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Visiting professor
Research
Reports

My Experience at ISEE, Nagoya University in Summer of 2019

I would like to thank Prof. Tsubo-
ki and others for providing me the
opportunity to visit Nagaya Universi-
ty again. During the past summer, |
had worked on numerical simulations
of Ekman Spirals in both atmosphere
and ocean. | also worked on the ter-
rain-following model based on more
rigorous mathematics. The prelimi-
nary results seem promising, but it
requires years and lots of efforts
before | can complete the new cou-
pled-atmosphere-ocean model. In
August, | gave a talk on “Revisiting
the parcel method and CAPE”. (Ap-
peared in Dynamics of Atmospheres
and Oceans Volume 86, June 2019,
Pages 134-152). This paper shows

Wen-Yih Sun : Designated Professor at ISEE from Purdue University, USA

that although the parcel method and
the convective available potential
energy (CAPE) are widely used to pre-
dict the strength and height of con-
vection, they ignore the pressure per-
turbation and fail to explain strong
updrafts observed in tropical
cyclones and hurricanes without
CAPE. They cannot explain the deep,
strong warm downdrafts in hurricane
eye-walls, tropopause folds, or
downslope winds leeward of moun-
tains either. Those phenomena can
be explained by the Bernoulli equa-
tion that conserves the sum of kinetic
energy (KE), potential energy (PE),
and enthalpy EN (for both dry and
moist cases) in an inviscid fluid. Our

analytic and numerical results show
how, in a moist stable environment
without CAPE, updrafts and clouds
can develop against negative buoyan-
cy. Deep warm downdrafts can form
in cloud free regions or areas without
significant evaporative cooling from
precipitation. The theory also
explains that both PE and KE can
increase but EN decreases when a
parcel climbs up a mountain. There
were enthusiastic discussions during
and after the seminar. My wife and |
enjoyed visiting different laboratories
on ISEE Open House (June 15),
discussing with faculty and students,
watching the Dance-Festival at
Campus, and having one-day trip to
Shirakawago and Hida Takayama. We
also like thank Professors Tsuboki,
Shinoda, and Kurita, as well as
Kayaba San and Kato San and others
for their helps.

Visiting professor
Research

Reports

Hyper-Kamiokande: the future of neutrino physics

Steve Michael Playfer . Designated Professor at ISEE from University of Edinburgh, Scotland

| first came to Nagoya in Octo-
ber 2016 as a representative of Edin-
burgh at the launch of a new joint

PhD programme between the two
universities. Following this we were
lucky enough to have one of the first
students on this programme, Mahdi
Taani. | was given a sabbatical leave
in 2018, and Mahdi and | both came
to Nagoya for most of that year. |
then made a further 3 month visit in
May-July 2019.

During these visits | was mostly
supported by the Institute for
Space-Earth Environment (ISEE),
and for part of the time by the
Kobayashi-Maskawa Institute (KMI).

| have also been working closely with
the Institute for Cosmic Ray Research
(ICRR) of the University of Tokyo in
Kamioka. The main sponsor for my
visits has been Professor Yoshitaka
Itow, with whom | have had a very
good working relationship. | have
also enjoyed working with and
talking to other members of the
Cosmic Ray group in Nagoya, includ-
ing Shingo Kazama, Hiro Menjo, Akira
Okumura, and Hiro Tajima.

The project | have been working
on is the design of the next genera-
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tion neutrino experiment, Hyper-K;, a
successor to the Nobel-prize winning
Super-Kamiokande. This will be a
260kton water Cherenkov detector
placed in a new cavern in a different
part of the Kamioka mine from
Super-K. Initially my plan was to
study the Outer Detector design,
which is used as a veto against
cosmic ray muons. However, within a
month of arriving in Nagoya | was
asked to become a technical coordi-
nator for the whole detector, initially
for two years or until the project was
approved and funded in Japan. | have
been responsible for preparing a 400
page technical report, giving presen-
tations to advisory and funding com-
mittees, and leading reviews of
important design decisions. Among
these the most significant has been
the choice of photodetectors which
has to take into account the physics
performance that can be achieved
and the cost of the photosensors.
The physics programme of
Hyper-K includes measurements of
atmospheric neutrinos, solar neutri-
nos, supernova neutrinos and accel-
erator neutrinos from the J-PARC
facility, 295km to the east of Kamio-
ka. It will also be the most sensitive

experiment for proton decay at the
level of 10~35 years. The main goal of
the accelerator neutrino measure-
ments is to observe a CP asymmetry
between the oscillations of muon
neutrinos and antineutrinos into elec-
tron (anti)neutrinos, through the
appearance of electrons and posi-
trons. Such an effect may explain the
matter-antimatter asymmetry of the
universe. This summer Hyper-K has
been included as a new large project
in the budget request by MEXT, and
we hope that the project will be
approved by the end of this year. The
construction phase would then begin
in 2020 and continue until the tank is
filled with water in 2027.

I was fortunate to be in Japan
during the opening up of the Super-K
detector for the first time since 2006,
and was able to see its scale and
beauty. Both Mahdi and | took part in
repairs to the detector during the
summer of 2018. Leaks from the tank
were fixed, faulty photosensors were
replaced, and the whole detector
was cleaned to reduce radioactive
backgrounds. Mahdi is now complet-
ing his PhD thesis with an analysis of
Super-K atmospheric neutrino data.

I would like to thank ISEE/ICRR

me and my sisters from Hiroshima

for supporting my attendance at
meetings and conferences in Madrid,
Seoul, Naples, Tokyo and Toyama. |
also did a lot of sightseeing in Japan,
including acting as a tour guide for
my two sisters and their husbands in
October 2018. It is hard to pick favou-
rite places when there is so much to
see, but Takayama, Nara, Miyajima
and Kamikochi were the most memo-
rable. I look forward to continuing
my visits to Japan and to my involve-
ment with Hyper-K during the con-
struction phase. Eventually | would
like to learn to speak and read Japa-
nese well, and to practice cooking
the Japanese food that | like eating
so much.

Small Scale Auroral and Subauroral Structures

Jean-Pierre St-Maurice : Designated Professor at ISEE from the University of Saskachewan, Canada

It was truly an honor and a privi-
lege to be able to visit ISEE during
August and September of this year.
This stated, as | had feared, the tem-
perature was very hot and humid for
a Canadian who considers 25°Cand

The author giving one of his two ISEE presentations
to a group of students and colleagues.
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70% humidity to be hard to bear! |
therefore spent most of my time in
August staying inside and working.
When my wife joined me in Septem-
ber, we ventured outside anyways,
even though there were only a hand-
ful of cooler days. We explored spec-
tacular temples, castles and villages
and hiked over beautiful trails, partic-
ularly near Magome. Through my par-
ticipation in scientific meetings in
Tokyo and Kyoto, | also very much
enjoyed meeting some old friends
and making new acquaintances. |
was, in the process very impressed by
the quality and the amount of work
done in Japan in Space Sciences,
starting with ISEE.

Shortly before coming to Japan, |
had been involved with colleagues at
the University of Calgary with the
investigation of a strange subset of
Subauroral lon Drift (SAID) regions in

which the electric field becomes
extremely strong and the ionospheric
electron temperature becomes
extremely high. Those regions pro-
duce very unusual auroral emissions,
called “STEVE”: instead of electroni-
cally and/or vibrationally excited
states of O, O: and Nz, we observe a
purple-like broadband emission cov-
ering hundreds of nm. | had many
discussions with my ISEE and Calgary
colleagues during my stay and | now
suspect that the high temperatures
of the particularly intense SAID are
introducing an unusual amount of NO
in the regions of interest. On this
topic, the overlap with my ISEE col-
leagues was two-fold: first, the opti-
cal emissions are seen with one of
the OMTI (Optical Mesosphere Ther-
mosphere Imagers) instruments of
ISEE. Secondly, there are intensive
investigations of the SAID and SAPS



regions, where STEVE are born. |
participated in the regular meetings
held by Prof Nishitani and his research
group on the topic.

I am also very interested in the
origin and evolution of unstable iono-
spheric plasma structures. Two of the
four presentations | made during my
stay were related to that theme.
Through my collaboration with Japa-
nese colleagues during my stay I have
made substantial progress on two
topics related to that theme. The
first one dealt with the origin of HF
radar echoes at very near ranges:
these echoes come from 100 km alti-
tude and can neither be the reflec-
tion of radar waves from the iono-
sphere that are then scattered from
the ground (“ground scatter”) nor
can they be aligned with the magnet-
ic field line. This is by contrast with
the very vast majority of HF echoes

seen by SuperDARN radars. The only
possibility that we could come up
with is slowly decaying structures
initially generated by an interchange
instability at the ionospheric bottom-
side.

Still on the theme of HF radar
echoes, we have been considering an
event for which the high latitude
electric field suddenly goes to zero
for a prolonged period of time. We
had overlapping optical data from
OMTI and SuperDARN radars that,
as expected, both underwent decay.
However, the decay rates were differ-
ent, and we have been working on a
new theory that seems to explain
why.

Other topics that we have start-
ed to discuss with regard to radar
echoes have been related to the gen-
eration of large amplitude structures
in SAID regions and another class of

The author with his colleague Nozomu Nishitani and
their spouses after a great meal at a restaurant in
Nagoya.

echoes seen at mid latitude in the
evening sector where a temperature
gradient is superposed to a density
gradient in the region of interest.

To put it in a nutshell: this was a
very productive visit for me and,
hopefully, for my Japanese hosts. |
particularly enjoyed my many discus-
sions and debates with colleagues
both from ISEE and other Japanese
institutions.
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"Study of quiet-time high-latitude thermospheric
winds using a Fabry-Perot interferometer at
Tromsoe: Averages and exceptional events"
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"Detection and energy derivation of nano-flares
based on deep learning”
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16th International Conference on Topics
in Astroparticle and Underground Physics
TAUP 2019 Poster Honourable Mention

"Characterization of new photo-detectors
for the future dark matter experiments
with liquid xenon"
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