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1. Foreword

1. Foreword

In the 21st century, humanity is evolving both qualitatively and
quantitatively at a rate that is not seen previously. Such
developments include the accelerated growth of informatization, the
space exploration throughout the solar system, and rapid climate
change on a global scale that poses a threat to all biological species
and the society as a whole. All these factors combine to result in the
creation of a new world that is at the forefront of human experience.
In order to address the challenges of this future, it is crucially

important to develop science and technology from a novel

perspective beyond the conventional framework.

The Institute for Space—Earth Environmental Research (ISEE), Nagoya University, is a new research institute
established on October 1, 2015 through the consolidation of three institutes, namely, Solar-Terrestrial Environment
Laboratory (STEL), Hydrospheric Atmospheric Research Center (HyARC), and the Center for Chronological Research. The
mission of ISEE is to investigate the complex relationships that exist between the Earth, Sun, and Space by treating them as
a continuous system and to contribute to solving issues related to global environment problems and the spread of humanity

throughout space.

To realize these goals, ISEE has seven research divisions including Integrated Studies, Cosmic-Ray Research,
Heliospheric Research, Ionospheric and Magnetospheric Research, Meteorogical and Atmospheric Research, Land—Ocean
Ecosystem Research, and Chronological Research. Furthermore, to facilitate collaborative research, ISEE comprises three
research centers, namely, Center for International Collaborative Research, Center for Integrated Data Science, and Center
for Orbital and Suborbital Observations. An advisory board comprising experts from relevant fields has also been established

with the principle aim of incorporating the opinions of various communities into the strategy and management of the institute.

The main role of ISEE is to work as a hub for related research fields to foster scientific research through integration and
communication and to contribute to the creation of new disciplines. To fulfill these roles ISEE has obtained support from the
Ministry of Education, Culture, Sports, Science and Technology as the Joint Usage/Research Center for Space—Earth
Environmental Research for 6 years starting from April 2016. To this end, ISEE promotes activities that build a research
base for comprehensively understanding the space—earth environment. This is conducted by the collaboration of space and
earth scientists in Japan and other parts of the world. As part of this joint and collaborative research ISEE performs the
following programs: (1) ISEE International Joint Research Program, (2) ISEE/CICR International Workshop, (3) ISEE
International Collaboration, (4) ISEE Joint Research, (5) ISEE Symposia /Workshops, (6) ISEE Joint Research for Young
Scientists, (7) ISEE Computer Usage Joint Program, (8) ISEE Database Joint Program, and (9) ISEE Accelerator Mass

Spectrometer Usage Joint Program.

To promote interdisciplinary research, four target research fields were selected as priority areas. The first priority area
is the solar-terrestrial climate research with the main focus on understanding the mechanism of long-term influence of solar
activity on climate. The second priority area is the interaction of neutral and plasma atmospheres. Here the dynamical and
chemical interactions between various atmospheric layers are investigated using ground-based remote sensing techniques

and in situ satellite measurements as well as global and regional high-resolution models of neutral-plasma interactions. The

2 Institute for Space—Earth Environmental Research



1. Foreword

third priority area involves the study of cloud and aerosol formation that is crucially important to understanding the radiation
budget of the Earth. The final priority area focuses on the earth—space environment where the principle aim is to develop
next generation space weather forecasting systems through the development of synergistic interactions between predictive

and scientific research of the solar-terrestrial environment.

The fiscal year 2016 was the first year of the ISEE joint research program. Although the start of the program was slightly
delayed, it resulted in 245 collaborative studies being undertaken. In particular, foreign researchers from various countries
using the joint program were invited and collaborative research and seminars took place not only in ISEE but also in various
locations throughout Japan. These activities contributed greatly to the development of international communication and the

enhancement of innovative research capabilities at ISEE.

Education and human resource development are also an important focus of ISEE. Each laboratory in ISEE belongs to
one of three graduate schools, namely, the Graduate School of Science, the Graduate School of Engineering, or the Graduate
School of Environmental Studies in Nagoya University. In ISEE, the graduate students from these three different graduate
schools cooperate openly through interdisciplinary discussions. Such integrated graduate school education is a unique

opportunity that aids in the development of flexible problem solving skills.

Many outreach activities were performed in FY2016 and included the open laboratory event as part of the Nagoya
University Festival (June), public lectures on the theme of “Storms” in space and on Earth (July), the summer holiday event
for elementary and junior high school that gave students the opportunity to learn about paleo-climate and long-term variation
of solar activity through the analysis of tree rings and yearly sediment (August), the public lecture to mark the 10th
anniversary of solar observation satellite “Hinode” (September), and the laboratory opening at Nagoya University
Homecoming Day (October). Many research results were also actively published as press releases such as the discovery of
a precursor solar flare phenomenon, the observation of extrasolar planets that highlighted important aspects of planetogenesis,
the discovery of extreme cosmic rays events, the direct observation of oxygen traveling from the Earth to Moon, the
development of new simulations for the prediction of magnetic storms, and the development of new measurement method
of solar coronal magnetic field using radio waves. A citizen participation science event was also held in cooperation with
ISEE laboratories located in Rikubetsu-cho, Hokkaido and Tarumizu-cho, Kagoshima. Through the activities citizens

demonstrated their interest in the research taking place at ISEE facilities.

FY2016 is the second year of operation of ISEE and the first year of operation of the Joint Usage/Research center for
Space—Earth Environmental Research. This annual report summarizes research results and important activities that have
taken place at these facilities during this time. I took office as the director of ISEE on behalf of Prof. Shinobu Machida in
April 2017. My personal vision is to extend the frontier of science through the invaluable contribution of all ISEE staff. As
anew center of scientific excellence, we hope to play a vital through our contribution to the society. Therefore, with the aims
and goals presented above, I would like to ask for your continued support and cooperation.

Kanya Kusano

Director

Institute for Space—Earth Environmental Research 3
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2. History

May, 1949
Research Institute of Atmospherics,
Nagoya University was established.

April, 1958

Cosmic-ray Research Laboratory,
Faculty of Science, Nagoya University
was established.

June, 1990

The Solar-Terrestrial Environment
Laboratory (STEL) was established.

April, 1995
The Center for Joint Observations and
Data Processing was organized.

April, 2003

The Rikubetsu Observatory was
organized.

April, 2004

The Geospace Research Center was
established.

March, 2006

Laboratory was relocated to the
Higashiyama Campus

April, 2010
Approved as one of the Joint
Usage/Research Centers

October, 2015,

April, 1957

The Water Research Laboratory,
Faculty of Science, Nagoya
University was established.

September, 1973

The Water Research Institute (WRI),

Nagoya University was organized.

April, 1993

The Institute for Hydrospheric-
Atmospheric Sciences (IHAS),
Nagoya University was organized.

April, 2001

The Hydrospheric Atmospheric
Research Center (HyARC), Nagoya
University was established.

April, 2010
Approved as one of the Joint
Usage/Research Centers

February, 1981

The Tandetron Accelerator Laboratory
was established in the Radioisotope
Research Center of Nagoya University.

March, 1982

Installation of the Tandetron
Accelerator Mass Spectrometry
(AMS) machine No.1 was completed.

January, 1987

Inter-University Service of “C
measurements was started with the
Tandetron AMS machine No.1.

June, 1990

The Nagoya University Dating and
Material Research Center was
established.

March, 1997
The Tandetron AMS machine No. 2
was newly introduced.

April, 2000

The Nagoya University Center for
Chronological Research was
organized.The CHIME dating system
was transferred from the School of
Science.

Institute for Space—Earth Environmental Research (ISEE), merging the laboratory

and two centers, was established.

January, 2016

ISEE was approved as one of the Joint Usage/Research Centers.
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4. Staff

4. Staff

April 1, 2016-March 31, 2017

%  Concurrent post

A  Left the Institute in the 2016 academic year

O ! Joined the Institute in the 2016 academic year

Director Shinobu Machida

Vice Directors Joji Ishizaka
Vice Directors Kanya Kusano

Division for lonospheric and Magnetospheric Research

Division for Integrated Studies

Professor Masafumi Hirahara
Professor Shinobu Machida Professor Kazuo Shiokawa ()
Professor Kanya Kusano (%) Designated Professor Ryoichi Fujii 4

Associate Professor
Associate Professor
Designated Associate Professor
Lecturer

Assistant Professor

Assistant Professor
Researcher

Research Institution Researcher
JSPS Research Fellowship

JSPS Research Fellowship

Satoshi Masuda

Yoshizumi Miyoshi (%)

Shinji Saito ™
Takayuki Umeda (k)
Akimasa leda
Shinsuke Imada
Haruhisa lijima ©
Yasunori Tsugawa
Satoshi Kurita 4

Shoya Matsuda ©

Vsiting Academic Staff/Visiting Faculty Members

Visiting Professor

Kiyoto Shibasaki

*1 Belongs to Graduate School of Science

Division for Cosmic-Ray Research

Associate Professor
Associate Professor
Associate Professor
Lecturer

Designated Assistant Professor
Researcher

Researcher

Research Institution Researcher

Yuichi Otsuka
Satonori Nozawa
Nozomu Nishitani (>¢)
Shin-ichiro Oyama
Masaki Nishino "
Atsuki Shinbori ©
Mitsuru Matsumura ©

Tetsuo Motoba 4

Vsiting Academic Staff/Visiting Faculty Members

Visiting Associate Professor
Visiting Associate Professor

Visiting Associate Professor

JSPS Postdoctral Fellowship for
Research in Japan

Yasunobu Ogawa
Yoshifumi Saito

Ayako Matsuoka

Cai Lei ©

*1 Belongs to Graduate School of Engineering

Professor Yoshitaka Iltow
Division for Meteorological and Atmospheric Research

Professor Hiroyasu Tajima ()

Professor Akira Mizuno
Associate Professor Kimiaki Masuda

Professor Nobuhiro Takahashi (>¢)
Associate Professor Yutaka Matsubara

Professor Kazuhisa Tsuboki (%)
Associate Professor Fumio Abe (k)

Professor Yutaka Matsumi (%)

Designated Associate Professor
Lecturer

Assistant Professor
Designated Assistant Professor
Designated Assistant Professor

Technical Assistant

Kazutaka Yamaoka !
Takashi Sako

Akira Okumura

Fusa Miyake "2
Hiroaki Menjo ™

Kinji Morikawa

*1 Belongs to Graduate School of Science

Associate Professor
Associate Professor
Associate Professor
Lecturer

Assistant Professor

Designated Assistant Professor

Tomoo Nagahama
Hirohiko Masunaga
Taro Shinoda (k)
Tomoki Nakayama
Taku Nakajima

Tadayasu Ohigashi

*2 Belongs to Institute for Advanced Research Researcher Hirofumi Ohyama 4

. . R h Yoshiki Fukutomi ©
Division for Heliospheric Research esearcher oshikt Fuidtom
Researcher Fumie Furuzawa

6
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Assistant Professor
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Munetoshi Tokumaru

Ken-ichi Fujiki

Technical Assistant

Researcher Assistant

Kazuji Suzuki

Maho Nakagawa 4
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Division for Land-Ocean Ecosystem Research Center for International Collaborative Research

Professor

Professor

Associate Professor
Associate Professor

Lecturer

Assistant Professor
Designated Assistant Professor
Researcher

Research Institution Researcher
Technical Assistant

Researcher Assistant

Joji Ishizaka

Tetsuya Hiyama (%)
Hidenori Aiki
Tomo'omi Kumagai 4
Hatsuki Fujinami
Yoshihisa Mino

Taro Nakai

Atsuhiro Takahashi 4
Takami Saito 4
Hirotaka Tsukamoto 4

Daisuke Hatsuzuka 4

Divison for Chronological Research

Professor

Professor

Associate Professor
Associate Professor
Associate Professor
Assistant Professor

Research Institution Researcher
Research Institution Researcher
Research Institution Researcher
JSPS Research Fellowship
Technical Assistant
Technical Assistant

Technical Assistant

Masaki Enami
Hiroyuki Kitagawa ©
Masayo Minami
Takenori Kato (k)
Kimiaki Masuda (k)
Hirotaka Oda
Kaoru Kubota 4
Naoyuki Kurita ©
Fumiko W. Nara
Tomoki Taguchi 4
Masami Nishida
Yuriko Hibi ©

Miyo Yoshida

Vsiting Academic Staff/Visiting Faculty Members

Kazuhiro Suzuki 4
Tsuyoshi Tanaka 4

Toshio Nakamura

Director + Professor
Professor

Professor

Professor
Designated Professor

Designated Assistant Professor

Designated Assistant Professor

Designated Assistant Professor
Designated Assistant Professor
Associate Professor
Associate Professor
Associate Professor
Lecturer

Lecturer

Designated Assistant Professor
Researcher

Researcher

Researcher

Researcher

Kazuo Shiokawa

Tetsuya Hiyama

Masaki Enami (k)

Akira Mizuno (%)

Martin Gerard Connors ©

Antti EnsioKero 4

Joseph Benjamin Harold
Baker ©

Pavlo Ponomarenko 4
Jeongwoo Lee 4
Nozomu Nishitani
Tomo'omi Kumagai (k)4
Satonori Nozawa (%)
Takashi Sako (k)
Hatsuki Fujinami ()
Yasunori Igarashi 4
Hironari Kanamori
Masaki Nishino ™
Chae-Woo Ju 4

Claudia Maria Martinez
Calderon 4

Vsiting Academic Staff/Visiting Faculty Members

Visiting Professor
Visiting Professor
Visiting Professor
Moshiri Observatory
Technical Assistant

Technical Assistant

Hiroyuki Shinagawa
Yoshinobu Harazono ©

Park Hotaek ©

Yuuji Ikegami

Masayuki Sera

Foreign Visiting Research Fellow (Visiting Professor)

Sept.15, 2016-Dec.14, 2016
Oct.1, 2016- Dec.31, 2016

Mar.1 2017-May.31 2017

Hisao Takahashi
Nanan Balan

Bernhard Kliem

*1 Belongs to Graduate School of Engineering

Institute for Space—Earth Environmental Research 7



4. Staff

Center for Integrated Data Science

Center for Orbital and Suborbital Observations

8

Director * Professor
Professor

Professor

Professor

Associate Professor
Associate Professor
Associate Professor
Associate Professor
Associate Professor
Designated Assistant Professor
Lecturer

Assistant Professor
Assistant Professor
Designated Assistant Professor
Designated Assistant Professor
Designated Assistant Professor
Designated Assistant Professor
Designated Assistant Professor
Designated Assistant Professor
Designated Assistant Professor
Designated Assistant Professor
Researcher

Researcher

Researcher

Researcher

Researcher

Technical Assistant
Technical Assistant
Technical Assistant

Researcher Assistant

Kanya Kusano
Kazuhisa Tsuboki
Joji Ishizaka (>k)
Shinobu Machida (k)
Fumio Abe

Takenori Kato
Yoshizumi Miyoshi
Satoshi Masuda (%)
Hirohiko Masunaga (k)
Tomoaki Hori 4
Takayuki Umeda
Akimasa leda (k)
Shinsuke Imada (%)
Sachie Kanada
Kunihiro Keika 4
Daikou Shiota 4
Masafumi Shoji
Yukinaga Miyashita 4
Mayumi Yoshioka 4
Satoshi Inoue ©
Mariko Teramoto ©
Norio Umemura
Masaya Kato 4
Tomoya lju ©
Mayumi Yoshioka ©
Yukie Moroda ©
Mariko Kayaba
Asayo Maeda
Takahiro Tsukamoto

Johan Muhamad 4

Vsiting Academic Staff/Visiting Faculty Members

Visiting Professor
Visiting Professor
Visiting Associate Professor
Visiting Associate Professor

Visiting Associate Professor

Institute for Space—Earth Environmental Research

Yoshiya Kasahara
Kanako Seki
Ryouhei Kano

Iku Shinohara

Hirohisa Hara

Director + Professor
Professor

Professor

Designated Professor
Professor

Professor

Professor

Associate Professor
Designated Assistant Professor
Researcher
Researcher
Technical Assistant

Technical Assistant

Nobuhiro Takahashi
Hiroyasu Tajima
Yutaka Matsumi
Masataka Murakami ©
Joji Ishizaka (>k)
Kazuhisa Tsuboki ()
Masafumi Hirahara (%)
Taro Shinoda

Hiroyuki Tomita
Takeharu Kouketsu 4
Woonseon Jung ©
Hiroshi Sasago

Tomoko Tanaka

Vsiting Academic Staff/Visiting Faculty Members

Visiting Professor
Visiting Professor
Visiting Professor

Visiting Associate Professor

Masahiro Kawasaki

Kunihiko Kodera

Yoshikatsu Kuroda

Yasutaka Narusawa

Technical Center of Nagoya University

Senior Technical Specialist
Senior Technical Specialist
Technical Specialist
Technical Specialist
Technical Specialist
Technical Specialist
Technical Specialist
Technical Specialist
Technical Specialist
Technical Staff

Technical Staff

Technical Staff

Akiko lkeda
Yasusuke Kojima
Tetsuya Kawabata
Tomonori Segawa
Yosiyuki Hamaguchi
Yasushi Maruyama
Haruya Minda
Takayuki Yamasaki
Yuka Yamamoto
Takumi Adachi
Moeto Kyushima

Ryuiji Fujimori
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Cooperating Research Fellow

Keiji Hayashi
Akiko Mizuno
Yoshiki Fukutomi 4
Kumiko Hori 4

Chae-Woo Ju 4

Claudia Maria Martinez Calderon ©

Foreign Visiting Cooperation Researcher

Sept.1, 2016- Aug.31, 2017

Oct.1, 2016~ Jan.31, 2018

Dec.1, 2016-Dec.28, 2016

Jan.23, 2017-Feb.24, 2017

Anglu Shen

Jie Ren

Sukumaran Nair Kumari
Sumod

Neel Prakash Savani-Patel

Administration Department

Director,
Administration Department

Manager,
General Affairs Division

Office Manager,
Research Support Office

Specialist,
General Affairs Section

Section Head,
General Affairs Section 1

Section Head,
General Affairs Section 2

Section Head,
Personnel Affairs Section

Section Head,
Research Support Office

Section Head,
Research Support Office

Leader,
General Affairs Section 1

Administrator
Administrator
Administrator
Administrator

Administrator

Manager,
Accounting Division

Sumio Murai

Tadashi Tsuboi 4

Tohru Kawai

Norishi Sugiyama

Naoki Kohsaka 4

Sayuri Morino

Shoji Asano

Naoki Fujiki 4

Tadayosi ITO ©

Yumi Matsubara

Eri Maai 4
Harumi Morishita
Tsukina Ino 4
Anna Kato ©

Yori Sato

Toshihiro Sakaguti 4

Specialist,
Maintenance Section

Yoshiyuki Nakano ©

Section Head, Hideki Kamada 4

Accounting Section

Section Head, Noriaki Hiroi ©

Supplies Section

Section Head, Yuko Horinouchi 4

Supplies Section

Section Head, Kiyoko hasegawa ©

Supplies Section

Section Head,
Maintenance Section

Shinichi Nakagawa

Leader, Yumiko Kiso 4

Accounting Section

Leader, Supplies Section Yuka Matsuoka ©

Administrator Mio Kato

Administrator Airi lto 4

Administrator Ayaka Nakamura

Administrator Hokuto Kamiya 4

Toyokawa Branch

Technical Assistant Kayoko Asano

Technical Assistant Yasuo Kato

Institute for Space—Earth Environmental Research 9



5.Committee of Other Organizations

5. Committee of Other Organizations

Committee of Other Organizations

Contact Post Job title organizations Name of Committee / Title
O izing C ittee Member of C ission E3 Sol
Kanya Kusano Professor |International Astronomical Union (IAU) rganizing Lommittee e'm or of Lommission olar
Impact throughout the Heliosphere
. A . | Associate Vice-chair of the Panel on Radiation Belt Environment
C itt S R h (COSPAR
Yoshizumi Miyoshi Professor ommittee on Space Research ( ) Modeling (PRBEM)
Associate |Scientific Committee on Solar-Terrestrial Physics
Yoshizumi Miyoshi Campaign coordinator of VarSITI/SPeCIMEN
4 Professor |(SCOSTEP) paig
. Co-leader of the SCOSTEP VarSITI (Variability of the S d
. - . Associate |Scientific Committee on Solar-Terrestrial Physics o-ed e“_) ° ar ( a'na I.I yorthe un' a'n
Yoshizumi Miyoshi Its Terrestrial Impact)/SPeCIMEN (Specification and Prediction
Professor |(SCOSTEP) _ ‘
of the Coupled Inner-Magnetospheric Environment)
. - . | Associate ) ) ) ) )
Yoshizumi Miyoshi Professor American Geophysical Union (AGU) Guest Editor of Journal of Geophysical Research
. - . | Associate
Yoshizumi Miyoshi Annales Geophysicae Editor
Professor
Yoshitaka Itow Professor |Telescope Array collaboration Telescope Array External Advisory committee
. " ISTS (International Symposium on Space . .
Hiroyasu Tajima Professor ( . yme - P Associate Editor
Technology and Science) special issue
. " Progress of Theoretical and Experimental .
Hiroyasu Tajima Professor g. P Editor
Physics
Hiroyasu Tajima Professor |The Scientific World Journal Editorial Board member
. Chair of the COSPAR Sub-C ission C1 (The Earth’'s U
Kazuo Shiokawa Professor |Committee on Space Research (COSPAR) airotthe ub-Commission C1 (The Earth's Upper
Atmosphere and lonosphere)
Kazuo Shiokawa Professor Scientific Committee on Solar-Terrestrial Physics |Co-chair of the SCOSTEP VarSITI (Variability of the Sun and
(SCOSTEP) Its Terrestrial Impact)
. . Guest editor for the 14th International Symposium of
Annales G h
Kazuo Shiokawa Professor |Annales Geophysicae Equatorial Atmosphere (ISEA-14)
. Journal of Atmosphere and Solar-Terrestrial Guest editor for the special issue of the 1st VarSITI General
Kazuo Shiokawa Professor ) )
Physics Symposium (VarSITI2016)
. Guest Editor for Global Data Systems for the Study of Solar-
Kazuo Shiokawa Professor |Earth, Planets and Space (EPS) ) o 4 y
Terrestrial Variability
... | Associate ) )
Nozomu Nishitani Super Dual Auroral Radar Network Executive Council
Professor
N Associate Guest Editor for Global Data Systems for the Study of Solar-
Nozomu Nishitani Earth, Planets and Space (EPS) ) o ¥ y
Professor Terrestrial Variability
. ... . | Associate
Nozomu Nishitani Earth, Planets and Space (EPS) Editor
Professor
Lo Associate ) . )
Nozomu Nishitani Earth, Planets and Space (EPS) Vice Editors-in-Chief
Professor

10
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Contact Post Job title organizations Name of Committee / Title
. Guest Editor for the special issue of Coupling of the High and
... | Associate ) - A
Nozomu Nishitani Earth, Planets and Space (EPS) Mid Latitude lonosphere and Its Relation to Geospace
Professor )
Dynamics
- Associate
Yuichi Otsuka Journal of Astronomy and Space Sciences Editor
Professor
. Associate R - ;
Satonori Nozawa EISCAT Scientific Association Council member
Professor
Associate World Climate Research Programme (WCRP)
Hirohiko Masunaga Global Energy and Water cycle Exchanges GEWEX Data and Assessments Panel (GDAP) member
Professor
(GEWEX)
.. . North Pacific Marine Science Organization Co-Chair of Advisory Panel for a CREAMS/PICES Program in
Joji Ishizaka Professor ) )
(PICES) East Asian Marginal Seas
.. . North Pacific Marine Science Organization Member of Working Group 35: Third North Pacific Ecosystem
Joji Ishizaka Professor
(PICES) Report
. . i . Focal Point of Center for Special Monitoring and Coastal
Joji Ishizaka Professor |Northwest Pacific Action Plan (NOWPAP) Environmental Assessment Regional Active Center (CEARAC)
Joji Ishizaka Professor |Journal of Oceanography Editor-in-Chief
Integrated Land Ecosystem - Atmosphere
Tetsuya Hiyama Professor |Processes Study (iLEAPS), a core project of the |Scientific Steering Committee (SSC) member
Future Earth
Associate Associate Editor of Journal of Atmospheric and Oceanic
Hidenori Aiki American Meteorological Society (AMS
Professor o Y (AMS) Technology (JAOT)
Vsiting
Academic
Toshio Nakamura StaffVisiting  |Radiocarbon Member of Editorial Board
Faculty
Members

Institute for Space—Earth Environmental Research 11



6. Joint Research Programs

6. Joint Research Programs

One of the major functions of the ISEE is to promote and conduct collaborative research on Space—Earth
Environmental Science together with researchers from universities and institutes outside the ISEE. On January 14, 2016,
the ISEE was certified as a core research institution of Space—Earth Environmental Science, which is a “Joint Usage/
Research Center” as defined by MEXT of Japan. We prepared application forms for joint research programs focusing on
the following two research issues. One is the “Study of coupling processes in the solar—terrestrial system using
ground-based observation network,” and the other is the “Establishment of an international collaborative research hub to
solve research issues in the global (terrestrial) environment and space applications based on comprehensive studies of the
space—Sun—Earth system.” The former focuses on coupling processes in the solar—terrestrial system and the interactions
of neutral and plasma components in the Earth’s atmosphere by establishing an international ground-based observation
network ranging from low to high latitude regions, especially in Asia and Africa. The latter aims to establish an
international collaborative research hub for comprehensive studies of the space—Sun—Earth system, space applications,
space weather forecasting, and environmental problems, such as global warming. The following ten research programs

were prepared for the application during the 2016 Japanese fiscal year.

01) Joint Research Program (International)
02) ISEE International Joint Research Program (*)
03) ISEE/CICR International Workshop
04) Joint Research Program (General)
05) Joint Research Program (Student Encouragement)
06) Joint Research Program (Symposium)
07) Joint Research Program (Computing Infrastructure)
08) Joint Research Program (Database Management)
09) Joint Research Program (Accelerator Mass Spectrometry Analysis)
10) Carbon 14 Analysis Service
(*) Applicable only to foreign researchers

These collaborative research programs will be executed using the instruments, software/databases, and facilities of
the ISEE. Joint research programs from 01) to 03), described above, will be managed by the Center for International
Collaborative Research (CICR). Those of 07) and 08) will be managed by the Center for Integrated Data Science
(CIDAS), and 09) —10) will be managed by the Division for Chronological Research.
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6. Joint Research Programs

Lists of Accepted Proposals
B |SEE International Joint Research Program

Corresponding
Proposer Affiliation* Job title* ISEE Title of the research program
researcher
. . The role of day-to-day plasma movement in
O. S. Bolaji University of Lagos, Lecturer | K. Shiokawa triggering and modifying ionospheric
T y Akoka-Yaba : triggering ying p
irregularities

National As.tronom.|ca| Associated Joint investigation of solar activities by MUSER

J. Huang Observatories, Chinese S. Masuda
. Professor and NoRH

Academy of Sciences
S. Gupta Tata Institute of Senior Professor Y. Matsubara Stu.dy on dynamics of galactic cosmic rays in the

Fundamental Research heliosphere

Lo . Senior Research Study of Ground Based Cosmic Ray
J Kota The University of Arizona Scientist Y. Matsubara Observations - Start date: Sept. 15, 2016
. . Three-dimensional tomographic analysis using

H.-S. Yu UnlyerS{ty of . Post-Doctoral M. Tokumaru | integrated global IPS data sets from MEXART

California, San Diego Scholar .

and ISEE observations
. Invited Associate The study of the magnetospheric phenomena for

K-S.Park | Chungbuk National Professor/ Y. Miyoshi | the dipole tilt effect by using a Global MHD

University . .

Lecturer simulation

B |SEE/CICR International Workshop

* Proposer’s affiliation and job title are as of the proposal submission date.

Corresponding
Proposer Affiliation* Job title* ISEE Title of the research program
researcher
. . . Associate . International Workshop on Water-Carbon
v lijima Mie University Professor T. Hiyama Dynamics in Eastern Siberia
. . Head of ) .
H. Takahashi |nst|tut.o NaC|onaI.de Aeronomy Y. Otsuka lonospheric Plasma Bubble Seeding and
Pesquisas Espacias L Development
Division
. . . Associate — Review of the Accomplishments of the
N. Nishitani Nagoya University Professor N. Nishitani Mid-Latitude SuperDARN Network

* Proposer’s affiliation and job title are as of the proposal submission date.
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6. Joint Research Programs

List of Collaboration Resources
B |nstruments

Name Contact Person

Fourier Transform Infrared (FT-IR) Spectrometer for Atmospheric Composition Measurements

(Moshiri and Rikubetsu) T. Nagahama
UV/Visible Spectrometer for Atmospheric Composition Measurements (Moshiri and Rikubetsu) T. Nagahama
Heterogeneous Atmospheric Reaction Analysing System (Nagoya) Y. Matsumi
Carbon Dioxide (CO.) Isotope Measurement Instrument ('3C, 80) Using a Laser Spectroscopic Y. Matsumi
Technique in the Mid-Infrared Region (Nagoya)
Atmospheric Nitrogen Oxide (NO2) and Ozone (Os) Measurement Instrument (Nagoya) Y. Matsumi
Optical Mesosphere Thermosphere Imagers K. Shiokawa
Magnetometer Network K. Shiokawa
ELF/VLF Network K. Shiokawa
Sodium LIDAR (Tromsg) S. Nozawa

Solar Neutron Telescope

(Norikura Observatory, Institute for Cosmic Ray Research, the University of Tokyo) Y. Matsubara

Low-Background Beta-Ray Counter K. Masuda
Multi-Station IPS Solar Wind Observation System (Toyokawa, Fuji, and Kiso) M. Tokumaru
Nobeyama Radioheliograph S. Masuda
Multi-Directional Cosmic Ray Muon Telescope (Nagoya) F. Abe
Three-Dimensional Image Processing System (Nagoya) T. Umeda
SuperDARN Hokkaido Radar (Rikubetsu) N. Nishitani
Upper Air Sounding Systems (two sets) K. Tsuboki
Polarimetric Radar Systems (two sets) K. Tsuboki
Hydrometeor Video Sonde (HYVIS) System K. Tsuboki

B Software/Databases

Name Contact Person
Atmospheric Composition Data by FT-IR Measurements (Moshiri and Rikubetsu) T. Nagahama
NO2and O3z Data by UV/Visible Spectrometer Measurements (Moshiri and Rikubetsu) T. Nagahama
Coordinated Magnetic Data Along 210° Magnetic Meridian K_Shiokawa
(Moshiri, Rikubetsu, Kagoshima, and Overseas MM Stations)
All-Sky Auroral Data (Canada, Alaska, and Siberia) K. Shiokawa
Database of the Optical Mesosphere Thermosphere Imagers K. Shiokawa
VHF Radar/GPS Scintillation (Indonesia) Y. Otsuka
EISCAT Database (Longyearbyen, Tromsg, Kiruna, and Sondakyl&) S. Nozawa, S. Oyama
ELF/VLF Wave Data K. Shiokawa
Interplanetary Scintillation Data M. Tokumaru
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. Joint Research Programs

Name

Contact Person

Solar Wind Speed Data

M. Tokumaru

Cosmic Ray Intensity Database F. Abe
MHD Simulation on the Magnetospheric Environment T. Umeda
S-RAMP Database F. Abe
CAWSES Database F. Abe
Hinode Science Center, Nagoya University K. Kusano
ERG Science Center Y. Miyoshi
QL Plot Archive of Satellite Data for Integrated Studies Y. Miyoshi
Remei Satellite Observation Database M. Hirahara
MOA Database F. Abe
SuperDARN Hokkaido Radar Database N. Nishitani
Numerical Simulation Codes for Plasma Kinetics T. Umeda
Cloud Resolving Strom Simulator (CReSS) K. Tsuboki

Satellite Data Simulator Unit (SDSU)

H. Masunaga

B Facilities

Name

Contact Person

Computer System for Solar-Terrestrial Environmental Research (Supercomputer System)

F. Abe, T. Umeda

CHN Analyzer, Isotope Ratio Mass Spectrometer Y. Mino

Tandetron Accelerator Mass Spectrometry M. Minami
Electron Probe Microanalyzer (EPMA) T. Kato

lon/Electron Beamline and Calibration Facility M. Hirahara
Clean Room Facility for Instrument Development M. Hirahara
Facilities at Moshiri Observatory Y. Matsumi
Facilities at Rikubetsu Observatory A. Mizuno

Facilities at Kiso Station

M. Tokumaru

Facilities at Fuji Observatory

M. Tokumaru

Facilities at Kagoshima Observatory

K. Shiokawa
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7. Governance

7. Governance

Advisory Board

As of Mar 31, 2017

Mamoru Ishii

Takahiro Obara
Takaaki Kajita
Takeshi Kawano
Nobuko Saigusa
Takuji Nakamura
Tsuneto Nagatomo
Hiroshi Niino
Hironobu Hyodo
Masahiro Hoshino
Kazuhisa Mitsuda
Tetsuzo Yasunari
Junichi Watanabe
Mamoru Yamamoto
Naoshi Sugiyama
Noritsugu Umehara
Takashi Shibata
Joji Ishizaka
Yoshitaka Itow
Masaki Enami
Kanya Kusano
Kazuo Shiokawa
Nobuhiro Takahashi

Masafumi Hirahara

Space Environment Laboratory, Applied Electromagnetic Research Institute, National Institute of Information
and Communications Technology

Planetary Plasma and Atmospherixc Research Center, Graduate School of Science, Tohoku University
Institute for Cosmic Ray Research, The University of Tokyo

Japan Agency for Marine-Earth Science and Technology

Center for Global Environmental Research, National Institute for Environmental Studies
National Institute of Polar Research, Research Organization of Information and Systems
Nara University of Education

Atmosphere and Ocean Research Institute, The University of Tokyo

Research Institute of National Sciences, Okayama University of Science

Graduate School of Science, The University of Tokyo

Institute of Space and Astronautical Science, Japan Aerospace eXploration Agency
Research Institute for Humanity and Nature, National Institutes for the Humanities
National Astronomical Observatory of Japan, National Institutes of Natural Sciences
Research Institute for Sustainable Humanosphere, Kyoto University

Graduate School of Science, Nagoya University

Graduate School of Engineering, Nagoya University

Graduate School of Environmental Studies, Nagoya University

Institute for Space-Earth Environmental Research, Nagoya University

Institute for Space-Earth Environmental Research, Nagoya University

Institute for Space-Earth Environmental Research, Nagoya University

Institute for Space-Earth Environmental Research, Nagoya University

Institute for Space-Earth Environmental Research, Nagoya University

Institute for Space-Earth Environmental Research, Nagoya University

Institute for Space-Earth Environmental Research, Nagoya University
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7. Governance

Collaborative Research Committee

Yusuke Ebihara
Akira Kadokura
Kazuyuki Kita
Yoko S. Kokubu
Akinori Saitou
Takeshi Sakanoi
Shoichi Shibata
Kanako Seki
Takashi Sekii

Toshihiko Takemura

Tsutomu Nagatsuma

Yoichiro Hanaoka
Atsushi Higuchi
Ayako Matsuoka
Hiroyuki Matsuzaki
Kazuoki Munakata
Akihiko Morimoto
Hiroyuki Yamada
Satoshi Masuda
Yutaka Matsubara
Munetoshi Tokumaru
Masafumi Hirahara
Yuichi Otsuka
Tomoo Nagahama
Hidenori Aiki
Masayo Minami
Kazuo Shiokawa
Tetsuya Hiyama
Nozomu Nishitani
Kazuhisa Tsuboki
Taro Shinoda
Shinobu Machida
Kanya Kusano

Joji Ishizaka

Research Institute for Sustainable Humanosphere, Kyoto University

National Institute of Polar Research, Research Organization of Information and Systems

College of Science, Ibaraki University

Tono Geoscience Center, Japan Atomic Energy Agency
Graduate School of Science, Kyoto University
Graduate School of Science, Tohoku University
College of Engineering, Chubu University

Graduate School of Science, The University of Tokyo

National Astronomical Observatory of Japan, National Institutes of Natural Sciences

Center for East Asian Ocean-Atmosphere Research, Research Institute for Applied Mechanics, Kyushu

University

Space Environment Laboratory, Applied Electromagnetic Research Institute, National Institute of Information

and Communications Technology

National Astronomical Observatory of Japan, National Institutes of Natural Sciences

Center for Environmental Remote Sensing, Chiba University

Institute of Space and Astronautical Science, Japan Aerospace eXploration Agency

The University Museum, The University of Tokyo

Faculty of Science, Shinshu University

Center for Marine Environmental Studies, Ehime Univercity

Faculty of Science, University of the Ryukyus

Institute for Space-Earth Environmental Research, Nagoya University
Institute for Space-Earth Environmental Research, Nagoya University
Institute for Space-Earth Environmental Research, Nagoya University
Institute for Space-Earth Environmental Research, Nagoya University
Institute for Space-Earth Environmental Research, Nagoya University
Institute for Space-Earth Environmental Research, Nagoya University
Institute for Space-Earth Environmental Research, Nagoya University
Institute for Space-Earth Environmental Research, Nagoya University
Institute for Space-Earth Environmental Research, Nagoya University
Institute for Space-Earth Environmental Research, Nagoya University
Institute for Space-Earth Environmental Research, Nagoya University
Institute for Space-Earth Environmental Research, Nagoya University
Institute for Space-Earth Environmental Research, Nagoya University
Institute for Space-Earth Environmental Research, Nagoya University
Institute for Space-Earth Environmental Research, Nagoya University

Institute for Space-Earth Environmental Research, Nagoya University
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Joint Research Technical Committee
Integrated Studies Technical Committee

Ayumi Asai

Yusuke Ebihara

lku Shinohara
Kanako Seki
Takashi Sekii
Akimasa Yoshikawa
Kanya Kusano
Satoshi Masuda
Shinobu Machida

Yoshizumi Miyoshi

Graduate School of Science, Kyoto University

Research Institute for Sustainable Humanosphere, Kyoto University

Institute of Space and Astronautical Science, Japan Aerospace eXploration Agency
Graduate School of Science, The University of Tokyo

National Astronomical Observatory of Japan, National Institutes of Natural Sciences
Graduate School of Sciences, Kyushu University

Institute for Space-Earth Environmental Research, Nagoya University

Institute for Space-Earth Environmental Research, Nagoya University

Institute for Space-Earth Environmental Research, Nagoya University

Institute for Space-Earth Environmental Research, Nagoya University

Heliospheric and Cosmic-Ray Research Technical Committee

Masamitsu Ohyama
Shoichi Shibata
Tomoko Nakagawa
Tohru Hada

Yoichiro Hanaoka
Kazuoki Munakata
Yoshitaka Itow
Munetoshi Tokumaru

Yutaka Matsubara

Faculty of Education, Shiga University

College of Engineering, Chubu University

Faculty of Engineering, Tohoku Institute of Technology

Interdisciplinary Graduate School of Engineering Sciences, Kyushu University
National Astronomical Observatory of Japan, National Institutes of Natural Sciences
Faculty of Science, Shinshu University

Institute for Space-Earth Environmental Research, Nagoya University

Institute for Space-Earth Environmental Research, Nagoya University

Institute for Space-Earth Environmental Research, Nagoya University

lonospheric and Magnetospheric Research Technical Committee
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Akinori Saitou
Takeshi Sakanoi
Masaki Tsutsumi
Keisuke Hosokawa
Masayuki Yamamoto
Yuichi Otsuka
Shin-ichiro Oyama
Kazuo Shiokawa
Nozomu Nishitani
Satonori Nozawa

Masafumi Hirahara

Graduate School of Science, Kyoto University

Graduate School of Science, Tohoku University

National Institute of Polar Research, Research Organization of Information and Systems
Graduate School of Informatics and Engineering, University of Electro-Communications
School of Systems Engineering, Kochi University of Technology

Institute for Space-Earth Environmental Research, Nagoya University

Institute for Space-Earth Environmental Research, Nagoya University

Institute for Space-Earth Environmental Research, Nagoya University

Institute for Space-Earth Environmental Research, Nagoya University

Institute for Space-Earth Environmental Research, Nagoya University

Institute for Space-Earth Environmental Research, Nagoya University
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Meteorological, Atmospheric and Land-Ocean Ecosystem Research Technical Committee

Yoshizumi Kajii
Kenshi Takahashi

Toshihiko Takemura

Atsushi Higuchi
Akihiko Morimoto
Joji Ishizaka
Tomoo Nagahama
Tetsuya Hiyama

Akira Mizuno

Graduate School of Human and Environmental Studies, Kyoto University

Research Institute for Sustainable Humanosphere, Kyoto University

Center for East Asian Ocean-Atmosphere Research, Research Institute for Applied Mechanics, Kyushu

University

Center for Environmental Remote Sensing, Chiba University
Center for Marine Environmental Studies, Ehime University
Institute for Space-Earth Environmental Research, Nagoya University
Institute for Space-Earth Environmental Research, Nagoya University
Institute for Space-Earth Environmental Research, Nagoya University

Institute for Space-Earth Environmental Research, Nagoya University

Chronological Research Technical Committee

Yoko S. Kokubu
Wallis, Simon

Motohiro Tsuboi

Hiroyuki Matsuzaki
Hiromi Yamazawa
Naoto Yamamoto
Masaki Enami
Takenori Kato
Hiroyuki Kitagawa
Kimiaki Masuda

Masayo Minami

Tono Geoscience Center, Japan Atomic Energy Agency

Graduate School of Environmental Studies, Nagoya University

Department of Applied Chemistry for Environment, School of Science and Technology, Kwansei

Gakuin University

The University Museum, The University of Tokyo

Graduate School of Engineering, Nagoya University

Graduate School of Letters, Nagoya University

Institute for Space-Earth Environmental Research, Nagoya University
Institute for Space-Earth Environmental Research, Nagoya University
Institute for Space-Earth Environmental Research, Nagoya University
Institute for Space-Earth Environmental Research, Nagoya University

Institute for Space-Earth Environmental Research, Nagoya University

Airplane Usage Technical Committee

Seiho Uratsuka

Kazuyuki Kita
Makoto Koike

Rikie Suzuki
Hiroyuki Yamada
Taro Shinoda
Nobuhiro Takahashi
Hiroyasu Tajima

Yutaka Matsumi

Applied Electromagnetic Research Institute, National Institute of Information and Communications

Technology

College of Science, Ibaraki University

Graduate School of Science, The University of Tokyo

Japan Agency for Marine-Earth Science and Technology

Faculty of Science, University of the Ryukyus

Institute for Space-Earth Environmental Research, Nagoya University
Institute for Space-Earth Environmental Research, Nagoya University
Institute for Space-Earth Environmental Research, Nagoya University

Institute for Space-Earth Environmental Research, Nagoya University
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Steering Committee of the Center for International Collaborative Research

Yusuke Ebihara
Takashi Shibata
Hiroyuki Matsuzaki
Kazuoki Munakata
Kazuo Shiokawa
Tetsuya Hiyama

Nozomu Nishitani

Research Institute for Sustainable Humanosphere, Kyoto University
Graduate School of Environmental Studies, Nagoya University

The University Museum, The University of Tokyo

Faculty of Science, Shinshu University

Institute for Space-Earth Environmental Research, Nagoya University
Institute for Space-Earth Environmental Research, Nagoya University

Institute for Space-Earth Environmental Research, Nagoya University

Steering Committee of the Center for Integrated Data Science

Shin-ichiro Shima
Tohru Hada
Masahiro Hoshino
Kazuhisa Mitsuda
Koshi Yamamoto
Junichi Watanabe
Kanya Kusano
Kazuhisa Tsuboki
Fumio Abe
Takenori Kato

Yoshizumi Miyoshi

Graduate School of Simulation Studies, University of Hyogo

Interdisciplinary Graduate School of Engineering Sciences, Kyushu University

Graduate School of Science, The University of Tokyo

Institute of Space and Astronautical Science, Japan Aerospace eXploration Agency

Graduate School of Environmental Studies, Nagoya University

National Astronomical Observatory of Japan, National Institutes of Natural Sciences

Institute for Space-Earth Environmental Research, Nagoya University
Institute for Space-Earth Environmental Research, Nagoya University
Institute for Space-Earth Environmental Research, Nagoya University
Institute for Space-Earth Environmental Research, Nagoya University

Institute for Space-Earth Environmental Research, Nagoya University

Steering Committee of the Center for Orbital and Suborbital Research

20

Riko Oki

Kazuyuki Kita
Masato Nakamura
Hiroyuki Yamada
Nobuhiro Takahashi
Hiroyasu Tajima
Masafumi Hirahara

Yutaka Matsumi

Earth Observation Research Center, Japan Aerospace eXploration Agency

College of Science, Ibaraki University

Institute of Space and Astronautical Science, Japan Aerospace eXploration Agency

Faculty of Science, University of the Ryukyus

Institute for Space-Earth Environmental Research, Nagoya University
Institute for Space-Earth Environmental Research, Nagoya University
Institute for Space-Earth Environmental Research, Nagoya University

Institute for Space-Earth Environmental Research, Nagoya University
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8. Finance

8. Finance

External Funding and Industry—Academia—Government Collaborations

Researches of ISEE members as principle investigator were supported by the following external funds.

Kakenhi category Number of subjects Total amount (JPY)

Grant-in-Aid for Scientific Research on Innovative Areas 6 79,240,000
Grant-in-Aid for Scientific Research (S) 2 88,530,000
Grant-in-Aid for Scientific Research (A) 9 86,710,000
Grant-in-Aid for Scientific Research (B) 13 54,600,000
Grant-in-Aid for Scientific Research (C) 9 14,170,000
Grant-in-Aid for Challenging Exploratory Research 11 16,400,000
Grant-in-Aid for Young Scientists (A) 3 16,380,000
Grant-in-Aid for Young Scientists (B) 5 4,875,000

::]L:Z?n:;)t::f;:smec;t:z;)ofJomt International Research (Fostering Joint 1 14,170,000
Specially Promoted Research 1 221,910,000

* Sixty research subjects listed in the table were supported by the JSPS Kakenhi.

* Thirty-eight research subjects received total 192,651,741 JPY and 498,500 USD from governmental funds except
KAKENHI, and from other universities and companies. Twenty of them were collaborative researches between
ISEE and companies, or national institutes.

* Eight research subjects received total 5,868,966 JPY of donation.
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Library
B Library, Solar-Terrestrial Sciences B Library, Hydrospheric-Atmospheric
(ISEE Libary #1) Sciences (ISEE Library #2)
Book Book
Japanese 3,004 Japanese 4,591
Foreign 11,162 Foreign 8,828
Journals Journals
Japanese 3 Japanese 216
Foreign 134 Foreign 228
Properties
Site (m? Bulidings (m?) Location
Higashiyama Campus
(Main campus of Nagoya University) ) 9,005 Nagoya
Toyokawa Campus 158,002 7,189 Toyokawa
Moshiri Observatory 110,534 325 Hokkaido
Rikubetsu Observatory 24,580 167 Hokkaido
Kagoshima Observatory 13,449 287 Kagoshima
Fuji Observatory 19,926 174 Yamanashi
Sugadaira Station 3,300 33 Nagano
Kiso Station 6,240 66 Nagano
Total 336,031 17,246
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9. Research Topics

The mission of the Institute for Space—Earth Environmental Research (ISEE) is to understand the mechanisms and
interactions of diverse processes occurring in the integrated space—Sun—Earth system to deal with global environmental
problems and to contribute to human society in the space age. To develop this new research field, four subjects of
Interdisciplinary Research are being conducted with strong collaborations from seven Research Divisions (Divisions for
Integrated Studies, Cosmic Ray Research, Heliospheric Research, Ionospheric and Magnetospheric Research, Meteorological
and Atmospheric Research, Land—Ocean Ecosystem Research, and Chronological Research). The “Project for Space—Earth
Environmental Prediction” aims to develop our understanding and predictive capabilities of the influences of solar dynamics
and atmosphere—ocean activities on the global environment. The “Project for the Interaction of Neutral and Plasma
Atmospheres” aims to improve our understanding of the connection between the Earth’s atmosphere and space using a global
observation network of interactions between the upper plasma and middle atmosphere. The “Project for Solar—Terrestrial Climate
Research” aims to observe the long-term variability in the solar activity over more than several thousands of years via radioisotopes
and to examine the influences of the solar activity on the atmosphere using observations and models to understand the influence of
solar activity on global climate variability. The “Project for Aerosol and Cloud Formation” aims to understand the processes that
form cloud and precipitation particles from aerosol particles with regard to the influence of cosmic rays and the processes of
scattering and absorption of radiation by clouds and aerosol particles using experiments, field observations, and simulations.

ISEE has also organized three Research Centers to contribute to national and international research development of the
relevant disciplines in cooperation with the Research Divisions. The Center for International Collaborative Research (CICR)
conducts extensive observations with four domestic observatories (Moshiri, Rikubetsu, Fuji, and Kagoshima) and a global
observation network and enhances collaboration and joint research with domestic and international researchers and
institutions. The Center for Integrated Data Science (CIDAS) conducts infrastructure and research development of intensive
studies of the space—Sun—Earth system through the analysis of big data and advanced computer simulations. The Center for
Orbital and Suborbital Observation (COSO) conducts planning and technological development of research using orbital and
suborbital observation vehicles, such as aircraft, balloons, rockets, and satellites, with national and international networks.

Interdisciplinary Research at ISEE

X-ray and Gamena-ray Seurces Wwe conduct four interdisciplinary research projects as a basis to
create a new scientific field that seamlessly covers the Earth, the San,
Dark matter and Dark Ercrgy and the wniv : foster young scientists with a
bipad, international i stience, engineering, and enviren- Solar Storm

Solar and Extrasalas Plasets mealal studies.
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9-1. Research Divisions

Research Divisions
Division for Integrated Studies

Research topics and keywords
Interplanetary space

Magnetosphere - Ionosphere ' .. s B Solar flare - CME

Maguetic storm Y| W Inner-magnetosphere - Radiation belt

" B Aurora substorm

W Space weather - Space storm

B Space climate - Long-term variations of the Sun
W Space plasma

B Computer simulation

B Data assimilation

Rilﬂturl’ﬂ Particke sccelerstion

Space weather © Space climate Noalinear phenomena in plasma

Introduction to Division for Integrated Studies

The solar—terrestrial environment is a complex system that consists of nonlinear, non-equilibrium, and multi-scale
interacting processes. The research activities in the Division for Integrated Studies are aimed at understanding the
mechanisms and predicting the dynamics of various phenomena in the solar—terrestrial environment through data

analyses and modeling studies. Some of the major results are introduced below.

Main Achievements in FY2016

1.Study of the onset mechanism and prediction of solar explosions

We advanced an integrated study to explore the mechanism of solar explosions, which are observed as solar flares
and corona mass ejections (CMEs), through theory, simulation and observations. First, by analyzing the stability of the
double-arc type current loop formed by magnetic reconnection of two magnetic loops carrying electric current, a new
parameter, k, consisting of the relative amount of reconnected magnetic flux and the magnetic twist was theoretically
derived as a critical parameter for a new instability causing a solar explosion. The validity of the k parameter was
verified through re-analysis of the computer simulation results. In addition, we investigated the possibility of
predicting flares by computing the upper limit of the k parameter using a nonlinear force-free (NLFF) magnetic field
based on solar magnetic field observation data. We also obtained observational evidence that a small magnetic flux of
opposite polarity to the main polarity of a sunspot can play a crucial role in triggering large flares, as part of a
collaborative research project with the Big Bear Observatory in the United States, using the New Solar Telescope,

which is the world’s largest solar telescope.

2.A study of the variation of the magnetic field structure of the CME early phase and validation of a solar
wind speed model using MHD simulation

The prediction of velocity and magnetic field profiles of solar wind and CMEs is one of the most important tasks
in space-weather forecasting. We recently developed a new three-dimensional magnetohydrodynamics (MHD)
simulation of the propagation of solar wind and CMEs, called SUSANOO. The boundary conditions of solar wind in
SUSANOQO are calculated using empirical models obtained from past observations. In this study, we validated a new
MHD simulation in which the boundary conditions of solar wind are specified with new models based on Interplanetary
Scintillation (IPS) observations. We also studied the evolution of the magnetic field structure in the initial phase of a
CME in the solar corona, and found that the rotation rate of the magnetic structure is proportional to the local magnetic
field strength of the background field.
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3.Next solar cycle prediction study

Predicting the next solar cycle is crucial for forecasting the solar—terrestrial environment. Construction of prediction
schemes for the next solar cycle is a key component of long-term space weather studies. The relationship between the
polar magnetic field at the solar minimum and subsequent solar activity has been a subject of intense discussion recently,
and we have developed a new surface flux transport code, and investigated the predictability of the polar field strength
using photospheric magnetograms from the last three sunspot cycles. We have observed that the new emergence of the
magnetic flux in the last three years before each cycle minimum does not contribute to the polar magnetic field strength.
This provides a new prediction scheme for the polar field strength, without the disadvantage of the details of the modeling
of the flux emergence term in the surface flux transport. Based on the prediction scheme, we predict that the amplitude of
the next sunspot cycle will be several tens of percent weaker than the current cycle. We have also attempted to obtain the
meridional flow, differential rotation, and turbulent diffusivity from recent modern observations (Hinode and Solar
Dynamics Observatory). These parameters will be used in the SFT models to predict the polar magnetic field strength at
the solar minimum.

4.NoRH operated by an international consortium

The Nobeyama Radioheliograph (NoRH) at Nagoya University, a representative of the International Consortium for
the Continued Operation of the NoRH (ICCON; http://hinode.stelab.nagoya-u.ac.jp/ICCONY/), has been operational since
April 2015. The instrument itself worked well this year, and the web-based remote operation system is also working well.
Using this system, 30 researchers in seven countries (USA, UK, Germany, Russia, China, Korea, and Japan) contributed
to the operation of the NoRH. All NoRH data are stored at the National Astronomical Observatory of Japan (NAOIJ) and
at ISEE, Nagoya University, and freely available to the public. The data are used for a range of studies worldwide.

5.Study on the conditions for substorm onset using THEMIS probe data

Collaborating with a graduate student, the data obtained by THEMIS probes were analyzed for the cases of
substorms and pseudo-substorms. The analysis results show that magnetic reconnection occurs in the near-Earth
magnetotail in both cases. However, when a substorm occurs, the plasma pressure of the night-side magnetosphere is
about seven to eight times the Earth’s radius, approximately 1.4 times larger than that observed when a pseudo-substorm
occurs. It has been clarified that plasma instability, such as the ballooning instability in the spatial gradient of the plasma

pressure, is the key process for substorm onset development.

6.Stepwise tailward retreat of magnetic reconnection: THEMIS observations of an auroral substorm

Stepwise auroral breakups were clarified by investigating a

multiple-onset substorm that occurred on February 27, 2009. Three s . ' 2 Gfee”!aan y
successive auroral breakups were identified in all-sky images, : © 00 | 1{;‘
occurring at approximately 10 min intervals. These breakups occurred " 22 4 0.5 'Z*nd i)r‘

M i y -

stepwise; that is, later breakups were initiated at higher latitudes.
Corresponding reconnection signatures were studied using THEMIS

satellite observations from between 8 and 24 Re down the magnetotail.

= 60

The three auroral breakups occurred simultaneously (within a few T e ,?
minutes) with three successive fast flows at 24 Re; thus, these were - - " 023821 U7
interpreted to be associated with impulsive reconnection episodes. Auroras in Canada and Greenland. The second

. . auroral breakup was initiated at a latitude
These three fast flows consisted of a tailward flow and two subsequent higher than the first breakup.

earthward flows. The flow reversal at the second breakup indicated
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that a tailward retreat of the near-Earth reconnection site occurred during the substorm expansion phase. In addition, the
earthward flow at the third breakup was consistent with the classic tailward retreat near the end of the expansion phase;
therefore, the tailward retreat is likely to have occurred in a stepwise manner. We interpreted the stepwise characteristics of

the tailward retreat and poleward expansion to be potentially associated by a stepwise magnetic flux pile-up.

7.Forecast of the AU index using real time data assimilation

We have developed a new system to forecast the AU index that uses the solar wind data from SUSANOO-SW. To
improve forecasting skill, the developed system consists of two stages: the hindcast and the forecast. Data assimilation
using the particle filter is implemented in the hindcast stage, which estimates parameters to reproduce the observed AU
index. These estimated parameters are used to forecast the AU index in the forecast stage. The system is running to
forecast the AU index in the SUSANOO system.

8.ULF wave-like signature of ionospheric flow seen by ionospheric radars during a magnetic storm
Ionospheric flow fluctuations at frequencies of ~mHz were observed by the Super Dual Auroral Radar Network
(SuperDARN) at mid-latitudes during a magnetic storm in March, 2015. The radar data revealed that ultra-low-frequency
(ULF)-like fluctuations propagated westward over ~90 degrees in longitude from the east coast of America through to the
far east of Siberia. A detailed examination of the wave properties suggested that the ionospheric flow fluctuations are
driven by wave-particle interactions with hot ions with energies of ~ several tens of keV drifting westward in the inner

magnetosphere.

9.0bservational study on oxygen pressure enhancements in the Earth’s inner magnetosphere

We are studying enhancements in the oxygen pressure in the Earth’s inner magnetosphere during magnetic storms,
using in-situ observations made by Van Allen Probes. Multi-event case studies have confirmed that the oxygen pressure
increase is temporally impulsive and spatially localized. We have also found that the oxygen-to-proton pressure ratio can
reach ~1 during the early main phase and that warm oxygen (0.1-10 keV) supplied prior to a storm can be a source of
storm-time energetic oxygen. The results indicate that the oxygen supply from the ionosphere prior to and/or during the
early phase of a storm, which could be associated with sudden magnetospheric compression and/or substorm activity,

plays an important role.

10.Relationship between acceleration and loss of relativistic electrons via chorus wave-particle
interactions during geomagnetic storms

It has been suggested that the whistler mode chorus is responsible for both acceleration of MeV electrons and
relativistic electron microbursts through resonant wave-particle interactions. Relativistic electron microbursts have been
considered an important loss mechanism of radiation belt electrons. To understand the balance between acceleration and
loss of relativistic electrons through chorus wave-particle interactions, we investigated the relationship between
relativistic electron microbursts and flux variations of trapped MeV electrons during the storm of October 8-9, 2012
based on the SAMPEX and Van Allen Probe observations. Observations by the satellites show that relativistic electron
microbursts correlate well with the rapid enhancement of trapped MeV electron fluxes by chorus wave-particle
interactions, indicating that acceleration by chorus is much more efficient than losses by microbursts during the storm. It
was also revealed that strong chorus wave activity without relativistic electron microbursts does not lead to significant
flux variations of relativistic electrons. Thus, effective acceleration of relativistic electrons is caused by the chorus that
can cause relativistic electron microbursts.
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11.Wave vector analysis using multi-spacecraft /n-sifu observations

We calibrated wave telescope techniques using multi-spacecraft observations such as Cluster and MMS to estimate
wave vectors of low-frequency waves in the foreshock and magnetosheath regions. We investigated the dependences of
the parameters in the techniques on their estimate accuracies by use of synthetic data. The average interval of the
cross-spectral density matrix and the n-parameter of extended MUSIC should be determined by reference to the wave
duration. Based on the optimized techniques, we revealed frequency-wave vector distributions of characteristic
low-frequency waves including ion cyclotron waves in the magnetosheath and geomagnetic pulsations.

12. Study on plasma wave measurements by PWE onboard the ERG (Arase) satellite

The Exploration of energization and Radiation in Geospace (ERG) satellite, which nickname is Arase, was
launched on December 20, 2016, from the Uchinoura Space Center to clarify Van Allen radiation belt dynamics. It is
suggested that the chorus waves and the FElectromagnetic ion cyclotron (EMIC) waves around the inner
magnetosphere play important roles in the acceleration and loss of relativistic electrons trapped in the radiation belt.
The Plasma Wave Environment (PWE) instrument onboard the ERG (Arase) satellite measures such plasma waves.
We are members of the PWE development and operation team, and successfully obtained the first light data observed
by the instrument. We are also planning the nominal observation strategy for the PWE. In the next fiscal year, we will

start to analyze the data obtained in earnest to understand the dynamics of the radiation belt.

13.Simulation of electromagnetic ion cyclotron falling tone emissions

EMIC falling tone emissions have been observed in the inner magnetosphere. We have conducted a
self-consistent hybrid simulation, successfully reproducing EMIC emissions with falling-tone frequencies. The
hybrid simulation is implemented with a parabolic ambient magnetic field. In the simulation, strong oxygen band
EMIC emissions are generated through nonlinear wave growth. The cold ion density is modulated by electrostatic
structures that are induced by the forward and backward propagating oxygen band EMIC waves. Along with the
growth of the oxygen band, the helium band waves also grow because of the initial linear growth followed by
nonlinear growth. The nonlinear growth of the helium band waves is affected by cold plasma density modulation,
and short wave packets of helium band emissions appear. The short wave packets entrap energetic protons efficiently,
resulting in electromagnetic proton hills in the velocity phase space. The proton hill forms a nonlinear resonant
current causing the falling frequency of the EMIC waves. We have observed strong deformation of the velocity
distribution function of the energetic protons due to the proton hill being guided by the increasing resonance
velocity.

14.Kinetic simulation of MHD-scale RTI

The nonlinear evolution of the Rayleigh-Taylor instability (RTI) at a density shear layer transverse to the
magnetic field in collisionless plasma is investigated by means of a fully kinetic Vlasov simulation with two spatial
and two velocity dimensions. The primary RTI in the MHD regime develops symmetrically in a coordinate axis
parallel to gravity, as seen in the previous MHD simulations. Small-scale secondary instabilities are generated due to
secondary velocity shear layers formed by the nonlinear development of the primary RTI. The secondary instabilities
take place asymmetrically in the coordinate axis parallel to gravity. It is suggested that these secondary instabilities
correspond to the electron Kelvin-Helmholtz instability generated by the electron velocity shear, whose
development depends on the polarity of the inner product between the magnetic field and the vorticity of the velocity

shear layer.
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Research Divisions
" Division for Cosmic-Ray Research

P— Research topics and keywords

Eemnanty

SolwConmic s S o o~ _ B Acceleration and propagation of cosmic rays
v ' — Cosmic gamma-ray observations
— Solar neutron observations
m  Cosmic-ray interactions with the Earth’s atmosphere
— Hadron interactions of very-high-energy cosmic rays
— Past solar activities probed by cosmogenic nuclides
B Particle astrophysics and non-accelerator physics
— Dark matter and neutrino physics
B Wide-field transient survey by an optical telescope

Introduction to Division for Cosmic-Ray Research

Cosmic rays (CRs), which are mostly protons with small amounts of charged particles such as electrons or nuclei and
neutral particles such as gamma rays or neutrinos, are produced in space and propagate through interstellar and
interplanetary magnetic fields (IMFs) before reaching the Earth. The Division for Cosmic-Ray Research performs cosmic
gamma-ray observations using the Fermi Gamma-ray Space Telescope (Fermi satellite) and the Cherenkov Telescope
Array (CTA), and high-altitude solar neutron observations to reveal the CR acceleration mechanisms as common space
plasma phenomena.

CRs also provide hints for ultra-high energy phenomena and unknown particles that cannot be explored in a
laboratory. We conduct the Large Hadron Collider forward (LHCf) and the Relativistic Heavy Ion Collider forward
(RHICY{) experiments to study hadronic interactions of ultra-high-energy CRs using accelerators such as the LHC or
RHIC. This division also conducts neutrino physics research with the Super-Kamiokande experiment and participates in
the XMASS liquid xenon experiment at the Kamioka Observatory in Japan to search for dark matter.

CRs deeply penetrate the atmosphere, producing ionization and cosmogenic nuclides. Our division studies past solar
activities and sudden changes in CR flux that are recorded in the carbon-14 (*4C) fractions of ancient tree rings and other
cosmogenic nuclides from Antarctic ice cores.

In addition, this division conducts the MOA experiment with a dedicated 1.8-m wide-field optical telescope at Mt.
John University Observatory in Tekapo, New Zealand. It conducts surveys of gravitational microlensing due to massive
astrophysical compact halo objects (MACHOs) or exoplanets and optical follow-up observations of gamma-ray bursts

and gravitational wave events.

Main Achievements in FY2016

1.Search for the origin of cosmic rays with gamma-ray observations

The cosmic gamma ray is a good probe for investigating the properties and distributions of CRs and the interstellar
medium, since gamma rays are produced by their interactions. Supernova remnants (SNRs) constitute the leading
candidate for the origin of Galactic CRs. Past gamma-ray observations by the Fermi satellite confirmed that CR protons
were accelerated to GeV (10° electron volts, eV) energies in SNRs with ages older than 105 years. However, we have
not resolved the particle acceleration or the acceleration limits in younger SNRs. We have improved the image
restoration technique of the Fermi data to account for the Galactic diffuse gamma-ray backgrounds, enabling image
analysis of faint gamma-ray sources. As a result, we have found that gamma-ray intensity distributions may be
different between GeV and TeV (10'? eV) energies in relatively young SNRs such as RX J1713.7-3946 and RCW 86.
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This is somewhat different from the situation in IC 443 where the gamma-ray intensity is very similar between GeV
and TeV energies.

Observations of Galactic diffuse gamma rays can also reveal the distribution of the interstellar gas since the
gamma-ray intensity is well correlated with the gas density. Recent observations by the Planck satellite provide
unprecedented measurements of all-sky dust distributions with 10-arcmin resolution using the attenuation coefficient for
353-GHz microwaves. Dust quantities are correlated with the amount of gas, which can be verified by measurement of the
correlation between the dust and gamma rays. We found that the attenuation coefficient has a good correlation with the
gamma-ray intensity in the MBMS53-55, Pegasus Loop, Chamaeleon, and Orion regions. However, we also found
non-linearity between those correlations.

We also made progress on the development of the Gamma-ray Cherenkov Telescope, which is one of the telescope
designs for the CTA. We determined the best silicon photomultiplier by characterizing several candidates. We are making
further measurements to improve the performance. We are also developing light concentrators to improve the light
collection efficiencies of the Large-, Medium-, and Small-Sized Telescopes of the CTA and have demonstrated improved

efficiencies using a prototype and simulations.

2.Research on the acceleration mechanism of solar energetic particles

Study of the acceleration mechanism of solar energetic particles is important for understanding the origin of CRs. It
is particularly important to know the moment and the duration of the acceleration on the solar surface. It is preferable to
observe neutrons produced on the solar surface by the interaction of accelerated ions with the solar atmosphere, rather
than accelerated ions themselves, because neutrons are not reflected by the interplanetary magnetic field (IMF). The
precise moment a neutron is emitted is determined by measuring the neutron energies. We have seven solar-neutron
telescopes on high mountains at various longitudes to detect solar neutrons (>100 MeV) over an entire day.

In addition to this network, we have installed a new solar-neutron telescope, SciBar for Cosmic Ray Telescope
(SciCRT), which has been used previously for accelerator experiments, on Sierra Negra, Mexico (4,600 m) in 2013. It
uses 15,000 scintillator bars to measure particle tracks, providing much higher energy resolution and better particle
discrimination than previous telescopes. Both solar neutrons and the variation of CR intensities are observed by SciCRT.
Currently three-eighths of the whole detector is operational. The activity of solar cycle 24 has decreased since 2014, and
no solar-neutron event has yet been detected. In FY 2016, the performance of SciCRT was better understood by Monte
Carlo simulation and, as a result, the power-law index of the energy spectrum of solar neutrons was determined to an
accuracy of 0.1. If an ambiguity of up to 1.0 of the power-law index is permitted, it is possible to discriminate the emission

durations between 0 and >5 minutes.

3.Study of cosmic neutrinos and dark matter

The neutrino is a neutral elementary particle with an infinitesimal mass, which is scattered only via the weak
interaction. The strong penetrating power of neutrinos means information from the center of celestial bodies such as the
Sun and the Earth can be determined. In addition, neutrino oscillation occurs, because of quantum state mixing between
the three neutrino species. By observing this oscillation, we can explore unknown properties of neutrinos such as their
masses, and hidden information such as the material density of celestial bodies. In addition to neutrinos, particle dark
matter (weakly interacting massive particles, WIMPs) are thought to exist in space. In this FY, we have developed a
new analysis technique to distinguish muon neutrinos and anti-muon neutrinos by using decay electrons, improving the
sensitivity of the matter effect in atmospheric neutrino oscillations. We utilize negative muons produced by
charged-current interactions of muon neutrinos in water causing a capture and absorption reaction by the oxygen

nucleus. In addition, we have been promoting a next-generation ultra-large water Cherenkov detector,
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Hyper-Kamiokande, which has a volume 20 times greater than that of Super-Kamiokande. We have conducted a
long-term underwater test of hybrid photo-sensors. The photon incident position dependence and a reconstruction
method for incident position were also studied. We have also conducted the XMASS experiment for direct WIMP
searching using an ultra-low background liquid-xenon detector. A measurement result for the scintillation
luminescence time constant of liquid xenon for low-energy gamma rays has been published in this FY. In addition, for
application to future large-scale dark-matter-search experiments, we have developed a liquid-xenon single-phase TPC.
We developed a prototype detector using a wire electrode with which we have succeeded in detecting a delayed signal

due to proportional scintillation in liquid xenon.

4.Cosmic-ray interaction-focused accelerator experiment

Very-high-energy CRs with energies far beyond the energy at manmade particle accelerators are hitting the Earth.
They undergo repeated interactions in the atmosphere and are observed as particle clusters called air showers at the
ground. Comparison between the air-shower data and Monte Carlo simulation is essential to extract the energy and type of
the primary particle, and uncertainty in hadronic interaction modeling causes a major uncertainty in the interpretation.
The world’s largest accelerator, the LHC at European Organization for Nuclear Research (CERN), provides the best
opportunity to study the hadronic interaction. Though the particle energy at the LHC is up to 7 TeV, the proton—proton
collision at the LHC is equivalent to CRs of 10'7 eV hitting the atmosphere.

In 2016, the LHCf-experiment collected data during proton—lead collisions at the LHC. In a quick analysis, we
confirmed production of high-energy neutrons through interaction between protons and virtual photons around the lead
nuclei. Production of neutral pi mesons and eta mesons was also confirmed. Using the data collected in 2015, production
rates of photons in proton—proton collisions at \'s = 13 TeV were presented. The analyses for neutral pi meson production,
eta meson production, and joint analysis with the ATLAS experiment using the same data set are also ongoing. A
summary of neutral pion production using the data taken before 2015 has been published, in which a scaling of the
production cross sections at different collision energies was reported. The RHICf experiment using the RHIC at the BNL
in the US was prepared for operation in 2017. RHICS will collect data for 0.51 TeV proton—proton collisions. Combined
with the LHCf data, the hadronic interaction and its collision energy dependence will be studied at the CR equivalent
energy from 10'* to 10" eV.
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Differential cross-section of forward neutral pions measured by the LHCf with p—p collisions atvs =2.76 TeV and 7 TeV.
The LHCf Collaboration, Physical Review D, 94, 032007 (2016).
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5.Cosmic-ray intensity variation in the past with cosmogenic radioisotopes

The *C concentration in tree rings is a good proxy for the CR intensity reaching the Earth in the past. The CR flux
may reflect high-energy phenomena such as supernovae near the solar system or arrival of solar CRs by extreme flares on
the solar surface. Although CR variations in the past have been investigated by measurements of '*C concentrations in tree
rings with time resolutions of more than 10 years over the Holocene (the last 12,000 years), variations with 1 or 2-yr
resolution have not been investigated and almost nothing has been clarified at the 1-yr resolution. The only exception is
the CR increase events of AD775 and AD994, published by our group in 2012 and 2013.

To investigate whether similar events occurred in the last 12,000 years, we are searching for CR events in the last 104
years using American trees. We examined the standard decadal data of '*C (IntCal) carefully and identified 15 '*C rapid
increase peaks with a rate larger than 0.3%o/yr. Concentrations of '*C around the peaks were then measured at the 1-yr
resolution. It has been shown that four peaks other than the AD775 peak did not represent rapid peaks at the 1-yr level. On
the other hand, for one peak at BC5480, it was discovered that the concentration of '*C increased rapidly by 20%o over 10
years, though the increase was not observed at the 1-yr level. However, the amount of this increase was extremely large
and its rate larger than those in grand solar minima such as the Maunder Minimum. The cause of this increase can be
considered to be an extremely deep solar activity minimum or successive large flares, or a combination of both. The
detailed cause is unclear.

14C is useful for investigation of the characteristics of solar activity, such as its periodicity. In 2016, we measured the
14C concentration variation around the Wolf Minimum, when annual data were lacking, to investigate the relationship
between the length of the Schwabe cycle and solar activity minima. We confirmed a period somewhat longer than 11 years
of the modern solar Schwabe cycle and a continuous 22 years of the Hale cycle. These characteristics show tendencies of

both agreement and disagreement with other minima.

6. Verification of the cosmic-ray-induced cloud formation hypothesis

We aimed to verify the increase of cloud condensation nuclei due to galactic CRs, as one hypothesis for
correlation mechanisms of solar activity and the global climate. We have investigated the relationship between the
ionization density and the production efficiency of cloud nuclei formation with an atmospheric reaction chamber by
irradiation of high-energy protons, nitrogen, and xenon ions at the Heavy Ion Medical Accelerator in Chiba
(HIMAC) accelerator at National Institute of Radiological Sciences (NIRS). In 2016, the experimental data were
carefully analyzed, showing that the particle density at the nanometer level in the atmosphere varies, corresponding
to the ion density produced by high-energy heavy ions, and that they are possibly independent of the incident ion
species, that is, the ionization density along the track. On the other hand, relatively high-production efficiency was

obtained for protons.

7.Wide-field optical surveys for gravitational microlensing and gravitational sources
In 2016, we detected 618 microlensing events and issued real-time alerts to follow-up groups. From the preliminary
analyses, we discovered five candidates for new exoplanets. Seven exoplanets were identified from analyses of past

events. Follow-up observations are continuing for the gravitational wave alerts from the LIGO group.
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Research Divisions
" Division for Heliospheric Research
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B Global heliospheric structure
B Space weather forecast

B Development of instruments

Introduction to Division for Heliospheric Research

A supersonic (with a speed of 300-800 km/s) plasma flow known as the solar wind emanates from the Sun, and
permanently engulfs the Earth. While the magnetic field of the Earth acts as a barrier to protect the atmosphere from direct
interaction with the solar wind, a considerable fraction of its vast energy enters the near-surface layer via various
processes. Thus, the solar wind acts as a carrier to transfer the Sun’s energy to the Earth.

The solar wind varies dramatically with solar activity. In association with eruptive phenomena on the Sun’s surface,
a high-speed stream of the solar wind sometimes arrives at the Earth, and generates intense disturbances in geo-space
and the upper atmosphere. Space environment conditions that significantly change with the solar activity are known as
“space weather”, and are currently a topic of significant interest. An accurate understanding of the solar wind is needed
to make reliable predictions of space weather disturbances.

We have observed solar wind velocity and density irregularities for several decades using three large antennas to
investigate unsolved important issues such as acceleration and propagation mechanisms, space weather forecasting, the
global structure of the heliosphere, and its variation. Also, laboratory and fieldwork experiments are performed for

improving data quality and upgrading the instruments.

Main Achievements in FY2016

1.Solar wind observations using the IPS system

We have performed remote-sensing observations of the solar wind since the 1980s using the multi-station IPS system.
The tomographic analysis of IPS observations enables accurate determination of the global distribution of the solar wind
speed and density fluctuations. IPS observations provide valuable information, particularly for high-latitude solar wind,
where in situ observations are currently unavailable. The IPS system consists of three large antennas at Toyokawa, Fuji,
and Kiso. The Toyokawa antenna (called the Solar Wind Imaging Facility Telescope, SWIFT) has the largest aperture and
the highest sensitivity among our three antennas, and started daily observations in 2008. The Fuji and Kiso antennas were
upgraded in 2013-2014 by installing new low-noise amplifiers (LNAs), which led to a great improvement in their
sensitivities. These two antennas are located in mountainous areas, and are not used for observations during winter due to
heavy snowfall. We collected solar wind speed data using the IPS system between March 31, when all three antennas
became available, and December 9, when snowfall began in the mountains. Although some interruption of IPS observations
occurred during this period due to mechanical troubles in the antennas, we obtained an abundance of solar wind data. Solar
wind density fluctuations were derived from IPS observations at Toyokawa and were measured throughout the year. The IPS

data were made available to the public in real time via an ftp server, and were used for various international collaborations.
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2.International collaboration for space weather forecast

We have conducted collaborative research with Dr. B. V. Jackson and his colleagues at the University of California,
San Diego (UCSD) on 3D reconstruction of the time-varying heliosphere using the tomographic analysis of IPS
observations over a long period. The time-dependent tomography (TDT) program was developed through this
collaborative research. This program is now available on the web server of the NASA Community Coordinated Modeling
Center (CCMC), and is running in realtime at the Korean Space Weather Center (KSWC) to predict the solar wind on
Earth. A prediction system for the solar wind and IMF on Earth was also developed at KSWC, combining TDT analysis of
IPS data with the ENLIL solar wind model (Dr. D. Odstrcil of GMU/NASA).

The B. component of the IMF is known to strongly control the effect of solar wind disturbances on the Earth’s
magnetosphere, and reliable predictions of the IMF B. are particularly needed. We studied improvements to IMF
prediction on Earth from a combined analysis of IPS data and solar magnetic field data in collaboration with Dr.
Jackson. As a result, we found that the radial and azimuthal components of the IMF predicted from the Current Sheet
Source Surface (CSSS) model of the solar magnetic field agree well with observations. Predictions of the B, component
sometimes show good agreement with observations, so that further thorough verification is needed.

With a growing awareness of the utility of IPS observations for space weather forecasting, IPS observations are
increasingly conducted at a number of places across the Earth. In addition to Japan, Russia, and India, where IPS
observations have been conducted for a long time, new antennas dedicated to IPS observations have been constructed in
Mexico and Korea, and IPS observations using low-frequency large radio array systems such as the Low-Frequency
Array (LoFAR) and the Murchison Widefield Array (MWA) were also conducted on a campaign basis. An integrated
analysis using IPS data from these stations enables higher-resolution 3D reconstructions of the rapid variation in solar
wind with solar activity. The establishment of the World-wide IPS Stations (WIPSS) was proposed at the IPS workshop
held at Morelia, Mexico, in 2015. Comparison between IPS data at different stations is a key issue for realizing WIPSS.
Hence, we performed a comparison between IPS data taken at ISEE and Mexico in collaboration with the UCSD group,
and found that IPS data in Mexico were seriously contaminated by spiky noise, and that this is likely to cause
significant discrepancies between IPS (g-value) data from the ISEE and from Mexico. Further investigation of the noise
in Mexican IPS data is needed. In addition, the revision of the common data format for exchanging IPS data, [PSCDF
Version 1.1, was discussed in the IPS workshop held at UCSD in December, 2016.
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3.Relation between solar wind speed and coronal hole area e

The coronal hole is a region where the solar magnetic field opens into f

interplanetary space, and also where the fast solar wind emanates. Earlier :
L3
studies showed that there is a positive correlation between coronal hole E%} i
areas and solar wind speeds. However, the speed data used in those studies f i
B

were obtained from in sifu measurements at the ecliptic plane (i.e., near the ;
heliographic equator), and one-to-one correspondence between the speed i
data and the corona hole data was not firmly established. Therefore, we

examined the relationship between solar wind speeds and coronal hole areas

using ISEE IPS observations, which allowed determination of the global AEER (10"}
distribution of the solar wind speed. In this study, we established one-to-one Relationship between coronal hole areas
correspondence between the solar wind speed data and the corona hole and solar wind speeds.

(open-field region) area data by tracing the field line from the source surface

to the photosphere. The period analyzed here was from 1995 to 2011. As a result, we confirmed that a good positive
correlation exists between the coronal hole area A and the solar wind speed V, and found that the slope in the 4-} relation
differs significantly from those reported in earlier studies. We also found that the correlation between A and V drops at
solar maxima, and we ascribe this to the effect of the rapid time evolution of the solar wind and coronal structures at solar
maxima. If data at solar maxima are excluded, the correlation coefficients between 4 and V are high and the slopes in the
A-V relation are constant during the analysis period. We examined the relation between V and the inverse of the flux
expansion factor f, which is a controlling parameter for the solar wind speed, and found that the correlation between 4 and
V is as good as that between 1/f'and V. We discovered that the relation between 4 and ¥ shows a higher correlation than
that between A4 and V. This enables us to predict the solar wind speed more accurately from coronal hole observations,
leading to improvement of the space weather forecast.

4.Long-term trend of coronal hole distribution and its relationship to galactic cosmic ray modulation

We developed an automated prediction technique for coronal holes using potential magnetic field extrapolation in
the solar corona to construct a database of coronal holes appearing from February 1975 to July 2015 (Carrington rotations
from 1625 to 2165). Coronal holes are labeled with the location, size, and average magnetic field of each coronal hole on
the photosphere and source surface. As a result, we identified 3335 coronal holes and found that the long-term distribution

of coronal holes shows a similar pattern known as the magnetic butterfly diagram, and polar/low-latitude coronal holes
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Long-term trend of coronal-hole distribution. Black and white circles indicate negative and positive polarities,
respectively, and their sizes are proportional to the areas of coronal holes. Background image is a magnetic
butterfly map made from synoptic magnetograms from the Kitt-Peak National Solar Observatory.
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end to decrease/increase in the last solar minimum relative to the previous two minima. We then compared the variations in

the polar coronal-hole area and neutron monitor data obtained at Oulu. The cross-correlation function between those

parameters takes a maximum value at a time lag of 13 CRs (~1 year), which is equivalent to the propagation time of the solar

wind from the Sun to the termination shock. The area of the polar coronal hole is an observable indicator of the dipole

component of the solar magnetic field, and might be a useful parameter of direct modulation of galactic cosmic rays.

5.Relationship between north-south component
of the magnetic field in sheath regions and
coronal magnetic fields

The occurrence of geomagnetic storms is
controlled by the north-south (NS) component of the
IMF. The majority of geomagnetic storms are associated
with magnetic clouds (MCs) or sheath regions. It is
therefore important to understand the NS component of
the IMF associated with MCs and sheath regions for
space weather forecasting. The origin and structure of
MCs is becoming clear; however, the origin of the IMF
at sheath regions is poorly understood, and it is still not

clear how the IMF in sheath regions is related to coronal

Horizontal CMF component at 1.2 Rs. Thick arrows 1 and 2
indicate the directions of CMF at sub-Earth point and flaring
point (estimate source of MC), respectively.

magnetic fields (CMFs). We investigated the relationship between the polarity of the NS component of CMFs and that of

the IMF observed by the ACE at sheath regions, using the Potential Field Source Surface model and the UCSD
time-dependent tomographic (UTDT) analysis. It was found that the polarity of the NS component of the CMFs at 1.1

solar radius (Rs) and 1.2 Rs agrees with ACE observations at the end time of the sheath region for all five analyzed events
during 2006-2008. The result indicates that the coronal magnetic field (CMF) at low height erupts and the field is

observed at the end time of the sheath region. We obtained similar results using the 1D hydrodynamic solar wind model

instead of UTDT analysis.

6.Study of the origin of the stationary normal component of the IMF

It is important to predict and analyze the normal component of the IMF
for space weather. We analyzed two kinds of stationary normal component of
the IMF, which is poorly understood. The first analysis was a statistical
analysis of the magnetic data of various spacecraft and, in particular, we
analyzed the relationship between the radial component (B,) and the normal
component (B,) of the IMF. The results indicated that Br and B, have a positive
correlation in the north and a negative correlation in the south, from the
equatorial plane. The second analysis was a comparative analysis between the
CMF and the near Earth magnetic field. We used the PFSS model to calculate
the CMF and UCSD time dependent tomography to estimate the solar wind
between the Earth and the Sun. The results indicated that there is a significant

correlation between the coronal B, and B, of the near Earth region. This was

' 'Voyagerl

Pioneerll

Voyager2

Yearly averaged direction of the B,

studied in cooperation with B. V. Jackson and H.-S. Yu from UCSD.

-component observed by Voyager 1,
Voyager 2, and Pioneer 11. Upward and
downward arrows indicate positive and
neaative B.,-components. respectivelv.
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Genspace Envirsnment Dyngmics | F % Research ‘topics and keywords
Space Plaima Dynamics t R

Magnedosphere-lomosphere Coupling " iy

'l.ﬂnﬂ-ﬂll;jﬂ_ﬂ_-m j B Understanding the process of energy transfer from the
Inmospherie =25

solar wind to the magnetosphere and ionosphere
B Understanding the magnetosphere—ionosphere—
thermosphere coupled system
B Ground-based and network observation
B Space and planetary exploration

Introduction to Division for lonospheric and Magnetospheric Research

The plasma and energy carried by the solar wind to the Earth and other planets exert physical effects on the
magnetosphere and ionosphere, known as geospace. We study these effects and associated phenomena with international
cooperation, primarily, through various observational approaches using ground-based instruments; for example,
European Incoherent Scatter (EISCAT) radars, High-Frequency (HF)/Very High Frequency (VHF) radars, Global
Navigation Satellite System (GNSS) receivers, high-sensitivity passive/active optical instruments, magnetometers, and
instruments onboard satellites/spacecraft, which are developed in our division. We also lead the way to future space
exploration missions based on our expertise.

Main Achievements in FY2016

1.Measurements of aurora and electromagnetic waves at subauroral
latitudes

The PWING project started in the fiscal year 2016, with the support of the
Japan Society for the Promotion of Science (JSPS), Grant-in-Aid for Specially
Promoted Research. Under this project auroral imagers and electromagnetic
wave receivers are deployed at eight stations (in Canada, Russia, Alaska, Finland,
and Iceland) around the North Pole at magnetic latitudes of about 60° to
investigate the dynamics of plasma and waves in the inner magnetosphere. As
initial results, one-to-one correspondence was obtained between the subpacket
structures of Pc1 geomagnetic pulsations (EMIC waves). It is also suggested that
the precipitation of MeV energy plasma into the stratosphere, associated with the

heliospheric plasma sheet through the EMIC waves, may affect the dynamics of

: Isolated proton aurora observed
the middle atmosphere. at Athabasca, Canada.

2.Study of the upper atmosphere using optical imaging instruments

To investigate the dynamics of the mesosphere, thermosphere, and ionosphere, we routinely operate Optical
Mesosphere Thermosphere Imagers (OMT]Is), which consist of five sky-scanning Fabry-Perot interferometers (FPIs),
17 all-sky charge-coupled device (CCD) imagers, three tilting photometers, and three airglow temperature photometers.
We have succeeded in taking all-sky airglow images of plasma bubbles over Africa for the first time. Long-term
variations in atmospheric gravity waves in the mesopause region and traveling ionospheric disturbances in the

ionosphere have been studied.
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3.Response of the ionosphere and thermosphere to solar flares

We developed the GAIA, a coupled global model of the ionosphere and atmosphere, to simulate the ionospheric and
thermospheric responses to solar flares, and the following process was observed. An X-class flare irradiance enhances the
ionization on the dayside equatorial region and steepens the longitudinal gradient of the conductance at the morning and
evening terminators. Consequently, the eastward electric current decreases/increases the polarization charge density in the
morning/evening, and weakens/strengthens the eastward electric field in the post-sunrise/post-sunset sector.

4.Study of the plasmasphere and ionosphere

using global GNSS receiver network 2010'10_11./;::00:0%0

We investigated the temporal and spatial
variations of the plasmasphere and ionosphere during
geomagnetic storms using global absolute total electron
content (TEC) data obtained from 5,600 GNSS receivers.
We found that the enhancement of the TEC began in the
daytime sub-auroral region about 2-3 hours after the
onset of the storm main phase, and expanded over time.
In the higher latitudes of the enhanced TEC, a TEC
decrease corresponding to the ionospheric trough .-
appeared, and moved in the equatorial direction as the - 5 ;{5 © 90 135 180 135 90 .45 8
geomagnetic  storms  developed. Moreover, the oS0 (sd - sxa) nom]
equatorial TEC showed a significant enhancement and
depression during the storm main and recovery phases,
respectively.

90

-10 -5 0 5 10

Global distribution of TEC obtained from GPS receivers.

5.Study on lunar plasma environment

Atenuous region called the wake forms behind the Moon in the solar wind, and plasma entry/refilling into the wake
is a fundamental problem in lunar plasma science. We have made the first observation of bow-shock reflected protons by
the Kaguya (SELENE) spacecraft in orbit around the Moon, confirming that solar wind plasma reflected at the terrestrial
bow shock can easily access the deepest lunar wake when the Moon stays in the foreshock. We conclude that the impact of
the bow-shock reflected ions and electrons raises the electrostatic potential of the lunar night-side surface through
secondary electron emission.

6.SuperDARN Hokkaido HF Radars |
Using the SuperDARN Hokkaido HF East and West radars at 'll' ~— |
Rikubetsu, Hokkaido, we studied the statistical characteristics of 'I-L | *‘
———I_ i

Geographical north
| | |

Sub-Auroral Polarization Streams (SAPS) and mesospheric echoes. 2 |
We succeeded in imaging noctilucent clouds (for the first time in =
Japan) using a digital camera in Hokkaido, and concluded that they
were generated as a result of transport of cold air masses to the
equatorial direction from higher latitudes.

Noctilucent cloud taken from Rikubetsu,
Hokkaido with estimated height of
83.9+0.1 km.
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7.EISCAT project promotion: synthetic observations with collocated instruments

The EISCAT Radar Scientific Association is an international organization concentrating on the operation of
radar systems in northern Scandinavia. We accumulated a variety 