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Double beta decay – Basics I 

• (A,Z) (A,Z) (A,Z) (A,Z) →→→→ (A,Z+2) +2 e(A,Z+2) +2 e(A,Z+2) +2 e(A,Z+2) +2 e---- + 2+ 2+ 2+ 2ννννeeee 2222νββνββνββνββ-

• (A,Z) (A,Z) (A,Z) (A,Z) →→→→ (A,Z+2) + 2 e(A,Z+2) + 2 e(A,Z+2) + 2 e(A,Z+2) + 2 e---- 0000νββνββνββνββ

UniqueUniqueUniqueUnique processprocessprocessprocess to to to to measuremeasuremeasuremeasure charactercharactercharactercharacter of of of of neutrinoneutrinoneutrinoneutrino

The smaller the neutrino mass the The smaller the neutrino mass the The smaller the neutrino mass the The smaller the neutrino mass the 
longer the halflonger the halflonger the halflonger the half----lifelifelifelife

Neutrino mass measurement via Neutrino mass measurement via Neutrino mass measurement via Neutrino mass measurement via 
halfhalfhalfhalf----life measurementlife measurementlife measurementlife measurement

Requires halfRequires halfRequires halfRequires half----life measurements well beyond 10life measurements well beyond 10life measurements well beyond 10life measurements well beyond 1020202020 yrs!!!!yrs!!!!yrs!!!!yrs!!!!
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Double beta decay – Basics II 

There are only 35 potential nuclidesThere are only 35 potential nuclidesThere are only 35 potential nuclidesThere are only 35 potential nuclides

Sum energy spectrum of both electronsSum energy spectrum of both electronsSum energy spectrum of both electronsSum energy spectrum of both electrons

Energy resolutionEnergy resolutionEnergy resolutionEnergy resolution

BackgroundBackgroundBackgroundBackground

Signal: Peak at Signal: Peak at Signal: Peak at Signal: Peak at thethethethe QQQQ----valuevaluevaluevalue of of of of thethethethe nuclearnuclearnuclearnuclear transitiontransitiontransitiontransition

MeasuredMeasuredMeasuredMeasured observableobservableobservableobservable: : : : HalfHalfHalfHalf----lifelifelifelife
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Double beta decay – Basic equations

Observable is a half-life (limit), depending on the number of observed 
(excluded) events in the peak region

Experimental sensitivity depends on 

(BG limited)

(BG free)

Half- life can be converted into effective Majorana neutrino mass
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− ln 2t /T1/2
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FromFromFromFrom thethethethe theorytheorytheorytheory point of point of point of point of viewviewviewview

youyouyouyou trytrytrytry to to to to maximisemaximisemaximisemaximise thisthisthisthis
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Experimental approaches

CandlesCandlesCandlesCandles

GERDAGERDAGERDAGERDA, , , , MajoranaMajoranaMajoranaMajorana

SuperNEMO (?)SuperNEMO (?)SuperNEMO (?)SuperNEMO (?)

COBRACOBRACOBRACOBRA

CUORECUORECUORECUORE

EXO, EXO, EXO, EXO, KamLANDKamLANDKamLANDKamLAND, NEXT, XMASS, NEXT, XMASS, NEXT, XMASS, NEXT, XMASS

SNO+SNO+SNO+SNO+, , , , „„„„LNGSLNGSLNGSLNGS““““, , , , DCBADCBADCBADCBA, , , , SuperNEMOSuperNEMOSuperNEMOSuperNEMO(?)(?)(?)(?)

MOONMOONMOONMOON

0νββ 0νββ 0νββ 0νββ 0νββ 0νββ 0νββ 0νββ decay rate scales with Q5 only those with Q>2000 keV

Talk Talk Talk Talk bybybyby S. S. S. S. SchoenertSchoenertSchoenertSchoenert
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★★★★ IsIsIsIs theretheretherethere a a a a peakpeakpeakpeak????
★★★★ IfIfIfIf notnotnotnot do a do a do a do a moremoremoremore sensitive sensitive sensitive sensitive experimentexperimentexperimentexperiment

� IfIfIfIf yesyesyesyes, check , check , check , check withwithwithwith severalseveralseveralseveral otherotherotherother isotopesisotopesisotopesisotopes

� IfIfIfIf notnotnotnot confirmedconfirmedconfirmedconfirmed
★★★★ IfIfIfIf confirmedconfirmedconfirmedconfirmed, , , , disentangledisentangledisentangledisentangle physicsphysicsphysicsphysics mechanismmechanismmechanismmechanism

StrategyStrategyStrategyStrategy

claim of evidence

1025 yrs

1026 yrs

1027 yrs
1028 yrs

Present situation

H.V. Klapdor-Kleingrothaus et al., 

Mod.Phys.Lett.A21:1547-1566,2006

TTTT1/21/21/21/2 = 2.23 = 2.23 = 2.23 = 2.23 ±±±± 0.4 x 100.4 x 100.4 x 100.4 x 1025252525 yryryryr
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ΤΤΤΤ1/2 = ln2 • a • NA• M • t / Nββββββββ (ττττ>>>>>>>>T)   ( Background free)

For halfFor halfFor halfFor half----life measurements of 10life measurements of 10life measurements of 10life measurements of 1026262626----27272727 yrsyrsyrsyrs

1 event/yr you need  101 event/yr you need  101 event/yr you need  101 event/yr you need  1026262626----27 27 27 27 source atomssource atomssource atomssource atoms

This is about 1000 moles of isotope, implying about 100 kgThis is about 1000 moles of isotope, implying about 100 kgThis is about 1000 moles of isotope, implying about 100 kgThis is about 1000 moles of isotope, implying about 100 kg

Now you only can loose: nat. abundance, efficiency, background, ...

Back of an envelope

This is the 50 meV option, just add 0This is the 50 meV option, just add 0This is the 50 meV option, just add 0This is the 50 meV option, just add 0‘‘‘‘s to moles and kgs if you want smaller s to moles and kgs if you want smaller s to moles and kgs if you want smaller s to moles and kgs if you want smaller 

neutrino masses neutrino masses neutrino masses neutrino masses 



The ultimate experiment

Number of source atoms : ∞

Measuring time: ∞ ✓

Background : 0

Energy resolution: δ –function

Efficiency: 100%     ✓

Nuclear matrix elements: 
precisely known

Phase space incl. Coulomb correction: as large 
as possible

There are 11(35) potential double beta emitters, you There are 11(35) potential double beta emitters, you There are 11(35) potential double beta emitters, you There are 11(35) potential double beta emitters, you 
have to stay with these isotopeshave to stay with these isotopeshave to stay with these isotopeshave to stay with these isotopes

Only a wizzard can do thatOnly a wizzard can do thatOnly a wizzard can do thatOnly a wizzard can do that

From Boehm,Vogel, Physics of massive neutrinos 1992From Boehm,Vogel, Physics of massive neutrinos 1992From Boehm,Vogel, Physics of massive neutrinos 1992From Boehm,Vogel, Physics of massive neutrinos 1992
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UseUseUseUse large large large large amountamountamountamount of of of of 

CdZnTeCdZnTeCdZnTeCdZnTe

SemiconductorSemiconductorSemiconductorSemiconductor DetectorsDetectorsDetectorsDetectors

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

COBRA

Focus on Focus on Focus on Focus on 116116116116CdCdCdCd
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Technical University Dresden Technical University Dresden Technical University Dresden Technical University Dresden 
Technical University DortmundTechnical University DortmundTechnical University DortmundTechnical University Dortmund

Laboratori Nazionali del Laboratori Nazionali del Laboratori Nazionali del Laboratori Nazionali del 
Gran SassoGran SassoGran SassoGran Sasso

University of BratislavaUniversity of BratislavaUniversity of BratislavaUniversity of Bratislava

Washington University atWashington University atWashington University atWashington University at
St. LouisSt. LouisSt. LouisSt. Louis

Material Res. Centre FreiburgMaterial Res. Centre FreiburgMaterial Res. Centre FreiburgMaterial Res. Centre Freiburg
University of ErlangenUniversity of ErlangenUniversity of ErlangenUniversity of Erlangen----NNNNüüüürnbergrnbergrnbergrnberg
University of HamburgUniversity of HamburgUniversity of HamburgUniversity of Hamburg

University of JyvaskylaUniversity of JyvaskylaUniversity of JyvaskylaUniversity of Jyvaskyla

University of La PlataUniversity of La PlataUniversity of La PlataUniversity of La Plata

Czech TechnicalCzech TechnicalCzech TechnicalCzech Technical
University PragueUniversity PragueUniversity PragueUniversity Prague

JINR DubnaJINR DubnaJINR DubnaJINR Dubna

COBRA collaboration
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Setup at Gran Sasso Lab
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COBRA

Major Major Major Major upgradeupgradeupgradeupgrade 2010201020102010
4444----fold fold fold fold forbiddenforbiddenforbiddenforbidden nonnonnonnon----uniqueuniqueuniqueunique betabetabetabeta decaydecaydecaydecay of Cdof Cdof Cdof Cd----113113113113

halfhalfhalfhalf----lifelifelifelife aboutaboutaboutabout 8 x 108 x 108 x 108 x 1015 15 15 15 yearsyearsyearsyears

C. Goessling et al., PRC C. Goessling et al., PRC C. Goessling et al., PRC C. Goessling et al., PRC 72:064328 (2005)

J. V. Dawson et al.,  Nucl. Phys. A 818,264 (2009)J. V. Dawson et al.,  Nucl. Phys. A 818,264 (2009)J. V. Dawson et al.,  Nucl. Phys. A 818,264 (2009)J. V. Dawson et al.,  Nucl. Phys. A 818,264 (2009)

J.V. Dawson et al., Phys. Rev. C 80,025502 (2009)

---- Upgrade to 64 Upgrade to 64 Upgrade to 64 Upgrade to 64 detectorsdetectorsdetectorsdetectors
---- New DAQ New DAQ New DAQ New DAQ systemsystemsystemsystem
---- ActiveActiveActiveActive Veto and Veto and Veto and Veto and shieldingshieldingshieldingshielding improvementimprovementimprovementimprovement
---- EnrichedEnrichedEnrichedEnriched CdZnTeCdZnTeCdZnTeCdZnTe detectorsdetectorsdetectorsdetectors

Double beta limitsDouble beta limitsDouble beta limitsDouble beta limits
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COBRA - Pixel

IdeaIdeaIdeaIdea: Massive : Massive : Massive : Massive backgroundbackgroundbackgroundbackground reductionreductionreductionreduction bybybyby particleparticleparticleparticle identificationidentificationidentificationidentification

200  200  200  200  μμμμm pixel simulationm pixel simulationm pixel simulationm pixel simulation

BiBiBiBi----214 =214 =214 =214 =

Time coincidence of bothTime coincidence of bothTime coincidence of bothTime coincidence of both

alphaalphaalphaalpha electronelectronelectronelectron

alphaalphaalphaalpha

electronelectronelectronelectron

AlphaAlphaAlphaAlpha

Electron 3 MeVElectron 3 MeVElectron 3 MeVElectron 3 MeV

200  200  200  200  μμμμm pixel simulationm pixel simulationm pixel simulationm pixel simulation

55  55  55  55  μμμμm pixel real eventm pixel real eventm pixel real eventm pixel real event
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COBRA – Pixel CZT

Solid Solid Solid Solid statestatestatestate TPC TPC TPC TPC –––– SemiconductorSemiconductorSemiconductorSemiconductor trackertrackertrackertracker

20x20x5 mm20x20x5 mm20x20x5 mm20x20x5 mm3333 systemssystemssystemssystems

8x8 8x8 8x8 8x8 pixelspixelspixelspixels ((((runningrunningrunningrunning at LNGS at LNGS at LNGS at LNGS sincesincesincesince Jan. 2010)Jan. 2010)Jan. 2010)Jan. 2010)

32x32 32x32 32x32 32x32 pixelpixelpixelpixel systemsystemsystemsystem
100x100 100x100 100x100 100x100 pixelpixelpixelpixel systemsystemsystemsystem

TimepixTimepixTimepixTimepix systemsystemsystemsystem::::

14x14x0.3 mm14x14x0.3 mm14x14x0.3 mm14x14x0.3 mm3 3 3 3 Si ( 2 Si ( 2 Si ( 2 Si ( 2 systemssystemssystemssystems))))

14x14x1 mm14x14x1 mm14x14x1 mm14x14x1 mm3  3  3  3  CdTeCdTeCdTeCdTe (2 (2 (2 (2 systemssystemssystemssystems))))
256x256 256x256 256x256 256x256 systemssystemssystemssystems

128x128 128x128 128x128 128x128 systemssystemssystemssystems

World largest CZT detector = 36 gramsWorld largest CZT detector = 36 gramsWorld largest CZT detector = 36 gramsWorld largest CZT detector = 36 grams
collaboration with Zhong He (Univ. of Michigan)collaboration with Zhong He (Univ. of Michigan)collaboration with Zhong He (Univ. of Michigan)collaboration with Zhong He (Univ. of Michigan)

20x20x15 mm20x20x15 mm20x20x15 mm20x20x15 mm3 3 3 3 

11x11 11x11 11x11 11x11 pixelpixelpixelpixel systemsystemsystemsystem

Up to 40 Up to 40 Up to 40 Up to 40 slicesslicesslicesslices in z in z in z in z bybybyby pulse pulse pulse pulse informationinformationinformationinformation
RunningRunningRunningRunning at LNGS at LNGS at LNGS at LNGS fromfromfromfrom Sep. 2009Sep. 2009Sep. 2009Sep. 2009----Jan. 2010Jan. 2010Jan. 2010Jan. 2010One system running in Felsenkeller LabOne system running in Felsenkeller LabOne system running in Felsenkeller LabOne system running in Felsenkeller Lab

since Sep. 2009since Sep. 2009since Sep. 2009since Sep. 2009
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125 125 125 125 daysdaysdaysdays oneoneoneone eventeventeventevent onlyonlyonlyonly!!!, no !!!, no !!!, no !!!, no zzzz----analysisanalysisanalysisanalysis,,,,
DetectorDetectorDetectorDetector notnotnotnot eveneveneveneven lowlowlowlow backgroundbackgroundbackgroundbackground, , , , 
No No No No sophisticatedsophisticatedsophisticatedsophisticated shieldingshieldingshieldingshielding
eventeventeventevent at 2.8 MeV at 2.8 MeV at 2.8 MeV at 2.8 MeV closeclosecloseclose to to to to cornercornercornercorner
coordinatescoordinatescoordinatescoordinates (10,1)(10,1)(10,1)(10,1)

PreliminaryPreliminaryPreliminaryPreliminary

COBRA – Polaris

1 event in peak region in 124 days!!!!1 event in peak region in 124 days!!!!1 event in peak region in 124 days!!!!1 event in peak region in 124 days!!!!

The power of pixels!The power of pixels!The power of pixels!The power of pixels!
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COBRA – St. Louis system
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MuonsMuonsMuonsMuonsElectronsElectronsElectronsElectronsAlphasAlphasAlphasAlphas

COBRA – Timepix

Plan:  Plan:  Plan:  Plan:  TechnicalTechnicalTechnicalTechnical Design Report Design Report Design Report Design Report forforforfor large large large large scalescalescalescale experimentexperimentexperimentexperiment readyreadyreadyready in 2012in 2012in 2012in 2012

256x256 pixels, 55256x256 pixels, 55256x256 pixels, 55256x256 pixels, 55µµµµm m m m 



SNO+

Solar neutrinos, reactor neutrinos, geoneutrinos, supernova neutrinos, double beta decay

Using 1000 tons of (NdUsing 1000 tons of (NdUsing 1000 tons of (NdUsing 1000 tons of (Nd----loaded) scintillatorloaded) scintillatorloaded) scintillatorloaded) scintillator
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SNO+ collaboration

Queen’s, Alberta, Laurentian, SNOLAB: 24 members

Brookhaven National Lab: R. Hahn, Y. Williamson, M. Yeh
Idaho State University: J. Heise, K. Keeter, J. Popp, E. Tatar, C. Taylor  

University of Pennsylvania: E. Beier, H. Deng, B. Heintzelman, 
J. Secrest, T. Shokair, J. Klein

University of Washington: N. Tolich, J. Wilkerson, W. Tsung

Oxford University: S. Biller, A. Reichhold, J. Wilson
University of Sussex: E. Falk Harris, S. Peeters, J. Hartnell
University of Leeds: : J. Rose, S. Bradbury

LIP Lisbon: S. Andringa, N. Barros, J. Maneira, J. Rodelo

TU Dresden: K. Zuber, F. Krueger, P. Schrock
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SNO+ impressions

NdNdNdNd----loadedloadedloadedloaded LAB LAB LAB LAB 

withwithwithwith PPOPPOPPOPPO

Inspection and repairInspection and repairInspection and repairInspection and repair

Peak Peak Peak Peak rangerangerangerange
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SNO+ time planning

---- OctOctOctOct. 2010:                Installation of . 2010:                Installation of . 2010:                Installation of . 2010:                Installation of variousvariousvariousvarious slowslowslowslow controlcontrolcontrolcontrol itemsitemsitemsitems, , , , 
Installation of Installation of Installation of Installation of ropesropesropesropes

---- Feb 2011:                 System Feb 2011:                 System Feb 2011:                 System Feb 2011:                 System readyreadyreadyready forforforfor temporarytemporarytemporarytemporary fillingfillingfillingfilling
Feb Feb Feb Feb –––– May 2011:         May 2011:         May 2011:         May 2011:         WorkWorkWorkWork on on on on thethethethe AV AV AV AV 
Jun Jun Jun Jun ---- Aug 2011:          Aug 2011:          Aug 2011:          Aug 2011:          TemporaryTemporaryTemporaryTemporary draindraindraindrain
Aug Aug Aug Aug –––– Nov 2011:          Final Nov 2011:          Final Nov 2011:          Final Nov 2011:          Final fillingfillingfillingfilling withwithwithwith waterwaterwaterwater
Nov 11 Nov 11 Nov 11 Nov 11 –––– Feb 2012:     Feb 2012:     Feb 2012:     Feb 2012:     ReplacingReplacingReplacingReplacing waterwaterwaterwater withwithwithwith scintillatorscintillatorscintillatorscintillator
201?:                           201?:                           201?:                           201?:                           AddingAddingAddingAdding NdNdNdNd
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Second Workshop on Matrix Elements for Second Workshop on Matrix Elements for Second Workshop on Matrix Elements for Second Workshop on Matrix Elements for 

Neutrinoless Double Beta  DecayNeutrinoless Double Beta  DecayNeutrinoless Double Beta  DecayNeutrinoless Double Beta  Decay

Dresden, July 29Dresden, July 29Dresden, July 29Dresden, July 29----30, 201030, 201030, 201030, 2010

NME + Experiments

Consensus Report: K. Zuber, nuclConsensus Report: K. Zuber, nuclConsensus Report: K. Zuber, nuclConsensus Report: K. Zuber, nucl----ex/0511009ex/0511009ex/0511009ex/0511009
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2222νββνββνββνββ

NME – Intermediate states



Nuclear matrix elements

Most important: Short range correlationsMost important: Short range correlationsMost important: Short range correlationsMost important: Short range correlations

Nuclear deformationNuclear deformationNuclear deformationNuclear deformation

Atomic traps: Atomic traps: Atomic traps: Atomic traps: 
FtFtFtFt----values, values, values, values, 
QQQQ----valuesvaluesvaluesvalues

TheoryTheoryTheoryTheory

ExperimentExperimentExperimentExperiment

Measure properties ofMeasure properties ofMeasure properties ofMeasure properties of

11 isotope pairs in as 11 isotope pairs in as 11 isotope pairs in as 11 isotope pairs in as 

much detail as possible!!!much detail as possible!!!much detail as possible!!!much detail as possible!!!

Charge exchange and Charge exchange and Charge exchange and Charge exchange and 
nucleon transfer reactionsnucleon transfer reactionsnucleon transfer reactionsnucleon transfer reactions

Courtesy F. IacchelloCourtesy F. IacchelloCourtesy F. IacchelloCourtesy F. Iacchello



Double beta decay and neutrino masses

Also other neutrino physics mattersAlso other neutrino physics mattersAlso other neutrino physics mattersAlso other neutrino physics matters

Beta decay:Beta decay:Beta decay:Beta decay:

Double beta decay:Double beta decay:Double beta decay:Double beta decay:

Cosmology:Cosmology:Cosmology:Cosmology:

+ oscillation parameters+ oscillation parameters+ oscillation parameters+ oscillation parameters
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DBD and oscillation physics

LatestLatestLatestLatest oscillationoscillationoscillationoscillation parametersparametersparametersparameters
fromfromfromfrom GonzalezGonzalezGonzalezGonzalez----Garcia et al.Garcia et al.Garcia et al.Garcia et al.
arXiv:1001.4524arXiv:1001.4524arXiv:1001.4524arXiv:1001.4524

No No No No matrixmatrixmatrixmatrix elementelementelementelement uncertaintiesuncertaintiesuncertaintiesuncertainties includedincludedincludedincluded

Impact of  Impact of  Impact of  Impact of  improvingimprovingimprovingimproving θθθθ13131313

M. Hirsch , Neutrino 2006M. Hirsch , Neutrino 2006M. Hirsch , Neutrino 2006M. Hirsch , Neutrino 2006
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Astroparticle Physics Roadmap
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Time schedules

2010:   GERDA  (2010:   GERDA  (2010:   GERDA  (2010:   GERDA  (talktalktalktalk bybybyby S. S. S. S. SchoenertSchoenertSchoenertSchoenert))))
EXO 200 kg EXO 200 kg EXO 200 kg EXO 200 kg enrichedenrichedenrichedenriched XeXeXeXe

2012:   CUORE 2012:   CUORE 2012:   CUORE 2012:   CUORE withwithwithwith 750 kg TeO750 kg TeO750 kg TeO750 kg TeO2222

2013:   2013:   2013:   2013:   KamLANDKamLANDKamLANDKamLAND (300 kg (300 kg (300 kg (300 kg enrichedenrichedenrichedenriched Xe)Xe)Xe)Xe)

2014(?) : SNO+, 2014(?) : SNO+, 2014(?) : SNO+, 2014(?) : SNO+, SuperNEMOSuperNEMOSuperNEMOSuperNEMO

2015(?) : EXO (1t 2015(?) : EXO (1t 2015(?) : EXO (1t 2015(?) : EXO (1t enrichedenrichedenrichedenriched Xe), COBRAXe), COBRAXe), COBRAXe), COBRA
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Conclusion

����COBRA is a promising next generation experiment

to explore double beta decay in Cd116. Unique option

would be the semiconductor tracker

����SNO+ is under construction, relying on a well understood

infrastructure, scintillator filling foreseen in 2012

����Near term experimental goals are driven by the

claim of a peak in Ge-76, GERDA is well on its way to prove it

����To support matrix element calculations as much experimental

input as possible is desired! We are only talking about 11 

isotope pairs!!!

����Double beta decay is the gold plated channel to probe

the fundamental character of neutrinos

����Germany has a long history in double beta decay and good reputation.

It is strongly involved in several experiments and take a leading role the field



So, stay tuned!!!So, stay tuned!!!So, stay tuned!!!So, stay tuned!!!


