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Motivation  
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Neutrinoless double beta (0nbb) decay experiments is a good way to search for the physics 
beyond the Standard Model. The observation of such a decay would prove that lepton 
number is not conserved. Lepton number (L) is accidentally conserved in Standard Model 
Ҧ L number violation is expected. Most of the SM extension predict  ⱨ ⱨ.  

Searching for 0nbb helps to understand: 
Å Nature of n (Dirac or Majorana) 
Å Neutrino mass scale 
Å Neutrino hierarchy 
Å Some fields in particle physics 

including cosmology 
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Other types of 0nbb decay are also considered 



0nbb decay  
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2nbb decay has been observed already in more than ten isotopes, but 0nbb not found yet.  

G0n ς phase space factor ~ Q5 

M0n ς nuclear matrix element 
mbb ς effective Majorana mass 

0G nG0G n

Phys. Rev. D 90, 033005 (2014). 
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For 0nbb mediated by light Majorana neutrinos: 
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Experimental sensitivity  
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Experimental sensitivity: 
 
If background << 1: 
 
 
If background >> 1: 
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To maximize sensitivity: 
Å As low background as possible 
Å Very good energy resolution 
Å Large isotope mass and time of the 

measurement  
Å High detector efficiency 
Å Enriched material with high abundance  



Overview of some experiments  
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Experiment Isotope Technique Mass of  
element 

[kg] 

FWHM  
@ Qbb,  
[keV] 

Background 
[cts/(keV kg 

yr)] 

Exposure 
[kg yr] 

Sensitivity 

T0n

ρȾς
 

[1025 yr] 

Hd-M 76Ge Ge diodes 11 4.2 0.06 35.5 ~1.9 

EXO-200 136Xe LXe TPC 175 89 0.0017 100 1.9 

GERDA-I 76Ge Ge diodes 17.7 4.8 0.01 21.6 2.4 

KamLAND-Zen 136Xe Scintillator 380 250 0.0004 504 5 

Under construction or running* 

GERDA-II 76Ge Ge diodes 35 3 0.001 100 15 

Majorana 76Ge Ge diodes 30 3 ~0.001 ~100 ~15 

CUORE 130Te Bolometers 600 5 0.01 1030 9.5 

EXO-200 136Xe LXe TPC 175 ~30 ? ? 5.7 

KamLAND-Zen 136Xe Scintillator 750 ? ? ? 20 

SNO+ 130Te Scintillator 3980 270 0.0002 3980 9 

*Projected values are in the table 
More experiments should be mention: NEXT, SuperNEMOΣ !ƳƻǊŜΣ /h.w!Σ /!b5[9{Σ Χ 
Many experiments are in R&D phase.. 
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Experiment Isotope Technique Mass of 
element  

[kg] 

FWHM  
@ Qbb,  
[keV] 

Background 
[cts/(keV kg 

yr)] 

Exposure 
[kg yr] 

Sensitivity 

T0n

ρȾς
 

[1025 yr] 

Hd-M 76Ge Ge diodes 11 4.2 0.06 35.5 ~1.9 

EXO-200 136Xe LXe TPC 175 89 0.0017 100 1.9 

GERDA-I 76Ge Ge diodes 17.7 4.8 0.01 21.6 2.4 

KamLAND-Zen 136Xe Scintillator 380 250 0.0004 504 5 

Under construction or running* 

GERDA-II 76Ge Ge diodes 35 3 0.001 100 15 

Majorana 76Ge Ge diodes 30 3 ~0.001 ~100 ~15 

CUORE 130Te Bolometers 600 5 0.01 1030 9.5 

EXO-200 136Xe LXe TPC 175 ~30 ? ? 5.7 

KamLAND-Zen 136Xe Scintillator 750 ? ? ? 20 

SNO+ 130Te Scintillator 3980 270 0.0002 3980 9 

*Projected values are in the table 
Focus on resent results of GERDA (not published yet):  
June 17: Unblinding of the first data set of GERDA Phase II. 



GERDA collaboration  
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GERDA collaboration meeting in Ringberg castle, 2016 

6 countries, 16 institutions, 116 members 



GERDA collaboration  
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ITEP 
Moscow 

Kurchatov  
Institute 

http:// www.mpi-hd.mpg.de/gerda/ 

INR 
Moscow 

Laboratori Nazionali del Gran Sasso



Background reduction  
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GERDA experimental setup located at LNGS underground laboratory of INFN (Italy). The 
rock overburden is equivalent to 3500 m w.e. This allows to reduce m (~ 106 times) and 
neutron flux induced by cosmic radiation. 

PASCOS 2016, A.Lubashevskiy 



Scheme of GERDA experiment  
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clean room 

water tank 
with HP water  
(590 m3) 
and m-veto 

Detector array 
(not in scale) 

Lock system 

HP liquid Ar 
64 m3 

Cryostat with  
internal Cu shield 

EPJ  C73 (2013) 2330 



General concept  
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The search is performed with High Purity Ge detectors enriched ~ 86% in 76Ge. They are 
submerged into liquid argon (LAr). LAr shields from the radiation and cools down the Ge 
detectors.  The Ge diodes have excellent energy resolution and pulse shape discrimination. 



GERDA Phase I results  
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Claim: T1/2
л ˄=1.19Ҏ1025 (Phys. Lett. B 586 198 (2004))  

GERDA: 90% lower limit (T1/2
л˄ ) [Phys. Rev. Lett. 111 (2013) 122503] 

Background index  
~ 10-2 cts/( kgÖkeVÖyr). 
About 10 better than in 
previous experiments. 
 

No event remain within 
Qbbҕs after PSD cut.  
 
The άŎƭŀƛƳέ of a signal for 
0nbb decay of 76Ge is 
ruled out by GERDA with 
99% probability. 

The limit on the half-
life of 0nbb decay is:  

Energy spectrum from all enriched Ge detectors with and without  the PSD selection. 

Accumulated statistics: 21.6 kgÖyr 



From Phase I to Phase II  
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To increase sensitivity of the experiment: 
Å Increase mass: 30 new BEGe detectors with total mass of ~ 20 kg. 
Å Exposure: 20 kg yr Ҧ 100 kg yr (within 3 years). 
Å Reduce background: (from 10-2 cts/( keV kg yr) Ҧ 10-3 cts/( keV kg yr)): 
V Power Pulse Shape Discrimination (PSD) of new BEGe detectors. 
V LAr light scintillation veto. 
V Cleaner materials. 
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GERDA Phase II preparations  
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New BEGe detectors of GERDA Phase II: 
Å Better energy resolution. 
Å Powerful pulse shape discrimination (PSD).  

p-type germanium  

Å 65-80 mm  

2
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n+ electrode 
όҖƳƳ ǘƘƛŎƪύ 
(HV contact 

p+ electrode  
(<mm thick) 

read-out contact 

Examples of the pulses from BEGe detector. 
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210Po a 

More details:  EPJC 75 (2015) 39 
                      EPJC 73 (2013) 2583 
                JINST, 8 (2013) P104018  



LAr light instrumentation  
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Scintillation fibers 
and SiPM readout 

PMTs readout 
consist of 16 3έ 
PMTs 

LAr scintillation veto 
works in the 
coincidence with Ge 
detectors allowing to 
suppress background 
events which deposit 
energy in LAr. 



LAr veto performance  
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226Ra calibration source 228Th calibration source 

The performance of LAr veto in GERDA was tested with calibration sources.  

preliminary! 

Combines suppression factors: 25ҕ2 (for 226Ra) and 390ҕ28 (for 228Th). 
Suppression factors depends on isotopes, location and detector configuration. 



 42Ar background mitigation  
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In Phase I mini-shroud made from a copper foil placed 
around the detectors was used to decrease a collection 
of 42K ions towards to the detector. For GERDA Phase II 
copper MS would block the scintillation light -> decrease 
efficiency of LAr veto significantly.  
Transparent nylon mini-shroud (NMS) covered with 
wavelength shifter is used for Phase II.  

collection of 42K on the 
ŘŜǘŜŎǘƻǊΨǎ ǎǳǊŦŀŎŜ 

Thanks to Princeton for providing  the 
such clean nylon foils (which was 
developed for Borexino). 

Copper MSs for Phase I NMS for Phase II in UV light 

ba{ ŀǊƻǳƴŘ ǘƘŜ ŘŜǘŜŎǘƻǊΩǎ ǎǘǊƛƴƎ 



 42Ar background mitigation  
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In measurements in LArGe  test facility with spiked 42Ar it was shown that with NMS after 
applying all the cuts (PSD+PMT) it is possible to dramatically decrease 42K background: 
suppression factor of  more than 1000 was obtained in the measurements. 

Surface beta events are 
efficiently suppressed 
by PSD.  

Expectations  
for bare BEGe 
without NMS 



GERDA Phase II preparations  
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Cleaner components: 
Å New low radioactive holders 
Å New electronics 
Å New cables 



GERDA Phase II configuration  
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Deployed in December 2015: 
Å 7 detectors strings 
Å 40 detectors: 

o 30 enriched BEGe (20 kg) 
o 7 enriched coax (15.8 kg) 
o 3 natural coax (7.6 kg) 

Total: 35.8 kg of enriched Ge 



Data taking  
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      Data taking: 
Å December 2015 ς May 2016 
Å Energy region Qbbҕ 25 keV was 

blinded. 
Å exposure used for analysis: 

o 5.8 ƪƎϊȅǊ for enriched 
BEGe. 

o 5.0 ƪƎϊȅǊ for enriched coax. 

All channel are working after 
introducing detectors in LAr of 
GERDA.  
Performance of full physics data 
set:  



PSD analysis for BEGe 
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Parameters of PSD cuts are obtained from 228Th calibration using double-escape peak 
(DEP) and Compton continuum . 
 
Efficiency of the cut: from DEP (87.3ҕ0.9) %.   Cross check at 2nbb (85.4ҕρȢω

πȢψ
) % 



Background: BEGe 
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PSD analysis for coax  
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Å The PSD for coaxial detector is 
more complicate to perform due 
to difference of the SSE pulses.  

Å For multi-site event suppression 
there is no single parameter -> 
neural network is used. Two 
different PSD methods for cross 
check was used.  

Å New PSD method was applied for 
-hevents! 

 
Preliminary efficiency of the PSD cuts 
for coaxial is (77 ҕ 9)% (enlarged 
uncertainty). 

Current pulses for SSE 

see also EPJC 73 (2013) 2583 



Background: coaxial  
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Background modeling  
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Å Preliminary simulation of the background 
well describe observed data. 

Å Same isotopes like in Phase I. 
Å Main background components before 

PSD and LAr: 
o ʰ from 210Po,226Ra 
o ʲ from 42K 
o ʴ from 214Bi,208Tl 

Å Flat background at ROI is expected. 

coaxial: BEGe: 



Unblinding  
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GERDA collaboration meeting  
at Ringberg Castle on 17 June 2016:  

unblinding of Ñ 25 keV around Qbb 



ROI of 0 nbb 
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Coax BEGe 

1930-2190 keV 

Qbbҕ50 keV 



ROI of 0 nbb 
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Coax BEGe 

1930-2190 keV 4 1 

Qbbҕ50 keV 1 0 



ROI of 0 nbb 

13.07.2016 PASCOS 2016, A.Lubashevskiy 30 

Coax BEGe 

1930-2190 keV 4 1 

Qbbҕ50 keV 1 0 

BI 3.5 10-3 cts/(keVÖkgÖyr) 7.5 10-4 cts/(keVÖkgÖyr) 

Preliminary! 



Statistical analysis  
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Best BI in ROI ever achieved! 



GERDA Phase II summary  

ÅGERDA Phase II successfully started in December 2015. 

ÅLowest background in ROI ever achieved in 0nbb experiments: 
ï for coaxial detectors: 35 Ö 10-4 cts/(kgÖkeVÖyr) 

ï for BEGe detectors (7 ҕ ) Ö 10-4 cts/(kgÖkeVÖyr) 

ÅSuch BI opens the way for the future experiments.  

ÅNo 0nbb signal is observed so far. 

ÅPreliminary results: 
ïThe obtained limit is T0n

ρȾς
 > 5.2 Ö 1025 yr. 

ï | mbb|  < [160,260] meV (90% C.L.) 

Å  GERDA phase II is accumulated statistics now at άȊŜǊƻέ 
background mode. More results with higher sensitivity is 
expected in coming years. 
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KamLAND - Zen  
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KamLAND-Zen is 'embedded' within 
KamLAND using Xe-loaded liquid 
scintillator 

Overburden, water tank, outer sphere 
Å 1000 m overburden, 2700 m w.e. 
Å WT: neutron moderator, muon veto 
Å Stainless steel sphere: 1879 PMTs 

detect scintillation light 

1000 ton KamLAND LS (R=6.5 m) 
Å Dodecane 80%, Pseudocumene 20 % 

PPO 1.36 g/l 
Å Used as active veto for external 

radiation for internal balloon 

Inner balloon (R=1.54 m, 25 ˃m thick) 
Å 13 ton of Xe-loaded LS 
   -  Decane 82%,  PC 18%, PPO 2.7 g/l 
   -  Xe ~3 wt% (~380 kg) 
136Xe enrichment : 90.9% 

KamLAND-Zen experiment recently 
presents their results from Phase II! 

See arxiv: 1605.02889v2 



KamLAND - Zen  
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Phase I spectrum 
(published February 2013) 

Unexpected peak around 2.6 MeV, 
close to Qbb of 136Xe 
Ҧ rate rather stable 
Ҧ ǎŜŀǊŎƘ ŦƻǊ ŜȄƻǘƛŎ ƴǳŎƭŜŀǊ ŘŜŎŀȅΥ 
    best candidate: 110mAg 
    (from Fukushima fall-out) 

T1/2 > 1.9 Ö 1025 yr (90% C.L.) 

Phase II spectrum 
(full data set collected: Dec. 2013 ς Oct. 2015) 

18-month purification including water extraction and 
Řƛǎǘƛƭƭŀǘƛƻƴ Ҧ successful background reduction. 

Total exposure: 504 kg yr. Energy resolution at Qbb ~ 

11% (FWHM). Sensitivity ~ 5 Ö 1025 yr 
New half-life limit (Phase I+II): 

T1/2 > 1.07 Ö 1026 yr (90% C.L.)! 

See arXiv:1605.02889v2 

https://arxiv.org/abs/1605.02889v2


MAJORANA 
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MAJORANA collaboration recently (last Friday on Neutrino 2016) presents the first 
results from MAJORANA demonstrator. The was a talk here of Yuri Efremenko.  



MAJORANA data taking  
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Data taking with inner shield data taking was started from December 31, 2015. 
It was mostly the commissioning runs and available statistics is small. 

Energy spectra before and after DCR cut 

Taken from S. Elliott presentation  
At Neutrino 2016 



MAJORANA first results  
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Available statistics is only 3.3 kgÖyr.  
No events in ROI. Only 5 events survived in 400 keV energy region.  

Preliminary BI ~ 7.5 10-3 cts/( keVÖkgÖyr). Additional techniques for reducing 
background are explored.   

T0n
ρȾς

 > 3.7 Ö 1024 yr.  

Data blinded from April 14. Approximate time of unblinding is next year. 

More information in talk: Yuri Efremenko 
Search for Neutrino Less Double Beta Decay with Majorana Demonstrator 



EXO- 200 
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EXO-200 is currently running LXe TPC 
with ~110 kg active volume.  

See more in L.YangΣ ά{ǘŀǘǳǎ and Prospects for the 
EXO-200 and nEXO 9ȄǇŜǊƛƳŜƴǘǎέΣ bŜǳǘǊƛƴƻ нлмс 

Results from Phase I 



EXO- 200 Phase II  
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For Phase II resolution improved significantly. The background is expected to be improved 
by flushing of the air gap between cryostat and by improved topology-based background 
discrimination. 
After upgrade, on April 2016, Phase-II Physics data taking begins. 

9·h Ŏŀƴ ǊŜŀŎƘ л˄ʲʲ half-life sensitivity of 5.7 Ö 1025 yr after Phase-II operation. 

Presentation ά¢ƘŜ ƴŜȄǘ 9ƴǊƛŎƘŜŘ ·Ŝƴƻƴ hōǎŜǊǾŀǘƻǊȅ όnEXO) 
ŜȄǇŜǊƛƳŜƴǘέ was shown here by Xilei Sun. 



CUORE 
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CUORE experiment  is operating  
of 988 calorimetric detectors.  
Each detector element is made 
up of 5x5x5 cm3 single crystal 
of TeO2. Total mass ς 741 kg. 
Energy resolution ~ 5 keV 
(FWHM)   
All towers have been assembled 
and are ready for installation in 
the cryostat. Data operations 
are foreseen to begin within 
this year. 

More information: Advances in High Energy Physics Volume 2015 (2015), 879871, 13 
Neutrino 2016: L. Canonica ς ά{ǘŀǘǳǎ ŀƴŘ ǇǊƻǎǇŜŎǘǎ ƻŦ /¦hw9έ 



CUORE- 0 
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(from Neutrino 2016) 



Conclusion  

ÅMany results from experiments aimed to the 0nbb decay 
search are appeared in 2016. 

ÅNo 0nbb decay found so far. 

ÅSignificant improvements of the sensitivities of the 
experiments.  

ÅThe best limits are: 
ïFor 76Ge: T0n

ρȾς
 > 5.2 Ö 1025 yr  

ïFor 136Xe: T0n

ρȾς
 > 1.07 Ö 1026 yr  

ïFor 130Te: T0n

ρȾς
 > 4.0 Ö 1024 yr 

ÅBest limit for the neutrino mass: | mbb|  < 61-165 meV 
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Back up slides 
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NEXT 
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NEXT-100 is an Xe gas TPC. Expected BI ~ 4 Ö 10-4 cts/(kgÖkeVÖyr). Energy resolution 0.5% 
FWHM at 2.5 MeV. Expected sensitivity for the T0n

ρȾς
 : 6.0 Ö 1025 yr after running for 3 

effective years.   

See arXiv:1511.09246v2 



SNO+ 

13.07.2016 PASCOS 2016, A.Lubashevskiy 45 


