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v PERSONAL INFORMATION

Date and place of birth: 2 October 1979, Gifu, Japan

Nationality: Japanese, Civil status: Married, one child

Language: Japanese (mother tongue), English (fluent), German (basic)
Professional address: Faculty of Science Build. 1-316, Chiba University,
Yayoicho 1-33, Inage-ku, Chiba-shi, Chiba, 263-8522 Japan

Phone, e-mail: 481 (0) 43 290 2736, akitaka.ariga@lhep.unibe.ch
ORCID ID: 0000-0002-6832-2466, KAKENHI ID: 20377922

v~ EDUCATION

2018 May
2008 May
2004 March
2002 March

v EMPLOYMENT HISTORY
2021 Jan - now

Habilitation in experimental physics, University of Bern.

PhD in Physics, Graduate School of Science, Nagoya University, Japan.
Master degree in Physics, Graduate School of Science, Nagoya University.
Bachelor degree, Department of Physics, School of Science, Nagoya University.

Associate Professor at the Graduate School of Science, Chiba University,
Japan

2017 July - 2020 Dec  Wissenschaftlicher Mitarbeiter at the Albert Einstein Center for Fundamen-

tal Physics (AEC), Laboratory for High Energy Physics (LHEP), University
of Bern.

2011 July - 2017 June Oberassistent at AEC-LHEP, University of Bern, Switzerland
2008 July - 2011 June Postdoc (SNSF) at AEC-LHEP, University of Bern, Switzerland
2006 April - 2008 Mar  Japan Society for the Promotion of Science (JSPS) Research Fellow at

v MANAGEMENT AND SCIENTIFIC RESPONSIBILITIES

2020 - now
2018 - now
2015 - 2020
2014 - 2015
2011 - 2020
2010 - 2014
2009 - 2011
2009 - now
2005 - 2008

v" APPROVED RESEARCH PROJECTS

2021-2025

2021-2023

2018

2014 - 2017

2006 - 2007

Graduate School of Science, Nagoya University, Japan

Co-project leader of FASERv in the FASER international collaboration.

Spokesperson of the NA65/DsTau international collaboration.

Technical coordinator of the muon radiography of glaciers in Switzerland.

Co-PI of the interdisciplinary project in immunology.

Representative of the Swiss group in the OPERA international collaboration.
Convener of the electron analysis working group in the OPERA Collaboration.
Physics coordinator of the OPERA Swiss group.

Coordinator of the research group on new applications of emulsion detectors at LHEP.
Project leader of the interface emulsion detectors for the OPERA experiment, leading
an international mass-production team (more than 2500 man-day) in Gran Sasso, Italy.

ERC Consolidator Grant, Study of neutrinos at the High Energy Frontier
(Acronym=FASERnu, 1,998,125 €, 5 years)

KAKENHI = 3T (41,400,000 JPY, 3 years)

University of Bern ID grant, Advancing live cell imaging of T-cell migration across the
blood-brain barrier by employing big data analysis using high energy physics tools and

Deep Learning, 149,250 CHF, shared with Prof. B. Engelhardt.

SNSF Interdisciplinary grant, Expanding live imaging in immunology using high-
throughput analysis tools developed in high energy physics, 600,000 CHF, shared with
Prof. J. Stein.

Grant-in-Aid for JSPS Fellows, 6,600,000 JPY.




v TEACHING ACTIVITIES
2020 - now  Lecturer on Basic laboratory course on Radiation, High Energy Physics, Physics
English, Chiba University.

2020 Lecturer on Introduction to Programming and Computational Physics, University
of Bern.
2014 Lecturer for the AEC Graduate Course on Antimatter, University of Bern.

2013 - 2018 Lecture assistant on Elementary Particles, University of Bern.

2010 - now  Assistant for the experimental lab course on Cloud chamber (launched by myself),
University of Bern.

2002 - 2005 Assistant for the experimental lab course, Nagoya University.

v SUPERVISION OF GRADUATE STUDENTS AND POSTDOCTORAL FELLOWS
2008 - now In total, 7 Post-doc fellows (Francesca Giacoppo, Tomoko Ariga, Thomas Strauss, Jiro
Kawada, Mitsuhiro Kimura, Mykhailo Vladymyrov, Ryuichi Nishiyama), 4 PhD students
(Anis Ben Dhahbi, Serhan Tufanli, Alireza Ehtesham, Frank Meisel), 1 Master student
(Samuel Kaser) under my supervision at AEC-LHEP, University of Bern. 1 PhD student
(Alessandro Lechmann) co-supervision with Institute of Geoscience, University of Bern.
1 Master student (Max Suter) co-supervision with Bioinformatics, Biology, University
of Bern.
2004 - 2008 1 PhD student (Masashi Kazuyama), 2 Master students (Seiji Hiramatsu, YTji Zama)
at the Graduate School of Science, Department of Physics, Nagoya University.

v" MEMBERSHIPS IN PANELS, BOARDS
- International Advisory Committee of Workshop on Reconstruction and Machine Learning in
Neutrino Experiments (RML2020), Octover 5-9, 2020, Brookhaven, US.

v" MEMBERSHIPS OF SCIENTIFIC SOCIETIES
2008 — Member of Swiss Physical Society (SPS)
2008 - Member of Swiss Institute of Particle Physics (CHIPP)

v ORGANIZATION OF CONFERENCES
- Session convener on “Searches for New Physics” in 2021 European Physical Society Conference
on High Energy Physics on July 26-30, 2021
- Local organizing committee of 2nd International Workshop on Antimatter and Gravity, November
13-15, 2013, Bern.

v~ PRIZES, AWARDS
- The Breakthrough Prize 2015 in Fundamental Physics for the discovery of neutrino oscillations
(shared).

- 2016 Outstanding Paper Award of the Physical Society of Japan to " Observation of tau neutrino
appearance in the CNGS beam with the OPERA experiment” (shared).

v OUTREACH

e Invited seminars on neutrino physics in Japanese primary schools (4 times), in Japanese high
schools (2 times) in 2011-2016.

e Hosting the short term visit of students of the Shizuoka-Kita high school to CERN and University
of Bern under the Super Science High school program supported by Japanese government (2014-
2016 for three times).

e A Crowd-Sourcing of the reconstruction of antiproton annihilation data in the AEgIS experiment,
together with CERN in 2014. One of the first time for CERN to release the particle detector
data to public.



MAJOR SCIENTIFIC ACHIEVEMENTS

Neutrino oscillation studies: Observation of v, — v, and v, — v, oscillations in ap-
pearance mode. Indication of non-zero §¢".

Neutrinos are fundamental particles in the Standard Model (SM) of particle physics. The SM was
developed by assuming that neutrinos are exactly massless, and it successfully described all particle
decays and interactions. However, several evidences of neutrino oscillations, which incorporate massive
neutrinos and neutrino mixing, were reported thought “disappearance” of neutrino flavors. In order to
unambiguously confirm flavor-changing neutrino oscillations, | participated in two accelerator-based
long baseline neutrino experiments, those aimed at detecting “appearances” of new flavors.

One is the OPERA experiment, which studied the v, — v, oscillation channels. | contributed to the
detector design and production, being the project leader of a sub-detector [10.1088/1748-0221/3/07/P07005].
| then pressed forward with the establishment of the analysis procedure and software framework. |
has been the representative of Switzerland in the OPERA collaboration since 2012. My research
group made an essential contribution to the discovery of v, appearance, which may be evident
from the fact that the corresponding authors of two representative publications of the “Observa-
tion [10.1093/ptep/ptu132]” In 2014 and “Discovery [10.1103/PhysRevLett.115.121802]" in 2015 were from my
group in the University of Bern. In parallel to the main analysis, | was the convener of the v, — ve
oscillation analysis group. As the representative of the emulsion detector experts in OPERA, | gave a
seminar in the series of the CERN detector seminar.

The other was the T2K experiment, which is studying the v, — ve oscillation channels. T2K was
designed for a precision measurement of oscillation parameters. All the components of the experiment
was precisely tested. Among those checks, | conducted in situ muon measurements behind the decay
pipe of the T2K neutrino beamline with emulsion detectors. As muons are created in pairs with
neutrinos from the meson decays, a precise knowledge of the muon beam provides a validation of
neutrino beam production. The result identified discrepancies between data and the existing hadron
production models and helped to refine it in the T2K analysis chain [10.1093/ptep/ptv054]. T2K reported
appearance of ve in the v, beam in 2013. Furthermore, we took data in neutrino and antineutrino
mode, the analysis of these data excluded the CP conservation at 20 [10.1103/PhysRevlLett.121.171802].

The OPERA and T2K results finally confirmed the flavor-changing neutrino oscillation hypothesis,
which contributed to the Nobel prize of 2015 for the discovery of neutrino oscillations, awarded to T.
Kajita and A. McDnald.

Interdisciplinary / side projects

The above experiments utilized the emulsion particle detectors, in which | have a deep expertise. |
conducted several physics programs and detector R&Ds. The readout of the emulsion detector is based
on high-speed scanning optical microscopes. The data at the throughput of the order of 1 GBytes
per second has to be processed in real-time manner. For this purpose, | pioneered an application
of the parallel computing with GPUs to the real-time processing of microscope data [10.1088/1748-
0221/9/04/P04002]. The use of GPUs for image processing and tracking now became the community
standard. The redundant computational power of GPUs also allows developing a tracking algorithm
based on the deep learning technology. In particular, the Fully-Unsupervised Machine Learning was
developed [10.1088/1748-0221/15/03/P03009], which is an advanced approach among many deep learning
methods and has a potential to be applied to different tracking detectors.

One of the applications of emulsion detector technique was the field of antimatter studies. The
AEgIS experiment at CERN is aiming to measure the gravity on antimatter. In order to detect
tiny freefall (~ 10 pym) of anti-hydrogen, a use of emulsion detectors was proposed. A dedicated
emulsion detector which can operate in vacuum and at cryogenic temperature was developed, and the
proof of the measurement principle was then demonstrated with antiprotons [10.1038/ncomms5538]. In
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addition, the fragmentation of atomic nuclei due to the antiproton annihilations were studied for several
light/heavy elements and compared to existing hadronization models [10.1088/1748-0221/12/04/P04021].

The QUPLAS experiment is another, which aims to study quantum properties of positron and
to measure the gravity of positronium. The “double slit experiment” was performed for antimat-
ter (positrons) for the first time and we demonstrated the quantum interference pattern [10.1126/sci-
adv.aav7610]. T his work was selected as one of the top 10 breakthrough in 2019 by the Physics World
journal.

Benefiting from the high angular resolution of emulsion detectors, a muon radiography of Swiss
alpine glaciers was performed for the first time. The project aimed a study of the bedrock mor-
phology beneath active glaciers by means of cosmic-rays. The measurement of the Aletsch glacier
[10.1002/2017GL073599], the Eiger glacier [10.1038/s41598-019-43527-6] were reported, providing new knowl-
edge in the glacial erosion process. For such a purpose, a fast readout of track data is desired.
Therefore, a special emulsion detector with larger silver bromide crystals was produced. 1000-nm-
diameter crystals, five times larger than the conventional crystals, was realized and the sensitivity to
minimum ionizing particles was confirmed [10.1088/1748-0221/11/03/P03003].

The real-time processing of microscope data was meant for particle physics, yet, it is applicable
to the fields making use of microscope, e.g. biology. | and J. Stein in University of Bern started an
interdisciplinary project (supported by SNSF), which aimed at expanding live imaging in immunology
using high-throughput analysis tools. The project enabled a real-time image processing and feedback
in multi-photon intravital microscopy [10.1016/j.jim.2016.08.004], which is now a base of various immuno-
logical studies, such as [10.1084/jem.20170896]. T he approach was further developed to realize a distortion
free image taking in interavital microscopy [10.3389/fphy.2019.00222].

Springer invited me and a few other colleagues to write the second edition of the chapter “Nuclear
Emulsions” of the book “Detectors for particles and radiation” [10.1007/978-3-030-35318-6]. | he book
was published as the Particle Physics Reference Library.

Proposal of future experiments with high-energy neutrinos, NA65/DsTau and FASERv

Precise measurements of high energy neutrinos, in particular tau neutrinos, might be a key to
understand physics beyond the SM. | launched a project named DsTau [10.1007/JHEP01(2020)033], which
studies tau-neutrino production in proton-nucleus interactions with the beam from the CERN SPS. In
February 2016, | submitted a letter of intent of DsTau [sPsc-1-245] to the CERN SPSC (SPS and PS
experiments Committee). Receiving a positive feedback from the SPSC, | have formed an international
collaboration with eight institutions from five countries. | have been the spokesperson of the DsTau
collaboration. After two test beam campaigns in 2016 and 2017, the experiment proposal [SPSC-P-354]
was submitted in August 2017. With results from a pilot run in 2018, the project was approved by
CERN as the NA65 experiment. NA65/DsTau is preparing for physics run in 2021.

Neutrinos cross-sections miss measurement at TeV energy region (350 GeV - 6 TeV). | explored
possibilities to make use of the LHC as a neutrino source, being the early member of the FASER
collaboration. | conducted an in-situ measurement of background particle flux at the forward location
of the ATLAS apparatus, which was instrumental for the approval of the FASER experiment [LHCC-
P-013] by CERN for the dark photon searches on March 2020. Furthermore, | proposed a neutrino
measurement at the same location [10.1140/epjc/s10052-020-7631-5] [LHCC-P-015], which was also approved
by CERN on December 20109.
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