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Double beta decay

2vBp: Seen in 9 isotopes, important for nuclear physics input



Nuclear matrix elements

gasured guantity quantity of interest

IPPP Workshop on
Matrix Elements for Neutrinoless
Double Beta Decay

IPPP, Durham, UK

May 23-24, 2005
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Needs international coherent effort
http://www.ippp.dur.ac.uk/ONU2B/2005.html




Back of the envelope

k__

Tp=In2easNpe Mot/ Ng (t>>T) (Backgroungfree)

50 meV plies half-life measurements of1026-27 yrs
1 event/yr you need 102%%-27 soyrce atoms

This i1s about 1000 moles of isotope, implying 100 kg

Now you only edn loose: nat. abundance, efficiensy, background, ...




Phase space
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OVEE
vpp
Isotope Q-value \io¢ apund. (PSOV)T  (PS2v) -
(KeV) (%) (yrs) (yrs)
Ca 48 4271 0.187 4.10E24 2.52E16
Ge 76 2039 7.8 4.09E25 7.66E18
Se 82 2995 9.2 9.27E24 2.30E17
Zr 96 3350 2.8 4.46E24 5.19E16
Mo 100 3034 9.6 5.70E24 1.06E17
Pd 110 2013 11.8 1.86E25 251E18
Cd 116 2809 75 5.28E24 1.25E17
Sn 124 2088 5.64 9.48E24 5.93E17
Te 130 2529 345 5.89E24 2.08E17
Xe 136 2479 8.9 552624 2.07E17
Nd 150 3367 5.6 1.25E24 8.41E15




Future considered projects

J. Engel, S.Elliott, JPG 2004

CARVEL

Ca-48

100 kg **CaWO, crystal scintillators

COBRA

Te-130

10 kg CdTe semiconductors

DCBA

Nd-150

20 kg Nd layers between tracking chambers

NEMO

Mo-100, Various

10 kg of pp isotopes (7 kg of Mo), expand to superNEMO

CAMEO

Cd-114

1t CdWO, crystals

CANDLES

Ca-48

Several tons CaF, crystals in liquid scint.

CUORE

Te-130

750 kg TeO, bolometers

EXO

Xe-136

1 ton Xe TPC (gas or liquid)

GEM

Ge-76

1 ton Ge diodes in liquid nitrogen

GENIUS

Ge-76

1 ton Ge diodes in liquid nitrogen

GERDA

Ge-76

~30-40 kg Ge diodes in LN, expand to larger masses

GSO

Gd-160

2 t Gd,Si0,:Ce crystal scint. in liquid scint.

Majorana

Ge-76

~180 kg Ge diodes, expand to larger masses

MOON

Mo-100

Mo sheets between plastic scint., or lig. scint.

Xe

Xe-136

1.56 t of Xe in lig. Scint.

XMASS

Xe-136

10 t of liquid Xe

small scale ones will expand, very likely not a complete list...
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Running experiments

CUORICINO: cryogenic bolometers
40.7 kg TeO,

The o 47 (00 00

C. Arnaboldi et al,

hep-ex/0501034 NEMO-3: TPC
Future: CUORE
760 kg TeO,
approved

650 hours ||
13750 events | [EEEEEES
S/B=40

4 S/B(>1MeV) = 100 ol

m, < b2 2§ 102 yr (90% CL)

R. Arnold et al, hep-ex/0507083
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Other German activities

o

« R&D request for development of a cryogenic
double beta in preparation (TU Munchen)

 Metal loaded organic scintillator development
(MPIK Heidelberg), Nd-loaded for double beta

The Simulated Spectrum of Double Beta Decay Events
Nd(acac),nH, O

——NdCl,
20 '

425 450 475 500 525 550 575 600 625 65( I 3.4 36 3.8 2
Energy (MeV)

avelength [nm]

Window for scintillation light SNO++, Nd-loaded scintillator from BNL



COBRA

Use large amount of

Array of 1cm?3
CdZnTe detectors

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



+ further interested institutes

Cobra - The people
WH. Kiel, D. Munstermann, S. Oehl, T. Villett
University of Dortmund

J. Dawson, C. Montag, D. Polzaird,

C. Reeve, J. Wilson, K. Zuber
University of Sussex

P.F. Harrison, B. Morgan, Y. Ramachers, D. Stewart
University of Warwick

A. Boston, P. Nolan
University of Liverpool

B. Fulton, A. Smith, R. Wadsworth
University of York

T. Bloxham, M. Freer
University of Birmingham

A. Fauler, M. Fiederle
Material Research Centre Freiburg

P. Seller
Rutherford Appleton Laboratory

M. Junker
Laboratori Nazionali del Gran Sasso
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Tel20

Isotopes

nat. ab. (%) Q (keV)
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Advantages

k_

e Source = detector

e Semiconductor (Good energy resolution, clean)

e Room temperature
e Modular design (Coincidences)

e Two isotopes at once

e |Industrial development of CdTe detectors
e 116Cd above 2.614 MeV
e Tracking (,,Solid state TPC")
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Half-life limits improved by a factor 5-10 2.5 kg x days of data



Physics - 113Cd

k_

113Cd one of only three 4-fold forbidden p-emitters known in nature

T, =(8.2£0.2 (stat.) *92_, ; (sys)) 10% yrs

C. Goessling et al., nucl-ex/0508016
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T,,, close to 10%°
years obtained

COBRA results

H.Kiel, D. Munstermann, K. Zuber, Nucl. Phys. A 723,499 (2003)

IGO0 3500

OV,B,B NPA723 Current

0Zn 1.3 x101% 2.9x10%’
116Cd 8.0 x1018  1.1x10%°
130Te 3.3x101%  8.2x101°

EC-modes  naP723  Current

106Cd  Om&)*  3.8x107 1. 6x1018
6471 bW+ 2.8x101  2.6x10%7
Fr

120Tg OM&*EC 2.2x1016  9.3x1016

Current results are preliminary



2V - decay

k_

2vBB Is ultimate, irreducible background

Energy resolution important - semiconductor

6
8Q(Anf /Q) — 37 *10—10

e

Fraction of 2vBp in 0 vBPB peak: Liks

S. Elliott, P. Vogel, Ann. Rev. Nucl. Part. Sci. 2002

Signal/Background:
S_1T, _

2 12 _433
B FTY%

T2 =3.2x10° yrs

N

Y00 2720 2740 2760 2780 2800 2820 2840 2360 2880 2800
E [keV]

T,y =2x10% yrs

+ Tracking option



dences

Alm: Coincidences among crystals should significantly reduce

gamma background
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Array too small to prove power of coincidences — Larger Array



The 64 detector array

%’ for next 2 years: The next step towards a large scale experiment,

Scalable modular design, explore coincidences

Mass factor 16 higher,
about 0.4 kg CdZnTe

Include:

Cooling

Nitrogen flushing
Physics:
- Can access
2vECEC In theoretically
predicted region
-Precision measurement

of 113Cd
All detectors at Dortmund, LNGS end 2005  _ New limits




Dimension it right! —

Current idea: 40x4040 CdZnTe detectors = 420 kg, enriched in 116Cd

A real time low-energy solar neutrino experiment?

Threshold energy: 464 keV

/Be contribution g.s. alone: 227 SNU

K. Zuber, Phys. Lett. B 571,148 (2003)



The solid state TPC

k— Introduce tracking properties by using segmented,
pixellated electrodes and pulse shape analysis

Single electron spectra
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Trajectorias of 100 electrons in CdTe
E=1.4MeV, EGSnre simulation
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Angular correlation
coefficient o



Pixellated detectors

3D - Pixelisation:

Observation of muon tracks

Measured
Energy deposition

Zhong He (2003) : Detector: 1.5x1.5x1 em? CdZnTe
The Univ. of Michigan
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Nobody said it was going to be easy, and nobody was right
George W. Bush



Summary
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