Imaging with SiPMs in noble-gas detectors	
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Silicon Photomultipliers (SiPMs) also known as multi-pixel photon
counters (MPPCs) coupled to scintillators are nowadays widely used
for imaging in a variety of high energy and nuclear physics
experiments [1]. The suitability of SiPMs for optical imaging in
electroluminescent noble-gas time projection chambers (TPCs), for
double beta decay or dark matter searches [2-3], is limited by their very
poor response in the UV range. However these devices offer very
attractive features for large-scale xenon or argon detectors, mainly
cost-effectiveness, response levels comparable to photomultipliers and
radiopurity.
The limited sensitivity of the SiPMs at the scintillation wavelength of
xenon (175 nm) and argon (129 nm), requires the use of a wavelength
shifter, tetraphenyl butadiene (TPB) on the SiPMs.

TPB coating ensures an adequate response level of the
SiPMs at the EL wavelength of xenon and argon gases
[3,4]. However, it requires stringent storage and
operational conditions to avoid ageing due to hydration
and oxidation, and to ensure the long term stability of
the coatings.
UV-enhanced SiPM samples provided by Hamamatsu
have been tested and compared to standard SiPMs and
to SiPMs coated with TPB by vacuum-evaporation.
The photon detection efficiency of these samples has
been measured at different wavelengths in the UV
range.
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PDE measurement principle	
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Photon Detection Efficiency
PDE = QeffSiPM × Fill _ Factor × Pav

Introduction	


experimental setup

Reference photosensor
(1)

Pav probability for an electron to produce an avalanche

Nrec is the number of recorded photoelectrons or fired SiPM cells

N rec =

I SiPM
Gain × e

Calibrated PMT
Hamamatsu R8520-06SEL

(3)

Npixels number of the SiPM pixels (here 3600), Ninc number of
simultaneously incident photons.

N inc =

I Dy1 × Fgeom
PMT
PMT
Qeff
× Ceff
×e

=

I Dy1 × Fgeom
PMT
Qeff
×e

(4)

Fgeom ratio of the SiPM to the PMT active area
If Ninc << Npixels

N rec = N inc × PDE (5)

Base scheme :
 HV is supplied to the
first dynode (Dy1) only.
Dynodes 2-10 are
shortcutted to suppress the
gain.
 Dy1 Collection efficiency
Ceff is optimal for VDy1 >
100 V.
 At VDy1 = 240 V set for
the PDE measurements of
the SiPMs, Ceff≈1

 Variation of Qeff measured relative to Hamamatu is < 0.5%.
 The PMT calibrated in 2009 is found stable and reliable as
reference photosensor.





Illumination mode: continuous
Illumination level < 15 x 107 photons/s
Light uniformity < 1%

Results	


SiPM Samples
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The measured PDE of the
standard SiPM samples is in
agreement with the typical PDE
values indicated by Hamamatsu
At low illumination (< 15 x107 phot/s)
the response of the SiPMs is linear

Conclusions 	


 The PDE of the windowless MPPC (SPL) in the UV range is significantly higher (more than 4 times)
than the PDE of the standard MPPC of the same pixel size.

The UV-enhanced MPPC with a silicon-resin window has similar although slightly lower performance
than the windowless MPPC.

 The TPB evaporated on the standard MPPC increases its response to its optimal level at 315 nm,
near the absorption peak of the TPB molecules. The PDE remains significantly higher (4 times) than
the standard PDE below 315 nm but is 30% lower than for the other UV-enhanced samples.

The UVE-SIRESIN MPPC seems a promising alternative to TPB coating for imaging with SiPMs in
noble gas detectors as it has similar performance as the windowless MPPC and is more robust.

 The PDE of the TPB-coated MPPC is
similar to the PDE of the UV enhanced
MPPCs at 315 nm and is 30% lower at
285 nm.
 The response level of the UVenhanced and TPB-coated MPPCs in the
UV range is significantly higher than the
response level of the standard MPPC.
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