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2β decay with 2 neutrinos 2β decay with 0 neutrinos

(A,Z)→(A,Z+2) + 2e- +2νe

allowed and observed 

(A,Z)→(A,Z+2) + 2e-
violates lepton number conservation

- nuclear matrix element
- phase space integral 
depends on the Q value
- effective neutrino mass
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GERDA at Gran Sasso
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GERDA status

• Status of Phase I: data taking ended 
with 21.6 kg·yr exposure:             
from Nov. 2011 to May 2013

• Result of Phase I: T0ν1/2 > 2.1 x 1025 yr

• Goal of Phase II: background level of 
0.001 cts/(keV kg yr) and 100 kg yr 
exposure

• Phase II strategy to reduce 
background:  LAr scintillation light 
readout + pulse shape discrimination

• Phase II status: is in commissioning 
phase right now
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LArGe: active background suppression using argon scintillation for the Gerda 0νββ-experiment
Eur. Phys. J. C 75 (2015) 506 

2νββ decay of 76Ge into excited states with GERDA Phase I
J. Phys. G: Nucl. Part. Phys. 42 (2015) 115201

Results on ββ decay with emission of two neutrinos or Majorons in 76Ge from GERDA Phase I
Eur. Phys. J. C 75 (2015) 416

Enhancement of light yield and stability of radio-pure tetraphenyl-butadiene based coatings for VUV 
light detection in cryogenic environments
JINST 10 (2015) P09009

Improvement of the energy resolution via an optimized digital signal processing in GERDA Phase I
Eur. J. Phys. C 75 (2015) 255 

Production, characterization and operation of 76Ge enriched BEGe detectors in GERDA
EPJC 75 (2015) 39 
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• Still publishing Phase I results

• 6 articles + conference proceedings, ~4 more in the pipeline

GERDA Publications in 2015
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2νββ decay into excited states

6

of T1 2
2n 0g.s.( )+ = 1.926 0.095 1021( )o ´ yr [15] results in the predicted excited state half-life

T1 2
2n (01

+) = 6.4 1024´ yr independent of gA. A shell model (SM) calculation predicts T1 2
2n (01

+)
= 2.3 2.6 1024( )- ´ yr [16] assuming gA = 1.26 and a quenching factor of q = 0.6 [17]. The
range of T1 2

2n (01
+) additionally encompasses results of two different effective interactions that

have been used also in [18] and [17]. The SM calculation of T1 2
2n (0g.s.

+ ) to the g.s. is in good
agreement with the experimental data. The IBM-2 and SM predictions are significantly
longer than other calculations. The current status for the experimental and theoretical situation
is summarized in table 1 for all investigated transitions.

2. The coincidence analysis of GERmanium detector array (GERDA) Phase I data

The γ cascade following excited state transitions provides a well defined experimental sig-
nature which enables large background suppression. The granular installation of the GERDA

setup is used to measure coincidences between two germanium detectors. In the following the
two detectors are distinguished between (1) a ‘source’ detector where the 2nbb decay occurs
and the two electrons are detected and (2) a ‘gamma’ detector where the de-excitation γ ray is
detected. This is achieved by searching for a γ ray of interest in one detector and labeling the
other one as ‘source’. Note, that the distinction is made on the analysis level and that it might
not be unique in some rare cases.

2.1. Event signature

The signatures of the investigated transitions are listed in the following (see also figure 1).

(i) The transition feeding the 559.1 keV level (0 2g.s. 1-+ +) has one single de-excitation γ ray
of the same energy and thus a bb spectrum with 1480.0 keV endpoint energy.

(ii) The transition feeding the 1122.3 keV level (0 0g.s. 1-+ +) de-excites via the 21
+ state. A

563.2 keV γ ray is followed practically immediately by the 559.1 keV γ ray. The
angular correlation W of the two γ rays in the 0 2 01 1 g.s.- -+ + + cascade is given by

Figure 1. Possible double beta decay modes of Ge76 to excited states of Se76 that are
investigated in this work.

J. Phys. G: Nucl. Part. Phys. 42 (2015) 115201 Gerda Collaboration et al
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J. Phys. G: Nucl. Part. Phys. 42 (2015) 115201 (18pp) 

• 2νββ + γ: Coincidence between HPGe detectors 

• T1/2(0+→0+1) >3.7·1023 yr. About 20 times better limits than in 
previous experiments

• Image of the week in September on IOPScience:                     
http://jphysplus.iop.org/2015/09/28/image-of-the-week-the-thrill-of-the-chase/
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For the profile likelihood we calculate 2 log .$- In the extraction of the posterior
probability [43], flat priors for all fit parameters T ,1 2

1- bk and kh were used since the prior
information on the background and efficiency is included in the likelihood with penalty terms.

Systematic uncertainties on the signal efficiency are estimated with MC simulations and
combined into a single value k�s assuming no correlations. The sources of these uncertainties

Figure 6. Single-energy spectra around the respective ROI for all decay modes. Shown
are all two-detector events for the optimized individual detector threshold and sum
energy limit (light gray) and the corresponding background curves (black). The
optimized cuts result in different two-detector spectra for each decay mode. Also
shown are the ROI (shaded red) and SB region (shaded blue). Highlighted are events
that are tagged as ROI (red) and SB (blue) after all cuts and that are used for the limit
setting. Note that the histograms contain two entries per event and that one entry may
lie outside the tagging region.

J. Phys. G: Nucl. Part. Phys. 42 (2015) 115201 Gerda Collaboration et al
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LAr - veto

7
                 GERDA Meeting Munich July  2013Manuel Walter           Wavelength shifting coatings of reflector foils for liquid Ar 2

Installation and Production 

Installation test of coated Tetratex by 
stitching with a 100 µm thick Nylon wire 
into a prototype Cu shroud was 
successfully performed.

Close-up of stitches.

3” low-background PMT 
Hamamatsu R11065-20

Copper “shroud” with 
Tetratex reflector coated 

with TPB Fiber “shroud” 
800 m WLS 
fibre coated 

with TPB

SiPMs 
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• Production and installation in 2014

• PMT developments done by MPIK in close contact with 
Hamamatsu 

• some replaced in September 2015 - All channels are 
working

• Low background SiPMs packaging done at TUM, SiPMs in die 
from Ketek GmbH.  

•  After some difficulties - All channels are working
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LAr veto commissioning
• “Photo-electron” peaks recognisable 

in the amplitude spectrum  - in both 
SiPMs and PMTs spectra

• Veto on one photo-electron in any 
channel 

• After single channels calibrated and 
summed up: light yield: 50 - 60 p.e./ 
MeV - with 228Th source

• Count rate dominated by 39Ar 

• LAr -veto Suppression Factor tested 
with one detector string with 228Th 
and 226Ra sources

9
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LAr veto commissioning

Suppression
of:

Ge Anti-
Coincidence LAr-veto PSD LAr + PSD Acceptance

228Th 1.26 ± 0.01 97.9 ± 3.7 2.19 ± 0.01 344.6 ± 24.5 86.8%

 226Ra 1.26 ± 0.01 5.7 ± 0.2 2.98 ± 0.06 29.4 ± 2.5 89.9%

Th-228
Ra-226
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Detector Production
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7 crystals30 BEGe detectors

 54 kg enrGe02  35.5 kg 6N enrGe Crystal pulling

Detector characterization

• Whole production chain from enrGeO2 
to BEGe diode organized by GERDA 
and tested with depGe (JINST 8 P04018 2013)

• Total gain 30 BEGes with 20.5 kg  
(58 % yield) 

• Detector characterization in HADES 
underground facility, Belgium

• Exposure to cosmic rays reduced as 
much as possible:

• Transport in shielded container

• Storage and testing underground
APC Seminar,   11/12/13 Paris                    Bjoern Lehnert                      GERDA: Recent Results       35
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Phase II detector holders

12

Phase II: new holders for new detectors 

16 Konstantin Gusev TAUP 2015 

9 28 out of 30 BEGe detectors mounted in 
Phase II holders and tested in LAr/LN2 

600 nm thick Al film for bonding 

25 µm Al wires 

Signal contact HV contact 

Technische Universität München 

Phase II detector array & assembly 

• 7 strings of detectors 
• 15 pairs of enrGe BEGe detectors mounted 

back-to-back 
• 10 semi-coaxial detectors(7 enrGe & 3 natGe) 
• Reduction of material in vicinity of detectors  

– Detector mount & Front-end electronics 

• ~1.5 reduction copper & PTFE mass per kg 
detector mass 

• Replace as much copper as possible with 
intrinsically pure mono crystalline silicon 

 
 
 
 
 

DPG-Frühjahrstagung Heidelberg 2015 

silicon 

High purity Cu 

PTFE 

Cu plated PTFE 

bronze 

• 30 new BEGe detectors need new 
holders

• New holder made of silicon plates 

• Silicon is cleaner

• 3x less copper than in the Phase I 
holder
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• In July 22 BEGe and 5 coaxial detectors 
mounted in 5 strings

• ~20 kg Germanium in GERDA  

• 15 BEGe + 4 coax was working: leakage 
current, contact problems

• Detector strings surrounded by nylon Mini-
Shrouds coated with TPB

• Reduces 42K background

• 6 weeks of data recorded

• ~1 kg/yr exposure & first background 
spectrum

13

Integration test July 2015 

Phase II: 
commissioning 2nd step (5 string assembly) 

23 Konstantin Gusev TAUP 2015 



JJ, Nov. 201514

Phase II: 
commissioning 2nd step (5 string assembly) 

23 Konstantin Gusev TAUP 2015 

Phase II: 
commissioning 2nd step (5 string assembly) 

23 Konstantin Gusev TAUP 2015 

Phase II: 
commissioning 2nd step (5 string assembly) 

23 Konstantin Gusev TAUP 2015 

Phase II: 
commissioning 2nd step (5 string assembly) 

23 Konstantin Gusev TAUP 2015 

Integration test July 2015 
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Phase II: 
commissioning 2nd step (5 string assembly) 

24 Konstantin Gusev TAUP 2015 

Calibration with 228Th 
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• Energy resolution of the BEGe detectors: 2.6 - 3.2 keV 
( at 2.6 MeV) 

Calibration spectrum from detectors in one string

Commissioning with 5 strings
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Commissioning with 5 strings

• 2νββ spectrum visible after only a month of data taking

• 42K line is the strongest γ-line, count rate like in Phase I

• 39Ar background dominant below 500 keV

• Background is within the expectations 
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Pulse Shape Discrimination
Pulse Shape Discrimination Method

The A/E Parameter

Pulse shape discrimination (PSD) method based on a single parameter:
Ratio of the maximum current amplitude A over the energy E! A/E
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The Di↵erent Event Topologies

I Most SSE (e.g. ��) have similar pulse shapes independent from the interaction point

I
MSE are a superposition of SSE ! smaller A/E

I
p

+
contact events: In a small volume around the read-out electrode signals have high

rise time ! larger A/E

I
n

+
surface events: Signals from events penetrating from the outer surface have long rise

time ! smaller A/E

Victoria Wagner (MPIK) BEGe Performance DPG Frühjahrstagung ’15 6 / 11

Run 20150930 A/E Distributions

A/E Distributions for GD35C

Run 20150726
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Victoria Wagner (MPIK) Integration Test 09.11.15 24 / 27

GD35C BEGe

Coax. det.

• Special calibration runs for PSD 
with strong sources (high stat.)

• PSD performed for both Coax. 
and BEGe detectors

• Achieved performance is similar 
to Phase I

• NN can be trained with events 
selected in coincidence with LAr-
veto
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Software

18

Conceptual dependence chain for calibrations

• square box —> group of files on
disk

• arrow = dependence

(in case of changes all dependent
boxes must be rebuilt)

• black boxes –> root files

• red boxes –> ascii files (JSON)

• blue flow –> ged quality cuts

• green flow –> calibrations

• orange flow –> analysis cuts

• purple flow –> mass, active
volume. . .

Tier0

Tier1

Tier2

Ecal ged

Ecal pmt

Ecal spm

ADA:
- PSD A/E
- PSD cox
- LAr veto

Tier3

Tier4

Physics analysis

quality
cuts

all

ged pmt spm aux

ged pmt spm aux

all
physical

parameters

ini-files

all

Matteo Agostini (TU Munich) 2

• LAr-veto and PSA included

• Tier3 OK, Tier4 being finalised

• First full production with the first 
background data  

• Data production / monitoring 
performed in real time   

• Blinding procedure at tier0 level 
was worked out

Ready for Phase II
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Detector reprocessing

• 15 out of 30 BEGe detectors sent back to 
producer: 

• leakage current problems discovered in GS,

• 12 are working in GERDA, 3 waiting for Al 
evaporation  

• 5 out of 7 coax detectors had Al bonding pads 
evaporated on 

• 5 enriched + 1 natural Ge are working  in 
GERDA  

• 2 enriched + 2 natural Ge coax waiting for 
evaporation

• Further delays caused by the Al evaporator

• Since a few days is working again

19

GERDA: Phase I 

8 Konstantin Gusev TAUP 2015 

Coaxial BEGe 

Three coax strings 

BEGe string Installation process 

Coaxial detectors (from HdM, IGEX) 
• Enriched 86% in 76Ge 
• Total mass 17.66 kg 
• Reprocessed by Canberra 
• Average FWHM 4.8 keV at Qββ 

New Phase II BEGe detectors  
• Enriched 86% in 76Ge 
• Better pulse shape discrimination 

capability and FWHM (Phase I 
average: 3.2 keV at Qββ ) 
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Outlook
• Two commissioning runs resulted in about 2 kg·yr background 

data

• background is good enough to start a physics run

• performance of the detectors is within the expectations

• performance of the LAr-veto is good 

• preparation of the analysis is almost finished

• New commissioning run started with 7 strings - this week !

• 28 detectors mounted and working !

• arrival of additional detectors this year (7)

• we expect to collect physics data in 2016

20
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