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GERDA at Gran Sasso
• The GERDA experiment (GERmanium Detector Array) is built for 
the search of 0νββ decay in 76Ge

• is located at INFN - LNGS underground lab.  with 3800 m w.e. 
overburden
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GERDA 
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• 590 m3 water tank,  
• 64 m3 LAr cryostat 
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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

4
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GERDA Phase I results
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In 2039 ±5 keV we see 7 counts, 
after PSD only 3 remain: 

From H.V. Klapdor-Kleingrothaus et al. 
Physics Letters B 586 (2004) we expect to 

see 6 signal events 

204 H.V. Klapdor-Kleingrothaus et al. / Physics Letters B 586 (2004) 198–212

Fig. 4. The total sum spectrum of all five detectors (in total 10.96 kg enriched in 76Ge), in the range 2000–2060 keV and its fit, for the periods:
Top: left—August 1990 to May 2000 (50.57 kg yr); right—August 1990 to May 2003 (71.7 kg yr). Bottom: left—November 1995 to May 2003
(56.66 kg yr); right—scan for lines in the spectrum shown on the left, with the MLM method (see text). The Bi lines at 2010.7, 2016.7, 2021.8
and 2052.9 keV are seen, and in addition a signal at ∼2039 keV.

contradiction to a claim of [13], the signal atQββ (see
Fig. 6 and Table 2). The time distribution of the events
throughout the measuring time and the distribution
among the detectors corresponds to the expectation for
a constant rate, and to the masses of the detectors (see
Fig. 7).
The spectra have been analyzed by different meth-

ods: Least Squares Method, Maximum Likelihood
Method (MLM) and Feldman–Cousins Method. The
analysis is performedwithout subtraction of any back-
ground. We always process background-plus-signal
data since the difference between two Poissonian vari-
ables does not produce a Poissonian distribution [17].
This point is sometimes overlooked. So, e.g., in [18] a
formula is developed making use of such subtraction

and as a consequence the analysis given in [18] pro-
vides overestimated standard errors.
We have performed first a simultaneous fit of

the range 2000–2060 keV of the measured spectra
by the nonlinear least squares method, using the
Levenberg–Marquardt algorithm [19]. It is applicable
in any statistics [20] under the following conditions:
(1) relative errors asymptotic to zero, (2) ratio of signal
to background asymptotic constant. It does not require
exact knowledge of the probability density function of
the data.
We fitted the spectra using n Gaussians (n is

equal to the number of lines, which we want to fit)
G(Ei,Ej ,σj ) and using different background models
B(Ei): simulated background (linear with fixed slope)

T0ν1/2 > 2.1 x 1025 yr 
(90% C.L.)

Phys. Rev. Lett. 111, 122503 (2013)

Previous claim discarded 

http://link.aps.org/doi/10.1103/PhysRevLett.111.122503
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Phase II - Upgrade
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• More mass: From the available 37.5 kg enriched 
germanium 30 new detectors were produced (~20 kg)

• Lower background: the goal is 10x lower background

• New detector holders and new FE electronics 

• ‘BEGe’ detectors for better Pulse Shape Analysis 

• New lock was built to accommodate the LAr veto 
with PMTs and WLS fibers
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Muon veto
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3

Fig. 3 Images of the components of the Cherenkov veto during the installation. Top, left: a capsule mounted on the floor;
top, right: a capsule on the wall; bottom, left: a diffuser ball; bottom, right: PMTs and Daylighting Film in “pillbox” below
the cryostat

Fig. 2 Parts of a PMT capsule

(301-312) respectively are placed on the bottom of the
water tank looking upwards and four rings of 10 PMTs
are placed on the wall (401-710), pointing horizontally
towards the cryostat. The number of PMTs and their
placement was chosen after an extensive Monte Carlo
study [7]. The PMTs closest to the cryostat, i.e those

Fig. 4 A sketch of the PMT distribution inside the Gerda

water tank. The violet area on the bottom plate signifies the
circumference of the cryostat and the gaps show the position
of manholes into the pillbox. The other three violet areas
show the location of the manhole into the cryostat. All cables
and fibres are lead out of the water tank through three 50 cm
flanges mounted in a “chimney” above the water level (Fig. 1)
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Fig. 1 A sketch of the Gerda experiment.

will be discussed. Parts of this work have been pub-
lished during the respective PhD periods [7–11].

2 Instrumentation

Here, a technical description of the apparatus is given.
Purpose and function of both parts of the veto, Cheren-
kov and scintillator panels, is introduced. The trigger
logic, calibration and data acquisition are summarized.

2.1 Gerda

In Gerda an array of bare germanium detectors is op-
erated in a cryostat that contains 64 m3 of liquid argon
(LAr) as seen in Fig. 1. The cryostat is surrounded by
a water tank with a diameter of 10 m and a height of
9.4 m that is filled with 590 t ultra-pure water; its walls
are covered with a reflective foil. The cryostat has a
connection (neck) through the water tank to the clean
room above from which the germanium detectors are
lowered into the LAr. Both water tank and cryostat are
part of the innovative shielding design of Gerda where

low-Z materials are used in order to reduce cosmogenic
activation [1, 12].

The Gerda muon veto consists of two independent
parts which are read out by the same DAQ. The first
and main part is a water Cherenkov veto that detects
the Cherenkov radiation of the traversing muons. Thus,
the water tank is instrumented with 66 encapsulated
photomultipliers (PMTs). The second part of the muon
veto is comprised of plastic scintillator panels. Since
the Cherenkov veto offers reduced tagging capability at
or around the neck of the cryostat, plastic panels were
placed on top of the clean room in order to close this
weak spot in the Cherenkov veto.

2.2 The Cherenkov veto

Below the water level there are 66 PMTs (8” size) of
type 9354KB/9350KB by ETL [13] installed. In order
to protect the PMTs from the surrounding water, each
PMT is housed in a stainless-steel encapsulation which
is further developed from the design of the Borexino

capsules [14]. The capsule of low radioactivity stainless-
steel [15] is closed with a custom made PET cap and is
filled with IR spectroscopy oil [16]. The oil keeps the op-
tical transition between PET cap and PMT as smooth
as possible. Thus, efficiency losses by total internal re-
flections are minimized. The bottom of the base of the
PMT is encased in polyurethane [17] and sealed with
silicon gel [18]. The lower part of the PMT, i.e. the
dynode structure, is protected from magnetic fields by
a cone of µ-metal [19]. Each capsule is equipped with
an optical fibre for optical calibration pulses from out-
side the water tank. To keep the number of cables and
connectors within the clean water at a minimum an un-
derwater high-voltage cable [20] connects the PMT to
a signal splitter outside of the water tank. This band-
pass separates the signal from the high voltage (HV).
The former is digitized and stored on disk upon a trig-
ger (sec. 2.4). The HV is supplied by a HV multichan-
nel system by CAEN [21] equipped with six 12-channel
boards [22]. A sketch of the capsule is shown in Fig. 2
and images of the components of the Cherenkov veto
are shown in Fig. 3.

The water in the Gerda water tank was provided
initiallly by the Borexino water plant. The purifica-
tion system which consists of filters, de-ionizers and an
osmosis unit is running with 2.4 m3/hour and keeps the
water at the ultra-pure level of of > 0.17 M⌦ m [23].

The PMTs are arranged in seven rings in the water
tank, their distribution is shown in Fig. 4. One ring of
six PMTs (101-106) is pointing inside the separate vol-
ume under the cryostat (commonly referred to as “pill-
box”), two rings of eight PMTs (201-208) and 12 PMTs

• 66, 8” PMTs in a ~600 m3 water tank
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LAr veto - The concept

• Nearby 208Tl events can be easily                                                                 
vetoed with very high efficiency

• Veto for 214Bi is less effective

• Does not work well for surface α and β events 

• Veto efficiency in GERDA will strongly depend on the origin of 
the background 

In the Region of Interest  
around 2039 keV

LAr

a

208Tl

HPGe 214Bi

_, `
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LAr - veto
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                 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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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

10
p.e.
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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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More on SiPMs

12
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• Good mach for the size of the WLS fiber

• Small & Silicon = Low background

• High QE, Works at cryogenic temperatures

• Relevant activity for GERDA < 10 μBq 

• 1 m2 SiPM would have < 10 mBq activity
25.5 26.0 26.5 27.0 27.5 28.0 28.5 29.0 29.5 30.0 30.5
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Measured !

Ketek SiPM in die (3x3 mm, 50μm pixel)
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Element Conc. Activity Bq/kg Background in GERDA
cts/(keV kg Yr)

Th < 0.25 ppb < 1x10-3     ~10-6

U < 0.25 ppb < 3x10-3     ~10-7

 ICPMS done at LNGS: SiPMs

LAr - veto, SiPMs
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Ketek SiPMs

• Ketek GmbH the only company 
to sell SiPMs in die

• Self made packaging from radio-
pure materials (Cuflon)

• 3x3 mm2, 50 μm  and 100 μm 
pixel size

• 90 SiPMs to 15 read-out 
channels

• Total sensitive surface in 
GERDA 8.1 cm2 

14
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SiPM packaging

15

Chips in waffle package 

Wedge bonding 
 (flat bonds) 

transparent epoxy 

Arrays of 6 SiPM 
Cuflon PCB 
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• SiPMs small and made of pure Si - major advantage over PMTs

• allowed materials for low background experiments: silicon, 
synthetic quartz, electrolytic copper, some plastics  

• Bare chips sensitive down to 160 nm (SiO2 cutoff)

• direct detection of VUV light might be possible

• in the future we could have MgF2 coating (sensitivity down to 
120 nm )

• Integration problem: front-end (ASIC) should be close to the 
chip while maintaining radiopurity - one substrate for all

• connectors & cables our biggest problems 

16

On SiPM packaging
Why bare chips or self made packaging ?
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Spice model of the SiPM
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• See for example: NIM A 572 (2007) 416–418

• Model tuned for Ketek SiPMs in LN
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Ketek SiPM: Charge integral

In LN with CA

Fast component

Recharge of the pixel



Ketek 100 µm SiPM: Fast pulse

• Fast component: low gain
• Depends on the pixel size (capacity), here 100 μm.
• Single photon (pixel) resolution preserved
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• 6, 3x3 mm2 SiPM in paralel: no electronics in LAr!

• 20 m, 50 Ω cable to the amplifier

• Read-out from the ‘high voltage’ side 

20

GERDA SiPM read-out

~20 mT ≅ 90 K
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LAr - veto
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SiPM Dark Rate
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• Measured with Hamamatsu  MPPC 50 μm pixel  10-2 Hz/mm2  in LN

• Ketek 3x3 mm, 50 μm, ~ 1 Hz = 10-1 Hz/mm2 

• 100 cm2 SiPM array would have ~1 kHz DR in LAr 

• In LXe the DR is 10 kHz or 100 kHz ? 

• How does the DR depend on SiPM design, production process, wafer quality?
➡     Systematic study needed 
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Future …

• Gerda - like - 200 kg HPGe experiment ( maybe 1 ton 
experiment ?)

• probably the same technology as GERDA

Other Cryo-liquid experiments:

• Xe - double beta decay (nEXO),  dark matter Xe-TPC. (Xe-1t, LZ) 

• Ar - dark matter: Ar-TPC, HEP: DUNE

23

Demand:

Offer: 

• PMTs still have reliability problems in LAr 

• Low background experiments will have to phase out PMTs

• SiPMs are OK but too small
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Array of SiPMs

Plastic Scintillator 

APPLICATION NOTE

Readout Methods for Arrays of SiPM

SensL © 2014 1

Readout Methods for Arrays of Silicon Photomultipliers

1:1 (INDEPENDENT) CHANNEL READOUT

The most obvious way to readout a multichannel sensor is to read each channel out independently, with one 
amplification and data acquisition channel per sensor, hence 1:1 readout. This results in a total of NxM readout 
channels, where N is the number of array pixels in the X direction and M is the number of array pixels in the Y 
direction. 

The benefits of such an arrangement are the ability to distinguish multiple interactions or scatter in the sensor 
array, correct for non-uniformities in the image and have greater bias control if required. Since each signal is 
acquired independently, the signal-to-noise is maximized and gives the best spatial resolution and image quality. 
Independent channel readout also allows for the highest count rates without system pile up. 

Such a 1:1 readout scheme is practical for low channel count systems with discrete electronics, or for high 
channel count systems when using an ASIC. Either way, 1:1 readout will provide the highest levels of sensor 
performance, and has been successfully implemented in commercial applications. 

MULTIPLEXING METHODS

There are many practical reasons why it may not be possible to implement 1:1 readout, and in those cases, some 
multiplexing is employed to reduce the channel count. There are a number of different readout architectures that 
can be used to achieve the desired multiplexing, depending on the application.

Silicon Photomultiplier (SiPM) technology is rapidly becoming the primary 
choice of photosensor in a wide range of applications, such as medical 
imaging and hazard and threat detection. These sensors have many 
advantages over other types of photodetector, such as low bias, uniformity, 
compactness, ruggedness and insensitivity to magnetic fields. SiPMs also 
have the benefit of allowing a great deal of flexibility in the creation of 2D 
arrays of the sensors for imaging applications.

SensL produces a range of SiPM sensors in compact surface mount 
packages that are suitable for reflow soldering. Creating large arrays with 
minimal deadspace on PCB is now a well developed process that makes 
custom arrays easily available to a wide range of users. There is a Tech 
Note available that describes how to use these packages to create large 
area arrays.

The challenge in many imaging applications is how to readout and process 
the data from arrays that may contain a large number of pixels.  This document describes a number of the ways 
in which the readout of a large number of pixels can be achieved and presents some case studies where users 
have employed these techniques. 

• Instrument tons of LAr with WLS fibers or 
scintillator bars - with SiPM read-out

• Max. 14% trapping efficiency, total 
efficiency ~5% for a narrow wavelength 

• 2D WLS ‘fiber’: WLS plates with SiPMs on 
the edges

• trapping efficiency up to 30% possible at 
the right wavelength, 10% det. eff. 

• Highest possible p.d.e. ⇒ large SiPM array 

•  40 - 60 % p.d.e. 

SiPM

Possible technology
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ASIC for large SiPM array
• Sum up the signal from 10÷100 cm2 SiPM without adding up the 

capacity. (“amplifier” with ~100 inputs and 1 output channel)

• drive 50 Ω line (analog signal preferred)

• Should work at LN temperature

• available in ‘die’ (radiopurity requirement)

• ~mW power consumption, single rail power line (derived from SiPM 
bias)

• integrated bias circuit for ~100 SiPMs: equalise gain between SiPMs, 
current limit, shut down broken SiPM

We don’t need !

• signal rise time better than 10 ns

• dynamic range > 1000 / channel 

25


