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Doping liquid argon with xenon will shift the peak scintillation wavelength towards longer wavelengths. Tests were performed on 
photon detectors, light absorbing materials, and other equipment in preparation for an experiment on the scintillation of liquid

argon doped with xenon.

Liquid argon is an excellent medium for scintillation because it is inexpensive, has high
scintillation efficiency, and can be purified easily. When an ionizing particle travels through
liquid argon, it excites the argon and gives off scintillation light. This light has a wavelength
of 128 nm, which is too small for most photon detectors to detect. Doping argon with xenon
will shift the wavelength of the light, because xenon emits a photon at 175 nm.

Xenon doped argon is more efficient than other wavelength shifters because it is volume
distributed. This method of wavelength shifting simplifies data collection and analysis
because it improves light collection in large detectors, such as the Deep Underground
Neutrino Experiment (DUNE).

Fondazione Bruno Kessler Silicon Photomultipliers were tested using a SiPM Signal Processor
to find their characteristics at room temperature and LAr temperatures using an Am241 source.

A light absorbing material named “MetalVelvet” was proposed to be utilized to absorb
scattered light rays inside of the test chamber. MetalVelvet absorbs 99% of incident light
over a wide range of wavelengths (from vacuum ultraviolet to infrared). Using this material
along the inside of the test chamber would prevent reflected light from interacting with the
detector and introducing systematic uncertainties in the data. MetalVelvet is not guaranteed
to work at 84K, so it needed to be tested inside the cryostat LUKE.

I would like to thank Alan Hahn for his guidance in executing the purity test; Paul Rubinov
and Adam Para for their help with the SiPMs and electronics; William Miner and Ronald
Davis for their assistance; and Carlos Escobar for allowing me to be a part of his research and
supporting me along the way.

These results were obtained by integrating equations for light output for argon and xenon 
over a time interval from zero to infinity. 

SIPM CELL PITCH (µm) CELL DENSITY (cells/mm2)

#32 25 1600

#33 30 1156

#34 54 400

#35 24 1600

#36 30 1156

#37 54 400

Room Temperature: The breakdown voltage
for SiPM #33 is 29.6V. The breakdown voltage
for SiPM #37 is 28.6V. The following plots are
the breakdown voltages of each SiPM and at
33V for comparison.

SiPM #33 SiPM #37

Liquid Argon Temperature: Only SiPM
#37 was tested at 87K. The following
plots are the typical waveform in
gaseous argon (top) and the typical
waveform in liquid argon (bottom). A
significant amount of light is present in
liquid argon.

The results obtained from testing SiPMs #33 and #37 helped develop a better understanding
of their characteristics. A significant amount of light was observed in the liquid argon using
an alpha source. The breakdown voltages were found, which establishes a lower threshold
for the voltage range.

The purity testing of the MetalVelvet sample proved that it is safe to use in the main
experiment. The sample only fell to a lifetime of 1 ms, which is not detrimental.

The graphs of the amount of wavelength shift per concentration establish a clear rubric for
how much xenon dopant needs to be mixed with the argon. The graphs provide a visual key
for determining the appropriate concentration.

CONCENTRATION ARGON XENON

0 1 0

10 0.70999 0.29002

20 0.59950 0.40050

50 0.47889 0.52111

100 0.41692 058308

200 0.37255 0.62745

500 0.32034 0.67966

800 0.28916 0.71084

1000 0.27248 0.72752
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