29)

Direct measurement of m(v,)

super-—allowed
Tritium P decay: SH »3He we' Eg =18.6 keV
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Need  very high energy resolution &
very high signal rate &
very low background
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- Ch.Weinheimer: Direct Neutrino Mass Experiments: Present and Future (26/29)

Technical challenges

* Recirculation and purification of tritium to a large extent (kCi)
e =30 superconducting solenoids

¢ UHV (< 10""mbar) in huge volume (1000m?)

e HV calibration and stability on ppm level

* High resolution detectors

= ideal place: Forschungszentrum Karsmuhe/Germat

Inst. of Nuclear Physics Tritum |
Karsru
(1K)
st of Elestonios Ingt o
(IPE) Prive:
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Difﬁéulﬁés to éélculate Nuclear Matrix Elements ->

measurements on many candidate nucledi are needed

EXTRAPOLATIONS OF - m. - (and mg from
direct measurements - Katrin = 0.3 eV) FROM
THE PRESENT RESULTS ON NEUTRINO
OSCILLATIONS

Various theoretical calculations (Bilenki et al -three
and four neutrino mixing, Farzan et al, Pas and Weiler,

Falcone and Tramontano, Klapdor et al, Vogel ...) not

always in agreement.

Values of <m,> in the region of a few tens of eV

seem interesting.
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EXPERIMENTAL APPROACHES

INDIRECT METHODS

(search for an abnormal abundance of (A,Z+2) in a

material containing (A,Z+2))

Geochemical

RESULTS:

0o > 2Kr ¥ 1= (12+.1)x10°-(2.1£.3)x10"a
WK > %Mo * Tp=(3.9%.9)x 10"

12876 > 18%e 1., =(1.5%.2) x 107 - (7.7 £ .4) x 10”2
13076 > 10%e 1= (7.5%.3)x 100 -(27£1)x 10" a

* confirmed by direct experiments

Advantage: long measuring times, good sensitivity
Disadvantages: 0, , 2, , ¥ and excited states together,

gas losses (difficult and not large - Milano experiment)



Radiochemical
Store large masses of (A.7Z) underground and seach for

(AZA42)
RESULT:

238y ->%8Pu Tin=(2.0+£.6)x 10" (68% c.1.)
= o decay (1), =87.7 a)

problems similar to those above

DIRECT METHODS

Source # Detector

A~ [
J) )




Radiochemical
Store large masses of (A,Z) underground and seach for

(AZ+2)

RESULT:

28y > 8py 1., =(2.0£.6)x 10° (68% c.l.)

— o decay (11, =87.7 a)

problems similar to those above

DIRECT METHODS

Source # Detector

A O
J}\




First result of 2vpB  decay of 'S¢ by Irvine
Mont Holyhoke, Baksam-Moscow, Elegant's,
Nemo II, NIMO T Moon ete

Excellent for two neutrino double beta decay.

For neutrinoless double beta decay a good
resolution i1s needed. Background from two

neutrino double beta decay

Source = Detector

DA

G.F. dell' Antonio and E. F.



CaF, scintillator Goldhaber, Bejing,Dama

Ge Milano, now Heidelberg-Moscow, IGEX
CdWO, Kiev-Florence

Xenon Proportional Counters, ionization chambers,

TPC, scintillators Gothhard, Dama with liquid Xe

THERMAL DETECTORS
E.F. and T.Niinikosky (1984)




AE @ 5keV ~100mk~1mg
@2MeV ~10mk~1kg

<1 eV ~5eV

<10eV ~keV

Compound Isotopic Transition
abundance of energy
the candidate

nucleus
*CaF,a 0187 % 4272 keV
“Geb 7.44 " 2038.7 "
""MoPbO, ¢ 9.63 " 3034 "
"eCcdwo,e 7.49 " 2804 "
¥'Te0,d 34 " 2528 "
INdF,e 4.64 " 3368 "

a. heat+scintillation proved, eliminates background

from o particles

b. can be as good as Ge diodes

c. scintillates proved as thermal detectors

d. large isotopic abundance

e. difficult to cool



Present results on neutrinoless double beta decay of 10Te

~21x 107" aat90% c.l.

| & _‘
g
B W il
" H1 i _C

E i +5 cm Pb
3
Lo B [

l ‘ 1
:::d "\“’.i:

T
MC 23 kg MU 3> Kg
50 mK 13 kg 50 mK (13 +41) kg
Still (18 + 60 ) kg Still (18 + 40 ) kg

[ ~
Total 114 kg  Total 156 kg |

(+33 kg)




PRESENT RESULTS ON TWO NEU TRINO)
BB DECAY

Nucleus | Transition Half lifetime (years)
energy(keV)
*Ca 4276 (4367 ) 1
"Ge 2039 (9.2 )\ 107
(17.7+. 14" )y 10
(4.5 v 10"
**Se 2992 (1.08+2° ) x 10
.83+ ) x 10
*Zr 3351 (3.9+.9) x 10"
2.1+ =2y x 10"
Mo 3134 (11547 ) x 10"
.68+ i1+ .08)x 10"
(110" ) v 10"
(O34 .04+ .09) v 10"
""Mo(0"-07") | 1904 6.0+, ) 10
Hcd 2804 (2.6+" £.33)x 10"
(2.7 :Zt’s,.;:%:’q_ﬁ v 10"
(3.75+.33 +.21) v 107
“Te 867 (7.7+.4) x 10** ¥
HTe 2528 (742) x 10
(28+3) x 10%°
(7.9+.1) x 10%°
B6xe 2467 >7.3 x 10°°>1.1 x 10*
PINd 3368 (1.88+ 1, + .19) x 10"
28y 1437 (2£.6) x 10




PRESENT RESULTS ON MAJORON
BB DECAY

Nucleus |AE Tov Limit on
(keV) | (years) |G,
(x10™)
“Ca |4276
®Ge 12039 (7.9 x 10°'(2-10
2Se 12992 [2.4x10*(2-7
7y 13351 6.2 x 10?18
‘Mo (3134 |5.4 x 10*|1-2
(68%)
Hocd 12804 [1.2x10%].3-.6
“"Te 1867 [(7.7 x
1024)
“OTe 12528 |1x 10 [2-7
P%e 12467 [1.4x10*|2-5
“ONd 13368 [2.8x10*(1.4-1.9
S8 1437




PRESENT RESULTS ON
NEUTRINOLESS B3 DECAY

Nucle | AE Tov Limit on
us |(keV) | (years) | <m,>(eV)
*“Ca 4276 9.5 x 10" |15-26

(76%)
®Ge 2039 [1.9 x 10%° |.34-1.14
1.6 x 10* |.40-1.35
*Se 12992 2.7 x 10** |4.7-14.4
(68%)

°7r 13351 [1x10* [(33)

Mo 3134 6.5 x 10** |2-4.4
(68%)

HeCd 2804 12.9 x 10%% [4.9-5.2
'BTe 1867  [7.7x 10 |.72-1.5
Y0Te 12528 2.1 x 10% |.8-2.
P0%e 12467 4.2 x 107 [1.8-5.4

(7 x 10%) |(1.4-4.2)

“ONd (3368 1.2 x 10*! [5.3-7.1

“%U 11437 (8.4 x 10%° |(17.6-34.5)
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Max-Planck-Institut fiir Kernphysik
Russian Science Center Kurchatov Institute

06 _ _ A 4_ | _ |
~71 0.06clkeVikgly B 35.5 kg y (SSE)

COV2B | oa9ckeVikgly [ Ts3gkgy
expected ovmh line

05

since 1990

Gran Sasso underground laboratory

counts/(kg y keV)

* Five Ge diodes (overall mass 10.9 kg)
isotopically enriched ( 86%) in °Ge

- Lead box and nitrogen flushing of the detectors

- Digital Pulse Shape Analysis (factor 5 reduction)

energy [keV]

?

47.7 kgy 2v2B

i

?

ocounts/20keV

T,.% > 1.9x10% (90 % C.L.)
% <m,> < 0.35 (0.3-1.24) eV

A/

Accurate background model:
T2 > (1.55 £ 0.01(stat) *0-19 - (syst)) x 1021

500 1000 1500 2000
energy [keV]



Heidelberg-Moscow

Klapdor-Kieingrothaus HV et al. Eur. Phys. J. 12 (2001) 147

Max-Planck-Institut fir Kernphysik
Russian Science Canter Kurchatoy Instituts

08

! 0.06 c/keVikgly W 35545 (SSE)
Gv2 0.9 ckeVikgly $39hy

expectes QvBd ine

since 1990

Gran Sasso underground laboratory

couns/(kg y keV)

o Five Ge cicdes (oysrall mess 10.% kg)
jectopicaily soriched [ B4%; in G

* Laad box and nitrogen flushing of the detectors

* Digital Pulse Shape Analysis (factor § reduction)

000 10 00 X0 2080
energy [keV]

»
% wwa - 477xay waf

. | T,o™ > 1.9 x 1025 (90 % C.L.)
L “tm ~ < .35 (0.3-1.24) «

\

0 i ' Accurate background model:
T.2% > (1.55 £ 0.01(stat) *219, . (syst)) x 102

000
saeryy (ke V]

~yvicle s VR Klapdor-Kieingrothaus HV et al. hep-ph/0201231
E v id{' nce fO r 0 N 2 ﬁ ' K D H K Klapdor-Kleingrothaus HV and Sarkar U. hep-ph/0201224

EVIDENCE FOR NEUTRINOLESS DOUBLE BETA DECAY
H.V. KLAPDOR-KLEINGROTHAUS' . <
A. DIETZ', H.L. HARNEY', LV. KRIVOSHEINA'?
3 Mas-Planck- Insitxt fir Kevaphyaik, Postfoch 10 19 80, D-69029 Heideibery

Germany
? Ractiophysical-Rearerch Inatitatr, Nivkne. Novgamd, Russia
Yopokesman of the GENIUS eud HEIDELBERG-MOSCUW Collalomutions,
sl HapdorQguatar mpr-id mpg. de,
hm(po,t Jetp/ feone. tnp i-Ad rapy. de fronacc) .
2231 g offect e i
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The data of by NOSOOW doable beta decay exparitonat for the LR g ¢ r doaed E AR see P2 g Y J
Bwesuring u\nxm .uasuuy ar nlumdna) pab-
Mlmdy& of the Bayesiaa pathod for low '/\ E802kg xy, 3 T4 kaV FIWHM, det. 1,235

coanting rates | Flrat ﬂ\d.-mﬁllmuhdn- beudx-yhnh-ﬂvd

iepion sussber violation. Sor this decay i
nndchﬁ%(!h)ﬁ!lhh;—lnmhod Mwl‘ie {310} with the
mwthod reconunsuded by the Particle Data Croup. The halfitfe of che pracess
s Souned with the Bayesian method 1o be T;7, = (0.8 ~ 18.5) x 16™ y (W% 1)
with a best value of 1.8 x 107y The deduced, rafue of tie effective aaxvine
e b, with the macear metrs elamenes fron §, () = (0.1 - 038}V (36X
~€ L), with & best yalue of 0394V Uncestainties in tha nuclear nwerix dements
oy wiien tho renge given for the effective neutaino mam by at most a factor
2. Qur obearvatlon which it the sume tinw hwass evidence that the peutrioo
& 2 Majorans particke, will be of Amdamental mportance for aeatzing physics.
PACS. 14.90.Pq Neatsino mass and auviag - 71 40. 8w Weak-iateactian and bep-
wa {iwhding evtaine) aspects - 23.40.-¢ Beta decav. docble beta decay, edectron gy V| ey SV
and mooa caplur,

Reanalysis of the 1990-2000
Heidelberg-Moscow datav B |

sPeak Detection Procedure
-Bayeslan approach
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Future projects

Experiment

CAMEOQ
CANDLES

GSO
MOON
Xe
XMASS

Author

Bellini ot al 2001

Kishimoto et al
Danevich 2001

Ejiri et al 2000

Caccianiga et al
2001

Moriyama et al
2001

Isotope Detector description T%,.0y)

1t CdWO, crystals In liquid scintillator > 10%

several tons of CaF, crystal in liquid 1 x 10
scintillator

2t Gd,Si0;:Ce cristal scintillator In liquid 2 x 102
scintillator x

34 t natural Mo sheets between plastic 1 x 1027
scintillator

1.56 t of enriched Xe in liquid scintillator 5x 10
10 t of liquid Xe 3 x10%

<m/>*

0.065
0.036
0.066
0.086

* Staudt, Muto, Kiapdor-Klelngrothaus Europh. Lett 13 (1990) 31



FUTURE  Sensibility on OvB{ :

FOV = 4.17x10 2© x = M e
A NV bT
Exp Nucl M Technique [Lab. Enr.
Kg |
NEMO Vari 10 Scintillators + Frejus Yes
GM
GENIUS | 76Ge | 1000- Solid state I NGSor | Yes
10000 detector USA
Majorana | 76Ge 500 Solid state USA Yes
detector

Moon 100M | 43000 | Sandwich with Japan Not

0 scintillators decid
EXO 136Xe 1000 TPC + LASER USA Yes
10000
CUORE | 130Te 760 Thermal LNGS NO
02 detectors
altri

Other possibilities: Xenon 0 CdWod and even Ge in Borexino
CTF, Drift Chamber Beta-ray analyzer, COBRA (Cd7ZnTe) ecc.
Values of <mv> reacheable depend on background: Tens

of meV, similar with those suggested by oscillations



CONVENTIONAL DETECTORS

NEMO 111
Bemg mounted 1 the Frejus tunnel Collaboration

among 12 groups (Europe.Russia. USA)

"

10 kg of enriched isotopes Drifl chambers "a la

Getger" and scintillators

L

Magnetic field . iron and neutron shield

A\”)l

T-=10x 107 a m. -~ 0.1eV

Neutrinotess Exporiment with MOlibdenum Il
or Neutrino Ettore Majorana Observatory

Large Collaboration: 13 groups from Europe, tJ24 and Japan

Passive source - Spectroscopic approach

Ov2f sensitivity:
T~10¢y
<mv>~ 0.1 eV

Detector structure: 20 sectors

1 Source:
up to 10 kg of AP isotopes
(metal film or powder glued to mylar strips)
cylindrical surface: 20 m? x 40-60 mglcm

2 Tracking volume:
open octagonal drift cells (6180)
operated in Geiger mode
(6,20.5 mm,6,=1 cm)

3 Calerimetern ~ 36 tons
1940 plastic scintillators coupled to low activity PMs: o
FWHM(1 MaV) ~ 11-14.5 %

Magnetic Field (30 G) + lron Shield (20 cm) + Neutron Shield (30 cm H,0)

Low activity materals



GENTUS
Proposed for the LNGS and WIPP
Conventional technique , but shield with liquid
nitrogen where nake detectors operate

270 enriched Ge detectors ~ | ton

GENIUS

Klapdor-Kleingrothaus HV hep-ph/0103074

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

Data-acquisition S

» Reduce Background
» Enlarge mass

SOLUTION:

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

liquid nitrogen (clean shield)

Gran Sasso or USA underground laboratory

. Liquid Nitroger
D4 & Sotar Noeulrinos




GENIUS-TF
14 crystals of natural Ge to test background

approved

IR LY
TYURU
liquid N

t f

HP Ga bricks low lavelstea!




MATORANA

0..5 tons of enriched Ge

Scgmented detectors

Pulse shape discrimination

To be installed in the USA underground laboratory

~

They have complete predvious test with
a single Ge detector, and are now
mounting 12 enriched crystals.
Majorana will be made by 210 diodes

MAJORANA
Aalsath CE et al. hep-ex/0201021

PNNL GOAL: em > ~ 0.02-0.07 eV
South Carolina University o
TUNL Main concern: » Perkin-Elmer design
ITEP s cost and Ume for Le. "'Ge Contacts PT6X2
Dubna s cosmogenic background . N gron T T0R
NMSU + material selection g (GEXTRRNAL X 2NTERNAL)

Washington University

Conventional superow bkg cryostat e
)

¢+ Decp underground location
WIPPHomestake

+ ~$20M enriched 85% 7Ge

+ 210 2kg crystals, 12 segments
+ Advanced signal processing

* ~$20M Instrumentation

» Special matedals (low bkg)

+ 10 year operation



MOON

[t is a sourcezdetector approach (but they are also
considering thermal detectors)

To study at the same time solar neutrinos and
double beta decay of """Mo

[n Oto faboratory (Japan)

34 tons of natural Mo (sheets) interleaved with
scintillators

MOON
Ejiri H. et al. Phys. Rev. Lett. 85 (2000) 2917
&
Sl <V passivae source for Ov2f I l T
target for solar neutrinos ST 1
3
Electron energy and angular correlations >2~_—
2.
2
©opign el gt Tt st bl g e e g [T}
. ‘ ‘ Z1
w

1. 34 tons of natu o(~33tonsof "Mo:6x6x5m?) o

to 2. 1tonefie WMo (2 x 22 mY

3 /60.000 plastic scintiliators Ope3.034MeY By )
% 866.000 WLS fibers hd
¥ 6200016an0de PMTs 35 niuen,
zls gw 100Ry o
|
E P Oto laboratory
§" g Japan
P go
~ ~
Fe 2 Main concern:
x 4200 « FWHM: 7%
” 3 * Mo radio-purity
') 3




CUORE and CUORICINO

CUORIE : an array of 1000 natural crystals of TeOs
ol 5x5x5 cm -~ 760 ke to study double beta decay
of ""Te, They have been already tested

AE = #f keV @ 46 keV and 3.2 keV @ 5.4 keV

CUORICINO has been approved :

44 crystals of 14 crystals of 5x5x5 ¢cm P+ 14

crystals 3x3x3 ol natural TeO, + 2 crystals of

Y TeO, + 2 crystals of 0, TeTAL MAGE X 40 VLX

Set-up df Cuoricine

- 00 8o LE X1 Aywer Py

G
Z
o b=
Y A
>
i P
% ! s
B l .
A, H 1
A %
1 'S
gt » =k
(5 ) 3 i
s of %)
IR b
5 2
i
g
{3 g
g 3
i
a3 4
A A
%) 3% A
M @ 3! J4 2
. ; % RN
o <3 - A -
e i g i3 s &8
v nd VTt = £
] 3 T
‘rod 5 e
Sttty R L
¥
M.C.14 moduli de 4 cratell cisscunt

Masza complssalve of TaO.: 42 kg



The CUORE set-up
Cryogenic Underground Observatory for Rare Events

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

___ . Dusmcr

darmyping suspansion
CUORE = closely packed array of 1000 detectors
25 towers - 10 modules/tower - 4 detector/module
h Cubie structure, ideal for active shielding

no more Inert Cu plates
4 facing crystals

Each tower is a CUORICINO-like detector ~ Special dilution refrigerator



ENXO)
136y 136 13,4+ | SURTIRTY
[ostudy ™ Xe -> "7 Ba in gas xenon Possibility
to look to Ba™ "Ba’ individually detected by
LLASER mduced fluorescence

493 nm -.6 Py, -3 Dy 650 nm--6 P, (blu)

Simpler approach : electrical collection of Ba
atoms

62P1/2 4
650 nm
493 nm
——5°,,
metastable
6281/2 A




Powwinnd
S
s v . %
e bt e rrven [oT%) Xe
( 2y efacior
ey
{1 socxiomt

Single lon Ba Spectroscopy:
« lon trapping &

+ ton lifetimes in Xe

[
Do

EXO (2)

Detector Configuration

Gas-Phase

*Tracking: event topography
«Additive gas for quenching
and neutralization

“n situ Spectroscopy

Hagn Pregsues

Larpe Toow

*No Cryogenics

Liquid Phase

+Smail Size R ]

*No High Pressurs hy Track g

*fon anatysys and quenching o aver o i
in vacuum 3 awer o g

R e

B utr et

Ba stoen sxvsctest foe
& e R

» Distinguish *HBa from "WBa

Energy Resolution:
lonization + Scintillation = 2%

measurement in vacuum
« Collistonal broadening In Xe

100 kg PROTOTYPE goals

(= TRC enyinssring
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