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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 
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• LAr used for cooling and passive shielding

• LAr excellent scintillator: ~40000 photon/MeV

• Emmission maximum at 128 nm

• Cheap, high density, high purity cryo-liquid 
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GERDA LAr veto

• “Deployed together with the 
HPGe detectors

• Limited in diameter and length

• Number of electronic channels 
is limited

• Can be replaced/repaired with 
each cooling cycle

• Operational since Nov.2014
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GERDA 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
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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 than just a veto
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• Geometrical distribution of the hits can help 
locate the source

• Background model fit with 3 spectra: all hits, 
LAr anti-coincidence and LAr coincidence 

➡Precision in background modelling
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214Bi-214Po coincidence
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• α-decay is an intensive point-like light source

• Clear signature of a 214Bi decay

• Can be only on the surface of s.th.  

➡Hint on the type and source of the 
background

 / ndf = 60.22 / 622χ
p0        13.44± 46.82 
p1        0.013± 6.844 
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Future of the LAr veto
• Improve the photo-electron yield (by factor 10 - 100)

• Background suppression will not improve too much (MC) but 
more light is always better

• Higher p.e. yield helps to compensate geometrical limitations 
(shadowing)

• Reduce radioactivity of the light detectors

• We are already very clean, further reduction would be a major 
effort (current design)

• Get rid of Ar-39, Ar-42 !

• Reducing Ar-42 background is a major effort in Gerda

• Ar-39  is not a background for 0ν2β but it covers up 20% of the 
gamma ray spectrum

9
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• Instrumentation between the HPGe arrays

• “Mini-shroud” made of fibers

• It was present in the first version of the MC 

• Hardware implementation not tested (yet)

10

High density array
Little light can escape from a tightly packed array 



JJ, April. 2016,11

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. 

• WLS fibers with SiPM read-out: continuation of 
the Gerda concept 

• Max. 14% trapping efficiency, total efficiency up 
to ~5%

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

• trapping efficiency up to 30% possible at

•  10% overall detection efficiency 

• combination of large SiPM array + WLS 
technology, surface increases ~(Nb. of SiPMs)2

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

•  40 - 60 % p.d.e. possible
• Pure Si detector = lowest possible background

SiPM

Light detector technology
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The nEXO detector
• A large monolithic LXe detector can build on 

the technology demonstrated by EXO-200   

• Single-sided TPC: 1.3-m diameter, 5-ton LXe

nEXO 
14
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Charge readout 
tiles 

Light 
sensors 

Field shaping 
rings 

nEXO conceptual design
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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 dark rate in LAr 

• Gerda: 8 cm2 divided over 15 channels

• With an ASIC design to deal with large number of devices one can build a large 
area arrays today
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Induced background

• Further optimisation could reduce the background contribution max. 
by a factor two 

• Or for the background rate caused by the PMTs one could get another 
800 m fiber close by

14

Instrumentation induced background (preliminary) 

Background 
source activity Backgr. in ROI 

[cts/(keV kg yr)]
Backgr. after veto
[cts/(keV kg yr)] 

PMTs 228Th < 2.44 mBq/PMT < 3.1(1)*10-4 < 3.1(5)*10-6

226Ra < 2.84 mBq/PMT < 5.5(2)*10-5 < 2.7(5)*10-6

cables 228Th < 14.4 µBq/m < 2.4(1)*10-4 < 7.0(2)*10-6

226Ra < 11.2 µBq/m < 3.9(1)*10-5 < 5.5(2)*10-6

top & bottom
shroud

228Th < 103 µBq/m2 < 2.7(1)*10-5 < 9.9(5)*10-7

226Ra < 282 µBq/m2 < 1.2(1)*10-5 < 1.5(1)*10-6

fibers 228Th 58 µBq/kg 3.4*10-4 6.4*10-8

226Ra 42 µBq/kg 2.3*10-5 6.3*10-7

total 228Th < 9.2(1)*10-4 < 1.1(1)*10-5

226Ra < 3.4(1)*10-4 < 1.0(1)*10-5

sum < 1.3(1)*10-3 < 2.1(1)*10-5
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Noble liquids 
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A ρ [kg/l] T [K] X0 [cm] λ [nm] Rad. 
Isotopes

He 4 0.125 4 756 80 - too cold

Ne 20 1.2 27 24 80 no long lived 
rad. isotope ?

Ar 40 1.39 87 14 128
39Ar, 42Ar

(kBq/l)
the 

cheapest

Kr 84 2.41 120 4.5 148
85Kr 

(MBq/l)
only with 
isotope 

separation

Xe 131 2.94 165 2.9 170 - too warm

• All noble liquids scintillate

•  Ne, Ar, Kr are all potential candidates for scintillator veto     
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GERDA LAr improved
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• Cryoliquid 1: 
• LN or LAr

• Cryoliquid 2: 
• depleted LAr (or LKr) 
• Neon ?
• purified in situ

Cryoliquid 2
~3 t

HPGe array

Cryoliquid 1
60 - 70 t

vacuum insulated 
cryostat

Inner vessel 
• thin copper LAr option
• insulating mat. for LNe, LKr

Do the purification and/or isotope 
separation only for a small fraction 
of the volume
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Summary

• LAr-veto in GERDA works: proven design  

• With small incremental improvements we can fulfil the 
requirements of the next generation experiments  

• To be considered for future experiment:

• Optimised setup

• Large SiPM arrays

• Depleted Argon (Neon, Krypton)
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