
Applications of Silicon Photomultipliers (SiPM): 

From Particle to Biomedical Physics.

Background Information
Silicon Photomultipliers (SiPM) are semiconducting detectors used to 

detect EM radiation with high sensitivity, gain and efficiency in low light 
situations. Due to their low voltage operation and insensitivity to 
magnetic fields, SiPMs are preferred over traditional Photomultiplier 
Tubes (PMT).

Figure 1: A 12x12 SensL ArrayC SiPM array. Each square is an individual SiPM on a PCB board.  The 
array size is about 50.2 x 50.2 mm²  with minimal dead space between pixels and the pixels can 
vary from 1mm to 6mm.

SiPMs absorb photons (light) from a source and the energy from the 
photon excites an electron to the conduction band creating a electron-
hole pair. An electric field produced from a reversed bias will create a net 
current flow which can be readout through an electronics channel(s). 
Because these sensors are highly sensitive, they are capable of detecting 
single photons making them ideal for experiments with very low EM 
radiation. Pros

High Sensitivity ❖

High Gain❖

High timing resolution❖

Small volume❖

Low voltage operation❖

High Signal to noise ratio❖

❖ >40% PDE (420nm)

Cons
❖ Dark noise 
❖ Multiplexing channel readouts
❖ Performance affected by 

temperature >0° C

Experimental Applications
With the rising popularity of SiPMs, these sensors have made their 
way to the forefront of modern research in various fields. 

DarkSide ➢ 20k
• DarkSide 20k is a planned dark matter detector for Weakly Interacting 

Massive Particles (WIMPs).
• WIMPs scintillate with 20,000 kg of LAr in LAr in a Time Projection 

Chamber (Fig. 3). Ionization electrons interact with Ar gas and creates a 
flash

• Flash detected by SiPM system.

Figure 2: The DarkSide detector as a whole with 
the LAr TPC in the center of the LAB+TMB tank, 
inside the water tank to reduce noise

Figure 3: The LAr TPC within a cryostat. The 
SiPMs are located on top and on the bottom of 
the TPC. This TPC houses 20, 000 Kg of LAr.

• Uses SiPMs to detect scintillation and electroluminescence light from 
WIMP-Ar interactions.

• SiPMs are grouped onto a (50 x 50mm²) area called a photodetector 
module (PDM). There are a total of 5210 PDMs on top and on bottom 
of TPC.

• Recent testing shows PDM multiplexing method creates a capacitance 
side effect (50pF/mm²). This adds noise to the signal readout, 
contradictory to the noise reduction goal.

• New readout methods are being developed here and at other 
institutions.

➢ Deep Underground Neutrino Experiment (DUNE)
DUNE is an international experiment that consists of an underground •

neutrino production source, and a near detector at Fermilab.
The target detectors are underground at the Stanford Underground •

Research Facility (SURF).

Figure 4: Diagram of the experimental setup of DUNE. Because neutrinos rarely interact with 
ordinary matter, the neutrinos can easily propagate through the earth and reach their 
destination 1.5 kilometers below the Stanford lab.

Neutrinos can change its flavor when traveling, so this experiment will •

explore this phenomenon to explain the asymmetry of matter and 
antimatter, look for proton decay, and study astrophysical events.
Neutrinos will be shot underground through the near detector, to the Far •

detectors at SURF. 
Neutrinos interact with • 70ktons of LAr which will produce photons (128nm).
They will hit a photon detection system track (PDS) that are readout on the •

ends with SiPMs.
The track (Fig • 5) is coated with Tetraphenyl-butadiene (TPB), a wavelength 
shifter.

Figure 5: A Photon Detection System track that is 
mounted on the APA frame. The photons travel 
along the track to the SiPMs at the end.

Figure 6: A single row of 12 SiPM SensL C-Series 6 
mm². Four groups of 3 SiPMs are readout through 
single channels.

TPB converts (• 128nm) to blue light (430nm) to maximize SiPM PDE.
SiPMs are multiplexed into • 4 groups of 3 SiPMs to satisfy the signal to 
noise ratio requirement (9:1).
Challenges include reducing the thermal stress on SiPMs to prevent •

fracturing the photomultipliers and prolong long term operation.

➢ 3Dπ: Time of Flight Positron Emission Tomography (PET)

• 3Dπ is a planned full-body PET scanner that will use Time of Flight info (TOF)
• Traditional PET scanners ignore TOF info which limits the imaging 

reconstruction and resolution.
• Improves image quality and can reduce exposure time and required dosage.

Figure 7: Generalized design of the 3Dπ detector. 
Only 3 annular cylinders (out of 9) are shown for 
simplicity. The detector has an axial length of 2m and 
LAr and SiPM arrays within the annular cylinders.

Table 1: Current 3Dπ detector parameters.

We inject patients with a radioactive tracer: fluorodeoxyglucose (FDG).•

The tracer emits positrons which annihilate with electrons to produce •

pairs of photons near tumor cells. The two photons will travel in opposite 
directions, interact with LAr and be recorded by the SiPMs.
The PET scanner then locates the origin of the photons by recreating the •

photon trajectory: Line of Reconstruction (LOR).
Including TOF info of the photons increases the scanner• ’s resolution

• Using Geant4 (toolkit for particle simulations) and ROOT (Data analysis 
framework), TOF-PET simulations can be created, two simulations used.

• The first one simulated TOF-PET with LAr+TPB to shift the wavelength of 
incoming photons to longer wavelengths.

• The second one used LAr doped with Xenon particles (~2x10^5ppm, 20%).
• Both simulations emulated 10^9 positron annihilations. The LAr+TPB 

simulations were operated at Princeton and the LAr+Xe was simulated here.
• The simulations create a single point source of positrons enveloped in water. 

Positrons annihilate with electrons and release photons.
• SiPMs record events and saves to a binary file. The file then goes through 

imaging reconstruction.

Figure 8: Reconstructed image of the NEMA 2001 phantom. Reddish color in the plots indicate high 

intensity. Left: Filtered Back Projection (FBP) without TOF. Center: FBP of LAr+TPB, assuming σ\\ = 3cm 

and σp = 0.2cm. Right: FBP of LAr+Xe, assuming σ\\ = 1.2cm and σp = 0.2cm. Top: The top three plots are 
reconstructed from a total of 10^9 positron annihilations, equivalent to 15s of NEMA test exposure. 
Bottom: The bottom three plots are reconstructed from 10^8 positron annihilations, equivalent to 1.5s 

of NEMA test exposure. Parameters: στ = 40ps

• στ is the timing resolution of SiPMs and the σ\\ and σp are the spatial 
resolutions parallel and perpendicular to the LOR. 
Future simulations will involve reducing the number of SiPMs while •

preserving the timing, spatial and image resolutions.

Acknowledgements
• Support for this work was provided by Dr. Ed V. Hungerford¹ and Allan K. 

Lan¹.
• Support for this work was provided by resources of the uHPC cluster 

managed by the University of Houston and acquired through NFS Award 
Number 1531814.

• Funding provided by the Houston Scholars society, supported by the 
Provost's Office and the Honors College

• DarkSide-20k: A 20 Tonne Two-Phase LAr TPC for Direct Dark Matter 
Detection at LNGS, https://arxiv.org/pdf/1707.08145.pdf

• Deep Underground Neutrino Experiment (DUNE), 
http://www.dunescience.org/

• SensL: sense light, http://sensl.com/products/c-series/
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