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The main result of our ongoing joint research was to identify a group that can produce field emission arrays
(FEAs) that cover large areas and we expect can be tailored to achieve the desired emission characteristics:
long term stability and uniform emission over their large area. We are continuing this work with our partners
at the University of Miinster and our colleagues at the OTH Regensburg to characterize the emission of the
FEAs fabricated at OTH Regensburg. Miinster prepared the ?°Rn injection system that fills their LXe
chamber uniformly.

Researchers from the OTH Regensburg will be visiting us at the Kamioka Observatory May 16 - 20 on their own
funding to join our tests of their FEAs in LXe and to discuss further improvements of their FEA design for
our particular application.

Given previous COVID-19 related travel restictions such exchange has only now become possible again;
COVID-19 has delayed our progress but not stopped our research program. We are working very closely
now with OTH Regensburg to develop FEAs with the required characteristics to proceed with our tests at

Miinster on Rn removal.
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Given the slow progress under recent COVID-19 related travel restrictions there have not been any relevant
publications or talks on results from our research effort yet, but the project is being continued with vigor and
has picked up momentum again now that foreign researchers can enter Japan again since a few weeks: Prof.
Rupert Schreiner and his PhD student Matthias Hausladen will come and visit Kamioka to discuss liquid xenon

specific FEA layouts and their production with us, with Miinster joining remotely.
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The milestones mentioned above were both achieved during or right after our exchanges under this Bilateral
Research Grant: uniform radon injection at Miinster was demonstrated there after Hiraide—san’ s visit there, and
our breakthrough in obtaining access to FEA technology based on radio isotope free silicon wafers was achieved
during Prof. Martens’ visit to Miinster in March of 2020, just before COVID-19 travel restrictions prevented

further international travel until now.
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Identifying dark matter particles is a scientific effort that - when accomplished - will greatly enhance
humankind’ s knowledge and understanding of the Universe we live in. Preparing for the 3™ generation liquid
xenon dark matter search experiment by supplying new methods to maintain radiopurity in its liquid xenon target
volume is an important aspect of this effort.

Improving medical positron emission tomography with trimethyl bismuth based advanced detectors for the 511
keV positron annihilation photons clearly serves society; this aspect of our program at Miinster unfortunately
has seen setbacks unrelated to COVID-19 when an explosion at a laboratory in France forced our Miinster
colleagues to upgrade their equipment to prevent a similar catastrophe in their own lab - this research too is

being continued.
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While admittedly not related directly to this important research project, the success of our two younger
researchers and their progress in their carreers can clearly be seen also as an endorsement of their choice to
join it: Within the XENON collaboration Kazama Shingo—san is entrusted with being one of the collaboration’s
analysis coordinators, and in this function is now leading the ongoing analysis effort on our XENONnT science
data. And from FY2021 Hiraide Katsuki-san was awarded an Excellent Researcher position for Hyper—
Kamiokande at the Kamioka Observatory, which unfortunately removed him from our dark matter and medical

device oriented bilateral research project.
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Here fortunately we are not talking about possibility, but about reality: Our Bilateral Research Grant proposal
was a truly international proposal of grand ambition and with excellent prospects for success, and is continued
vigorously in Germany at both Miinster and now also Regensburg, and at Kamioka in Japan. As a truly
international project we unfortunately were greatly affected by the international travel restictions imposed to
prevent the spread of COVID—-19 in 2020 and 2021, but at the same time our new alliance with Regensburg has
significantly strengthened our project and given it new momentum:

Prof. Schreiner and his PhD student will visit Kamioka in May of this year and spend a week there in our
laboratory with us to see how we can improve and further adopt their vacuum FEA design for use in liquid xenon.
Prof. Weinheimer has applied to the European Research Council for a major grant to further develop our
technology for use in a future, 3" generation liquid xenon experiment under which we hope to continue this
effort into the future. He also continues the trimethyl bismuth development in his lab and we plan on using the

Regensburg FEAs in this research field too.
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