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ABSTRACT

The Silicon Geiger Hybrid Tube (SiGHT) is a novel photosensor designed for future generations of rare event
search experiments using noble liquids. The main idea is to replace conventional multi-dynode photomultiplier
tubes (PMTs) with a hybrid technology, consisting of a low temperature sensitive bialkali photocathode for
conversion of photons into photoelectrons and a low dark count silicon photomultiplier (SiPM) for photoelectron
signal amplification. SiGHT can achieve ultra low internal radioactivity, high quantum efficiency and stable
performance at low temperatures, which are required features for rare event searches such as direct dark matter
detection and neutrinoless double beta decay experiments. The first SiGHT prototype fabrication is in progress
at UCLA. The current status of the development is presented.
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1. INTRODUCTION

In the last few decades, noble liquid detectors have been widely used for rare event search experiments, such
as searches for dark matter and observation of neutrinoless double beta decay.1–3 Probing lower cross sections
of the dark matter nucleon interactions and longer half-lifes of neutrinoless double beta decay requires large-
scale detectors and further lowering of gamma-ray, electron or neutron induced background rates.4,5 Current
dark matter noble liquid detectors have already reached ton scale active mass which requires hundreds of photo
multiplier tubes (PMTs) to detect scintillation light produced by noble liquid.6,7 The PMTs, or more precisely
PMTs ceramic stems, have dominant contribution among all detector components to the neutron background rate
despite constant improment in their radiopurity levels via dedicated material screening and selection campaigns.8

Compared with conventional PMTs which use multi-dynodes to amplify photoelectrons, hybrid photosensor
will use less material to minimize its intrinsic radioactivity. A combination of photodiode and photocathodes
are used in PMT development.9,10 Silicon photomultiplier (SiPM) which is essentially an array of geiger mode
avalanche photodiodes (G-APDs) is wildly used.11 SiPM has much lower bias voltage requirement than APD
and also has better single photon detection ability since it is working in geiger mode rather than avalanche mode.
This makes SiPM a good candidate to be used in hybrid photosensor.
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Silicon Geiger Hybrid Tube (SiGHT) is a novel photosensor which employs a combination of SiPM and
photocathode. It will have ultra low radioactive background and good cryogenic performance. The concept and
some simulations are described in section 2 and relevant experimental techniques are introduced in section 3.
The development work is shown in section 4.

2. SIGHT CONCEPT

To minimize the radioactive background of SiGHT, the radiopurity of materials should be ultra high and the
quantity of materials should be minimized. A 3” diameter SiGHT consists of: one fused silica dome, one fused
silica base, one piece of SiPM, two super invar electrodes12 and several different kinds of deposited thin film
metal layers for both seal and electrical connection.

(a) (b)

Figure 1. A view of SiGHT. (a) shows the section view of SiGHT. It consists of a fused silica dome, a fused silica base, a
piece of SiPM and two super invar electrodes. 4kV negative bias voltage is applied on purple zone and ground is applied
on blue zone. The photocathode is coated on red zone. (b) shows the electrostatic field simulation. The equipotential
lines are plotted by colorful lines and the electron trajectories are plotted by black lines.

As introduced in previous section, SiGHT is using a hybrid technology of photocathode and SiPM to detect
photons. The basic idea is to convert photons into photoelectrons by photocathode and detect photoelectrons by
SiPM. As shown in Figure 1(a), a ∼4kV negative bias voltage is applied on photocathode through the vacuum seal
and a metal layer coated on the internal cylinder surface of fused silica dome. The other metal layers isolated with
the high voltage metal layers are grounded via a super invar electrode. In this design, photoelectrons emitted from
photocathode are drifted all the way down to SiPM under the electrostatic field. Each photoelectron is counted
via single pixel of SiPM and the total signal is read out through a super invar electrode. Figure 1(b) shows an
electrostatic field simulation from finite element analysis (FEA) done with COMSOL Multiphysics software.13

With described voltage setup, the electrical field inside SiGHT is quite uniform and electron trajectories are all
concentrated onto 3×3mm2 SiPM, which means a good photoelectron collection efficiency can be obtained.

3. PHOTOCATHODE AND SIPM

Photocathode and SiPM are treated as the most important parts in SiGHT since their combination will
produce the entire photon conversion process. Reviews of current status of photocathode and SiPM are presented.

3.1 Photocathode

The scintillation light of noble liquids has specific wavelength i.e 128nm and 178nm for liquid argon and
xenon respectively.14 However, 128nm light is too short to go through fused silica dome above photocathode, it
needs to be wavelength shifted. Tetraphenyl butadiene (TPB) is commonly used as a wavelength shifter to shift
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the liquid argon light from 128nm to 420nm.15 So the photocathode should be studied especially for 178nm and
420nm wavelength light.

Figure 2. Quantum efficiency as a function of wavelength. This is a figure copied from Fig. 4 in reference.16

Besides wavelength, the cryogenic performance of photocathode quantum efficiency (QE) needs to be opti-
mized. Bialkali such as K2CsSb and Na2CsSb are widely used in PMTs as a low temperature photocathode.
Figure 2 shows the highest QE low temperature bialkali photocathode studied by Hamamatsu.16 The QE at
420nm is about 28% and it is even higher at 178nm. Since the sheet resistance of bialkali photocathode is
significantly limited at low temperatures, an additional conductive layer above bialkali photocathode can raise
QE to more than 30%.

The bialkali photocathode is the best candidate for the SiGHT photocathode. However, for the prototype
study, a lower QE but easier to make photocathode such as cesium iodide (CsI) and gold (Au) are tested.

3.2 SiPM

SiPM plays a role for photoelectron detection and signal amplification in SiGHT. There are three com-
monly used types of SiPMs: MPPC-VUV, C-series and NUV-SiPM, from Hamamatsu, SensL and FBK, respec-
tively.17–19 Their basic parameters are shown in table 1.

Table 1. Parameters for different SiPMs at room temperature, some more information can be found in references.17–19

Product Pixel size
Fill

factor
Dark count rate

(overvoltage)
Breakdown

voltage

Hamamatsu MPPC-VUV

3×3 mm2
50×50µm2 74% 56kHz/mm2 (+3V) 53V

SensL C-series 3×3 mm2 35×35µm2 64%
34kHz/mm2

(+2.5V)
24.7V

FBK NUV-SiPM 1×1 mm2 50×50µm2 45%
100kHz/mm2

(+6V)
15.8V
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To use SiPM as an electron counter in cryogenic temperature, low dark count rate and good linearity are
required. Although the dark count rate is high (about 100kHz/mm2) at room temperature, it can be an order of
magnitudes lower in cryogenic temperatures.20 Linearity mostly depends on the size of pixel and the fill factor.
The relationship can be roughly indicated by

Nhit = N

[
1 −

(
1 − 1

N

)λNpe
]
≈ N

(
1 − e−λNpe/N

)
, (1)

where Nhit is the expected number of pixels that are hit by at least one photoelectron, Npe is the number of
incoming phototelectrons, N is the effective number of pixels on SiPM, and λ is the fill factor. Figure 3 shows the
estimated linearity of Hamamatsu MPPC-VUV and SensL C-30035. Since linearity of SiPM can be maintained
up to 8000 photoelectrons, it can be used as a photoelectron counter inside SiGHT. Nevertheless lower dark
count rate, smaller size of pixels and narrower dead region would improve the performance even more.

(a) Hamamatsu MPPC (b) SensL C-series

Figure 3. Blue line shows the ideal linearity and red line shows the expected linearity calculated by relation 1.

4. CURRENT STATUS OF SIGHT DEVELOPMENT

The first SiGHT prototype is currently under development at UCLA SiGHT lab. The SiGHT dome and base
are fabricated by Beijing Jingqihui Quartz in China with ultra pure fused silica. All the critical surfaces are
polished or lapped to less than 5µm as the surface roughness for vacuum seal. Good surface finish can minimize
the usage of metal for vacuum seal in order to further reduce the radioactivity background from materials.

Indium is used for vacuum seal. To adhere indium strongly on fused silica, a thin layer of chromium and
copper are coated in advance as substrates. All the coatings are done in a thin film thermal resistance deposition
system built at UCLA (see figure 4(a)). For the leak test, a pair of dome and disk with a port for pumping
has been sealed. The helium leak rate of the indium seal is measured to be less than 1×10−11 atm-cc/sec after
several times cooling processes in liquid nitrogen. A prototype of SiGHT with all the metal layers and seal, but
still without the photocathode is shown in figure 4(b).

Several different SiPMs are tested in low temperature with 420nm laser light. A single photon can be detected
by SiPM and the resolution is very good, about 50 photons were counted within the test (see figure 5). Similarly,
a single electron detection ability test is in progress. Electrons with several different kinetic energies hit directly
onto SiPM and the electron detection efficiency will be measured.

Coating of CsI photocathode was also tested. A 3” diameter quartz window with a 50nm aluminum film
coated at the edges of the window for electric connections is placed above a stainless steel tube inside the
deposition system. At the bottom of the system, there is a thermal evaporation boat carrying CsI material. The
aluminum film is virtually connected to ground through a picoammeter and 50V bias is applied to the stainless
steel tube to pull the photoelectrons out of the photocathode. By flashing 420 nm light from a Hg(Ar) lamp to

Proc. of SPIE Vol. 9968  99680U-4
Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 02 Aug 2019
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



T
arget

D
eposition C

ontroller

800

600

400

200

x10 -9

10 15 20 25 30
Charge (Vs)

(a) Thin film thermal resistance deposition system at UCLA SiGHT
lab.

(b) A SiGHT model with no photocathode
coating.

Figure 4. Metal layers coating and SiGHT model.

Figure 5. The photon counting capability of SensL M-30035 at 87K. The first spike is pedestal.

the quartz window, the number of photoelectron escaping from the photocathode is measured as a current while
coating CsI. As shown in figure 6, the highest QE is accomplished with 4.3nm CsI layer.

Once all fabrication steps are tested and accomplished, we will proceed with the final assembly of the first
SiGHT prototype. In order to maintain the stable performance of the SiGHT, the assembly has to be performed
in an ultra high vacuum surrounding and the baking will be necessary to reduce the outgassing of materials.
Several motion feedthroughs will be used to adjust the positions of the SIGHT dome and base for indium seal
and a set of quartz lamps will be used for both baking and indium melting. The final assembly chamber is under
construction at UCLA SiGHT lab.

5. CONCLUSION

Silicon Geiger Hybrid Tube (SiGHT), which does not use dynode structures for amplification and in which
the total mass of the required materials can be significantly reduced, is a potential photosensor to be used in next
generation noble liquid detectors. SiGHT is expected to have ultra low intrinsic radioactivity, mainly determined
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Figure 6. Current read from CsI photocathode as a function of thickness. The highest current is accomplished with 4.3nm
CsI layer.

by fused silica, QE comparable to PMTs and dark count rate lower than 0.1Hz/mm2 of SiPM surface at cryogenic
temperature.21 The first SiGHT prototype is being fabricated at UCLA SiGHT lab.
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