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Status of the GERDA Experiment
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OUTLINE:

• A short GERDA history: Design and construction

• First background data: Understand the unexpected

• Background mitigation: control the unexpected

• First results with enriched detectors

• Installation of Phase I detectors: start of physics runs

• Plans for phase II: new detectors
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Source = 76Ge = Detector High signal detection efficiency

Detector material very pure (zone 
refinement, Czochralski growth)

Very low intrinsic internal 
background

Very good energy resolution Background due to 2νββ decay 
negligible

Considerable experience Industrial production, 
improvements possible

Natural abundance of 76Ge 7,44% Enrichment necessary

GERDA design: Use HP76Ge detectors
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Clean room

Water tank
with HP water
and μ-veto

Detector array

Lock system

HP liquid Ar

Cryostat with 
internal Cu shield
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GERDA design:
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Location:  Hall A of LNGS, 
Assergi, Italy
3500 mwe

5

GERDA design:

Phase I: Use HdM and IGEX 
detectors
Phase II: Convert 37.5 kg of 
enriched germanium (87% 76Ge) 
into detectors
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phase I Detectors (from HdM and IGEX) after dismounting from cryostats:

ANG1: 958g ANG2: 2833g ANG3: 2391g ANG4: 2372g 

ANG5: 2746g RG1: 2110g RG2: 2166g RG3: 2087g 

T
otal m

ass: 17.66 kg
GERDA design:
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GERDA construction:

http://www.mpi-hd.mpg.de/gerda/pictures-Cryostat/fullsize/P1000424--cg-0.8-0.8-1.2--cs-0.8--g-0.9--sc--1200--1000--snr-40-10--snr-10--ec-4.JPG
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GERDA construction:

Preliminary infrastructure for deployment of three detectors 
completed in June 2010

Full phase I infrastructure for deployment of 12 detectors (all 
HdM and IGEX plus reference detectors) completed in May 2011
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Deployment of first string:

First detectors three  
(natural) deployed in 

June 2010
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Detectors: GTF 45: 2334 g GTF 32:2321 g GTF 112: 2967 g

FWHM @ 2.6 MeV:  ~ 4.0 keV (<0.2%)

First calibration data:
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First background data:

Understand the 
unexpected:

42K ions have long life time in LAr (half life: 12.4 hours) 
Drift in E-field

attracted to surfaces close to or on detector
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Shroud 
against 

convection 
(222Rn)

First background data:

Mini Shroud (MS) 
against 42K drift close 

to detector

Try 
Different field 
configurations 
to repel ions 

from detectors
(HV or GND 

on MS,…)

Background mitigation: control the unexpected
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First background data:

Effect of mini 
shroud

Without 
mini 

shroud

Background mitigation: control the unexpected

With 
Mini 

shroud
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First background data:
Background mitigation: control the unexpected

Run with “lowest BI” (Run 6): 0.04±0.02 counts/(kg y keV)

Without mini-shroud (Run 1-3): 0.169 counts/ (kg y keV)

With mini-shroud (Run 4): 0.074 counts/(kg y keV)
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First background data:
Background lines in (not yet “optimized”) runs 10,11,12 (1.6 kg y) and 

comparison with Heidelberg Moscow experiment (71.7 kg y)

Most important background peaks significantly less intense!
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First deployment of enriched detectors :

Deployed three detectors enriched in 76Ge in June 2011 
together with 4 natural HPGe detectors
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39Ar – 1.01 Bq/kg
WARP – NIM A574 
(2007) 83

76Ge – 1.74 ·1021 y
HdM – NIM A522 (2004) 371

42Ar spectrum normalized to peak
assuming homogeneous distribution

Low energy spectrum with enriched HPGe detectors

2νββ-decay clearly 
detectable after two weeks 

of measurement!

First results with enriched detectors :
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First results with enriched detectors :

3 enriched  and 4 natural detectors 17.3 kg 0.75 kg y

RoI ± 200 keV: 0.081       cts/(kg y keV)

RoI ± 100 keV: 0.047       cts/(kg y keV)

7 24

+ 0.028

-0.020

+ 0.021

-0.023

Energy vs. Time, single detector, muon veto, no pulse shape analysis!
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First results with enriched detectors :

3 enriched detectors: 6.7 kg 0.29 kg y

Energy vs. Time, single detector, muon veto, no pulse shape analysis!

1 4

RoI ± 200 keV: 0.035       cts/(kg y keV)

RoI ± 100 keV: 0.017       cts/(kg y keV)

+ 0.021

-0.015

+ 0.029

-0.012
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GTF 112

ANG 2

ANG 1

ANG 3

ANG 5

RG 3

ANG 4

RG 1

RG 2

Installation of phase I detectors :
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Installation of phase I detectors :
Phase I of GERDA 
started on 1.11.11 !

Now measuring! 

Data will be blinded in 
ROI
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Installation of phase I detectors :
228Th calibration measurement
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FWHM (2.6 MeV)
Detector Total 

mass, g
HVdep, 

V HV, V
MCA FADC

LC , 
pA

Enriched
ANG 1 958 3000 4000 3.6 3.8 40
ANG 2 2833 3000 3500 4.4-4.5 4.6 20
ANG 3 2391 3000 3500 4.4-4.6 4.9 <10
ANG 4 2372 2800 3200 4.0-4.5 4.4 <10
ANG 5 2746 1000 2000 4.0 4.2 <10
RG 1 2110 4200 4500 4.4-4.5 4.8 <10
RG 2 2166 3800 4000 4.7-5.0 5.1 <10
RG 3 2087 3300 3300 5.4 (6 μs) 6.1 1360

Non-enriched
GTF 112 2957 2000 3000 3.7 4.3 <10

Installation of phase I detectors :
228Th calibration measurement
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Plans for phase II: new detectors

Very pronounced 
structures for individual 
energy deposits
Improved multi site 
recognition efficiency by 
A/E parameter

• Drift paths in point contact detectors are long
• Weighting potential is large around point contact 

and small in the rest of the detector
• Small “point contact”

Low capacity 
Improved energy resolution: 1.6 keV @ 1.3 MeV!

BEGe for improved background recognition

multi site
event: 
MSE

cu
rre

nt

time [ns]
w

ei
gh

in
g 

po
te

nt
ia

l

e− h+
single site 
event: SSE

D. Budjas et al., JINST 4 P10007 (2009)
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Plans for phase II: new detectors
Background recognition powers of BEGes

standard 
signals

n+

p+

n+ surface 
slow pulses

Data taken with 90Y β-source n+ surface events
Identify surface events:

Low E-fields in “partially” dead layer

Slow pulses

Decrease A/E parameter

90Y source

n+ surface
pulse: NSP

cu
rre

nt

time [ns]
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amplified current 
amplitude A

PCP

MSE

SSE band

BEGe

Plans for phase II: new detectors
Background recognition powers of BEGes

p+

At p+ contact also e-

are “visible”

Amax/E is increased

D. Budjas et al., 
JINST 4 P10007 
(2009)

M. Agostini et al., JINST 6
P03005 (2011)

228Th source

γ
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36.5 kg enriched 
germanium in form 
of ingots

55 kg enriched 
germanium in form of 
GeO2

Reduction to 
metal ingots:

35.5 kg zone 
refined 6N 
enriched 

germanium for 
crystal pulling

Crystal 
pulling 

using 
Czochralski

technique
Production 
of HPenrGe
detectors. 

Plans for phase II: new detectors
BEGe for improved background recognition

Production chain has 
been tested and 
established using 
depleted germanium

5 working HPdepGe
detectors available
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Plans for phase II: new detectors
Transport of enriched metal ingots to Canberra US

Transport in shielded container: 
70cm iron, 70cm salt- water 
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Plans for phase II: new detectors
Transport of enriched metal ingots to Canberra US

While not being processed enriched 
germanium is stored in cave

Delivered enriched germanium to 
Canberra, US on 14th of October. Crystal 
production started on 17th of October
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Signal: Background: 

To light detector

Liquid Argon 

128nm 
scintillation light

Plans for phase II: new detectors
Background rejection by detection of LAr scintillation light
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Plans for phase II: new detectors
Background rejection by detection of LAr scintillation light
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Exposure
[kg·years]

Background 
[counts/(kg·keV·y)]

Limit T1/2

[y]
Limit <mββ> 
[meV] 

15    (Phase I) 10-2 >2·1025 <270
100  (Phase II) 10-3 >1.4 ·1026 <110

Phase I

Phase II

Inverted hierarchy

Deg
en

era
te 

Lightest neutrino (m1,m3) in eV

m
ee

in
 e

V

GERDA III

K.K. Claim

GERDA I,II

Normal hierarchy

Design sensitivities

Phase II

Phase II
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Conclusions:
• GERDA infrastructure ready since 2010

• 42K background reduced by Mini shroud 
and field free configuration

• Enriched LE spectra are dominated by 
39Ar, 2νββ and 42K

• GERDA phase I started on 1.11.11

• Phase II detector crystals presently being 
pulled

• Improved background rejection 
efficiency improve sensitivity

• LAr scintillation light detection will be 
implemented in phase II
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Spectrum between 550 keV
and 1500 keV dominated by
2νββ-decay of 76Ge– 1.74 ·

First results with enriched detectors :



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


