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Moreover, the part of H-M Collaboration, after additional data treatment , 
 claimed the presence of an excess of events in ROI, which they interpreted  

as the evidence for 0 observation  
with the best fit T1/2 = 1.191025 y, | mee | = 0.44 eV  

H.V. Klapdor-Kleingrothaus, A. Dietz, I.V. Krivosheina, O. Chkvorets, NIM A 522 (2004) 

The best limits on the Ge-76 (0vββ)-decay half-life  

1.91025 y  and 1.61025 y , which correspond  to | mee | < 0.3 - 1.1 eV , 

have been obtained with HPGe detectors  

in the predecessor experiments Heidelberg-Moscow & IGEX 

with using Enriched Germanium (86% in 76Ge,   Q=2038,5 keV) 

The main goal of the GERDA experiment  
is searching for neutrinoless double beta decay of 76Ge 

 with considerable reduction of background  
( and, correspondently, increasing sensitivity) 
in comparison with predecessor experiments.   
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Liquid Ar cryostat: 
Shielding, cooling of 

detectors 

Water tank instrumented with PMTs: 
Shielding, Cherenkov muon-veto 

Clean room: 
Detector handling 

Lock system: 
Detector 

insertion 

Phase I 
detector array 

Cu shield 

The main conceptual 
design of the GERDA 
experiment  
is to operate  with 
“naked” HPGe 
detectors 
 (enriched in Ge-76) 
 submerged in high 
purity liquid argon 
supplemented 
 by a water shield.  

Located at LNGS, Italy 

 GERDA: the GERmanium Detector Array  

 Neutrinoless Double Beta Decay Experiment 

3400      m  w.e. 

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

will probe Majorana nature of neutrino 

  with sensitivity at 

   GERDA phase I : 

 with background 0.01 cts / (kg٠keV٠y) 

► to scrutinize KKDC result within 1 year 

GERDA phase II :  

with background 1 cts / (ton !٠keV٠y) 

► to cover the degenerate neutrino mass 

hierarchy ( <mee> < 0.08 – 0.29 eV ) 

phase III : 

 world wide GERDA –MAJORANA collaboration 

background 0.1 cts / (ton٠keV٠y) 

► to cover the inverted neutrino mass hierarchy  

<mee> ~10 meV  

KDKC claim: 
[0.17-0.45]  eV 

Expected sensitivity of the GERDA experiment  



• End of 2009: Cryostat was filled 
 with 95 t of liquid argon. 
Summer 2010: Water tank was filled 
with 565 t of ultrapure water.  
* June 2010: Start of commissioning 
runs with 3 natGe detectors 

Construction of the GERDA set up  
started in 2007 

in  Gran Sasso National Laboratory (LNGS),  Italy.  
Installation of the “nested type” assembly  

completed  in 2010 

in the deep underground facility  at 3400 m  w.e.   

           Phase I detectors 
 8 enriched HPGe detectors  
(in total ~ 18 kg of 76Ge)  
from  HdM and IGEX experiments,  
6 natural HPGe detectors  
(in total ~ 16 kg of NatGe)  
from the Genius T-F will be deployed . 
All detectors reprocessed optimized for 
LAr. Energy resolution in LAr:  
~2.5 keV (FWHM) @1.3 MeV 
+ 5 enriched BeGe detectors   
(in total ~ 4 kg of 76Ge) – from July 2012 
          Phase II  detectors 
the new 30 BeGe detectors (~ 20 kg of 
76Ge) made from  enriched in 76Ge 
material  will be added.  
In total:  ~ 40 kg of 76Ge + 16 kg of NatGe  

November 2011 – May 2013 :  
Phase I physics data taking  



Detector string  
  Glove box & lock 
                Clean room 
    Cryostat & -veto 
Heat exchanger & pipes 

     Installation of the GERDA set up 
The “nested type” assembly  

has been installed  
in the deep underground facility 

of LNGS,  Italy  
The rock overburden is 

equivalent to 3400 m w.e.  

This allows to reduce  (~ 106) 

and neutron flux 

 A.A. Smolnikov for the GERDA collaboration, Development and installation of the GERDA experiment, 
 Journal of Physics: Conference Series, 203 – 012059, 1-6, 2010; 
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General Infrastructure of the GERDA set up 

A cleanroom and radon tight lock on top of the vessel assembly allow to insert  

and remove individual detector strings without contaminating the cryogenic volume.  



Phase I detectors 

 

 

8  from HdM, IGEX: 

• Enriched 86% in 76Ge 

• All detectors refurbished with 

new contacts optimized for LAr 

• Energy resolution in LAr: 

        ~2.5 keV (FWHM) @1.3 MeV 

• Well tested procedure for 

detector handling 

• Total mass 17.66 kg (after 

refurbishing)  

 

6  from Genius-TF natGe: 

• Same refurbishing & testing as 

enriched diodes 

• Total mass: 15.60 kg  

Bare Ge-detector 

 

Low-mass holder 

Detector handling under N2 atmosphere 

p-type coaxial HPGe detectors 
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The first commissioning runs revealed a count rate due to presence of 42Ar 

 in the liquid argon significantly above the rate 

 expected on the basis of known experimental upper limits.  

GERDA Commissioning 
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The GERDA collaboration investigated the 42Ar issue carefully by 

testing different field configurations in LAr around detectors  

and performed 12 runs with different fields. 

.  
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Three strings with the GERDA Phase I semi-coaxial detectors. 

The GERDA Phase I semi-coaxial  

enriched in Ge-76  and natural Ge detectors.  
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Characteristics of the GERDA Phase I semi-coaxial  

enriched in Ge-76  and natural Ge detectors.  

K.-H. Ackermann et al., Eur. Phys. J. C (2013) 73:2330 
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Phase II (and Phase I-b) detectors - BEGe 

n+ contact 

p-type germanium 

 81 mm 

3
2

 m
m

 

878 g 

p+ contact 

  FWHM @ 59.5 keV       0.49 keV 

  FWHM @ 1.33 MeV     1.59 keV 

Single-site  
(0-like) 

multi-site  
(bgd:  FE peak) 

DEP: 90%  

0-like -bgd: 
11% 
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Phase II (and Phase I-b) detectors - BEGe 

Adopted from: B.Lehnert., Talk at RICAP 13 conf., Rome, 23 May 2013 15 



     Some examples of pulse shapes 

 
(Pulse shape discrimination for GERDA Phase I data, 

to be submitted to EPJC)  
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See: T.Bode et al.,DPG-Frühjahrstagung, Dresden 2013  
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From July 2012 - 5 enrGe BEGe detectors 

(R&D for Phase II) 

Detector array assembly 

for GERDA Phase I: 

 

3 + 1 strings:  

 8 enrGe coaxial detectors  

(2 not considered in the analysis) 

 

3 natGe coaxial detectors 

 

5 enrGe BEGe detectors 
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9 November 2011: Start of Phase I 

All 8 enrGe + 3 natGe coaxial detectors deployed in GERDA  

(2 enrGe detectors are not used for analysis due to high leakage current) 

 

7 July 2012: Insert 5 enrGe BEGe detectors ( 2 natGe detectors were removed) 

9 November 2011 – 21 May 2013: 

558.6 days,  

-> exposure:  

Enriched Ge-76 detectors:  

21.612 kg*yr, 

Natural Ge detectors:  

6.192 kg*yr  

 

Phase I Data taking 
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First  2νββ half-life results  

The first 5.04 kg yr of data collected in Phase I of the experiment have been 

analyzed. 

 The observed spectrum in the energy range between 600 and 1800 keV  

is dominated by 2νββ decay of 76Ge. 
 
Measurement of the half-life of the two-neutrino double beta decay of 76Ge  with the GERDA experiment 

J. Phys. G: Nucl. Part. Phys. 40 (2013) 035110  

 

21 

http://dx.doi.org/10.1088/0954-3899/40/3/035110
http://dx.doi.org/10.1088/0954-3899/40/3/035110
http://dx.doi.org/10.1088/0954-3899/40/3/035110
http://dx.doi.org/10.1088/0954-3899/40/3/035110
http://dx.doi.org/10.1088/0954-3899/40/3/035110
http://dx.doi.org/10.1088/0954-3899/40/3/035110
http://dx.doi.org/10.1088/0954-3899/40/3/035110
http://dx.doi.org/10.1088/0954-3899/40/3/035110
http://dx.doi.org/10.1088/0954-3899/40/3/035110


                        
                   Good agreement with reanalysis of HdM data 

 
HdM-K: Nucl. Instrum. Methods A 513, 596 (2003) 

 

HdM-B: Phys. Part. Nucl. Lett. 2, 77 / Pisma Fiz. Elem. Chast. Atom. Yadra 2, 2005 

First  2νββ half-life results  
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Intensities of Gamma-peaks in comparison with Hd-M experiment 
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Intensities of Gamma-peaks in comparison with Hd-M experiment 

The Gerda experiment for the search of 0ββdecay in 76Ge, 

Eur. Phys. J. C (2013) 73:2330  

See: R. Brugnera  - Talk at NeuTel conference, Venice, 11-15 March 2013  
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 0νββ blinded data of GERDA Phase I 

1. Data after January 2012 is blinded in ± 20 keV region around Qββ 

 
->  To avoid tuning the analysis towards signal or no-signal outcome. 

 

2. All data processing, quality cuts and statistical analysis methods are being 

fixed. 

 

-> Paper with background model and analysis parameters published on arXiv 

prior to final unblinding: 

 

The background in the neutrinoless double beta decay experiment 

GERDA submitted to EPJC; on arXiv:1306.5084  
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http://arxiv.org/abs/1306.5084
http://arxiv.org/abs/1306.5084


arXiv:1306.5084  
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The higher BI observed after the deployment 

of the BEGe detectors in July 2012 dropped to the 

previous level after approximately 30 days as shown in Fig.  

 

Hence, the coaxial detector data are split: 

 

GOLD-coax data set  

contains all data except 

30 days after BEGe-s deployment 

  

SILVER-coax data set 

data taken during the 30 days 

after BEGe detectors deployment.  
 
. Fig.  Time distribution of background rate of the enriched 

coaxial detectors in the energy range between 1550 

and 3000 keV in 15 day intervals.  

An increase of the BI after BEGe deployment is clearly visible. 

Background models and BI predictions  

arXiv:1306.5084  
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Background models and BI predictions  

arXiv:1306.5084  
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arXiv:1306.5084  
29 
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arXiv:1306.5084  
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arXiv:1306.5084  
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   The upper panels show the individual contributions of the considered background 

sources to the total background spectrum in logarithmic scale.  

   The lower panels show the best t models fitted with a constant. In the fit the peak areas 

predicted by the model and the 40 keV blinding window are not considered.  

  The light grey shaded (unblinded data - UB data) events in the experimental spectrum 

have not been used in the analysis. 

Experimental spectrum with minimum model around Qββ 

GOLD- coax data set. 

Experimental spectrum with maximum model around Qββ 

arXiv:1306.5084  

33 

http://arxiv.org/abs/1306.5084
http://arxiv.org/abs/1306.5084


GOLD runs: for BI models 417.4 days used, 
                      

( SILVER runs: for BI models 32.6 days used) 

Background models and BI predictions  

arXiv:1306.5084  
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arXiv:1306.5084  
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GERDA has unblinded the data after 1.5 years of data taking (558.6 days)  

on 14 June 2013 at the GERDA Collaboration Meeting in Dubna.  

 

This happened after developing a model for the background 

    and several methods of PSD for BEGe and semi-coaxial detectors. 

 

   The background model has been presented at the LRT conf. at LNGS 

in April 2013, proceedings in arXive:1306:2302. The background paper is placed at   

http://arxiv.org/abs/1306.5084  there procedures and predictions are published. 

   PSD of BEGes has been published in several papers and conf. proceedings. 

   PSD on semi-coaxial:  the primary procedure is based on articial  neural network  

(ANN) , two other methods confirm the results. Complete PSD paper is close to 

publishing. 

 

  During the Meeting parameters and procedures of unblinding were finally fixed. 

 

  The official announcement on 0νββ Phase-I results will be presented & 

published soon (more probably – middle of July, at a seminar at LNGS July 14 -16 

and / or at EPS-HEP conference, Stockholm, July 18 -24). 

 Unblinding of the GERDA Phase-I 0νββ data 
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R&D for GERDA Phases II and III 

LArGe test facility + BEGe  detectors 
 

First results obtained with LArGe + BEGe  successfully demonstrate possibility of considerable  

background reduction  for GERDA Phase II and III by using LAr scintillation veto + BeGe PSD.  

First naked BEGe  

 inside LArGe 

BEGe parameters  in LArGe:  

High voltage  4000 V 

Leakage current ~ 4 pA 

FWHM @ 1.33 MeV   1.8 keV 

       mass  878 g 
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all events

after PSD

all events

after PSD

Th228

1621 keV
full absorp-
tion peak

surviving
fraction
10.1%

(a) (b)

DEP
1593 keV

surviving
fraction
89.2%

surviving fraction 0.93%

Co60

0-like 

The LArGe Setup 
with 1.4 tons of LAr 

9 PMTs:  8” ETL9357; 

Reflector: VM2000 

 & wavelength shifter; 

Cryostat:  90 cm x 205 cm,          

volume: 1000 liter; 

Shield: Cu -15 cm, Pb -10 

cm, Steel- 23 cm, PE- 20 cm. 

 

The LArGe set up was assembled at LNGS in 2010 

and operates with naked Ge detectors immersed 

in 1.4 tons of LAr served as scintillation veto.  

Efficiency of the LAr scintillation veto  and pulse 

shape discrimination (PSD) of signals from the 

BEGe detector inside the LArGe were tested and 

optimized . It was shown that the internal 

background from Th-228 suppressed in LArGe by 

factor 5000 after applying LAr veto and PSD. 

ROI – reduction factor > 5000  



Phase II: LAr Scintillation Veto 

• Experimental prove of principle  

in R&D facility LArGe (LNGS) 

• Investigation of different design principles 

for GERDA with tuned MC simulations: 

 

• PMT arrays on top and bottom 

• Fiber shroud with SiPM readout 

• SiPMs inside mini shroud (if deployed) 

 

• Combination of designs is favored 
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Conclusions and Outlook 

1. GERDA finished Phase I data taking on May 21, 2013. 

    Background around Q order of magnitude lower than previous 

experiments 0.020  - 0.015 cts/(keV kg yr), 

   Corresponding average expected 0νββ sensitivity of:  

 

2. 9 November 2011 – 21 May 2013: 

558.6 days of data taking,  

-> exposure:  

 Enriched Ge-76 detectors: 21.612 kg*yr, 

 Natural Ge detectors: 6.192 kg*yr  

 

 3. Unblinding has been done on 14 June 2013 at the GERDA 

Collaboration Meeting in Dubna.  Complete Phase-I results will be 

presented & published soon (more probably – at a seminar at LNGS  

July 14 -16  and / or at EPS-HEP conference, Stockholm, July 18 -24). 
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4. Measured 2νββ half-life with a strong reduction of systematic 

    uncertainties with respect to the previous experiments 

 

 

5. More precise 2νββ analysis by using all Phase I data  will be done.  

 

6. Phase II preparation ongoing and hardware integration 

will start from September 2013. 

 

    Major upgrade for further reduction of the background  

to the level of 0.001 cts/(keV kg yr)  

(Pulse shape analysis with BEGe detectors and LAr instrumentation). 
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Thanks for your attention! 
 

And hope to see you 
at the next NANPino 



Extra slides 
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See: M.Salathe, DPG-Frühjahrstagung, Dresden, March 4, 2013  

Possible Detector optimization for further GERDA phases: 
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plastic scintillator 

66 photomultipliers 

cryostat 

water tank 

reflector VM2000 

‚pillbox‘ 

Ge crystals 

      The ultra-pure water buffer serves as a gamma and neutron shield and, 
 instrumented with 66 photomultipliers,  as Cherenkov detector for efficiently vetoing 
cosmic muons.  
    Plastic scintillator panels on top of the detector will tag muons which enter 
 the dewar through the neck.  

Water tank and Veto system 
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Background reduction 
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GERDA experiment located at LNGS underground laboratory (Italy). The rock overburden is 
equivalent to 3400 m.w.e. This allows to reduce  (~ 106 times) and neutron flux. 



LArGe -R&D liquid argon scintillation 

Low background 
GERDA-LArGe test 
facility @ LNGS: 
Detection of 
coincident liquid argon 
scintillation light to 
discriminate 
background 
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First Naked BeGe detector inside LArGe 

Specifications from Canberra: 

 depletion voltage          4000 V 

  FWHM @ 122 keV       0.63 keV 

  FWHM @ 1.33 MeV     1.8 keV 

  mass          870 g 

Working Parameters   in LArGe:  

 High voltage          4000 V 

     LC                                ~ 4 pA 

  FWHM with pulser       1.6 keV 

  FWHM @ 1.33 MeV      2.0 keV 

  mass          878 g 

Modified model BE5030 from Canberra Semiconductor, N.V. Olen   


