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DIEEOFEZME L T, Z ZCTHEIRA R I 2 A2DOMERMET 2 2 L T4,
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1. RBRZFEET—Iav7 [4d - 9E - 18— BEHBEORIR—]
« HIR : 201545 A 26 H (k) 15:30 ~ 19:00
< G BRI E R 7 v v Y
 FEA - http://www2.yukawa.kyoto-u.ac.jp/~future/wp-content/uploads/2015/05/150526workshop_ja.pdf
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SRR - WFFOEHE R - ARAIR FEBRFZE 2 = v b OFEICSeBRT T, SR YEE Y — 7> ay
7" Ty - HE - e EAREORITE— ) 25, SUEREIHEE - 77 22T, 201545 H 26
Hichifie S e, MiEER IS, MR CROCRAEEBEY B AT 7E T WEBUR) . #H T 13. Aage
Moller (F % ¥ A K2PE#E #4%). Cynthia Trevisan (#V 7 3 V= 7HINIRY:  WEHEE) . KEFHT
X (RUESR ARG YA BdR) . IHER— GERRYRYBR G B A BiR) o Thbs, SE
. 84 04 TH -7, WHEBAICE T 5 RRHR & RERFEDRETHUIC O T O FE#EE S Cynthia
Trevisan, ¥ Xk U Aage Moller D~ AOHNEAWFEE I L > TiTbz, £/, BHEEA / R—vav
AU ESICO LT OFRER D, RIFISCE IR —IC X > Tfrb ik, S, WE. #21E, &F
BICWL YA F Iy ZADHMICAZ 21202 20b 6T, LIELIESHRTHEMZAIFRBER 2T T 5,
BRZE C B2, R 2R E LR E 2V AT LTH-TH, 74— FNy 7702 25T
2, AU L) RIR2BCZRT, ZOFDFEY 7 2200 TEH L OBIRD Sk S Nz, AEEDF
KT =7 ay 7E SERAARF AR EIR SR BRRIVIEFUIZE TGP A RS & it— L
ARG, (FFZeERE « ML - R - BB 20rsiiT. BUEHR 5 26560136) 1T X %%
BRI HED W THEME S e,
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. RBAFZERVITZEMAR BHERIEE - XKEIKFE FBRIDKRIIL
FEME S R D) L RBREERYEFZMAFTRAAS
[EH AT LICHE T ZEEMBIRIRROFRIEICIES |
« HE§ : 201548 H6 H (K) 14:00 ~17:30, 8 H7 H (&) #H
< GAT a—T7 4 VU
CHE ARV AY T LTI, BB ERET 5 2 LOAMNBERICK > T, AP AR, HE0IEZ oM
HRTHDEERPIHE R, ZOHEYTH 2R - Bt - 24l - BT S s TAEBIS, 122on»T
HamL 7o, AIFEBIRE LT, THIRAGEMIRILL b b 285, THEN) OREIRX L &
BWIpZLl%, BIOARE LA, MEZAID HTRAIFBRZHWHICHINT2 2 Lick>T, [
BRI SN B FTREMEIC D W T higim T 2., T4b b, GENMEEOFEE L 20 o ORI
2 fEPGER 2 IR TEMES AT AICE T 2 BNENBEEBIS ) LA, 2 ORI < k5 2 g
HE 2L &b —MERIZERR L 72\,
« AT Y a—)

Gl

Gt A2 Stk BHES 2 7 D IHE——ARARFEAN DT 54 LR
) AR TIPS e YIHEHL & LCOR2 W

o | WS | ROTY 5 LAY F I B RO E R

A e se—sa sl 4 )= avDORE

AR =tz Satk HAIRB—H 07 72V 57— a Vil

fiai Wi ek HEFEE A <27 b 7 & & Al

Gt - RSE A H CAl# LS — A CAl ko TR

AR WL TPeE | S - v —> v L % v © 2 Lo SUUvIEs  SULLED & Ot
2015 4F fiai HliI5 2 dek: MBAREE~BEOR & RIS & A HodE
8HT7H A JEAME—EE/e4: | The overflow model of the evolution of consciousness
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3. RPREERMIBPFZMAFT BHREE - XKEIKE ZFBEIERIIL
RBAFEERKERFZEFEMA L=y MRERRI I VRIIL [REREIKFEDORE]
« HBf : 20154E8 H6 H (AK) 18:00 ~ 20:00
< Gt a—74 Y IHD
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4. BEEBEERET—I>av T
International Workshop on Itinerant-Electron Magnetism
<t >
« HE2: 201549 H 25 H (%) ~9H27H (H)
BT SRR S =N R
B AT, RBICB U 2EEETORTHIENED LI B bDTH 20, £ ZiucBEL
TED L) BFH L VBIRDBIN S 02560 L 72,
MEERR IS TRESHEICL 2 00T, L7 AV A, RE, FE. F4v. 77
Y ARED S OMFEEDH L IR R IEE L 72, SMEBIIR A Y —HEKLEO TEF8L 4
ICOIE D | WFZEH. KRB oMzl 2 OEFE 2kt s S i,
£HTIZ 9/25 DA ST Get Together (7 AL - L7 ayv) MHfESn, wik. H
WD & DBNE L L AT 72, 9/26 BAREBEY — 7> 3 v 7OMBEERETH 2 5 H
REFHEFERI DO EN —REIRIC L 24 — 7= v V7 OBRE T, WERIERDRER 2R L5
BOREIZOWTHEHEIM TN, Z2 D%, EIEWEIEDORE — ANETH 2 BEES KAV E I
DRI D EfE BRI I & 2@ EREEBRO L E 2 — 25l I N, FA Y - 94 7F v L K¢
(University of Leipzig) Bl o Jirgen Haase Zd21c X 2 Sl S iB 58 0R o FE Bk
DRI BID 2 HEFS IR IO W T ORI b, a—b =T VLA 7 Z2ESH, 7TV A
TN —=TINDNA « F— LIFZEHT O Rafik Ballou Z#2ic k27 5 2 F L — + REERMEA
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HEWIO T O HELFEBRIC BT 2 555, & oL X —WEAT O [E RIBIRIC X 2 fE—XKITA
EVRIZOWTOuA Y « A8V IIGZ - FEERICB S 23, TaOREWIEDIZET - Pk ol
{Z#F212 X 5 NMR Z2 v e O E RIS 2 RIS O W T OFE & BRIE W EED - 72, B
23S A, WEIREYETIIET O BEHE —EdZ OGHE, 4l BRSPS R O U IEfT B O &
. HAEF IR O MRS L OFE, A Y 7 4 V=7 K¥74 € A8 (UC DAvis) O
Nicholas Curro Zdz D, FHCRYE AR O A HE “Bdzofiis T o, HIH O HHFE#R I
G 11T, 16:00 % TR Sz, GO BT, ZHE TEEE ko BER TSR ICHR S 1
T E RS RO EMBEAE A EOFESHIRNTH > 7, ZOXRIIFHFIRE 2 % SiGHERD
AEY T NHIRNRTV S,

26 H¥ /7 16:30 225 18:30 ¥ THRAY —k v ¥ a vdMTibik, RAY—t vy a VIZHAOH
D & HARDRFHEA: E TIIE W WA THEILICHGN S e,

27 HIZFRTHIC a—e =7 LA 7 2 AT, BECR A TAAWIERE - MSAMITES L. FE - WLk -
TR EEZ. SRR E B AR - OB, T FHETHHERE D Swee K. Goh iz,
FERSHE « BEHRRSR L, 2l R APEARITE R - (e EMAEEZ I X 2 @8R e XY 74 v 7
FREIC BT 2 $H AR 6 1R Th i, 13:00 20 6 OB LA ek i 2 Bd2ic X 2 7 a —
Y TOHREICK DAL 72,

2k e UCHERISER RERsTTb, ARELRY - v ay Tkt

« FEfll : http://kuchem.kyoto-u.ac.jp/kinso/IWIEM/index.html

5. RERIHZERMAEI= v MBBAEAHE Nicolas Schutz K37 —
Multiproduct-Firm Oligopoly: An Aggregative Games Approach (joint with Volker Nocke)
FHSRAAHREFIIERT S 7 a iyt - 7 — LPGRITE 2 & ok

* GHifili © Dr. Nicolas Schutz (University of Mannheim)

« HIRf: 2015412 H 24 H (R) 17:00 ~ 18:30

s it s RUERRSARETAIIZEITASR 1 P 2ak s

« ¥ : http://www2.yukawa.kyoto-u.ac.jp/~future/category/events
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6. GSEE/Kyoto 2016
« HIRF: 2016 42 H 11 H (K) 10:00 ~ 18:00
o T AR R A SERE Y B AR B & S Y = 7 B AE
=
© GHIEHNEY

1) Juichi Yamagiwa (President, Kyoto University)
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“A Field Primatology -- A Window for Human Evolution”
2) M.K. Wu, (President, Don Hwa University)

“The role of regional university in local economic-social

development ”
3) Masatoshi Murase (Yukawa Institute for Theoretical Physics, Kyoto University)
“Astonishingly Interesting World of Science and Education: Knowing How We Know”
4) Toshinao Tsunemi (Kyoto University)
“Active and Experience-based Learning”
5) Tai-Kai Ng (Hong Kong University of Science and Technology)
“Challenges to (Science) Education in 21st Century”
6) Hong Ding (Institute of Physics, CAS)
“Science Education in China”
7) Jevin West (University of Washington)
“The Data Gold Rush in Science Education ”
8) Se-Jung Oh (Seoul National University)
“A new approach to enhance the public understanding of science in Korea”
9) Terufumi Ohno (the Kyoto University Museum, and Osamu Marukawa, Board of Education,
Kyoto Prefecture Government)
“Cooperative challenge by staffs of Kyoto University and Kyoto Prefectural Government to
stimulate learning motivation of school pupils”
10) Shinichi Kawakami (Gifu University, Faculty of Education)
“A Learning Salon and the Database on Science Education Website”
11) Yoriko Ikuta (Nara Prefectural Seisyo High School of Math and Science, Nara)
“An Approach to Fostering Science Professionals through the Seisho Science Exploration
Program”
12) Keisuke Ohno (Douzen High School, Okinoshima)
“Regional Revitalization focusing on Education: Oki-Dozen High School project”
13) Akito Arima (Chancellor, Musashi-Gakuen, former Japanese Minister of Education and
former President of Tokyo University)

“Science Education in Japan”

14




CRNENT A RSy av:
7 —= “How do we invite children into fascinating world of scientific inquiry?”
A
Akito Arima (Chancellor, Musashi-Gakuen)
Juichi Yamagiwa (President, Kyoto University)
Michiharu Nakamura (Japan Science and Technology Agency)
Kazuo Kitahara (Tokyo University of Science)
Kazunari Shibata (Kyoto University)
Kazuo Nishimura (RIEB, Kobe University)
« FEAH : http://www.gsee-kyoto.kier.kyoto-u.ac.jp/GSEEKyoto2016_Index.html

7. International Symposium on Advanced Future Studies
< HIF 12016 22 H 12 H (%) 10:00 ~ 17:05
© ST 1 SIS BT | Gt S = o BB — L
A v B/ VN
10:00-12:05 Morning Session
Chair: Jevin West (Information School, University of Washington, U.S.A.)
10:00-10:05 Misao Sasaki
(Director, Yukawa Institute for Theoretical Physics, Kyoto University)
"Opening Address"
10:05-10:20 Masatoshi Murase
(Yukawa Institute for Theoretical Physics, Kyoto University)

"Introduction to Advanced Future Studies"
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10:20-10:55

10:55-11:30

11:30-12:05

12:05-13:30

13:30-17:05

13:30-14:05

14:05-14:40

14:40-15:15

15:15-15:30

15:30-16:05

16:05-16:40

16:40-17:05

Alexander Vikman

(Institute of Physics, Czech Academy of Sciences, Czech Republic)

"The Dark Side of the Universe"

Hector Palomo Bombin

(Yukawa Institute for Theoretical Physics, Kyoto University)

"Topological Quantum Error Correction"

Harrison Hsueh-Cheng Cheng

(Department of Economics, University of Southern California, U.S.A)

"Auction Design and Speculative Resale"

LUNCH BREAK

Afternoon Session

Chair: Kazuyoshi Yoshimura (Graduate School of Science, Kyoto University)
Maw-Kuen Wu

(President, National Dong Hwa University, Taiwan)

"The correlation of Fe-vacancy with superconductivity in FeSe and related
superconductors”

Hong Ding

(Beijing National Laboratory for Condensed Matter Physics Institute of Physics,
China)

"Weyl fermion in condensed matter"

Minghu Fang

(Professor, Department of Physics, Zhejiang University, China)

"Exploration of (Fe,Ni) -Chalcogenide Superconductors: Fe-vacancy order, new
AFM states and SC"

BREAK

Chair: Eiichi Yamaguchi (Graduate School of Advanced Integrated Studies in
Human Survivability, Kyoto University)

Renhui Li

(Institute of Hydrobiology, The Chinese Academy of Sciences, China)
"Cyanobacterial blooms -- not the expected blossom but the ecological disaster
in water"

Jevin West

(Information School, University of Washington, U.S.A.)

"Mapping the Emergence of Scientific Disciplines"

Tai-Kai Ng

(Hong Kong University of Science and Technology)

"Creativity in Science and Mathematics - a difficult problem for psychologists"

0 - http://www?2.yukawa.kyoto-u.ac.jp/~future/IS20160212/index.html
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8. W, EWMDFBHREROMIE] KDL
<HfE>
« Hif 12016 422 H 27 H (42) 16:00 ~ 19:30
< GPT SEitt SRR
A LB AR CEERY: SEREYER AR HERUR)
W% Gert van Tonder (FIHGRAIRIE Ph.D.)
o2 EHN R GUEBRE REEBERADTSERE BiR)
A ¢ http://www2.yukawa.kyoto-u.ac.jp/~future/wp-content/uploads/2016/03/160227.pdf

9. XKBEEDA—N—TL7EXRBIL7. BLUEDKE - IRANDZE
Superflares on Solar-type Stars and Solar Flares, and Their Impacts on Exoplanets and the Earth
c HR 201643 H1H (k) ~4H (%)
< T ¢ SRR ZERL 6 56 Room207
A w B/ VAN
3/1 (Tue) Observation of Stellar Superflares and Solar White Light Flares

Time ‘ Name ‘ Rough contents of the talk

Chair: Kazunari Shibata

10:00-10:10 | Kazunari Shibata Opening remarks
10:10-11:00 | Hiroyuki Maehara Superflares and starspot activity on solar-type stars
11:00-12:00 | Suzanne Hawley Observation of stellar flares

12:00-13:30 | Lunch
Chair: Ayumi Asai (or Shinsuke Takasao)

13:30-14:30 | Adam Kowalski Modeling of optical spectrum of stellar flares
14:30-15:30 | Kyoko Watanabe Solar white-light flares
15:30-16:00 | Break

Chair: Kiyoshi Ichimoto

16:00-16:30 | Takako T. Ishii White light flares observed at Hida Observatory

16:30-16:45 | Kosuke Namekata Statistical properties of solar white-light flares

A LAMOST-Kepler spectrophotometric study of hyper flares

16:45-17:00 | Han Yuan Chang of M dwarfs

17:00-17:15 | Li-Ching Huang Physical Properties of G-type Kepler Eclipsing Binaries

17




3/2 (Wed) Observation of Stellar Superflares and Spectroscopic Observations

Time ‘ Name ‘ Rough contents of the talk
Chair: Hiroaki Isobe
10:00-11:00 | Luis A. Balona Flare stars across the H-R diagram
11:00-12:00 | Valery Nakariakov Oscillations of stellar flares
12:00-13:30 | Lunch

Chair: Suzanne Hawley
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13:30-14:15 | Yuta Notsu Spectroscopic observations of solar-type superflare stars
14:15-14:30 | Satoshi Honda Spectroscopic observations of flare star EV Lac at NHAO
14:30-15:30 | Yoichi Takeda Activities and related properties of solar-type stars

15:30-16:00 | Break

Chair: Satoshi Honda

16:00-17:00 | Steven Saar Observations of Magnetic Cycles in Late-type Single Dwarfs:
What are They Telling Us?
17:00-17:30 | Mark Cheung Evolving Models of Stellar Photospheric and Coronal

Magnetic Fields

3/3 (Thu) Possibility of superflares on the Sun

Time ‘ Name ‘ Rough contents of the talk

Chair: Hiroyuki Maehara

10:00-10:30 | Kazunari Shibata Can superflares occur on the Sun?

10:30-11:30 | Hideyuki Hotta Current understanding of solar global scale magnetic field
and dynamo

11:30-11:45 | Hisashi Hayakawa World-Wide Records of Solar Flare Candidates in the 10th
century and the 18th century

11:45- Lunch

PM Tour to Kwasan Observatory (Excursion)

http://www.kwasan.kyoto-u.ac.jp/general/facilities/index_kwasan_en.html

3/4 (Fri) Planets (AM) & Future Plans (PM)

Time ‘ Name ‘ Rough contents of the talk
Chair: Takanori Sasaki
10:00-11:00 | Masashi Omiya Observations of exoplanets and stellar activity
11:00-11:15 | Takuya Takahashi CMEs of solar superflares
11:15-11:45 | Daisaku Nogami Kyoto 3.8m telescope and future plans of our superflare
studies

11:45-13:30 | Lunch

Chair: Daisaku Nogami

13:30-17:00 | Discussions ~Future plans of superflare studies~
(Moderators: Daisaku Nogami and Kazunari Shibata)

Short comments & Topics
-Daisaku Nogami: Future plans of our superflare studies
-Hiroyuki Ishikawa: Comment on the habitability of M-type stars
-Fumihide Iwamuro: Short comment on spectrograph of Kyoto 3.8m telescope
-Bun’ei Sato: Comment on spectroscopic observations with Kyoto 3.8m telescope
(Introduction of TESS)
-Possibility of International Collaboration

FEAH : http://www2.yukawa.kyoto-u.ac.jp/~future/category/events




10. International Workshop on Advanced Future Studies
« HiRf 1 2016 423 H 14 H (H) 15:00 ~16 H (/) 10:00
« Gt a—7'4 v alHR
VA=A N
Joint Conference and Introduction / Room 204-205
Chair: Kazuyoshi Yoshimura (Graduate School of Science, Kyoto University)
15:00-15:50 Masatoshi Murase (Yukawa Institute for Theoretical Physics, Kyoto University)
"Scope of Advanced Future Studies"
Main Session / Room 204-205
Chair: Masatoshi Murase (Yukawa Institute for Theoretical Physics, Kyoto University)
16:00-18:00 Pan Zhang (Institute of Theoretical Physics, Chinese Academy of Sciences, China)
"Statistical-Physics-based Clustering in Networks"
Minghu Fang (Department of Physics, Zhejiang University, China)
"Topological Materials"
Keiichiro Tokita (School of Informatics and Sciences, Nagoya University)
"The Science of Biodiversity: Theoretical Perspectives"
Sub Session / Room 203
Chair: Tadashi Nishihira (Graduate School of Education, Kyoto University)
16:00-18:00 Masato Doi, (Graduate School of Education, Kyoto University)
"How should we inquire about relationships between human beings and technology? :
taking a hint from the philosophy of Miki Kiyoshi"
Wataru Mori (Graduate School of Education, Kyoto University)
"Interdisciplinary between biology, anthropology and sociology supported by emotion
; taking a hint from the text of Geoges Bataille"
Main Session / Room 204-205
Chair: Kazuyoshi Yoshimura (Graduate School of Science, Kyoto University)
9:00-10:00 Masaki Imai (Graduate School of Science, Kyoto University)
"NMR study of spin fluctuations in the layered itinerant-electron metamagnetic
compound Srl-xCaxCo2P2"
Haruka Morishita (Graduate School of Science, Kyoto University) ,
"Single crystal growth and characterization of a permanent magnet material, La-
substituted M-type Sr ferrites”
Yao Zhang (Graduate School of Science, Kyoto University)
"Effect of spin fluctuations on itinerant electron magnetism in Iron-Gallium
Intermetallic systems"
Yuya Haraguchi (Graduate School of Science, Kyoto University)

"Li2ScMo0308 as a spin-liquid candidate of the triangular lattice antiferromagnet”
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10:00-10:10 Break 10min.

Chair: Atsushi Yamauchi (Center for Ecological Research, Kyoto University)
10:10-11:10 Junji Takabayashi (Center for Ecological Research, Kyoto University)
"Interaction and information networks in ecosystems"

Hojun Rim (Center for Ecological Research, Kyoto University)

"Effects of carnivore-induced plant volatiles on their prey finding behavior"
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Yoshitaka Nakashima (Center for Ecological Research, Kyoto University)
"Novel methods of forecasting pests based on landscape ecological
perspectives”
Rika Ozawa (Center for Ecological Research, Kyoto University)
"The involvement of microorganisms in a tritrophic interactions of lima bean
plants, two-spotted spider mites and predatory mites"

11:10-11:15 Break 5min.

Chair: Junji Takabayashi (Center for Ecological Research, Kyoto University)

11:15-12:00 Takahiro Yamagishi (Center for Ecological Research, Kyoto University)
"Joint Evolution of Cytoplasmic Male Sterility and Selfing in Plant"
Iki Murase (Atmosphere and Ocean Research Institute, The University of
Tokyo)
"Study on herring in Hokkaido, Japan"
Joseph Fedrow (Yukawa Institute for Theoretical Physics, Kyoto University)
"What is the ultimate fate of our Universe?"

Sub Session / Room 203

Chair: Tadashi Nishihira (Graduate School of Education, Kyoto University)

9:30-12:00 Yuho Goto (Graduate School of Education, Kyoto University)
"Narcissism and maturity: based on the text of Sigmund Freud"
Tomoya Mogami (Graduate School of Global Environmental Studies, Kyoto
University)
"How are individual and universal intermediated between? : Taking a hint from
the figure in the latter term of Nishida's philosophy"
Hideki Masui (Graduate School of Global Environmental Studies, Kyoto
University)
"Circular Causality and Unpredictability: based on the Epistemology of Gregory
Bateson"

Joint Conference / Room 204-205

Chair: Keiichiro Tokita (School of Informatics and Sciences, Nagoya University)

14:00-16:00 Tadashi Nishihira (Graduate School of Education, Kyoto University)
"Preparation’ for Creative Inspiration - from the teaching of Japanese

classical ‘Keiko; exercise and expertise™
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16:00-16:20

Tae-Soo Chon (Pusan National University, Korea)

"Perspective of Integrative Ecological Sciences in Linking Society and Academic Fields
from Genes to Ecosystems"

Atsushi Yamauchi (Center for Ecological Research, Kyoto University)

"Spatial Patterns Generated by Simultaneous Cooperation and Exploitation Favor the
Evolution of Altruism"

Kazuyoshi Yoshimura (Graduate School of Science, Kyoto University)

"Metamagnetic Transition"

Break 20min.

Chair: Kazuyoshi Yoshimura (Graduate School of Science, Kyoto University)

16:20-17:30

17:30-18:00
18:00-21:00

Taizo Kobayashi (Department of Medical Technology, Teikyo University)

"Uncertainty and Dynamical Process on Computation”

Tomoko Murase (Japanese Red Cross College of Nursing)

"New Nursing Model Based on Self-nonself Circulation Theory"

Izumi Takeda (University of California, San Diego, U.S.A.)

"Project-Based-Learning with 21st Century Skills for the Japanese Language
Classroom."

Masatoshi Murase (Yukawa Institute for Theoretical Physics, Kyoto University)
Closing Address

Break 30min.

Discussion (1st Floor)

March 16 (Wed.)

7:00-10:00

Free Discussion (1st Floor)

« 36l © http://wwwZ2.yukawa.kyoto-u.ac.jp/~future/IS20160314/index.html
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* RHUHERR © ABERESH TR O AN RGEE) SR AANEREF IS 2 v & — T T, Ba oA REEA K
OYEE v AT L GEAtE, 201642 H 27 H
http://www2.yukawa.kyoto-u.ac.jp/~future/wp-content/uploads/2016/03/160227.pdf
* Prof. Masatoshi Murase gave a talk on “Astonishingly Interesting World of Science and

2

Education —Knowing How We Know—" at Yukawa Institute for Theoretical Physics, Kyoto
University for GSEE/Kyoto 2016 on February 11, 2016
http://www.gsee-kyoto.kier.kyoto-u.ac.jp/GSEEKyoto2016_Index.html

< IR (R < BRI (RO RUE SN D S A 8 — 7 e 2 RAR I U C— ] TRt AR EE e v 8 —
2015410 H 1 H, 8H., 15 H

http://www2.yukawa.kyoto-u.ac.jp/~future/results/20151001.html

% Z0Ofts
« SPIRITS &% : WUt RIERIZ EREVIBISANIZERT) < MR 2R (HFE 72 7 WF5ET)
http://www2.yukawa.kyoto-u.ac.jp/~-future/news/20160118.html
< RPMUHE (R ¢ SIS S ORISR SRR A o JEREY) Bl Ay RUHE R A SEBEY) BE~A WIS T
20154 10 H 15 H
o RIBUHERR © WEBERZBEPTE AR BAREIE TR O JEREY) RS | SIS RE BLADEERT 2015
F10H2H
http://www2.yukawa.kyoto-u.ac.jp/~future/results/20151002.html

22




- 2015-001: REPRFZEMREE - RRBIMEZRD VROV LREE

http://www2.yukawa.kyoto-u.ac.jp/~future/wp-content/uploads/2015/11/2015-001_small.pdf

- 2015-002: [E# S AT LRE—RREIRFENDING 81 LRk
ARG CRUAR R AIEREM B AT FERT - HESHR)
~ R IEREY B AR AT IT e & - Ak (2015/8/6)
EE http://www2.yukawa.kyoto-u.ac.jp/~future/wp-content/uploads/2016/01/2015-002_small.pdf

- 2015-003: [ / RN—=2 a3 Vv DEE]
IR —IG R ER AP G EAr 8 - Hd2)
~HER A IEREY B AR AT IT e & - AR (2015/8/6)
I http://www2.yukawa.kyoto-u.ac.jp/~future/wp-content/uploads/2015/11/2015-003_small.pdf

- 2015-004: [ELDFIFID S ADZEVZRBEHRDICIE? ]
REFHCCEG (RO A IR - #48%)
~FHR AR RAR IR 2 = v b RS
vy RY YA - R (2015/8/6)
573 http://www2.yukawa.kyoto-u.ac.jp/~future/wp-content/uploads/2015/11/2015-004_small.pdf

- 2015-005: [EBRICH T HEMHEBEER - By b7—7]
FEMMREG GBS LRI £ v & — - 2%
~FHR AR RAR IR 2 = v b RS
vy RY YA - R (2015/8/6)
573 http://www2.yukawa.kyoto-u.ac.jp/~future/wp-content/uploads/2015/11/2015-005_small.pdf

- 2015-006: [FEBRE - V/—2 v W F v ESI DXLy EEE |
WHIHR IR (RERY: Z 2 5 DAKW e v & — - %)
~IHER A IERE Y BL AFFE AT T e & - Ak (2015/8/7)
EE http://www2.yukawa.kyoto-u.ac.jp/~future/wp-content/uploads/2015/11/2015-006_small.pdf

- 2015-007: [(HEAE——HENE ERHEHTE EIARE |
HINF 2K CRURAERA - i)
~IHER A IERE Y BL ARJE AT T e & - Ak (2015/8/7)
I http://www2.yukawa.kyoto-u.ac.jp/~future/wp-content/uploads/2015/11/2015-007_small.pdf
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- 2015-008: [ZHLVED]
It —K (EERY: k)
e R IR (REBKA- IS B AT e T TR
VERTFIRE LG (AR AREEIITET  RHTHER)
BRI (Rt mi#il 7 4 ) 7ifgeir Hekk)
~ IR ASRAIL A E R = = v P RRERE
TURY Y L - GEEEE (2015/8/6)

IE6TA hitp://www2.yukawa.kyoto-u.ac.jp/~future/wp-content/uploads/2015/12/2015-008_small.pdf
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- 2015-009: [BASZHLVED]
AR (A&t = —av Ca—%9 4 v 2T Ei%ER)
Gl —IK (REFERY: 4R)
~HRRAEASR AR AR L = v bR
VRV L SR (2015/8/6)

IE6TA hitp://www2.yukawa.kyoto-u.ac.jp/~future/wp-content/uploads/2015/12/2015-009_small.pdf

- 2015-010: [ The narrowness of Al and human adaptation]
ISR (Rt =—avCa—y9 A4 v A% FilRFeg)
~ B R E A AR R P S & - B ER (2015/8/7)

IE6TA hitp://www2.yukawa.kyoto-u.ac.jp/~future/wp-content/uploads/2016/01/2015-010_small.pdf

+ 2015-011: [EhEDIBIZDEHEER
IR GESORFRIPEERAN 7 i)
~ ORI A ASRT e 2 - AGR (2015/8/7)

IE6TA hitp://www2.yukawa.kyoto-u.ac.jp/~future/wp-content/uploads/2016/01/2015-011_small.pdf
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4. BESNEAHE

SLEEVIRRARTTERT - BORMATIEZERT - BRI 2 £C,

AHERTAH S D A4 E A B %2 e I 258 4R T dh 5

LD 14 EEMYMZ 3 r HEETH2b D44 (RUEMN1 4., GiEM44) 2FEEHBCEMNL 7,
o, N - HEELD 7 —ABMELTVET,

| mrmzionT

JEREERAAREZERT IS, LI v oS RGEARIC . BOREENTIIZERT & SEFEE L C v 2 Akt Clea)laEa)
ZoEML TR D, FERZE L TEWNZOIZREPEIITE LTHA L TwE T, 8L E&EoRMftz21T-

TV RTIE, SHEA DR - RIHEZ R IcETE £ 9,

| enmina wemm

1REEHAR

Hector Palomo Bombin

SEREVRLANEZERT R i

2016/1/1-2020/3/31

| 2015 FEEENEALS

K4, | PR - 128 | OBAWB-RE | BB

Jeremy James Piggott | Research Fellow, Department of g vy — 2015/11/2-11/20
Zoology, University of Otago, New R R 2% 2016/2/23-2/29
Zealand

Alexander Vikman Leading Research Scientist, Institute FEHEY PRSI 2015/12/1
of Physics (FZU) of the Czech e 2 ARt -2016/2/28
Academy of Sciences, Czech
Republic

Nicolas Schutz Assistant Professor, Department LRV T AN 2015/12/16
of Economics, University of WA S -2016/2/1
Mannheim, Germany

Harrison Hsueh- Associate Professor, Department LRV T AN 2016/1/17-2/17

VU AN FRERHT: 2802

Cheng Cheng

of Economics, University of
Southern California, U.S.A

Renhui Li

Professor and Director of Algal
Research Center, Institute of
Hydrobiology, The Chinese

Academy of Sciences, China

ERE e vy —
RIS %

2016/2/1-2/29
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Minghu Fang Professor, Department of Physics, PEEEFSER 2016/2/1-3/31
Zhejiang University, China i R
Pan Zhang Associate Professor, Institute of LR Se T 2016/3/1-3/31
Theoretical Physics, Chinese W22 i B2
Academy of Sciences, China

| 2015 E RIS E AR E

K4 iR - 20 IECEEEE

Jevin West Assistant Professor, Information YA RIS T 2016/2/9-2/16
School, University of Washington, AR IR
U.S.A

Christian D. Ott Professor, Physics, Mathematics JEREY) PEAARTE T 2016/1/1-3/31
and Astronomy, e e AfiiBdz
California Institute of Technology,
U.S.A




DT, 2015 EICARL =y P CIEALZZETF 7y 70—HTT,

a4 b

Relational Freedom : Psychoanalysis in a New Key Book Series

Psychoanalysis and the Artistic Endeavor

Micro-trauma : A Psychoanalytic Understanding of Cumulative Psychic Injury

Understanding and Treating Patients in Clinical Psychoanalysis

Body-States:Interpersonal and Relational Perspectives on the Treatment of Eating
Disorders

The Interpersonal Tradition

Mended by the Muse: Creative Transformations of Trauma

Cupid's Knife: Women's Anger and Agency in Violent Relationships

The Fallacy of Understanding & The Ambiguity of Change

Contemporary Psychoanalysis and the Legacy of the Third Reich

What Do Mothers Want?

Prelogical Experience

Clinical Values

Prologue to Violence

Still Practicing

Imagination from Fantasy to Delusion

Dancing with the Unconscious

Money Talks

BIIGVEDTZE 1 AE OB & 7%

ABSEEITE 2 Ao

AREPERYE 3 Al & A3

ALEVEDIE 4 Al & 80T

ANEVERIZE 5 HARDREH & Al

ALEVEWIE 6 AIEERTZE & HE

ALEYEDITE 7 BB A A R

AEVEWIE 8 ALGEIY A X —2

ALEMDIE 9 THEZ) o TNE, ~

ABEPEDITE 10 SR8 - RO 28 & AlE

ZeR

WOL eMRWs, International tables for crystallography
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NSCREAFFERE Cartesian rationalism : understanding descartes
D'Holbach's Coterie : An Enlightenment in Paris
Princeton Legacy Library : Diderot's Chaotic Order : Approach to Synthesis
Princeton Legacy Library : Political Philosophy of Rousseau
Princeton Legacy Library, Volume 1 : Structure and Form of the French Enlightenment,
Volume 1 : Esprit Philosophique
Princeton Legacy Library : Structure and Form of the French Enlightenment, Volume
2 : Esprit Revolutionnaire
Princeton Legacy Library : Intellectual Origins of the French Enlightenment
Beckett's Words (1st Edition)
Schriften des Historischen Kollegs, Volume 91 : Purpose of the First World War : War
Aims and Military Strategies
Heritage and Memory of War : Responses from Small Islands
The European Anarchy
Japan and the Great War
Revolutionary Ireland, 1912-25 (1st Edition)
Oxford Historical Monographs : Remembering the Irish Revolution : Dissent, Culture,
and Nationalism in the Irish Free State
[LeE JEREE

FEFTIFSEIT Developments of International Trade Theory (2nd Enhanced Edition)

Bank Liquidity Creation and Financial Crises

Clearing, Settlement and Custody (Second Edition)

Contemporary Financial Intermediation (Third Edition)

The Economics of Screening and Risk Sharing in Higher Education

Econophysics

Elements of Financial Risk Management (Second Edition)

The Evidence and Impact of Financial Globalization

The Independence of Credit Rating Agencies

Intermediate Financial Theory (Third Edition)

An Introduction to the Mathematics of Financial Derivatives (Third Edition)

Introduction to Mortgages & Mortgage Backed Securities

Mergers, Acquisitions, and Other Restructuring Activities (Eighth Edition)

Principles of Financial Engineering (Third Edition)

Rethinking Valuation and Pricing Models

Risk Neutral Pricing and Financial Mathematics

Understanding Credit Derivatives and Related Instruments (Second Edition)
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The Capital Asset Pricing Model in the 21st Century

Commodity Price Dynamics

Preference, Value, Choice, and Welfare

Principles of Pricing

Market Liquidity

Mechanism Design : A Linear Programming Approach

Dynamic Models for Volatility and Heavy Tails

Economics of the Family

Léon Walras: Elements of Theoretical Economics

Applied Choice Analysis (2nd edition)

JE RS

Chirality at the Nanoscale: Nanoparticles, Surfaces, Materials and More

Amyloid Fibrils and Prefibrillar Aggregates: Molecular and Biological Properties

Protein Oxidation and Aging

Protein and Peptide Folding, Misfolding, and Non-Folding

Computational and Statistical Methods for Protein Quantification by Mass
Spectrometry

Protein Misfolding Diseases: Current and Emerging Principles and Therapies

Redox Proteomics: From Protein Modifications to Cellular Dysfunction and Diseases

Peptidomimetics in Organic and Medicinal Chemistry

Studies on the Cornea and Lens

The Molecular Chaperones Interaction Networks in Protein Folding and Degradation

Aging Mechanisms

Tyrosine and Aspartic Acid: Properties, Sources and Health Benefits

Molecular Biology of Eye Disease (Progress in Molecular Biology and Translational
Science)

Bio-nanoimaging : Protein Misfolding & Aggregation

Mirror-Image Asymmetry: An Introduction to the Origin and Consequences of Chirality

The networking of chaperones by co-chaperones control of cellular protein
homeostasis

H

ErEte v 4 —

Trait-Mediated Indirect
Interactions: Ecological and Evolutionary Perspectives / Ohgushi, T., Schmitz, O.J. &
Holt, R.D.

Advances in Ecological
Research volume 52 : Trait-Based Ecology / Pawaar, S., Woodward, G., & Dell, A.IL

Insect-Plant Interactions / Voelckel, C. & Jander, G.

Chemiical Ecology of Insect
Parasitoids / Wajnberg, E. & Colazza, S.
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£5F. EREEITE R v Y — Biodiversity and Insect pests / Gurr, G.M. et al.

FZF Introduction to Population Ecology / Rockwood, L.L.

52 Handbook of Meta-analysis in Ecology and Evolution / Koricheva, J., Gurevitch, J. &

E} Mengersen, K.L.

Z:-E How to Do Ecology / Karvan, R., Huntzinger, M. & Pearse, 1.S.

% Roots of Ecology : Antiquity to Haeckel / Egerton, F.N.
Plant Sensing and Communication / Karban, R.
How Species Interact:altering the standard view on trophic ecology / Arditi, R. &
Ginzburg, L.
Approaches to Plant Evolutionary Ecology / Cheplick, G.P.
Ecological Speciation / Nosil, P.
Processes in Microbial Ecology / David L. Kirchman
Nonlinear Dynamics: Materials, Theory and Experiments / Mustapha Tlidi, Marcel G.
Clerc
The New Statistics with R:an introduction for biologists
Analysis of Longitudinal Data / Peter J. Diggle, Patrick J. Heagerty, Kung-Yee Liang
Environmental Microbiology: From Genomes to Biogeochemistry / Eugene L. Madsen
Marine Protists: Diversity and Dynamics / Ohtsuka, S., Suzaki, T., Horiguchi, T.,
Suzuki, N., Not, F.
The Princeton guide to ecology / Simon A Levin, Stephen R Carpenter
The major transitions in evolution / John Maynard Smith; Eors Szathmary
Advances in Botanical Research
Volume 69 : Genomes of herbaceous land plants / Andrew H Paterson
Advances in Ecological Research Volume 48 : Global change in multispecies systems
Pt. 3 / edited by Ute Jacob, Guy Woodward
Mutualism / Judith L. Bronstein
Early Events in Monocot Evolution / Paul Wilkin,Simon J. Mayo

HEREY) PRAAE TR T Nature of diversity : an evolutionary voyage of discovery
Codes of life : the rules of macroevolution
Life in extreme environments
Genetics of adaptation
BT IR T Latin Squares and their Applications (Second Edition)

Exact Statistical Inference for Categorical Data
Fundamentals of Technical Mathematics
The Birnbaum-Saunders Distribution
Bent Functions
Derivative with a New Parameter
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Zero

Algebraic and Discrete Mathematical Methods for Modern Biology

The Joy of Finite Mathematics

Uncertainty Quantification and Stochastic Modeling with Matlab

The Linear Algebra Survival Guide

Semi-Markov Models

Methods and Applications of Longitudinal Data Analysis

An Introduction to Stochastic Orders

Multiphysics Modeling

A New Concept for Tuning Design Weights in Survey Sampling

Fractional Evolution Equations and Inclusions

Numerical Solutions of Three Classes of Nonlinear Parabolic Integro-Differential
Equations

Geometry with Trigonometry (Second Edition)

Hazardous Forecasts and Crisis Scenario Generator

Boundary Value Problems for Systems of Differential, Difference and Fractional
Equations
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Wit a—7 A U 201

JER  HE—BS (biE KRy EFRRar e #dw)
AR U REREBRER G AP HR)

A ) R—aroxryg

LN @IXUHEL T, mBKFREHEOLAR -LHLET, [/ =2 a v OKRE]
EWVWHEIT, BB IAISOT TV EEVWEZELD T, TZETHRVWI L E2GEE I E
WIHIDIE, BrobtBRAERLY £H A,

bEbEDMMEDE SNITIE, 0FERERICEZ o7z, BRIZEBT D TRAEZEF R
FRHOKRE] LIESBREICHZHELET, FAELRE, NTT (A REBEEEFH®RASH) ©
FEHEFIEAT S VWD L 2 AW T B O IEE L CEB Y £ Lz, 2O NTT s
FTDH7e B4 NEC (HARBRKASIL) | SONY #sth, zhr bkt p i
ERTE . WO PRIFAFTNENTO RN EBDOEZVICLT, [RATIART
ENERZDLDEAS ] EEWELE, TARZIENPEEZZL, S5V IBFEHZEOHADA
JNR— g VR ETRLELE (ZFOTRIEIYEVELE)
ZZTHRMT, TIFEZ IO TRED T, #iRA / X—v a VETEDICR>TLE D
L RBEOREEZLEZIBGLICO NSO TT, E2ANR, ZEERBELRVOT
TH, £I2T2IC, A/ RXR=arBLIRoTHEENLINLENI ZLICETLIERT
MDRAMIZEI LWV I ZERNbnoldTT,
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OCAFARLIAL ) R_R—va vORE]

ZIT, BVEORZORYIOR, 47 X—a v ML) (NTT HiR) <
o TAUIE 1999 FEA D 2003 L HWICHIE L72E% £ & 72 AR T, 2006 FIZHRE 1L
FLh, TLXHOMBETIE, TORPETIOADT v AZTHHALIZWE B ST
FT, AWRILIC, WENPLBHFELT LT, BEOLL ARSI EHFHEROBEFIC L

ST (RAE, ZADOBHIZY
LRV, HTZVEZDOI LA,
RMATIARIIMA LSE I AT
WO LR WET, L2 AN,
REERDNLAESRZED ANDS B D
L. Fo bbby, EoTWH
LT EMBRITHLNLRNE NI R
BEERdEro Ty, TTnrb, &2
W2 [amd, Gobrn] OBRN
HDEOMNENDIDERIEZ NS M
WTWeEElnEBnET,

OAF A4 K2 [CONTENTSI1

1, ZvA4 b 27U A7t (Clayton
Christensen) D& TY, 7 UV AT
WONF TA/ R=varvodrr<]lin,
WERICEEASRTVERA T —&2EWN
FANTT, "—RN— R ETVRR AT — LD
HRHTTR, BT 1997 FICZOAEFA T,

[Fo/<, RATT AL SVEENEZ LTV
DEAHH ] LBV, 20 7RIS SVWHIEW] PV olt Wl ZIWREKRT L0714k
WHZLaEXELLE, TTNORMIC, ZIVAT B2 ryOfMmOEZRHEE>TND
DPENWI T EEBIELLET,
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OARAF A K5 TCONTENTS2)
F2k. 7V AT e OMEVEET Y rk X
TROTFELEHESICOVWTTYT, Zofas R
B 272 h0NZ EiER R0 B o T,
KHWDTFTIRTE A ARER A ) R—2 g
(Paradigm Disruptive Innovation) | 5 Z & iF
ERWOXFELE, 20 [T X4 ARER A
N=—var | ZEbrEEEIDTTBELVLER
WET,

OAF 4 K8 TCONTENTS3]

B3N, NTHA LEER A ) XR—2 3 DN
HLIFA L WTr—22%57 4L L TOFE LED @
MFETT, ZDOA /) RX—=var .- 7TakADRE
LET,

OAS5 A K 10 TCONTENTS4)
FTAX, Bro N TRENTE 2
N LNETA, ARMOBEE L X7,

OAF A4 K 14 TCONTENTSS]
R#BIZ, 47 X—va ro—imEk KR LT
BIoEEWET,
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O A F A4 K 3 TError in Christensen’s Argumentl |

1D, VAT U2 rO#@EmOBENCHONT, 7V AT rerid, N"—R"—=F -t
CHA e AT = VO LRI OBRNT, TOWVWOEEE LE L, N— KT 4 A7 DER
ERARTHD L BRMICENWEZ0E&ERERERLE VI ERTT, i, 2oL
BAEL (RT7A4 Fo@o M) % Ffkiay A / ~—3 3 » (Sustaining Innovation) & I
VOFE L, ZORHHA /  X=vaid o TBTE, = P=TBHEFIINLDHDT,
BREFICRAULBRETLOILEL RV EHITFTWVET,

ZOFNA ) R_R—=v g TR T, FVWLARORESoOAMARDE L, DF D oN—
KT 4 AT « RIATIE, 440 Fnb 84 F 52540 F 3540 FL LN
IR T S, 2RI, UDOEREITEFRTLRATHH Y A, ZA/NUET 27200
TY, TIH, ATy FTLIZREBEEN IMTOFTR > TWVEET,

ZABRBICHEREN TR 2 TV TRV Z oh, 8§ £ FDNAN—=FRF 4 A7 « F
FAT %, HBOLLBRVWARNUF X —RERREOVHLELLEIC, WAV TFDON—FT 4 A
7« RIATDOA=T—1F, TZARBLLRATEVRLOITEERNB RV &> TH
TELIL, ZOFE, 4 4 FDODN—KT 4 A7 « KTA4T7DA—J—%, IBM
(International Business Machine Corporation) % FR\NT, A DO5NTLE T,

525 AV FDONN—FKTFT 4 AV «- NI4T % —4F—F 727 /83— (Seagate
Technology PLC) MEV L& EZiE, RIEIV 8 A TFDODN—FTFT 4 AT - NI4T
DA—=T =1, BRABRNATIZ LT, [ZARBLLHLRLATL W LDITEKRNZRV] &
ZORER, 4t L 3RO BN T LE -2,

SB35 A4V TFDN—KT 4 AT « KTA4T % HDZLBRWT AV B EHEREDON
VT —RENRFEOMLLLEIL, == I EI W RETHE L S, TD 35
ATFDON=RT 4 A7 « FIATEFMBEICHONET, HIFEHFTLRATH RV,
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ZITHIREIZ T v b E A TEBBICOL 2T, v —F 7o 7EHICELT, T2k
ELMEIMER LTSN EBBEWNLEZ, ~—F7 T 4 U7 EITBEICE W TR,
T25& TZARBDITHEKENRRV, bobRBEEEEZDLIT TN LBEEEENS -T2
DT, REMITZROLRVERBI LI, Y —F— M IZOHRTWSAENT 35 4 v F %
OV ELEZOTER, MRNICRNeNT v T by T e XY aroltfizgn 2 ni
Mmoo iz,

ZoRSC, MEEELET LI BRA / RXR—varBREETCHERBRILENDE, 20z

LBITREER A ) R—va Y EREOE L, BN A N—va v eid, Bl T
mOMEREEZ, ERHHTERBOONRNVIEEER LT A/ X—var ] 0l L, 2T
EHERFER SN, TOBET SN ERTHEES A /) X—var] OZ LT,

ST, 7 IVAT Uy EVFTZOWVS ZELEWNE Lz, “Transistors were disruptive
technologies relative to vacuum tubes.” 2% 0 | [ h T PR X —|[TEEF T LT, kE
MERCTh -7 o ThidbH, BRCHEVWTH ST TR, REEENNLWV I
L. ZhIT o0 EHE - HOL BN LTLES>TVD,

ML OMREEZ ERTTH CHEROLNRWVEEHRE LN LnxiE, b rvRX
—i%, MEREERLE LA, ERBLBIMICHEREEZSIEH T b T, Tan
O BIEMSGABA SN, ZOBETEGNERTHEZELZ)2] LnziX, T YR

Z—ZBETIGEZ A, BN LERTTH THZEE EHo7z, HEFTW) & HER
OHHIE, Bl ZHBE, V4, T T LETLER, ZOERTHICE KA
LT, BEFEOHBERTBRVEL TWole, b, HOHER CHES>TWD
DiFTd,

T, TNnEEIYEBEIRBEREIVOEAYI LW Z D, FATHRELE L,
PV RE—EHOEROWEN A ) X— 3 ICHET A0 TR, B0 H
A/ R—=2 g VI BEINDIRETIE R0t ny 2 L TY,
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O A F A4 K 4 TError in Christensen’s Argument?2 |

EONELEIME, ADNEHER S TEZLZON, 2REHETEZ LI VI Z &
TT, DXV HEcE T, X7 —<r 2] ZEHICHE LT, BENA ) X— g
YRR A ) R— a0 ZLTHEBRNA / N—va s aiiiila /) -3
VEAMENOAEZTZIZT, I =D 2RILODEIEZHIVT, RT XA LEER R
THEA LR LFATBEELLE D,

TOTHE, FTUTARAF—GFERTEALBIER S ) R—v g iy EEND KO
b, BleWELTTR, FoT, T UV IVRAX—TETHFTHOTWVET L,
SIE)HEZEEDIZ S T HMEBRKFETHNTND,

FIRARSL ST TWDOIR T XA LN EDDL L, RIFVREFILRILT 20 TT, BEL
LT, WAWARBENDEEZ D, W< OHlE2HITTHEST, NTF U VRAX—ITHTD
MOSFET., MOSFET (Zxt3 % HEMT, % L T F X T® LED R¥-E K L — % — x4
5HELED EFHFAVERL Y — XUFy—RENBFOAVN=ALZE2H->TNT, U
S ZWHEMT #BRWTIE, TR TRUF v —RERPF > TV ET,

DFED, bEbEDA I R—v gy AD=XLPREIDOTT, MEREMER A ) X—
vavid, 7V AT R ICERE, NV a— Xy U —7 « kT v 7 (Value Network
Trap) ICRERNONLTLEI, TN TR U TF v —RENB ORI A S =X
LEFFSTWND, WolE ), NI XA LEERMA ) X— 9 0%, R, ILRHRAE
SADWVS THOY A2 | ORERREEILEDLRVWIALEITLEIDTY
R, BEHET, RICIFEDODH AT 2D L ITFE-T<MYVEHA, KOOI AT R
ERANL STV AORBBRANRKREFICITEI LTHEBELLRVWARABMAR AT =X LN H
Do TOLTRUT ¥ —RENPBOAI=ALNEZDHDITTT,

RFnzd =D —22Hr—ARAXZT 4 L LTHRDT T, TLrHITIT—2DOKM
Widskeb) EEVWELE, TT2H, WENPLZOREZITHEAMLEVWERNET, £
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DD H, A )R —= gy - BAXT T LT FET,
ELICHERMLEDIZ. b o & bR T Z A LARRETR A4 ) R— 3 OB TTND,
FWASNAELWWAL S RXR—=2 g« BAYT T A0 £,

O A F 4 K 6 I'New Concept: Innovation Diagram!!! |

EWVWIDBITT, A/ RX—=vary - FATYTTLORERNT, NT XA LEERA
R=varDERELEZVWERWET, RIZZARKEIHTZY EX7ZEEI>DTT R,
NP ERBFEROFITIFEML TH L X EHA,

F PN T o AlE (Knowledge Creation) | # EWTHE X 4, Wb b HF3E TY,
Z L CHtdEhic TMiifE o AlE (Value Creation) | ZEFEWTKEET, HH0E o B
k] TF, THIEFMRAFBEDOZ L TT,

NG o, MREBRRE LT, ABOMAEAR L L TERICELZ L TWT, HEMIL
BROEENWD L ERBET DO, Bt THiVwTlEET, TOLTHIC &,
b OMRE L DI TE 1,

—oF, fitmE D=y b X7 bArTT, MEEOHZE] T, ZHLTEENLED
DxE, bhvbhix7 7 /ay—LXO0FET, 727/ 0= )0, WhiXthaIfi
Bx 522174 TT, 2202 TADILE, —KIZ THE LVWW0WET, 2FEV., b
LHMH7, SESERGENS, FHRANRLOERSTFEFTITATT,

HI)—DODa=y b XTI MARHY ET, BAEORT MALTT, Tt oAl
) T, bV AT 4 AT, 20 THMOAIE] OFERENPYL>TVEHO
TTb, MIECAE] RO bR<{ o TLEIDTT R, &AM, REFIL M
EORE] TNV TV HEDTTNG, THMOAE] OEBEENDNLRVDTT,
FICEBINEENET,

o THmofld)] 2, F v —/ X« 3X—2R (Charles Pierce) O Z L IZICEBEIZHE- T,
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77X v a (abduction) ELATEBEELEY, 77X 7 vaid, Y bA b
LR e oled T, FATE D HZT TAIFE) ERLE L, ik, MilicAz s
SO THARODD ST EZoTVETIL AIEOFTFICLTBEEL & 5, AIFIL,
A ~—V = A (emergence) DRFETHLOMIDTEN 2D TTN, ZITRET 7L
arvEmAFEERLTBLZEIZLET,

CZETHMLIZ) AT, RIFXALBEERA ) RX—2 a VOEEFTEIR>TWND
MmEWVH L TRTRALLEEZLTWET, AL YVEOBYES AL B, LHEO BT
Y=y FrbAHZLHZMERTT, TErLH, 2 TT, TIDLTE, ATV - KT
 =— (Michael Polanyi) @95 H A = 2LfmEO MR TH,

ST, BFOHEMPOHFET ok, EEEHOP TREZILLICOIZEEZDILE
I, ffifif © Al (deduction, JEFE) D7 ML EWDZ H LT HbIFTT, ThdoZ &%,
RITHLA LFERRLA ) R—v g LATEEELE Y, HOoF D 9 FHLL EoMEEE
FAaRMINTT, L2AN, 20O, BZmnI X7 PVETRTHEIEY £4, AR
SENTHEHDEBY  L—T7 OFEAl (Moore’s Law) (2 K - T, FEKT 7 /v ¥ —F 2020
FIZOPETDELIILB, bIHITTIETHIRTOET,

O A F 4 K 7 [Breakthrough Typel

WESELHEDITLHN, LiiE, BHE T, §## (deduction) DWFHEIEL TIT X
Vo @ (induction) ZFHIE R WEWS 2 TF, 2L, FEOTE TR 2N
EAATY, LHOTETHY % L A% (abduction) B TEET, AIENTET, —D
WMONRZTEAL LEDL D HIFNIE, Z200EELTIXIV., 29509 Ko7k, A—S
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SPOAYE NI T READ I LR, RT XA LEEN A ) R—va L LATEEEL
rH., INE7L—27 A)L— -+ X A7 1 (Breakthrough Typel) &b XA TEBE £,
ZORIFEDORZ MLV EHMEONT PV OREHiIRE, HIRBLTFATEBEEL LI, Z
DI = 2R N T, MBEIZC Z0HAR20 T, WEMNSHTL 2% @ LED 08
B OLCEO2RT 7 =T RBLELTRATEEITN. 70727 ThHhoThIWL,
72T ThoThEWw, &len, 77477 17 (abductive) e AW & T 4 X277 4
7 (deductive) 7 AIDBHIBHICHFELZ VWS LIICTEHHOZEET 4 — L R 47 -
L > % (Field of Resonance) ., MBI L LA THEEL k9,

O A F A4 F 9 lnnovation diagram: Blue LED |

DLk, #ERENELTZOT, FOLEDIZOWTALLbLIBELLET,
H LED O - BZIZ., &b EFEL TV LED OHiFn6E x5 L, 5291
OB (7 Fv) oXHIcERLET, &L fLilifh (ZnSe; Zinc selenide)
V) I-VIBREEZANDDTT, R L ALEMNPRBIEND EFET & 10 45<
BWHSLLTLEIDOT, TITHAKBLET, L. NIFA LFHMA ) X—
var& LT, BLfblifaRS, TO/E, AT 9% FE ToOMEEITE L ML
M A ROE Lz, 1980 A0, IGHMEL PRI EET L, BL o fklishoky v a v
IFME AL W) ARSHICWE L, RPFRBALRIAEZMHEL TV D TT,
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AN, WOHPITIEIREI VAT E A DEEENEOT VLT D AP ND, Kb
REFE ORI T, JRIFGE S AJS, Lattice-mismatched Crystal Growth 372 B R A
FZOFEHBEEER > TAHL I EBVESOTY, Zhid, EARMICHBEMRY T,
R REFOHERFIZIZ, 290V IH 2L THEWTERALENTHY £ L1,

ML THIZ, M TFAREEROMRKEICNIALELSELT, BTV T LAZESD
T, BTV VLK TEEGTIVEIFEELEYA, FELRVWOT, ¥ 7747
ERS, Y7 AT EENEME L TRATEAT I VA AmERESED LWL
JT, WO ANIE, D, HDOANFE L PA U ARBEMTE TRV L ER
LE L, ERCISHBEFRICBT 2T I U LDy v a UiE, 1980 FRIT VD
H 10 ARMBTLZ, 7. 8 ABMiA EFHELD I &V IRWD, 10 < HWVFEWV TN E
L7,

HBHHDOZ L, RBEESAEWIHIEL 2 FADFAIABRRBEISADETNDIT 205
ST, MUDOFELWI LD FIAT 50T, MILEBSA LWV Hix, WEER
MLEMMERICBONET N, YHEHERLERASHOPRIFRFTICELNLT, ¥
JarohilEFABEEOT I UL - ERERHERET 201, 2oy 7 78
EREEND AR VROMEEZANTZDOTT, ZOKILDOANY 77 EBIEICRT A LT,
HTEIWC=FHTHITLOTTR, ), NEPWLIETIARIICFIZILEZET Y U
L DRGSR TT,

RIFEAFT, EHICPHOBTY U LPERESSHZLICHBLES, HEE
LT 4T 4 TCOEFHMEOT T Y — K3 %X v¥ A (Cathode Luminescence)
DEREZLTCWZEEIZ, PRHIZRVEBELRLVOET I VA EANTHRDLE, BDHD
WD DEVIBRERSDTET, TNxEo0FIC, P M-S HEHRTHD
T¥ R L% L7, LEEBI % (Low Energy Electron Beam Irradiation) 3 72 b H K= R/ X
—EBFE—AEEEEINTVWET, T LTREIAIL DO NRT X A LEE %k L%
JFELEOTLE, 2k, EbictRAFTo NS TRy tEbhTnizZ & T
S

TN RED AV U LAEEANT L] EWVWHIDENT XA LETYT, 2L,
ETHRORBFIALTEEHEATLE, 202 FICKFIARRAEEZ Lo & X2k
MLTWELER, Thivbhd ZHICMYBEAZTNE, TERhole) &, 05
T2Vl EE TV &, 25 LD, 205 LICRMEEZ AN > v
Eo Th, D<A LEHSTRSEL, =R TTERLZES>TY, Enb, [TEX
L) TEWgMmBHENTITEDL] OTY,

EWVNIDIT T, =0T E A AMEERZOFEALED O A /) X— a3 UYREIZIILE
TL, TLTCEDRTEA MEEN KD oZHBIC, FREZSABZ ORI T
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DD TT, BroblDLLLEFHELTVWIEMPL EHEALN, ZO =20/ T X
A LS PR IAE DO E2HESO DI LT, HRATHO TELITY 7 AICK
% FHE LED OBHFEICEII L £,

IMBEOFEIX, ARSI ELITRMOLEBY AELETEKSITARG LED
OV FELE BAZBHSA LI BH N V=T N, HGLED O LA L YO YAG
HEEB > THBLED 22< 2 WO HiEZ AT L, WERL, bhbhidz o
EMio RS2 HEEEFSCHRATEZ LTS DI T, Zhid, BB R AT Z A L
R A ) N— 3 »OFITY,

O A F 4 ¥ 11 THistory of MPU by Hitachi & ARM|

ST, RTH, BRT -T2 ARM OFFE LET, ARM T Z/AMD LBV Advanced
RISC Machine O iE T, WERT X TOEFREFILARM 7 —F 7 27 F ¥ T7, 72 ARM
WL T, BEERRILIENLE WS 2 aBXTBELVERVWET,

ZOMIZANE ARM B EZB LT RXRTOCPUEZNERTEHBEET ARMITL & b &
TAfa—y a2t a2—% (Acorn Computers) W o XfTLH=, ARMIZ, =4 23—
MHBAEY T U ML ADBAISToAZ =7 v 7T, WELIZHEHEE 800 AEHT
D, TrrT VDIl h NS RN F v —EETT,

COEMOIER L, 1991 FICH Y T (FWAMH) o HILIF, SH1 &) 32y b
RISC (Reduced Instruction Set Computer) Z{EW £7, \WoIiX 5 ARM (X, ARM6 &\ )
32ty FRISC 1%, SH-1 DIEH 5, JEBRAICHENR RN -Tc, & ZAN, fiRD &
ZARE ARM - T, HINBRAT T2,
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O A F 4 K 12 [Extension of Innovation Diagram]
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O A F A4 K 13 Tnnovation Diagram: ARM |

COMERAT LD, BFOSXIEEDAS ) RN—=vay - BAXT T LAEHNT,
BEREOEHZERLEST (EOK) ., ~4ZurrtyHhniroEFTCcavy 7, i
A T b, RS TR L TWET, 755 Value creation D72 1T 2 A 41L&
VW, 2O DD, Value creation Dl D T HETE 2 fi v 7o b 0 T, M2 B AR EE
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T, Miflic h T YU =2 (transilience) WO fhAZ M TR E £+, @] &
RLUET, BEWMZM2 2L, ZOMETOY E@MBEICHTET, BFEL X, B D
ik o 2 &

HSE, RAE Vo THRITVERBBEBE T ADO BT RIEFTEZ 2N DHT 0T =
ya P AERTT, 32 8y FRISCLWH T —=FFT 7 FxnEFhicbs, &H8A
2ty FEMERKBICHHALELS ELET L, @mELOEBEREZRD TR, K
iz 21X, 4 7 /L (Intel Corporation) & JE& L L 9 & &z 7o, &S 727 Bl (monotone)
AT, SRITHEBICER £ T,

—JF D ARM [Z72 272 18 AL WRWRYF ¥ —RETT, 2ERTF VT Y v VKE
DEFEET, ~A /7ty PDT7 —FT7 7 FxE2XH{THEVIBANLT DL,
TRXFaTTT, TIRL, ATV EBALTENRDRVWEZ R, VY —ZANR
LBATVWDHDT, X TRHEENICFLLET, RIHHE NI EL T, =L by
TRV arkol Aok, A a— &Aool —~ T ¥ — (Hermann Hauser)
DEHIHIIREZRLIEZDOTT,

NP —F, 77/ m P —TERANBORKRER LS ELELE, KKkEAT, 2
i, WEREBEAPBENE NI ZERNWBIEADT IAF VT 42V Z L ERE,
A TAE— Rz FIFT, #igdb T T, HEEDNOBERNLDEZS o7, ZHIFED
FThbarva—4 A ZANnbRLE ERNRTETEHY EEAL, TA
RIS, FEREAICITERZGEE BRI, HA TR LFMEIC (EEE) Lz, 2L TZ
NP BHFERZRIC, EHEFORFRNL-TELLENI 2 & TY, ABELITEVDWN
7wy &TT,

il
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O A F A K15 [ General Theory for Breakthrough]
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BB, A/ R_X"—varOomctELdTCEEET, INETIE, 44714247
208 % LE LT,

ZOHNZ, AT 0EWVWI0%2, WHEBI ARLTEEELLY, ZThix., THEVF
ADA I RXR—=vary] OZLETT, ARORENKBERIETT, T X1 LFkA
A ) _—= g Tt iR,

WERLHADEEO PRI AFEE LEEZFLELTLENELIEZDOT, 247 1
MTERIBRSTHATOLNTERLR>TLENELLE, 2TDOSHHPDOAT FL
DU TLESTZDOTT, TTMH, BRAD NEAHDPL A EWOREREENE LT,
ZDASSEPoAYE XA TN EMATEEET,

Tnmb, XA T 20F3 ARM T, ARM i A—B & & 5 fEflidihic @2y Tt
EWOEEEONE L, ZhE A (transilience) EMATEEEL L, T2
HEWTZ LS, 3 RIEDA /) RXR—=Ya vy - TAX T TAEHFHNTRDLE, £/ X—T =
YOFTRCOTa AERATHENTEET, 20 3 RockhE, [A]% ) (abduction) |
[##% ) (deduction) ., Z& L < [l[AlifE] (transilience) @ =D DHlTHAIL L TWE T,

ST, ZO3RILDA ) RXN—=vay - XAXTTrxkDD L, X473 L0 1
R=varPBhbdILIZRO2EET, #1473 1%, TEOFT, 251 0E D 5
RS LN I A ) N—=2 3 T, TOWHITAMABRZ2F 73 iPS Mild TJ, iPS Ml
AR B 4 73 L LTRETEET,
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O A F A4 K 16 Tlnnovation Diagram: iPS Cells

HLEb EBEHRMBREMFZORNLREEZNEENTZ, L L, BRAZREDFEN DR
CHT, Y=—A X T LY (James Watson) & 77 A« 7 U w7 (Francis Crick)
DSE D E (B ISR OV DNA @ 2 B L AME 2 %/ L2, 2 uid(El i (transilience)
ORI LEBALRITEET, WolEH, BAEFIEIY a v - F— K (Sir John
Gurdon) X°~v—7 4 v + =7 7 A (MartinEvans) IZX > TZDE EfRK S, LD
MRICEATE, TTNE, ZOoD50IE b O TY, MO FRiM»SFEMTFORELT
T, BAB BRI AEFORELTT,

UL, WP IRS Al A¥ b 5727 OEE (transilience) Ol & 8 50 T4,
Bio-informatics 7> 5, WAFAE S DI > TR, LW EEEES, 20k
LT, ZREEMTERIATLE, TXTOAL /) R—=varyRRJITEDHLE NI Z L
. SRBEBELWELE L,

TiE, SITTRDYVEVERVWET, E5bTHMHYNE S TENE LK,

HEH@E I LHUVMNEITINELFE, mOA~ARKEWEBEER2O T, ZEMRH L F
L7=bEH &,
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MY FRHEAN, FOES TWVEEL I ERALE > TV EEEEWnwa L BnET, i
JerE L T ELS A LAN T ZE N,

Lo =D, BEWALYVET, SHOY VRIS T LADE A LR THHEY ZAT LITE
JDAIEMBERSZOFEIIZEDS ], ZRIERPRPNNE AL ML THY 9, Uoi,
RE AT 2] LENTWARNEZARTENAALLVWEZATHY £,
RSN TLEI &, BEADOZERRBILRVWDITTY, 9D LF0NETE, 22
WCWH o LR AEFOMET —~1E, ZRICHATLEIDITFTT, LT, W
ABARELTLEVET,

AR, KERCEADBHET, REKFORNDREMIRT H-DIC2HEIDND &V
IBHENDLYVE L, TRELTWD &, IHBELATVOEFTERFEREL L THEFE
e w2y, 0, skl offFEr LSRNk o, o< Vo< D
RoTWEEEZNnWEREWET,

AIEFEFERRFICVELT, SVDLWVWARZEICVATANEFICHMTHLY 30
T, ZIOVIELAFEROLLSARAVER STV HEOTY, IWBEEDEHE LAEZRS 2K
I, FOHFEROEEDH NI I IR AE > T & BnEd,
ABIEARZIZEBDTE ) TS NET,
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ST @R, HVRLEHI>TINELEL, ZATIE, ThzbbEL T, HIWKRFE
KKARFZEBEFAL=y PEELEV VARV VLAEZHSLE ST TCVWEEEETS, A2
SE. IWHNEZLZHYVNREI ZTSVET,
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FEPRFARAFRIFEFFIAZE 1Y b
International Research Unit of Advanced Future Studies(IRU-AFS)

<HEEH>

H iF
i P
JE £

REKFEBWEZMEFR WHES
B AT ACBIT 2R8I EMNMERROFAICES

20154 8 H 7 H (k) 13:00-13 : 40

a—7 A4 VEE 202

= oz (R HE KRS ANEHE TPl TR #dR)

AR B (Y=—a v Ea—Fh gz AR LRFER)

The narrowness of Al and human adaptation
ORATA4 K4, 5 6,7

%K@ [The overflow model of the evolution of consciousness)

No.2015-010

The integration of the FOUR

FORCES (gravity, electromagnetic, Even if we completec! a physical
weak, strong) does NOT constitute description of the.uplverse, the
a theory of everything. problem of the origin of

consciousness would remain.

Hard problems of consciousness.

blah blah blah

Qualia

Self Please go to youtube and search
with “overflow” and

Free will “consciousness”

EnwsrZeETY, bEbe

FTMOHImE NI bDONRH->T, WODNEH—THNIXTHOHEMMNTHKT 2LV &
IRBRZFROTT, LoL, ZHIEEONENL WS & U2 T OBGH Tk,
WoD Rtz zf—Inic LT, TRIETWOBERmEER LRVWO TY, Z2E»n
EWnWH L WENBRFHORBESERLZELTH, BEHROMENELNLLROTT,
BEioMEE W olx, 74 Y7 (Qualia) B ENT7 Y — U 1L (Freewill) T

—a—o
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TRIZHONT, WEA—RN=Tn—L WO BHANLHHmEZREAL TVWL2OTT N, I
Hobi EEESAEMS TWT, ZOFFRIZAEIERH LS &) T &b £ L7,
YouTube T loverflow]. [consciousness] &\ 9 F—U — R THELTWEEL L, 44
ALY X THRBENTZFETERBERLETVEY T —va VAT ETOT, B
WD D FHIEATLLEESN, == —LWnHDiE, bhbhBZiFIkd b b E
WITEHRON L FU A X (bandwidth) EZIIDZNICHE X TWT, ZTRICHT LT X 7T
—Ya UPREBOERZEVWS ZLROTTR, 2RO VW TEwRIXEHE N, X%
ENWlEYDL LS ELTVET,
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OAFA 9

WER O ESA LS TNT, Ued AL (AL
HEE) OFEELEIE NI LT BATTRTA The narrowness of Al and
THRE DR S & N D) (The narrowness of Al human adaptation.

and human adaptation) | £ \» 9 % A4 ~ /L THE S T<
TEW, MBS AR EF 7 Z 0FRE S LV EEEK
——RKAILEND ZE T, ZOT =RV HIFA
SZDbL0nOntBoT, EMOMESE WD FAD
BEOMHRCTIEAR, WEELWAALBKEEZ LR TS N THEDGFEEZ LXK EEVE
L7,

Ken Mogi

Sony Computer Science Laboratories

kenmogi@qualia-manifesto.com

OAZ A4 K10

NTHEIBETIX, vV« B A3 7 (Garry Kimovich
Kasparov) & WO F =z ADF v EAURT 4 —7 -
TNh— (FzAEADORA—R—arta—4%) [ZAl}
TLEWE L,

OAT74 K11

IBM @V k> (WATSON) 28 [V =/ 37 ¢!
(Jeopardy!) | EWHHEE T A XZPo> Tz LT
WET, WET MY UVIRERERO SR EICHED
nNTWET,
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ORATA K12

LA « 13— U AL (Ray Kurzweil) N> ¥ 2 7
U7 4 (Singularity) EWH Z EtE W TWVEST, ¥
YX¥ 2T VT 4 LT bivbho Mk N LEEED B
WONT, B TLEI LWVWI Z&RhoTT, FIE.
WEANTHBEICET 2 MMofai] &V o /hdizEN
TWT, FRREZBATHEOMANRLE SR D DN

ONTENTHET, TREFELNL, TOXIRFHNVERY L TWET,

OAF A K13
FOVEREROE =2 =T AV kT A va
% A > (Albert Einstein) 72 ® CTT 23, IZ< A F Y X
W 2FEMWEZDTTN, A XV ATEELY Y - 47
4 4w b (Village Idiot) & W95 TAHIZWDBEE | 28
I aAF It T BDTT, A7 4 FOFHEITE
YT AR IR o O TER, bbbk, R
WCWDEEE ] L7 A4y a4 EDHNTEDIQ
DEFIRERLOELES>THET,

ORAT A K 14, 15, 16

HLRAIZIQ EIER, Fr— AKX = RU—F: 2T
~ > (Charles Edward Spearman) & V5 A% 1906 4 @
# X T g K+ (Spearman’s g factor) ##&E L £ L7,
HED X SR EDNWANWSLR T AT N DD TT N,
FOHAATIZHBBOgRIFENILEDORH-T, T
NEHOLS, Wbhbwwd IQ IZHH L TWD, ZIITH

Charles Spearman (1863-1945)

B HMIGEE R b RIEOMIEThho TETWHET, BHEICWI &, Mo U VY —2HE
2T HHBEEDRIEN gRT+EOMERHDLENI Z ERbroTEY 7,
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OATFA4 K17

Ll FRICATHER S VX 2T VT 1 %
2T, 7o & ZIXMBEFR AN 4,000 &9 K H 7
ZliThnE ANHOHWIEDOFEDER A TH
a2 72b, ELIXZIOHENKELLE ST
WHDTY, DEV, AROHWIEDIHAD X & &
NEILVWIDIE, BELL Y rFaT T 4%
HZTENLHRENOHDEFE T BEERNR,
COF=27DRNPTIE, WSONZIWVWIMIEZ LEL XIVWD TRV L WS RE
ELET, MEIAEHBMIELIEVWRERESTVDS L, bLEMRFOHFTH..., T
3 A =720 nETh XD BEAEALT Y S —TT,
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OAT A K 18

IQiX., ELidwAH 77 D454 (Gaussian distribution) Z HifEICER SN TNDH D TT
N, ZFNLFEFoLKESTLRTICWV ST EEDA T Y Uz A (intelligence) % &£ 9
ERMICHIT 200 E VI RENZBERD L, CRIFEREEN LS SR TR,
SFED, =& 2 EFE CREE 1,000 5 & 2> 10,000 58 < TE D X ) ICR - MmAEIE,
PDOAT Y —L LTIREIFMTHLITL VDD, 9T 310, AMDH WD H D73
MOFMED AL ¥ =R E D THEWVLERRNTT 2, IQ2860 & 180 DAL VD D
[ A U N A S A

BHICY Yy LT LESZEICHONT, E9FNhET 7 AT RL—3 9
(Extrapolation) TX 25D E V) Z LIZH LT, WELL AV Y —ZHAELTELR2W
X2 T VT A OFMATERVOTY, 2O T, gl O XD e fwZ M7 Bk
TOIQDAY Y —TIERWVWHEDA Y ¥y —Z WENPOLHETLOILERNSH DL, 2N YV
—F + 7V =4 (Research Agenda) 1 T,
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OAFA K 19
7Z v« Fa—1U 7 (Alan Turing) & [Child

Machine] WO AEZHLELEZ, #7777 - 74
Instead of trying to produce a program

TIER VWO TR, RPICFELORELZHE LT to simulate the adult mind, why not
rather try to produce one which

Alan Turing's “Child Machine"

BWT, 2206855, 2EHTLHZETHAN simulates the child's? If this were then

o . B B subjected to an appropriate course of

AR Z e xPFEEDTTN, ZTH50INnTebo NTH education one would obtain the adult
brain.

AT 2L, bhvbhidmtoar 27 45 2
— =3 > (constitution) %27 7 v 7Ry 7 AL LT
WHLLBRNWDT, WANWALER-TRMENRHTL 5D T,

OAT A K20

WERITY OF 4 —7 7 —=27 (Deep Learning) &\ 5 DX, & BEKEZ N THE
VAT ANERTHENS 2T, ARNICAMIZZOREEa br— L TE RN E
WH Z LD TT,

OAT A F 21

TOWVIHZEEHERIZ, LA FAR—Zx

v 7 A (SpaceX), T AT E—H—RX (Tesla
Motors) . ~XA %L (PayPal) # b EiF7zA —
By AZ7F, TATHEEEIZ, OCxro& L
BRIV LAERNM S Ll EE>TNT,
IR RKRERPME Y Z7IZR>TWET,
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O AT A R 22, 23
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BREANLHMENEIEE LY bERROLbLARWNRENS &, LT T 7 AT
Ty =y FTHES0%L LWVWRATa s T ARET, REEIALW) HEKET
ANLHBEOHZEEZ L TWDAICHNZS, WE Ins (F/8) THRANTELILLVLWOT
¥

EWVWSZEEABOTA PL—F =R L —FLTbHbEoL KT HTE7L T,
IDOZEILEk T T AT vy v =Ty MR TR T AGRETENT L LIk
STLEIDTY, ZDORIRARLEMEN, NLHMEDIKHICEI-THe63NDHDT
FRnhtBEEshTnd,

ORAF A K 24, 25

Dynamic Analysis and Replanning Tool

(DART) Is an Al-based decision support system.
The money DART saved offset all funds the
Defense Advanced Research Projects Agency
(DARPA) had funneled into Al research the
previous 30 years,

1900 4E2> 5 1991 4F D5 4+ > & % |2, DART (Dynamic Analysis and Replanning Tool)
EWVWIHHLOoRBHY ELE, UoFIELIFE, WERFETALHEOARZENTWHT, Z»
BIARIZNANARILEEFHRTNDEZOTT, WE TEHLSLWERBA KD T AR
RECTd, EREHBAIIRE ST ARVDTTA..., ZTODART EWVWI DIE, AlZ b L1
0 Y A7 4 27 A (Logistics) ZiEibkT 52V —LRDTT, ZIRTITNVWEZALRDT
T BRSO L I DART X, ALHREOIEHIZL T, 72U B oHEFHIHIZ7
7T 4 T O E 30 FEMO ALIFEORE (budget) % % 5 Hik2h F
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bolttwnwHroTT, Thit
1990 F D FEF T H b 42,
ORT A F 26, 27

AR Tl & 72 Bk 22 R
WHLOTETN, 7AU AT
13N LATRE O 5 B AR~ D i
AREARNCHER S AL TWET,
274 FoH DART T, &
DEEIZBEINDION, T
TR =V RT T H=RH
URA T Ui ETHEDATY

T, IR TDOANT A

(Strike) 8&H D . TN B FHS
NTWLDOTYT, WEIFEE
TAU I OHERFEMT, Vo

AAT 4 v T DEIREDIT
X D ERBAE TR R A B
A7 0¥ E L TNWDHDT
T, AT 24 BE AR L —
Yarxzl T =Sy hEH
By L Lol b, B
RPN ANTHREZISHL T,

AN DFEk I & OB o R Wr &

THEIOICRDIZDITHICAZTHDLIDOTT, ELKNT AV DEBBREARTE (XX

Y) DALz 9 LET &,

OAFA K 28

% 9 72 o 7= & &2, High Frequency
Trading OB T F 7= X 5 e REEEN
HEREMICL LD ZEND O TEROA
LVFEBRIINTNDIOTYT, 2D LX)
R EERIZ=y 7 AR A kA (Nick
Bostrom) (Xf77ED U A~ (Existential
Risks) &5 Z L ZWVnoTWD,
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ATHEOLEZLTHMIZONWT, A XVRADTF LT Y vy VRFEFI AT 45— KK
2. Z BT AU B @O MIRI (Machine Intelligence Research Institute) & = -2 0 #F 72 41 fik
DAL ERS>TNDEDOTT, FAMIARTHHEFIZTEI NI DO HRELELE ST
WET, ALHBAERENET L2 0 L0 b, ALHEOHEZHIA 7 RRZEMN
LI TERRE LEOBE, WANWARIEEMETHMBERAARTHLLETT, 20
RARBLLEW) NIF, A7 A7+ — FRFETENLEHFEL TS ATT,

OAFAF 29

b Y —F - 7T U= X 2L TIE, Al
NI aryhba— 3500 EN) BEN D
DNEFT, A7 FOBEBIXT=27 X ~FF (Ex
Machina) | & WO 5 F A F Y X TAB I 7omk
B TCT, FATRATHED 2 THIZDO T AR,
OOMEE ZOMETH > TWES, —ONF
2=V 7« T ANTT, ZOLMITAIZZRD
TIH, TOANEA 2 FZEa2—LT, ZOAN
ANHERBTERNNE I DA T L2HEENKRLIOTT, ZNR—DODOBBEOT —~
BOTT, b —2&, INERFALVROTTR, AlIOLERFRIBEZSE T, £
DBBREEZFA L CTHERHF L DR TE 20T, HBIEIFENHLAD LT, TH
LTI—] Lo TLEST, AlIOLHERREE THEZHENTNDLLEZATKRDLO
TY, ARV —VETEoTLELRLEVHI VD EVGETT A,

ANLHBEOE CIADMEE VI DIFAARA N ALOHE I 2 =7 4 THim STV
LZDTT, DFED, NLHEZWNZHLADDLZILENTELONE VI MBETYT, 2
NWIERERFIET —~D—2F L EosTWET,

OAT A4 K30

TAW w7« 7E T (Isaac Asimov) 23
TRy PTHE=ZHAD 2 LELE, 2
T B R SN T WA NWHEFER DO TT AR,
ZoZFANT. Tz ks icr—kLTn
THERILTLED ] EWOHITTvEY
FENTWADOTY, 7VETDOFEMFD R
MNT, ZOZFAITER Yy MBI O TY
N, BEICHS ) LS R ERELTZO
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SHAITIE D E WA WEBINEL DL, ZTOZEERTEDICTVETOZJFANTHE
TWBHDTT,

ORF A K31, 32, 33, 34
Al Oz ha—Lidiz o~ AL <

T, FEHARFEBIZIEIRE AT ARNTT
M. A A ~wa Ao [Superintelligence] &
WIORICHTLS 2pHELTE, 77
)b (Oracle), ¥—=— (Genie), Y7V
>~ (Sovereign) E WO bDORHDLH, A7
I s OIE, AMDBZRITHRIV & %
ToHEETRICHTHEAZHL TN D,
V—=—E, AR AT 2ERIT
LlENEZETLTIND, YTV
WO DL, ERICANLHRRIC S Z BT e
THENWHIZELETT, ZHNINEHLT, orvad

i

FTGIANPET—m— B LTI T Y | o e el s s a.
bewidre B e e e e R e TP LTS
ENTHeENELIZEEIC, T ad O Maotonvenuten b e o € e et AP
ey -:nuym;—-lni—-uulmm
‘5 o N4 ]\ Db—/l/‘ﬁ—é@z))&‘l/\ 5 ﬁ;ﬁ%i)‘)‘j}) scaving ;unm—u =~ N L
D iﬁé—o ;ﬁ‘x ]\m‘b\biﬁ?%‘fi@«@j—b§\ - m::m:wmmxwv)

% @ [ Superintelligence] &\ 9 AR 727> Bostrom, N. (2014). Superintelligence: Paths, dangers,
B strategies. Oxfard University Press.
T, TOay ha— LREEEIZ OV CRERM
T 7 = ANRERPITRDATWET, b LKA H L H1E, ZENETE e A
b\\i—a«o

Motaation

Theect The spetem |s enchrand with serw . .

specification  dhrectly spareied matination motern, : m
which sright be cornegrrtndis or
ool ve Faloaring & set of reles,

Disssticity A wnsivutios syviern is desigard [ etz
weverely Lot Dhe seope of (he ageots
serbiticom s d activitien

et HEI:!‘ _v:numn oM lorvkve BTN

o, lrnt in hatmngaiabonl bey e

mnvm-nl‘:a«“;umu. [ era— [ levelo | o
apefytng U rudes Dl s e e
Todkowad or the valuss that am to be
rarvand

Asggrrwrimon Oue starts with 2 eystem Hod slresdy Faun & Oontrcl » hywnd with Ngher bondl bywn mbewning e riw o bowar benol
booe sadntartially busnen oo bogwm when they wish 1o tute cosirel  The spstem 1an be parthoned o) aey basd, and
hetrevol et mativarions, and the ligwm belen fonm & comphie cpaationdd sawiiel apiien
wrdianoon in cogelthe capeattes th
wrake it supermteligest,

Bostrom, N, (2014), Supesintelligence: Paths, dangers, Brooks, R. A. (1986). A robust layered control system for a mobde
Onford University Press. robot. Rabotics and Automation, IEEE Journal of, 2(1), 14-23.
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ORAF A4 K35

TS AL O BE%E (ethics) & W 5 WF5E
WD, TNETOIE, Al =3 b r—/Lf
BT ML IZEI NI T &hEnd & Google
NEHEERE AL T, ZEEn L
AKRIZHBA-TL b, 0L T |TmEMENEIC
BV EFT, OO THIE LTI, FiE
ST ZILHOELONE NI Z R E
T HBIEA =D =D, Y7 =27 02200, TRELLIICE->TVDA
DI,
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OAF A F 36

Hauser M. Qubwan £ Young
Lo g aing Ao, AL B Wkhat, )
12007), A dhsecintion between

ENFEFTEARL T, U2 bl — (Trolley) MEEWSI L ORNHDHIOTT, Zh
lZ~A 7« %7V (Michael J. Sandel) 7% [Justice] DiEFDFH 1 BD THLHIH L T
WHOTTN [ HEEEMTLZDICHOEREZEZTIORREPEZ o7z & 12,
EOWVHHEETRIZEEBET NE ), e x2F, AEEEBEENESTWD EEIZ, 18
LRI L TE, TELERIEDICAT L —FENTE, BANDRKEZ “inHE
DA T PEELT, ZWEICRS TV ADIFEI R RIIAEZL TR ERDHDH,
BENBEALDORTNDLZEZbhoTARRL, FELOMEKI EDHICAT L —F
ENTHRENEI DLV MEMEN, HBEBEEIIIBENICH Y £, ZNEf
BT DHIEN, BERLEEEXOLNET,
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OAF A K37

OO EELBEEIX., TCoherent
Extrapolated Volition] &5 Z & T9, =
U —-3 a7 2% — (Eliezer Yudkowsky)
EVIHIANRBELTCVET, I RaT7AFx
—IXZ.MIRLIZWS 7V —F  ZADHIEE 72
DOTTN, BHLLAWATT, =& xiE,
MESAPERZIZHT LD EATEYS
RFORE@mER LWV, ZILTZODHF R H D,
FRTCH ESAN TEZRN] & ANCHEXLIEELET, E2AM, AlIZAHICHE A Y
T ROERBASTVWDLZ EEMoTEELET, 9725 LM EIADER
(instruction) 1, TZEMZINIL] EWH Z RO TTR, 1TAE IO LIS ADERIL,
(ZAYEL ROBEWRIA>TWHIFEAIN] L) ZETT, 06 AllX, FAE D
FEZEZRDIEIN LI, SHICVE, MESARTYAVEY FOBEREZELZIZTLE
YEFTLZET, FEMRET LI LNETA, THLEAIFZEZIETELTC, 20
NZE, BRICHT HDICFAYEL FORIWMEZMV 2V ESoTWHIFLE, FAld
FROERNEZIDINWDE] L nWH EIAETHBTINbLNAERAL, 20L&
HDEHICHEmRH-TH, HBXTEMEMD E VI Z L HHDLDTT,
TOWHINFHOa LT 4 TR A T R-T7 Z A7 A b (the Best and the Brightest)
DEVE & o 7= X (Volition) 7% Coherent Extrapolated Volition & W 5 #& T3, 72 & &
BERESADEANBFEHEZEZEBRITLILLTVWDITE, ThELHIEOETLODL
ECHARDERMNZERBOIZDICHELLWVI Yy 7 TLTND L2 RN TT A,
L2, BALEIICENRRAN T U R TIATANO——FTRCOT—X52HED
L& EDATFT 4~ (optimum) 2 F a A4 ZARDNEINE VI Z LFRIMETT,
DEIBMEEZREESTLZLTT7 LR =R AIZEB LIS &V 00 ZOME
T7,

OAF A K 38
Common
RO SN B WD &, 2 TEDxTokyo ¢ | Sense o
{ambiguous) ( Neurotypical \
THEEL7ZOTT RN, WIESADOKEO L iz, FA \ /
N
WTEBIEANZ BT AIZWED TR W) TN .
SaE Lk L, Wl S AL TS B B IS & ( swvants )
WO HERMAD D L BREDE X ICE 0T -y
2N, ==a—uF ¢ A (Neurotypical) 72 A&, & Rule-based
(specific)
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HoMNEW) LRBENETT, MENSEROTT, 72U 7 A (ambiguous) 72 &
MBEROTTN, U7 VIREGEEHEO NITmBEMN R Z &R & TT,
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OAFA4 K39, RF54 K 40

Common
Sense
{ambiguous)

I: Neurotypical |

\/‘/

[ Autistic/ anificial

Savants| |ntelligence

Rule-based
{specific)

CoIFATHER, MoO@Enbn) bt A—N— P T DX AHNHDHO
TT, ANLHBEOK S X, AMOo=a—aT7 4 EIVRIZARY a—a DR L TE
IMBD TOHA——A == BT 7 VxR a—vaORipTY X277 VT
4 EHxEIELTWD, TR ATHEEDREMN RS TT,

MIT A7 4 7 7RO ROFHER -SAIE, HHLEITETE 10 AEIXLT, 241
WML T3 AMEE S — 2% 7 LA Lk T, REEMETICT LA LTHE 726 LW
DTT, ZOHWEIZ 10 AgDOEFEZLEEEXMEAL THERITWEL LWTT, ik
—EAE, oD LI NR2KEREFTH LV T VIR EI NS DS, LinL, 72
FE E WO DX, 2 Ea— X O TWI L b TV, 2y Ea—X Lo DL,
— OO MEIZ 1,000 FFfH & 2> 10,000 R 2 #fe L THEPTE 20 TY, £ TREZRWN
LXAbEHLRNL, o2 &bk,

OAFA4 KN4
EVND T EE AL E VD DX AR AT &
FAHL A= P T NS e TF, 2T The busy child scenario

WAL OIS L EEMESHY 9, ZHITEIRS The “busy child” is essentially a vivid
narrative description of a “hard take-off”

NTWVWETH, VAKX RNT v hEWNHAD in which the first self-aware human level
= ; 0 . Al iatel | the level of
FA TSR )RS LCR%D%Y (Our Final MINSCIIS! PPIERL PMLOW Y8 ¢

human intelligence and escapes out into

Invention) ] & WO AKDARNT, AlOX—Y F the world.

— SN o s . R Barrat, J. (2013). Our final invention: Artificial

TH4IWCHEBLT ITEY—=F v AV F U A intelligence and the end of the human era, Macmillan.
(The busy child scenario) | & WWE L7z, WO b

HXIENERIINELTWD/NIDEINSFELDIITEEWNI Z ETT, Al Z/N— Y
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FUVT 4L LTHhRDE, AU S=YF U T o Lt o TR,

OAT A K 42, 43

Personalities

EZE, WEY T IR INRBOVHL TS Z DLy 3— (Pepper) RELZE 972
DTTN, —DDOZELICEFRLTH Y7 VHRENEZHRT ORI VO TTR, =2
VT4 E WO BENSREND 5,

OATA K 44

NR=YFVTFLIF DEETEEINTNWTC AT FOLORE Yy 77747 TY,
PR D 5 FSE L LT, Bk (Openness) | #% 52 14 (Conscientiousness) , 4k [a] 14 (Extraversion) |
W FPE (Agreeableness) . ##JEMI M (Neuroticism) 235 0 £, ZHIT W WK E 9 12
HBZETH, DEFPELLEIEFOFMEZNT T, ZOSERNEBELRERTL LS 2
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LEENTVWET, ZTOXIRBEALEL, ALIZEbO THEWA—YFIUF DL U%
FHLTWDAZTERNLENZDDOTT,
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OAFA K45
CRHABIIES TELONENI &L AN
72 % O 11X [Group socialization theoryl T Z #Li&

] Group socialization theory of
‘\/v =X 7‘ A A . U b4 "f * /N U A (Judlth Rich Harris) pemnaﬂw dmhpmﬂt

EWVI AN 19S5 FFIZENTNET, 2D ANIET
U—F VU ADHEFEZROTTN, ZHTT AV
HLEEEEE LD TWET, BAKICY
2D REIT 0% &\ O HBE 22 e CRE IS 7R
ST AT 4 —7 - B 5 — (Steven Arthur Pinker) & Z O #f%E % =~ > K4 — X (endorse)
LTWbHDTY,

OATF A K 46, 47

Influgnce & 3lways sockilzation within the group contest. ~50 % of variability explained by group socialization

other than home and parents (shared environment)

Vlﬁ-"ﬂlm
10 sharad o breanent

Harrts, ). R. [2010). No two alike: Human nature and

Havrs, ), R (1995) Where bs the chikd's A GToup 00| theary human individuality,. WW Norton & Company.
of developmare. Prycholagical revi s 10007 458

T ELNHEINANSLERANICHENLT, TORNPTNANAREEZZIT T, X
RN THSDOR=YF VT 4 2EX LT 0WH2ETATT, ENLHEMBFICLD
NY T YT ¢ (variability) (. 720720 50%< HWVOZ ERMSNTWD D TT A,
ZORNMTRERBEOEEL, ErllifnEo 2"V TR T s L@ TERnE N
ITENANY ADIFFE ThI> THET,
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OO BRN b TENRESEO RN TEENTE
TenX—=YF U7 4 OENPSIZH LT AT 2D | The narrowness of Al
BIMICEFT L THEHBET S,

WS,

the robustness of personality.

ORF A K49

VY —F - 7V X4TT, A7V 7=
VAL, DIz H 1IQ T A MR R
726 T A (quantify) Z &N TEHEWS 2 &
W TWETH, "=V F VT4 DAY v —
Lo T I BHROTT, KiFEOLy s 7
747 b EBFFMA L TLAR S TV T,
AT =Y MZE e E &k
VW, DT, WEBEOHLAME LR TIE W
RODIE, N=YVTF VT4 DAY =X, EOLITERBMICERTELHDOnENS T
LR ERSDTT,

e ZEEY—=F Y ANV REVSTH, FAEFHIGFHMICTERI T, EH50nHHER
DRV ZDONEFRN=YFTUT A BRENART T AL NS ZtaTE
TUALEASNTEDBLALWVWZDEO2ICLTEBL, £H92TdHL, 2HVnHz=—Y=
DODEFEICTZLKETDLEHNET,

e H ., TEDXTokyo D &L XY 7 MR I DT P=T S —TRN 0T, HiTT®—
v a v (emotion) Z ALICA YT IV AL FLTWVWEHEIZ L —ALTNHDOTY, ML
WNEE.ZDI =L, EoTTE—2a VOEFTARATRVAENS, TEEIX,
LELEFTTVTHATIAEZSIOTT L, LHEENE) m®—va v aEELL &
ATHDIETZIT AN EZATT IR, o] HIEVWRELTT L, A7V V=
YAIZOWTI, FIRBEBOETENI L TTFa— VI = N—H YT
+4 — (universality) # EFETEHDTTHN, TEFE—varyoTIVWETARELZEL D
DEHANDL,

ErbZZ, AITHELEZE—va v OERENTETCVARNVENFI Z LIZHERDHDT
T, Fz AR E S FL BT AIBHLIE VI 7 L—AiF Lo T X, Zhit 1005
BOLSHWVWOFLFMBAK CTRBELTNVITRIV, EELEHLTHWD AIRERY MR H
L) 7 L—AF, FolFrErATYT, 26X bRMEERMEL T TRUE R
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Q7 AN X, BRIADERROENEH > TnNDHENWS ZERDTT, DED
Q7 A &T2&&lC, W ESARANE, 1IQ
T ARMEZLT200 %282 THIERTRE L WDILE
S5LWVWTT . ZHITWVWEEYIZHL o 7-ZETT A, Typical Intellectual Engagement (TIE)
(%) IQT A RZLTWA 10 5Mix. ¥XToD
ClEKRVBRFCERIZEFR L O vy 7 RITT
LHEWIZLERIMEL LT, EROEAREITIQ
TANETHDOTT,ZHE~F v~ A (maximam)
R T == ARDTT,

R=YF VT 4 WVHIDIE, 7 4 BB (typical) 287 4 —~< 2 AT, W EI AN
FoNKIQBRELSTH, A=A 7 LU RRETELLNBEERABE 2L 0T, FRE
LLTORT =R UV ANRTF UL TEHRSTCTAEAINVTHLWREENDHDHDTT,
SFD Mt EXAL L TEIMAMALE T -~ ATT, 2ZICIQT A MENR—=YFY
FADORAKHRENRDLS T . v v 7 A —ODZ LIZERLTIQTF A 2D L)
BRAFHET A EINBNANT = A LT R—=YF VT 4 LI BIXHFREAEL
HERHEWH T ETT,

ORAZ A K51
ZIHWVH & Z A DB TIE (Typical Intellectual
Engagement) &\WH K HRZEHLHTET, beb
EWEMICEADLPEHS TH, Lo EWIZZEDANRT
A4 U — A R (daily basis) T2 47— X |
(engagement) &5/ WH X H 7 Z L 25T 5, Crombech (1948)

Ability tests: Measures of maximal performance,

Personality tests: Measures of typical performance.
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Al Humans
Maximum Intermediate
performance Performance

Narrow range of Wide range of
Personality personality

TXVUTLANT o A F, A= IZEFERNTNET, arta—FiF, 1F
T HZERRNNES, TobEHMLTWVLIDTY, fAxbLAWVWL, XALEDR
Ve THWoE) TAREWI DX, BEAEORNTT A EINRNANT 4=~ A%
THDT, ZOHLWEEEIODRIDPPEERFA U MIhDEWVWH Z L TT,

OAF A K54

SHIZ, RWHTATHAET, hxbot A
B, WEHFVEKRN RV, T R—Fln
HLHDTTND, heboTWnd L) Z i
FollBEWR LW TT LA, TREFELTLD
WCHAERENWE VI Db a v Pa—XZSEh
FEWroBE®RARZVWTT LR, O L) en
L TREAEAEDR DD HMED = 5513 E
NELEAIDIZFIIZN T VAT 7y =T
<, RERLELE I TT LA,

FOLEXFICAMIE, BEOLLES LW ., HEZAERRETBEVWENW) Z 24T
v a3 (obsession) THAETELALLURARNTT A, fliHIZWVW) L, K
Ao TEW E I W EBOBE T2 &, RAE TW S D7E L,
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2. AR ED XS =Y F VT o BRI ENTIVORE, BZLIZanbY
Yb—=F - TV HELTCRETT, TRV —F - TPV 5TT, ZhiFHD
TILKIBROAKA » FTT,

72 & 21 Google ® B BN ElE Y — M d 5 & X1, ¥A S Google D H B E#EH 12 72 1
LENWOIATarbdr0RiTnEbL, BELL AMITZILIEIAST IH56 1o
ERATT) e TZZxz Az &7 FuntoDrive 725726 TH ko L#IESH
Al Bl tRbHrERIOTT, NTHAROENDE AMOREATED L HI2HtF
o H IO EVIFIIENKETT,

EZIE, WETF 2 ATET AT TN I A0 T7ER->TLESTZDT, HL
WF 2 ARERINT, AR Ea— 220l TF A2 T5Z LbfThbi
TWEF, a2 Ea—% T AT v K+ F = A (Computer assisted chess) 7=\ 72 Hr
LWHEEIEZ, AT _RTET20TERS T, HOBEAIDOT VA M EZITTEDOX
ICHENERETEXDINE NI LI R LT, ZOMESHFIRIANORL DL
DFHREINDLDTT,
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N — K« Jj— K7F— (Howard Gardner) 3~ /LF 7 - £ 7 U T =X (Multiple
intelligences) &V o> TWT, ZOFOFEF—HE—T AR FE20 T, [HMEILILET
HY, BOLHZELEIHBETLINOZEEFTEFRIEND D, 200 AL, AAREST
HAIREN] LW RO RFENGFEROTTRR, LL, THXFERE RN XU R
7 v (doubtful) 2 b D TH, AT~V D gRIFIE, TDOXIBRNWANWASRER D HE
DIFBRFEZRAS D L WVVI 2 ERDOT, MEtFWITWVWI &, vAF TN ATV V=
VARBTZWREBEZFIE, MERHLIOTT R, £H50I LD TIHEARNE,

ORAF A4 F 59

FEILTCT =T AT A4 F NV TR TN AT
v = A (Artificial General Intelligence) &9 & DM
HTLB2DTT, 2RIV ITOHET V= X TT,
WHATHESTZNRbONRTE DS L. NLHEITD
NEHBEETNES ZNITEFATLWRIENTE AL
EhbalhoTnEERXD, 2O L&, Tl
Ty ART 4 A2k (embodiment) BNMLFERDNE S
MR ENDHREZ LT,

Artificial General Intelligence

ORAT A4 F 60

AT 4 —T « ux X=7T v 7 (Stephen Gary
Wozniak) & V9 Apple ® = 7 7 7 > % — (Co-founder)
DIAN Ta—e—- AL F 27 - XA (Coffee
makingtask) | £ W9 T EERBELTCWVWDHDOTY, =
niEglicmens b EI R ESAD FEICIT-
T.MESADEDICa—E—%25L 5D TT,
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Ex o, EL OBKTH DI TH D Mk DT
KaEVS>SVBOTENT, ATLMEOHREIco | Conclusion.
T, WS ODBIRBICANTHENTEOT V= &%
L E L7, BEARMICHEIE, ALIZ AR O & 2D
LN L CRIL TS BB L TVES, F Human robustness in personality.

Al is successful by being narrow.

DLATEVS DI, A== T 7 THD, Several research agenda proposed.
WolEH) TARMOBE NZ Rk Z (robustness) 1%,
BiEEGLNX—YF VT4 DIEHChHD, Iz& X

AT 4 —T « Va7 X (SteveJobs) ODNRX—=YVF VT LoD, ¥ EEFES LW

ERBHDHNASTI T, AMAT A —TWXRIINVERES > T2 I9RAD, TR

I I BTNV ERE > TERN ST EXZDOHTETrTFaryrIa by,

7 w7 (Apple) IZEDABRHET 5L AT 4 =T« Va T ARBAROEIT THA

. FHEOLWTATTERVOWEARITE] LHER, ZOABRAT 4 —TIZE o712

BRZASODEZTHLINDOEICENSELL TS, ZARDEVAE SO T,
ZOWNVWIART 4 =T~ VaTADR=YFTIUT 4 EWVIDIX, RARDN, AlOES

BT 7 —F TRHESRLLHHATERNDOT, T EHGEHFMESCT 27 K—2 L
(anecdotal) 723 TiIR< . LD X I ICERI - BET 2P PEERY F—F DOF ¥

LUy PREEEWET, 250 A»P LN DDV —F - 7V U X ERELEL

7=
AARTHALHEOHIEZO DT TR, NLHMGEL AMEOEDLY ., Thhrb

HEWA LRI FEDBDVIZONT, WAWARZILETHLERSD LB - T, &

roFAEBEZDX Y RT L ICLELE, B ETT,
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Cli@b VU NEL I TINELEL, ERATIHEMZE TS E3 0,
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X, v FEX LV ESHEVELXATT, BB EE, X—=Y T VT & NLHEET
EBERDEBMMENET D RENRS D EENE LT,

MR &A% 27 23 (induction) &5 % 27 2 3> (deduction) EWH L DR H > T,
7 Fmv— (analogy) &7 7 X 27 2> (abduction) Oz EE E L=, R ED
EWNFONZZEIVIBDICHMETT , A X7 var T Zrartndboid,
HIROREE LD TF a2 -V T~y e, 2505 E2ATTEDL, LT HICHF
EEEHRZTZD, RALZD LWIBEROTT, BERROAFZ-HOZ LT E<b
Mmb, EdnEL 7 ey =7 X7 va sl idETF eI b T, ®
WEBRBERLOTT, RERLOPEREL TWHWT, D2BRB O RDNRLRWVICHENLND 6
TR OBR S TNDEIICHZDEVI BT RO TT,

SRS iR b MBI 52N T T ¢ 7 < (paradigma) & ¥ > ¥ 7~ (syntagma)
NHYET, YorFr~id, BRONRATHRB RO ABNEM T 2MEARGETT, L
N, NTT 4 7=l b0, FATARERLONRITATHNT, o7z BER
WL ET D &, BIRT D, £50VIHIbDIIR->TWDS, AV F I vary, THY
Ta DIV NEEIS TV EIRODNLHBT HLIAHALVIDR, SoE2DW
STWEXIIZAMBPRLDEEHKELTVDDTT R,

FIE, ZOEOBRERTIE X 2T V7 4 k] T, 30 EI VI RBRMEKT,
ANLHBEMREO XS RATHARFERIZTLEE S OTT R, ZhixFBVWTHENT, v
Fa2TUT4200TDLEVIDF, HILBRFOZAICHEBOAZLN TRAICARZ
HE2TEwvwoin) EnwH 2 EMELIROLEICEZTLE I,

b, B EI THLOWVEESTHNT, BRAEADZT>TWNHZLiTbnd
DTTN, TANLHBEICBT =Y F U T ¢ OF%E) A TRk, BRZO AN EE
ROEYATLTCHEVWD), BIFEOTTHX I a7z T, Bohba2kETob
HIFHsE 0, bOT I RFEEEZA TS, REHFETRETHIIC L NDLT
FERIZIEDN>TLEI EN—FZHL T, AR TZThITEWRn, Bong &,
RIEBEIVODPENOPDONLRVDOETNAES, —BRIWERHEL, AR TNy
LRIFFICE->TLE Y, 20X LT, BRROE L ATEEHLWE ZABDH D,
FNTAN=YF VT4 EZE NLTHEORNTTHENI DR ..,

ANLHBEDRNCAN=Y T IV T 4 DEIRLDIFEAEALR Y, N=YTF VT 42L
IMERRMETE L RER O OEFGME—RETHY 2RO THLbDEL LD & T
L&, BENRLOTEI VST DEToLHIFHE V) Fick-oTLE S, Wk
RENEMEIL, ENHZEINI ZLEEF o TN DLT, HERO AT,
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AR@ZAIRZ LT VWTT L, AR T2 ETIEX, A RBLLANWEZ A, A
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HA@DONY XA,
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. SoZXOHEPTTN1ILL SOOI LTENLS BNWTLE)N, SB—FL LT,
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RiEO< Ry, BRI TRVvoRETAES, ALABIET I =202 2300+
Do TNTHBH V7 DL RELET, AMELNI AT Y —IZBWVWTIEAME b7 2
LTWDEICHAZDET T, EARAMNICATHEIZEIERDN 2V EVIONIEL ONE
T9,

FIFEHIEI =T AN ENS KO BRNE, TAMOE#REa s Ea—2IlBED) &
WoTWAEDTT, ELIF, TREI NI N R=FLEosTWnWE2DOTT, h—Y T 7 A
EIZ NI NR=T2 BTV EDTT, ELNF o TVEIDE, W LrH >0 T
VOxz A& AV Yy —IZ L&, NLHENRTZHABZ DI EHDHTL X I,
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ErbERRDOTL X I,

ALHBEORS 1X, 250528 TY, ALARBEIERI A B2V H0RNO
T, bbb, REbZEsMcEETIRENEZ LT LEIHREZILTH
ZDOT, TRIZFFLTEILEZDLLONE NI OREL DERNLREZHFTT, HA
HFANLHETRL2HY FEA,

EAGBHVNE I TENFE L,
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RERFEBEYEFZFER HES
REMRERKARZEERA A 2=y FRETLI VR T T L
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LT a—7 A URE 201

Hla ZEAtz (RRGHEKRFAIE B TR e s #iR)
G MR (R R R AR

HHEREDOHER

@ EL T, IMB=SA, BEHOWIZLET,
NG HT Y E L, IR ERLET, FAOBIE TEIRRE DO ERI T,
MIZWEZ ST TLESTRIELZAD EE S DOTI R,

FOFTEIE, AEND TE MR RFAOEBREMATEREMER L NS & Z2ATT,
CITEBLIIKELZLTEY LT, HHRIEILWVD LT IUN KO RO T
¥4 —THEDTEY £,

FLLS DOFREHE O IXH I S ABRTOM DT REFTIEY TL T, AR WHIXAH
WERBWET, brolHAODHASIETIEE W,

OARAFTA4 K2 THEHMN

FLVE S A B K57 0 L BB AT S AR O R FEEE oo HY
T4, MAMZEEICWDS L X (2id. & B Mk
FTOELF 2T — - XAF I 27X (Molecular
Dynamics) Z L CWE L7z, I b K%
BV ELT, AN TRREOSHEADL S AL
Wo LXIT, RICHEREMFFELELLI 2V
Dl TN FESLE R RND T,
BASTAEE OFPFH THENTE 2D TRV
NS ZET, A= FOERES LTHLIONE WS FFIEEL L TWE LT,
HWMEBF R X —IZVWDHDOT, WANWAFHEKOZ L LTEELE, ZHFLD
FhbnanbLliEEAn, UrAr - UXvy 27 A (VineLinux) &\WH, KETELID
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PO TWEY Xy 7 ARHY £, e LIiL, 2 PPC 7 — /v (Power PC Kernel)
EHYB L CE L, HDVIE, Mac TeMacs 2 TeX (7 7) #20o> TS HAD
DT 4 ARU Ea— 3 (distribution) Z 10400 E, 2L L TR TWET,

AT A RIZiE, 5B T NAREGI X° HPCI-AE & #\\WTH Y £ 9, NAREGI (National
Research Grid Initiative) 1% 10 < B VAT RN EEF e =2 b T, 77U v K -
ayta—7 47 (Grid Computing) & WI) L ORH Y F L, HRDKERFICH DK
ERA—NR—arCa—FEHEL THIEZL, bo bHRIENGNDLESLI L, T
I, TNEOREELLYIEVIZETL,

JVy REWH Z X, N"U— YUy R (BEHXEME ICHRLEST, 52050
BEROZETY, FITHLT I BH50T, BIEHMHTIZIICELADIEZONZ D,
HLEHC, stREREL LT o2 2K 2ICLELE Y LWV IHfiliABTL, LA
L. WEZIR->TWNRNIENPLDLNDEIIT, 9EL Vo TVRVWOTYT, Z0DH
IS N TV L2DOT, ZONADEFSBMELTEZOTTR, BN LET,

INZEGIEHNWIZHPCILE W) b DR HV ET, NA + NT =< XA a—
T 4T e 427 T A KT F % (High Performance Computing Infrastructure) & 95 4
AT, ZHIEMPOBIEANEFRICH DR (FV») arva—Z&2P0ic, BEWRK,
PR, R LERFZORVTHBRMUITHENEL L2 LWV HDOTT, WEITPLY
DI T REMFEBIEVIFENHT, ToHYEzhEnbilT, brxo b EL
oo SABFELTDZOE, ATARIOFEFOLIATHIbLZ ETT,
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ORAFA4A RIT T8 R] FEEONE]
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DTHEEEZETR, WEBRBLTZ 4TV T %T 5, Zhid, EEEHALEHAET
ETCWVWRVWMERDOTY, ZARILBLELETETVRVONR, bhbiLTT,
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HONA YT 2llAD 2, 220V EZAEMBRMENRT-SALboT, £IHfHiHE
WIZTEDLHDOTIE RN,

Wiz, FHEEA YT, bhlbhRa—P L LTEbALHEREFEXDLLOIZT D
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—7, 2= HLEHRIRICR S TVET,
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W& TV ET,

BREHETHOTTN, ELHNENI L AZRELTY, 72L& x1E, HPCI TL =
O, FRFEVHEREZTLELIALSTHET, TROENREI WV IREBIZR > TNDH DN
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HLIF. BT T =R R EDY AN — T 4T AT I (Cyber Physical System,
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B NOEAEAT—EREESTL D, ZTRUHEFAMHLT, VT7AEAL LE2EIT
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TET, RIEMLL Y2y MIEBEZHEXRWERELLERICIE RDRVNOTY, 7
W LLDT 4 — RNy I RB D,

T4 =K I RboTeb, Fi21, 2, 3ERA2DOTT, DO LS NVTEl-> T
WhH, TNOBZENO LI RBOTEENRH D, KW WHSOBAIREOM A D
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ROBMAERTHYEMBEE L THRARVE, RATERIHTHWDIONE NI Z EIT
(2L ESTE] LB TEDLZAETIIVLRRY,

O AFAL K6 TEFT]

TINBEE, COLICHATELZLVWILDOEZRELATHERLEZ Y LEVWET,
ZORICETAEG ST, bbbl OBERMMARZ L, FEEDHOM
DR TIENWT RO T, Ay ya®igld0lmm T3, 75 &, F 340m/s T D
T, J—TUEENS, BREAAL 100 7E, 8ETHEDRNEWT R, 2 & XIE,
E—CWO EEZLIBREEZEY LT2L, $20VWRAT v I RITRD,

OAFGA RTTAyT a2l

ZORISC Ay va2&xUDES, OO M
FHiEEET, THABET, ATICEBEEL LWV
DRIRBDOTLET, REZARITEDY
DZEMBIEND P E NS & MR ENTD
DODTTN, 10D 8FEy S HLWVOEWEHA
ETHE 290 EZATEI LTHKH
TLOOTT, MbOVEbL-T, WHANSLEE
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TWod, ADIEIBENGA T, RS Rode
DHFL oW LTWNHEZANL, EBA
ERIFELTNWDZENDNDLERNVET,
bko, ZTETHEHERN LK EZEA XN
BEHTL 20T, Z 23l E VD
LT,

ORTARITZy Y b= EERER)

Ty Vb= EERNPORS TET
HEDOHMBEEMTEREBRED LWV
FixLELLER, ThaiLizor
DOETY, BENEXY = v hOEE T,
fitwmh 23 H KT, BhREOFTicT
vV h—=VvEFIETLE, T o LBHE
W ER-oThEET, TTH, BHT
BERBONWTWND & BRI JE
BRELELERET,

T 2y hEANTWWL L, THALINICH T & 2 AIZE RO LG E W I
2y 7 LT, By 73 5Lt ZLiE, HFARZYy Y h—VOFEFERHFHL VLD
TR RN LEZy P b= IZHIEN 7 4 — Ry 7 &R Tnbd W)y Z & TY,

OARAFTA N0 BEER : ¥y FEFE]
BIWRBROT, EvFaBRlNE, KDL
IAHELEoLEL LT, EvFRENSE M
EomniRTcE 2R L TCAET, L
IO Ay v aZBMAT, ZOHYEF 2
LENTENS I EELTWET,
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HEBELARL, BRTEAFAEL > TWVWE, ZOBREHHSL o TNEDE T
BN TWETR, COXIICLTEHELTAE Lz, ZHITHEEMISE T, Mt
NHENEESTOVET, ZOLICEREH WL, BEEEZ SN ZOHES TT,

OATA F BB IBHER : BEFKE (ARIJMNVITTFTT1) 1. AT F1U4THE
HER BEER (A7 MV TF72) |

BEORIZEZDAMEBTEHERANNT M ELoThDLE, EHLALEESALEDS
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NIENTF RN, EOXITAYy a2z NTONENANELRLsTVET,
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BHOBWE ZATELRALHETERZAF—LNEINENIZEDF = v 7 M,
WERKDSTZEZATT, 120dBOFKEHT LWV Ayl F, BEo L
NEIZDOWT,

OATFAR1T TR uY—EEk>BEER

DX RN bicsTHWT, Hike
DHESE LT FFLES, T, 2k
BRI BT T T 520 TIERS T, 5
WESTLMBEIZEWVWT, TNLENFHEZ L
THT, EBLALEIETLINE I, Ay
VaBEBIIHAELAVWE XTIV TTR,
HAETLIEZOHTEVIZVANA LRED
EEAHET, WMbHET., 505D
EELAEBEL Ay vaZzBEH LRV
L ARABR R ENHREICEZ Y £9,

ELIWC ALYV T oBMIZ, CARICHAIE > THHBENRF> TWET,
FOWNHIELIAEETBLALMELLYETDHE, —DDIZ H VD VI (solver) 721F T
1272 T, 2OV b0 MET IO e T AERFICELE CEHESEDLZ LA
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THIEVWW] 2V EIREDORRVIRTT,
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OAFA K18 TFEEI] . 2T A4 F 19 [Pad distance vs. frequency]

FEEEEZHLTAHAL L HMAREGEE NNy FODLWEOHREHTT . AL THD5EA,
imm, 2mm, 3mm, 4mm, 5mm & 725> T\ 5, 7272 3mm < 5 W vE, F L
FIVWTWD L BhlE b 2 AETHNTWNET,

OATA R0V —FrDOFREIITEZ? | 2T 4 F 21T Howe’s Energy Corollary]

)—bDOERIEZ?

TENEESBOORBELT, A= FOFRITEINENI L IAETEEL,
gy X e x=FY—- a7 Y — (Howe’s Energy Corollary, HEC) X \»5 4 @ T,
Eonabombnr b Rz oZdchnTd, WELHRBEEOAEEE- T, F
B HEE () OWNEE L L, ZUPADLEEFRAENLFICZ XL —2B
STWET, FIZTIEDOHLEIX, ELOIMEKIIZXLF—RBoTWVET, £501WH L&
Z, ~A 7T (Michael Howe) &9 A28 1984 IR X £ L7, ThIXEIZMHEN

HDTNRNDT, FALINEIPRIELFNAT L SNIIR->THE L,
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Lk,

178




MIRAI Archive  No0.2015-011

WEMZEL TV DLEDORZ Y b= EDHEERTYT, TIEREICE T I Btz
WRLOTTN, TNREOLICHMEICEEEBLIELTVDION, ZNnEEEbho
TWERHAL, ZTHZEZVWET oL LTWET,
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WHEER DO TR, AL TotEboTE | NEEEZEE SRS ?
T RICHBBBEICRZNE NS L REMERES LT
HLHTL 50T, BMARLDERERDONZEY T
TR, ZhEESHONI 0NV BERSRICH
DET, ZACHLTHEFELT 20 TT R, ELAEMERBEENV O LI RANRT S
DTH, TbZ bz LTAHREI LEVET,

O A5 4 F 30 [Uncertainty Matrix]
REMHLEWVWI bDELEDOL IR ZTZL LW
DTL X I D, Bt aim s v o o8 T,
7y RY a—-AxK—1 7 (Andrew Stirling)
LW ANRNVET, bEb LiIMETEETT,
ZDONDB, AHEEMNEZ EDDETH20hEND
2 &% 200FCHL TS THET, 2T
NINENL>TVWEDOTTR, ZOFMART
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OATA K3 T AHEEMED ]
FIEEDAT A RIZEBFEBTHENTH 72D T,
BRI HILET, —o0oMAH T
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OATFA R TFF VRIS R2)
ZOLBVROTTN, UoIWIZKEER
BVl FCTRIDIZ EE., ERMIC—RBAR
DTT, KT HNEI DT, RoTHADLETD
MHRV, SESERAFHEERVHAEMEMNL T,
RMEGO 5T HZEREEERZ BT o Ll
ZVET, [Z2o90nWoZ2¢%2T50E-7262 )
WIHOHEMEZEDNITLNWEA S ) & RYICEE
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WHDIE——NAREGIO L EHZ2 5 TLER, [ZOWVIHIHENEY TR, b\ I
FELEDETR, 2720 HI0bHEY ETh) LEEY— v LR TYPL, LT [Zh
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LadhiEnwidsnntns b, a7 820500 0E2BR200TY, LT,
FEmx T, b —REBNLET,

WEIX, FEAERZORY HFTT, Erb, LoZWDHLEOSE (VAT A=Y
=7) SAFOLEIRICL S THFETHIOAREL WET, ZhIC, S bICHEKE
ML WORBERE S A S E LTWET, BUSOSES AT, AL TV A~AREEZ L
TWET,

MRZIINBWR LT L, A7 7107 d k5 ifpERE 2R gl bk
WHDEWI D, T AY XA LA AN— Ra— R (hard-code) L TIEWIFRWNEWS Z &
TT, 70T T L0RNPICTNVITY RLEFNTIETW T R0,

OAFA R TANFFa—V v Iy (R) |
ZNT, E5F D0, BAR3EL B WAETN
BEoTWhZ o TERn, iHEKD S
R b I IEFHA#KEOE LS LWV HEET
T AL A H D TIEZR Vv H 2
LIZH R ETAA, IR A RAE
THEWI LG, FEREZOLDOEZ G
2 TLKDbDRDOT, FAEALEZBEN
FT, AFREREZOLOLVWI DX, BEH
RNBEDETH-LIICETLE D, /2
AEARN

E2Tohenseé, FTZ I URboT, ZRICRICEZEREDEDLINLEWVWS & T
Y A (axiom) EWIHTmNWE I RLFIEDTELEN, r—AEEVELOREEE S TR
SV, V= EHELELbOZHELTELS, LodWZENT L EITE, 250V &
THENALELEYEWVW) 2T 47 L—3 3 (configuration, conf) ZHEL Tk,
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blld, gL drRfuxE=FV 7 LET, bLb, HELTWOIRELESTZH,
RIZI™T 7 varEBILELLEY, 2HIVIOIMBEBIZLTBTIX, =0 YUV TR EARE
T, F=2—V v~ (Turing Machine) DL DD LS D TR TT, =P
NTDHHLEOE, Z0arr747b—varvbtE=4) 7O/ ETT, ROREL, 9
HoTIELWVWEWI EHITEINTary T4 T b—vary - TrANEDHBWIEOELSME
T vl T HETTT, AESRONE, V=B 2O LELEIENIT I3
ZHIWTLK D, THLTNDY =i, 707 T80 Oo0H5DT, TIH0IHHD
O MY T—=%F<,

ary 747 b—varid, INETLHNLAZRLENTIONLEOTTR, 7%V A
LED LT RN L EBERZIDIENTELDOTY, L= AIZENTHARNI EICELT
. BN TWRWVWEWNWS T 7 varEREEI N, 2 ThEARL L TxIRT 5,

INTVANALEBLHLLDEIRBEDEDL H>TRL2TVNET, BbbrDkokd
DESVELEN, RKOSFEBTEFRKODWEEMS A % —27 7 8 (intercloud) @
BHY =& LTo bRl TRHAELRNEDRDTT, ZI5VI bDIZMIFTT, WEL
TWET,

HTEORBIZRIIHENI & 7HFRYLALENLITIVOTTR, FERICHVZH
DT, POLICETIFEDBALIVATANRESENENI EZEHEN, FHLVTT,
ZOVI b DEDL 2 TEBLERIIV I WD, BEEANRZILENTEDL LTS, &)
MDLRENG, BOHBEEEZDLZENTEDLH LT D,

OAFTA KB ITARTFTMD ZF) 3% |

HOoBEOSED X 57t o w&E sy
HLTEWTEkEE, BElkTs2LbT
E5L, EPDLEZACEVWTEBE, B
TIELTED, biidrrHiury
M HH5WE7 F U Kiel T, By 7T
— AR T RREOT YT Y 00N
WET, BEFHEOZ T I oW
DbDONROMAFET, RANLZ—ZA & &
b3 EZAHT, WHIET 5,

R, TOXIRMREBERLTCVENEWVWI L THNIHERLZ UV EE XD
CERBBBEOME LA —N—T T LTV DEIABENNLEASAI EVIRBLE
e
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OATA R3IEBIC:-HAREER LS

Bt TT, EIEHEEOME TR, HH
A7 IRELEbLE FTEAITREDS
TEFE L7, AR L EB T OBEKRIT
PHROABERZE LS EERLTVWDEDA
LEEEDA T TITANZBEHIELTVS
B Db WEDOBRIZE TS X HIE L
F7,

TR AOHEEICHY ETH, HE
NAOBBRRHSDELLHBT L2, AIRORE LR AL, MEZAY BT AIFB G 20
BICRIHT 2 2 Lok o T, MBEMRRSII ORI AREEHIC W ThERT D) &, =
B, LoZWIZFHE-TRLORBWIZR>TVDLIEIICENET, ZoFFp &, i
DANEDPTANEITIFE LD WD EAS VS Ko7, TASBIGBICHMEEZML ST S X
IRMIZHLTR—y bHEATHET, ZIVIHRET, WANWART V=27 FREALLE
AEALTNET,

MEH A AREEANBTPoL VR TRIMLTHWNNE ] EBo Lo TWE LA,
COVIMESORENUEICRELLENTWHDITHERHLDIEE, ZARHRSADH
HABRIIERSEHDboTWED7EL, ZOVIHIMRANLDLIDTEL WS T L& THEMNZTET
niEFENTYd, kT,

@bV NE S TENE L,

ARK@T IKERTLI2OTTN, HLrotRIERDHDIT, ZOLEHRILELTVDDIX
7 — 27V (GoogleInc.) 7256, S5 CHLEIBARVDOTIEARWMNE WD) OB IEERGE
D TT N,

FELIE MEPRNC S =T A D~y K7 A —F —|ZT&F L, £ SIT, 24K¢[H365H 1k
EFLRVESIICLTWELE, E20EBFEINREL, V= ABInz T el
TWLOTT, b, ZHEMEICZRORNE WS 2 ENREZR O TIZRNTT D,
M@ DHITE, —2, EWULRERH-T, /=N 7= N——EZTHL0nD
TTN, OEERETLTVDHLENWS ZLE, 2EVALA U M T ROTT A,
AR@ZTNEZMBIZT 20 TiE AR T, ZZCTHZRNARMERND D LT D72 51E, X—
v 7 v 7 (PageRank) 2L T % GSS (Google Site Search) [ZLTCTH, 90V H 77U % B
LT, RrakEo T2 Y 7 =T EBFER, "—FU=2T7DH52TY 7 ho=T
B2 IEE S FTICELEDLZEEZ =T R LTS,

EMmbH IV ZEF T =T ARMRLTEDLLTLESTWVD, ZH W) EETIX

184



MIRAI Archive  No0.2015-011

TIIT A HNVRBEE L TEZ RS TEWVWTRY, bIHIRIATHLIMERD T, Zh
EWEMBEET L0, RALRL TN A7 - T REANBLTLEIDOTT, 2D
SAEE D TT

INHR@HIZZ I NI BbDOREROT AT ITOLIATESTLLHTI RN,
AR@ERDT HTIT LN EIARKUTR>TNDHDTT,

IO E D TT, MNE-72DIFEI WS Z L TT,
AR@ZALRLDNHDLDONE VW) ZENMBETT, bo—2lF, HEBEOBFEIINN—F v
Jb =~ (Virtual Machine, {RAEBEHR) TH 20 o TWD TIERWTT 2,

EAMCEROT AT ITEVIBBEIEZ, WEEITENTVWHMEZ LRI DTT, Hl

LoZEmWREBEIZ, b ENLIZT— I NEIECOTTN, T4 —TT—=v T
(Deep Learning) © %95 T3, 7HT IT TEZXDHHNIIES T, WmXIZTDHHIICT 7 7T
HBIFTLE-TWVD, 24 ) VA Ry 7P TLEEZTVDIHVWEICTV AT LAZ DT IV
ECHELTHRAZOC STV DE0nHIORBRTELEE SO TTR, 2o FEbhvEEA
IR
IO HAHL, FHIFEHLREBNEST, X=Fxy - v E2IEOFTITT HEMN D
LL0nHZEFOLNLZOTTN, ALbDOE, ENDEZAITIAT v A T b —vay
(Live Migration) LT, @i LaRNbEZ 52N TEH LI Z L Tbn 4, Le
L, Va7 TRIZCNPY—ERZONoTNDHELT, Y —ERXZILDTICRNE A=V 3
YTy 7T 5 LI ER T A,
ARK@7ZEZIE. GmailZZE L AHFDO LD TIXRNTT 2, $hESCKEDO LI b DICR >
TWHDTY, IMEREADBEFTHEIZ TboEXWVWKkE] REVWREA LR « F—F—DFHED
EIOIMZAC LESTDTT, Z77—A b+ A—=F—TODL o 7= AN {EL T, £
NTHEIBICHADRHE - TLEL-TVET, [9brolBVLWWKERAL VX
R EWVDXIRFEICHZADDTT L,

ERMRMBAIMEINTLESLLDOTT, HREBFRET, RFETHAET L2 HDITR
WRESTHNDION, HBEWVET AT ITELTHRETLZ2HDIE, FALEIITHDIONE
WO ZERMEIZR S TWAED TR WTT M,

ol 2 E, BEAT=RBV OB, TH, ZREEFICT IR DL o=V
FUIRT =T NVERy BB EST, WEBo Lol ¢ 2HEBLT, EHHET, 2
CHTWVWAHEDTT, b, WEBFTZHWEM/RIT ITHL, 237 —7ne £L
dt) LLMEXEIPRVEIRKNBLTLE I DTTHR,

INR@NR D TRV T,
AK@ZT ) TIHRWVESEVIDOR, AERDLNLLARVDTYT X,
INR@RAEF ST b XVWOTL & 5, 4Rl HHEE 7 EOFEILTE TWD O TT A,
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ZOLPEZINETOHFHEHOOPWFTOEER ETT LR, unr 70280k 5iC
HENTWLIOn, 7TVIAV ALZ2EDXI)ICHARICOED D, HAKRT 0T T AT
— RFEzENTLET LA,

LML, ThELTWENRED, TAITY RLARNEbo-b 70l 0HKEEZ <L

TIEWT RV, ZRLTHEVWVERRWNN, F—EZARDONITH NN ERRNMNE N D EE
Eoleb, BEEZENTKRDLY ET, b, ZTIOVIFHAEDO LN TIEZRL T, B2
LD, AEERBONVHTELLEIL, ThHEEDODXIITHR D, 295052 ¢%T5
LEZ, eI ASHTEBLDEFHETLZOOZFICILT, 7TVvA VXA T 07T A
DA HEIL E W,
AK@ZLZEL, E<NEILTIOHEMELENEWVWS & FIEOFITTI<EBLLA
T, EARMLBMEL BRATLSD, Y2y bR H-T, EIRXoTRKDLIDNE, V—
TE, FSCZRERLUEIIC, 7777 4 A NVICCGmailx xS L WO REE, Yok
RO EBVICRNTWD DI TT,

APEORED & &2, TTWRENERS > T, BERBE— FE2HELRTUTW T RN
ReEnole b MBHTHLZI VI MELH L LRI N . 7 —bOREIZ LIz,
T—w B BN DL TIHRNTT A,

MLZexHLIZONRT =N TT, WEBIFHSINTLELIT, RALRITARY LTW
HTEHZ2NTT 2, L2, Z—7ADREIICEOMEIZE L CIOFERTNIZAE L THE L
TEENBEICH D LIE TR DT,

IO TEMOBERZRZENTWDEINEIDAGBR RO TTN, EEHIR-NLILED
REEERESTROIREZANPLESEIWVICTETWDLIMNEIMEWD & T—=TEnk
DO ELELTWET, ZHEFEMORHARNTT,

xR, B CEEICEI LR b o0 E#EEFHAERTEEEA, ns (5 /1)
KHBWVWOLEZATA=w LR LD LT, FFELRZVENTRVWEDIL, XN—F ¥ /L - <
VUDEIREEVWHEDOTIELHLAALTERY, B TMNERBONBESI LTHED,

L2b, nsOA—F —TCABERRICHTL2b0ZMBL LS B, BCEEW
RDERIINPLOANRNWEEHETL LY, BROXS>ZTAAY X LE2T 0T T LI
H—o bEILLWIDERD, EAEANRTHEALEEZEFEANEN) ZERF NN
L AT,

@ ELKE LTI TTN, KbV ET, EHLbONESITIET,
(1)
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2. SPIRITS x5

SGRBFEEIC X 2 TR R b EF e o —B e L <.
SRR ERL T2 TTHIOME ) : @iéF — L 0% 7
T 7' 1 SPIRITS* j, “FRL 25 4EFERIR 70 Y = 7 + odish
HE2F LD HH>T, RELFEEHEAL 70 =7
OHF P 6B ANDOERFEZEZBE. WNHRER TREERY:
DFEN L EICOWTHEYA->TH B o7,

WA v 7 E 2 —ICBHIT 5 DIk, SPIRITS 2B A
F— LR ORI K CEREBLTZEIT) & EERM RS
F— AR OMB ARG (7Y T, 74—V F
DR EBRAMEEROVERZL LS, BHEFOPICHK
FBRRZTEL,

SPIRITS X}
—4AHEBIC L, L5 T8wET, £9. H
O Z 8L ET,

TR | EEYH BT O N T, BELESHFOR
HEHEIEENL L, 2B T TAREARLE B
Fer=v b OFIE DHEBIL £ L,

WEPRZ 7 Y T ORSET CREERE) oy cd, o
RPN C 908, SCHEA O FFEHFCIE 20 ARE D
BEDHARED AR S, 2R AL 2208 H D
7, FAOBEITBEER T TR S HRERKE, H 50
P S, Bl TN PRETRR, BEMK. b
Z20IEAAEREHEOME LR T3, HEEL, Diid o
ea WALl 7uy 27 V2FEBITLD TS
EVIBBETE CEE L, EELSFREICED,
D HRE LHEBEICZR LTV ET, 2o Tilm T 2HE
MWL, xRFRORE LMD EVICENE Ty R
EZTHET,

——Z) VoD, XYV REATRC 27 F2IE

JRY 2B E 50Tk 54,

W 2o hATT iR, HREOORND IS IR,
WEIZHBEN 552 LT3 2 ENS DT, BI%EHE
HEIZBOWTIE, W EWIRFITIFRE L 2> THHREL
E RN

MERZK (), FERK ()

FR7O2 19 MZDWT

—SPIRITS &, HUARR DRI AE O TiFge R Al
RS IS o, HEZ7RrY 27 FTT, ©
FHATHEEM SN T EELE V) M s TEERM,,
HELFEPT TR EZHATFrL YT s THKS
Ly SA A= PR E v s AL Sco o
Z2ED £ LI,

TIEP S (R EIER I A 2T, BUE RIS
F L7, WMEEAEE TR 7 7RO 0 DEEa v Y —
> 7 . SEASIA OIRE . e TRAAEEDO AR —
MR E EBIHHLSDRE— L I PETT, 2nzn,
ENBNELE ST O & BBICH AT EZ v,

EF R T Y TR A T 5 - D 1F 1960 1R,
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7o HBVIIEE T Y TICE T 2 BORIN LA 2R
7 EE RIS TRIBL $ L7, BoEDH
EREMZEDNEF 2D LRI T, ZAKRE >0 TH
FoWETT 6, RIF D 37 2 B IZHUBUAT 2 B
78, HIVRHEENRE L TCORET ST E> 7,
—77. FRHNCIR E > 72 iR O R 7 2 7R,
HARDTLD HRE> T2 THIFL, LI DTL &9 H.
HITH TS, LwIifmns, THE7Y 70t
RUIEARD D ? ), THRBRRIZE) koT2 2, &
BRIFEI B TOTEALREBBEALES? ) L)
TVl D3RIz o7, oo, MROER 7Y 7%
DD TEERW R K E B 0TI BT 2 ¥ 7Y
7 DEGARNREFINER My o7l L T, 5K
DZENE THHE T THE S TEARLEIA? ) Lv),
Mo 3o TEEZET 2, e bhEoT,
F7. HET Y 7B 2 BRI A WeokE
BB D EHLETT, 2 TL2EMT7?Y 7
WIROFEMEDERAE KT 250350, 20,
RO DK ICHK T % b DIcfi-> T,

U L. HUBCEI 2 S IS U 0 & — T Loz
v, HAZGOIGERENZ, & 2 BEORFRER I Eif
A& > THSTALRIED L D > TEE LD, 5
DHE 7 ¥ 7 I REFE £ A 0B LD FIFICE 2 -
TOT, HILLFENEAEABTETVS, 29 0o
LW 7 Y 7S g LR R @ o B X, [EEE
RO THL 2D Tl <, Z2NF0HE T
LAENH B EEZTE DT, WRTEELSD LRI
IF, T LEMEZ D >TVELL,

HE 7 O 7R DRF ISR LIk D KA
9B DEH - TR L U EA32 & %5 I3HIS O
MEZH b 0HEE LT EBMICHD AT
%, & 51z, ASEAN #iér (ASEAN I HA) %
ZC, W7 T OEL B VORBEZ Ja23s A9
7obZ XKLL L LTAiaiEA, ASEAN WFFE AR
ACTe o TE, D% L S DIFZEIEBIL SR A%
L WR 7 Y 7L FEIBRN 2 Wi % 25 2 % X ERpHvk
Ttz b, 20700, HAEHEM T Y 725HA TH
LW EE->TZ ZICHCKEL EIAHR, 5 FEFTOLD%E
180 EAZ X9 & A~GEFIMPHHEZTE L,
o, SOEBERAE R L, 2 2IhEEHEDE]
FAOREL L, WP TLOHM7TI7TICLTTD
—iT, ZOMBROWREFEL T AL VI ETH
FUIe7 E—VT38%2EA9 L, ZDikmztERD D
IZSPIRITS Z vk L 7, e LT, 20134E 10 H
WWHARZ G IO AE 1L FME 7P 7ICB I 2HME 7
CTrWgEayy —2 7 . SEASIA) 25K L. 451 [alf
% 20154 12 Hic Bl chlfE g2 2 Lick b ¥ L,

iU, MG 2 RO IR O 7 d DM TIE & <
BHIEHNH 73 72 B OFERRERE, 8L, H ARSI & B
FAT, ZNZENDERT LWL DD DN EZE
ATVELVEVISDT, ZDRODT VAT v 7D
SPIRITS CTHiA 72, LBwET,

— TS LORTI R, HOL)TI0ET, #it
WT, MY ED TRAANEADAIR—TTR & &Ik
#Wr o DFE— 1 IKOWTEFASL XY,

#3881 12, TI0IC SPIRITS BRI D 2T A3H b £,
FEF BEHiC L7 (58), i icId, TR 205 7
uY 7 b ThBD, HEEENERT 2 THZ 2 %816
HOMEZHBE L2\ LI BEL S, DX I
FERELEAR L T D2, 7Tuv 2 2P LTt
KxFEMTLEVNEENS) EEPNTOELL, TR
BRI 2 JUIER L vy EFHGEEL 200k, TEsehs
AR E L7z & TReFZ ZNRIIRD £ L 72 v
2L TTPE—NLE o6 TY,

B DT, HRPRE EEEO TR EALAL
WH ANfcnw e EBEZTwFE L, ELF 201341,
R & KEZ DR CROD & ) Bat#l 7 4V 7LD
749 7 AGORA| O#HEZRZHEI N, 2 2 CTEH]
IS 2 ) BIc, K¥ERBSALEIBICED £ L7,

BFEEDFR

M (VBRI L 2HS) 2oy IO R
T3E, FEINFET, TS, FOLICRVEELTH
FLT7A4—=F N 7T 3L > REICRS, DFD,
NEDI7 4 —=F Ny 7% 5225¢, BRIFOBWEZ A0
SHFZAINT, L2bZ2oMFErEc#EnsZtdbd
20T,

COBGIE, FRIFROELE T ORICHF LR Z > Tw
ZDLEELTY, Hli—5IC Edso>720) Fhiokh§
2LV DIE, ARABB—FIC THEE S |, THEES
EWw) ., RUTA%Z E5TOERIT, BELHEZ -
TVRET, RFEBEVE AT EEND L)
DIF, 74—y I BHoTHEELTEIDERLFHL
TR L REFBEROREN O L ODFHITRYE 2,
Mo AT LY EHMARC, A7 L THRIFZAl- T
FRET, HEZNAARATT, i b ODIED )
b, HWCIRZS AFANTY, 20D, HFolitht
TR ZHENADRVWICIGTELDTT, EER AT
LE. 7 4 — BNy 293 B 1000 FERINCIRT 2 Al -
VLD TE, ZOLIHICHkd TS 5L, W ER
W, BEEOMED, ip 0 EODF—7 = FIciNE 3 2
LICRDEET, ZOARHE T TALENIEE, ©F, A2
CLEENB IR, af vOEELE W) HNTES
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biFTT,

RO HARIBELH L T, {2 E 025 Lo T I
BEMERCLE D, HRIKIRZ 2 LS\, 2D, ¥R
TOCHZTHPONIEMZ L ED, AT LD AR
FHCd L DIRFEICEZ 2 03B, 2D, ELTHT
PP EEN DN T30 THIL, THes iz
A7 THHBMICE ¥4 73 A0 2T 20658
BhH5, ZNBYATLDECICE S TSN TH UL,
W7 A MEEIC B W, M50l L 2 AE DR Z T
CBITEVRY, 20X REIAED LI, THAEAEED
Bl 7ey=7 FEAEEL L7,

SPIRITS “EBE R % — 7 — 1 TARBSHEI - KRB ICBEA
BoErhCol b 25, JEEEBITZEI O i 2 KT E »>
5, FRERYE2=y b OFIEDGENE £ L7, SPIRITS
LRI X—Y—FTazy FOWERH - L 6TE
ARG L 72 RETT, R EDOHEDO O EDTHS TR
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EAE L7, ZoREMIE, FERZEOER TRl o7 L
BoTwEd (%),

—HO LI TZFELK, SDEFET, SPIRITS 238
Vol W) TENRETEE L,

EBYEF=%F ?
W OO THL S5 TVRWBTTR?

it EESES

FIEF RIS T2 L &0 TR DS %) OTTHR?

Hi#: 29 T, RALRDITAMEEHC 158D 5 %26 T5D
—hzn ) £¥ Xk,

W2 A, KL W%E: TRIEVRET S £5 ) DI,
St OFERBICRT 2B Z N D IS E o RET, B
DWENE TS DMl KIKE U725 6. FRIIZZET 5.
il: &, 2 2 OfRINES T, T 5 E—EE LI DI,
B NEFEDLADMSG DT, FHT B E—~ERbIT,
FEF b, 295D,

HE:FHLTO T2, bLAEFEERZEVIDIE, &
LoDDRE 2L —Y a v DBEENICS V26, Z DR
THRERH 5,

W a2zl BIZERNFLDOEA, XS LG
BRI E e\, & 2 AD, MDD o 7 5 KiF
BHEP-LITHE> T, AXDBEAEAKREZY) S, iRFH
b o T EHBRIZBIFOH L WiEHIZHE > TouZwnd o, H

T8 A EoSBEEL Ty, ZiFEe—=7v b
RABIEHT, 2o, BAPERIIFRKETS 2008
HEEERD 5 < . BRSO X R DS, Shd, S
DoRDEHNF Y ADMETT X, DF D, B
HLTw3, 2256, FHEES KIS T 2 & 338k
FOHBEL T2 L HBIRTT A, A ATTR?

HE: 3o, FUBKTT2, ADfTAICRNE TREZY)
5, Db HE2REE Db —FT. ZOEZANDTEIZA
JREE L T, 2 hE TR H S, LHEF. FIFL.
LI P LER, BEOBE» SRS L FHUBRSRY THT
DR ICRZ DT AUBRZTE D RAIC K > Tl
THRZ %,

AR %2380, BT->TwIHIDRHELVWSETTRZ,

HE:2)RATT, BIF L VLR S HIFMRT -7
n (%),

— oIz, F0 TP Oz ) L BE»E
W EWTT i,

THFSE4 0 SEASTA (3, BEEEMHRBEERS (JST)
PSRN L 72308 TH ASEAN Bl 4 2 R—3 a v 3k
WEZE LS — Rt ATREBR e O st ) L BIRD3H 5 & ) 1
BAFTH, WLTL &I,

WEFIEIE, S HElER L 2N ENH L Lo TwuET,
INFET, HET7YTHEMOREEL L ORRDBH Y 7
23, MEE DM & 2 AL VBATT X (), BRIZED
FIZBOWTTIES LIRSS L REITTIERL, 2nEh
WREE DR T LI ENTEL L) HEELH L, WHNS
B 7T aY = 7 S IC O o T b N T E L D
Lld, BARESWMETT, ZOMBTEATEL ) I
13, b2t DAL LIEIRELLEE T, 205,
HA L ASEAN ORMEEA I a S 2 =5 4 — &, B0 5F
TEOTELAERD 2 T 225 4 — 2RI %
2o To%F5 2 k> T, (ST ICHINE gl %)
HUCRRARTZE 72 T, RERESFEMRE L LT
BT 20BN H L EEZTHET, Rl Lic, 5K
DHRFANFAHIHIL D & 722 Z & T, SEASIA Zil L Tk 7%
ADIODI>TEF, FXI2, SEASIA D72y 7 —
I EiEHTEL ERWET,

— COEBELFME ORI A — VY v R U RHITELD
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N2ED LR O DD, VWALARADEE > GERTE
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JEICL 2 TRV TR »h R, AVETYH, 202
Tt § UL, RDORAT v 7T 20N H 5,

—HOIBE)TIVET,

F#: Xrokmld, REAT Yy FELREIATL X
I, BEEICHIELRHDELL, by 7YY TR
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1. Scientific activity

I worked as a visiting fellow at the Kyoto Institute of Economic Research (KIER) from December 16
2015 to February 1 2016. This research stay was financed by the International Research Unit of
Advanced Future Studies. I would like to express my gratitude to the Kyoto Institute of Economic
research for hosting me, to the International Research Unit of Advanced Future Studies for providing
financial support, and to Professor Sekiguchi for inviting me.

During my stay at KIER, I had the opportunity to interact with numerous researchers, such as
Professor Hara, Professor Kajii, Professor Sekiguchi, Professor Sano and Dr. Matsuda. I learnt a great
deal about many fascinating topics, such as repeated games, auction theory, mechanism design and
demand theory. I also received much feedback about my own research on aggregative games and
potential games.

On December 24 2015, I presented a paper entitled "Multiproduct-Firm Oligopoly: An Aggregative
Games approach" (joint with my colleague Volker Nocke) in the game theory seminar series at KIER.
It was a valuable experience for me to present an oligopoly theory paper in front of a game theory
audience. The feedback I received there has been instrumental in improving my work.

On January 8 2016, I traveled to the city of Nagoya to present my paper on multiproduct firms in
the industrial organization seminar series at Nagoya University. There, I had the opportunity to
interact with Professor Adachi and Professor Hanazono, who told me about exciting projects they are
currently working on, on the welfare effects of third-degree price discrimination under oligopolistic
competition, and on the impact of entry on the profitability of big firms and small firms.
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2. Research output
I spent most of my time at KIER working on my paper on multiproduct firms (Nocke, 2015). In the
following, I provide a non-technical summary of the main results we obtain in this paper.

2.1. Motivation

Multiproduct firms are very important players in the world economy. In the United States, they
account for 91% of total output and 41% of the total number of firms (Bernard, 2010). In addition,
many industries appear to be characterized by oligopolistic competition: For instance, in U.S.
manufacturing, the average NAICS (North American Industry Classification System) 5-digit industry
has a four-firm concentration ratio of about 35%, meaning that the four biggest firms account for 35%
of total output. In light of these numbers, it seems to be of first-order importance to be able to analyze
oligopolistic competition between multiproduct firms.

However, there is surprisingly little work on this topic in the literature, and much of the literature
has focused on the special case where demand is linear (see, for instance, (Eckel, 2010)). The lack of
results in the literature may be attributed to a number of technical difficulties, which are inherent to the
study of pricing games with multiproduct firms. The first difficulty is the high dimensionality of the
firms' strategy spaces: A multiproduct firm sets multiple prices. The second difficulty is that the firms'
payoff functions often fail to be quasi-concave in own action. In fact, it is well known that quasi-
concavity does not hold when the demand system has been derived from a standard multinomial logit
model of choice ((Spady, 1984); (Hanson, 1996)). The third difficulty is that firms' action spaces are
unbounded: In principle, a firm should be able to set any price it wants to set, including very high
prices. While this issue can sometimes be addressed by finding upper bounds on the firms' best
responses, this is not always feasible: For instance, with a constant elasticity of substitution (CES)
demand system, the monopoly price is infinite, and the lowest upper bound is therefore infinite as well.
The fourth difficulty is that payoff functions often fail to be supermodular or log-supermodular.

These difficulties imply that standard equilibrium existence theorems based on Kakutani or Tarski's
fixed-point theorems ((Nash, 1951); (Milgrom, 1990); (Topkis, 1998)) cannot be applied. We develop
a multiproduct oligopoly model that takes care of these issues.

2.2. Discrete / continuous choice

The first building block of our analysis is a new class of demand systems. We assume that each
consumer makes consumption decisions as follows. The consumer first observes the prices of all
products, and an additive taste shock for each product. The consumer then chooses the product that
provides her with the highest indirect utility (taking taste shocks into account). After having chosen a
product, say product 7, the consumer decides how much of product i she wants to consume. Formally,
this amount of consumption is computed by applying Roy's identity to the consumer's indirect utility
function for product i. This two-tier process is called a discrete / continuous choice model of consumer
demand (discrete because the consumer chooses only one product; continuous because the consumer
can adjust her consumption of this product).

Under the assumption that the taste shocks are iid type-1 extreme value, the expected demand for
each product can be computed in closed-form. In addition, consumer surplus can also be computed in
closed form, and is a strictly increasing function of a certain sufficient statistic, which we denote by H.
This sufficient statistic also plays a very important in our study of the associated multiproduct-firm
pricing game.

2.3. Multiproduct pricing game

A multiproduct pricing game consists of the following elements: a discrete / continuous choice model
of consumer demand; a set of firms (which is a partition of the set of products); and a marginal cost for
each product. Firms compete by setting their prices simultaneously. Our goal is to characterize the set
of pure-strategy Nash equilibria of this game.
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We show that such a multiproduct pricing game is aggregative, in the sense that the profit of afirm
only depends on the prices set by this firm, and on a uni-dimensional sufficient statistic, which fully
summarizes the competitiveness of the industry. This sufficient statistic happens to be equal to H,
which, as we saw in the previous subsection, is also a sufficient statistic for consumer surplus.

In addition to the game being aggregative, we also show that firms' best responses can be described
in a simple way. Keeping the other firms' prices fixed, a firm's optimal price vector has the property
that the Lerner index associated to each price should be equal to a firm-level constant multiplied by a
product-level scalar, which describes the local curvature of this product's conditional demand.
Therefore, the firm's optimal behavior can be fully summarized by this firm-level constant, which we
call the firm'siota-markup in the following.

These properties allow us to re-express the equilibrium existence problem as a nested fixed-point
problem: For a given value of H, we can compute each firm's optimal iota-markup by solving for a
seguence of independent fixed-point problems; these optimal iota-markups give usin turn a new value
for H. We show that this nested fixed-point problem has a solution, and therefore, that the
multiproduct pricing game has a Nash equilibrium.

Note that this nested fixed-point structure also gives rise to an efficient algorithm to compute the
set of equilibria. In another paper with an additional coauthor (Breinlich, 2015), we use this algorithm
to calibrate an international trade model with heterogeneous multiproduct firms, oligopolistic
competition and CES demands.

In addition to establishing equilibrium existence, we also derive conditions for equilibrium
uniqueness. These conditions are related to the curvature of the products' conditional demands. If the
equilibrium is not unique, we are still able to show that the set of equilibria can be ordered, in the
following sense: If H and H' are both equilibrium aggregator levels, and if H>H', then consumers all
prefer equilibrium H to equilibrium H', and firms all prefer equilibrium H' to equilibrium H. Put
differently, equilibrium H is unambiguously more competitive than equilibrium H'.

We also derive interesting comparative statics results. We find that trade liberalization or an
increase in the value of the consumers' outside option lowers al prices, makes all consumers better off,
makes all firms worse off, and leads to an expansion in the set of products that are supplied in
equilibrium. Productivity improvements, on the other hand, have more ambiguous effects. The
intuition is the following. Suppose that the marginal cost of product i increases for exogenous reasons.
There are two effects. On the one hand, the firm that owns product i, call it firm f, has incentives to
increase the price of this product. On the other hand, firm f has less incentive to divert sales towards
product i, since this product is now less profitable. This induces firm f to decrease the prices of the
other products in its product portfolio. Whether consumers and firm f's rivals end up being better off or
worse off depends on which of these two effects dominates.

2.4. Type aggr egation with logit and CES demands

Next, we specialize the model to the case of logit and CES demands. We obtain another important
property: The product portfolio of a given firm can be fully summarized, in any competitive
environment, by a uni-dimensional sufficient statistic, which we call the firm's type. The type of afirm
isasdtrictly increasing function of the quality of thisfirms products and of the number of products this
firm owns, and a strictly decreasing function of this firms marginal costs. If two firms have the same
type, then these two firms will end up behaving in the exact same way in terms of markups and market
shares, no matter what the competitive environment is. In addition, we aso find that, to every
multiproduct firm, we can associate a single-product firm with the same type. This type aggregation
property will end up being extremely useful for our analysis of merger policy.

2.5. Dynamic merger policy under logit and CES demands

In the final part of the paper, we apply the tools we have developed to the analysis of dynamic merger
policy. The idea is the following. Consider a dynamic oligopoly framework with strategic and
forward-looking firms, and with a strategic and forward-looking antitrust authority. In every period,
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some firms receive a merger opportunity. If they decide to use this opportunity to merge, then they
need to receive approval from the antitrust authority. Firms maximize the present discounted value of
their future profit flows, and the antitrust authority maximizes the present discounted value of
consumer surplus. We are interested in finding the equilibria of this game.

This is a difficult problem for the following reasons. The first question is whether potential merger
partners want to propose a merger that is profitable given the current market structure. In a static
environment, the answer would be yes. However, in a dynamic world, firms realize that a merger
today may well affect the set of mergers that will (or will not) take place tomorrow, potentially in an
adverse way. This dynamic effect may well induce the potential merger partners not to propose their
merger to the antitrust authority, despite this merger being beneficial in the short run. By the same
token, some firms may want to propose a merger that is myopically unprofitable, because they expect
it to have a positive effect on merger activity in the future.

The second question is whether the antitrust authority wants to approve a merger that raises
consumer surplus given the current market structure. Again, the answer to this question would be
straightforward in a static world. However, in a dynamic environment, the antitrust authority
understands that approving a merger today will have an effect on the set of mergers that will be
proposed in the future. Therefore, the antitrust authority may well find it beneficial to block a merger
that is consumer surplus-increasing given the current market structure, or to approve a merger that is
consumer surplus-decreasing given the current market structure.

In a related paper, (Nocke, 2010) provide a simple answer to this complicated question. They make
three assumptions: 1) merger opportunities are disjoint sets, i.e., a firm can take part in at most one
merger; 2) if a merger is not approved today, then this merger will remain feasible in all subsequent
periods; 3) firms compete in quantities and products are homogeneous. Under these assumptions, they
find that, in equilibrium, the antitrust authority optimally adopts a fully myopic merger policy, which
involves clearing a merger today if and only if this merger does not lower consumer surplus given the
current market structure. In addition, firms also optimally behave in a myopic way, by delegating their
merger decisions to the antitrust authority.

We relax the third assumption in (Nocke, 2010), by assuming instead that firms own multiple
products, and that they compete in prices with CES or logit demands. Using our aggregative games
tools, we find that the results in (Nocke, 2010) survive, i.e., a myopic merger policy continues to be
dynamically optimal.

3. Conclusion

My stay at KIER has been extremely fruitful, and I would like to thank once again my sponsor, the
International Research Unit of Advanced Future Studies, for providing financial support, Professor
Sekiguchi for inviting me, and KIER for their hospitality.
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Abstract. This report summarizes my visit to the Center for Ecological Researches (CER) of
Kyoto University, supported by the International Research Unit of Advanced Future Studies.
The report presents the description of my one month activity at CER, and give a brief review
paper on diversity, taxonomy and genome comparison of bloom forming Microcystis species,

a cyanobacterial group causing serious environmental problems.
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1. General description of my activity at CER

I was invited by Prof. Nakano Shin-ichi, the director of the Center for Ecological Researches (CER) to work at
CER as a visiting professor, from February 1, 2016 to February 29, 2016. This visiting professorship was
supported by the International Research Unit of Advanced Future Studies. I appreciate the financial support from
the International Research Unit of Advanced Future Studies, and invitation from Prof. Nakano, and the help from
many colleagues at CER.

During my stay at CER this time, I was on the boat to have a ecological survey on Lake Biwa with staffs and
students together at CER. Lab examination after the survey included the preparation of pico-cyanobacterial
samples and observation under the fluorescence microscope, and identification of dominant phytoplankton
species under the light microscope.

On Februaryl2, 2016, I presented a talk with the title “Cyanobacterial blooms -- not the expected blossom but
the ecological disaster in water” in the International Symposium on Advanced Future Studies held at Yukawa
Institute for Theoretical Physics, Kyoto University. It was my first time to talk my major in the front of experts
from very different fields, and many discussions and comments after my presentation indicated the mutual
interest we are sharing.

On February 17, I was travelling to Shinshu University at Matsumoto city, Nagano, to visit Prof. Park Ho-Dong
at Department of Environmental Sciences. We have discussed and exchanged our shared points on cyanotoxins
produced by cyanobacterial species, and reached our wish on future cooperation on the integrated approach of
chemical and molecular detection on novel types of cyanotoxins. On February 22, I visited Kanazawa
University to meet Prof. Sakamoto at lab of plant physiology, faculty of Sciences. I introduced our researches on
UV-absorbing chemicals (MAAs) from bloom forming Microcystis isolated from Chinese lakes. Prof. Sakamoto
gave some valuable suggestion for the analytic methods on MAAs in cyanobacterial organisms. And on
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February 23, | moved to Tsukuba, Ibaraki, to visit Microbial culture collection at National Institute for
Environmental Studies (NIES). Upon the discussion with NIES staff, we agreed to perform the joint studies on
Genomic projects on cyanobacterial strains from both China and Japan waters.

2. Review paper on diversity of bloom forming Microcystis species (cyanobacteria)

My researches have been focused on the diversity of water bloom forming cyanobacteria. The cyanobacteria are
photosynthetic prokaryotes found in most of types of featured environment. They are also quantitatively among
the most important organisms on Earth since it is estimated that cyanobacterial global biomass is 3 x10 ** g C or
a thousand million tons (10 ** g) wet biomass (Garcia-Pichel et al., 2003). The cyanobacterial record may extend
back to ~3,500 million years ago, and they had a key role in the origin of the atmosphere oxygen in the Earth.
Among about 2000 currently existing species of cyanobacteria, planktonic cyanobacteria forming water blooms
by massive development cause problems in many nutrient-rich water bodies around the world. Among the bloom
forming cyanobacteria, Microcystis is the most common and notorious. Microcystis dominance in blooms
attribute to its advantageous features including buoyancy control, storage strategy at the bottom of the water
column, inorganic nitrogen strategy, higher requirements for some trace elements than eukaryotic phytoplankton
and resistance to zooplankton grazing by forming large-sized colonies and producing hepatotoxic metabolites
called microcystins (Carmichael, 1996). Toxin production in Microcystis blooms always leads to the problem in
drinking water safety, posing the serious threat to human health. A large volume of studies on Microcystis
species and their blooms have been performed during last several decades. Researches on diversity, taxonomy
and molecular characterization of Microcystis were also largely conducted since these issues are very close
related to recognization and monitoring of the Microcystis species. Using this chance of my stay in CER, Kyoto
University, | took time to summarize the partial knowledge of Microcystis species, focusing on taxonomy,
molecular phylogentics, genotypes within field Microcystis populations and the status of genomic information
that is beginning to facilitate studies on the detailed controls of bloom dynamics, and the potential hazards
caused by these blooms and their toxins.

2.1. Molecular conservation of the Microcystis genus by single genes.

In the Microcystis genus, About 30 species have been described in the current cyanobacteria (cyanophyta)
taxonomic system (Komaérek and Anagnostidis, 1999). Of these species, six species including M. aeruginosa
(Kitzing) Kitzing, M. flos-aquae (Wittrock) Kirchner, M.ichthyoblabe Kii tzing, M. novacekii (Komarek)
Compe re, M. viridis (A. Braun) Lemmermann, and M. wesenbergii (Komérek) Komérek in were the main water
bloom forming species in Japan (Komadrek, 1991), and ten species, including the above six plus M. botrys
Teiling, M. firma (Kditzing) Schmidle, M. smithii Komarek et Anagnostidis and M. pseudofilamentosa Crow
were found to be dominant in China (Yu et al., 2007). Microcystis species compositions in blooms in other
countries /regions were found to be similar, within the range of these two Asian countries. Limitations in
morphology-based taxonomy in all kinds of microorganisms are always regarded to be compensated by
molecular genetic approaches which have been introduced into phylogenetic and taxonomic issues. Considerable
efforts have been made to examine genetic divergence in Microcystis species and strains with the purpose to find
the linkage between genetic and morphological variations in Microcystis species, and (Kato et al., 1991;
Bittencourt-Oliveira et al., 2001; Kurmayer et al., 2003). The 16S rRNA gene, an effective tool mostly used in
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prokaryotic systematics, has been used extensively in the molecular taxonomy of cyanobacteria (Wilmotte and
Golubic, 1991; Nelissen et al., 1996). However, divergence, within 16S rRNA gene sequences at the species
level in Microcystis, was found to be low, often much less than 1% (Rudi et al., 1997; Otsuka et al., 1998). In
addition, other gene regions such as ITS of 16S-23S rDNA and the DNA-independent RNA polymerase (rpoCI)
gene, were not able to differentiate species (strains) within the genus Microcystis (Otsuka et al., 2000; Yoshida et
al., 2008). However, one exception was cpcBA-1GS sequences (phycocyanin intergenic spacer and flanking
regions) with the capacity to distinguish M. wesenbergii from other species of Microcystis, and these other
species were still not divided by the cpcBA-1GS sequence (Tan et al. 2010). Such high genetic homology among
the species of Microcystis on the basis of the single genes mentioned above, plus additional evidence from
DNA-DNA hybridization, it was proposed that Microcystis species should be integrated into one species as
Microcystis aeruginosa (Otsuka et al., 2001).

2.2 Genetic diversity of Microcystis aeruginosa strains by MLST and genotype analysis within
the Microcystis populations from blooms.

Genetic analysis based on single genes is considered to be not free from problems invoked by recombination,
and a multilocus sequence typing (MLST) approach for M. aeruginosa was developed to index the genetic
variation of seven housekeeping loci (ftsZ,glnA, gltX, gyrB, pgi, recA and tpi), each of which is free from
vigorous selection pressure, and the selected loci are scattered around the chromosome to reflect overall genome
evolution (Tanabe et al. 2007). The results from the MLST analysis demonstrated high genetic diversity, clonal
population structure and substantial recombination in M. aeruginosa , and the MLST phylogeny further showed
that microcystin-producing genotypes are not monophyletic, providing further evidence for the gain and loss of
toxicity during the intraspecific diversification of M. aeruginosa, different from the result by Rantala et al. (2004)
who suggested the microcystin production has been vertically inherited through the diversification of toxic
cyanobacterial genera, and non-microcystin production occurred at the cases of repeated loss along evolutionary
course. Thus, this established MLST scheme seemed to provide the potential for characterizing the population
genetic diversity in M. aeruginosa. In the following studies, the MLST revealed a high level of genetic
differentiation among locations, even with fine-scale spatial and temporal genetic differentiation pattern (Tanabe
et al. 2009), and it is further suggested that geographic factors have far less impact on the fine-scale spatial
genetic diversity of M. aeruginosa than local genetic drift or, possibly selection. Genotypes of numerous M.
aeruginosa isolates from Japan based on the MLST were divided into at least seven distinct phylogenetic
clusters partially corresponding to either colony morphology or microcystin production, and further genotyping
analysis on a special cluster (Group G genotypes all found in Lake Kasumigaura, Japan) revealed an expansion
of the possible adaptive lineage in a localized aquatic environment (Tanabe et al. 2009). Similarly, genotypes of
Microcystis populations in blooms determined by ITS region in France, US and China water bodies also revealed
that pattern. Significant spatiotemporal changes and selections of dominant genotypes exist in the genotype
composition of Microcystis populations from eutrophic and hypereutrophic waters (Bozarth ez al. 2010, Sabart et
al. 2009). Xu et al. (2011) reported that different Microcystis genotypes occupied diverse sections and branches
of Qinhuai River, a major eutrophic river network in China. However, another study from Zhu ez a/. (2012) who
indicated no significant dominant genotypes existing in Xinghu Pond, a eutrophic pond in Wuhan, China. These
latter two results imply that special circumstances and uncertain factors influence the genetic composition of
Microcystis populations in aquatic ecosystems. Recent study by comparing Chinese five lakes, namely Taihu,
Chaohu, Gucheng, Shijiu and Erhai Lakes, showed that the Microcystis ITS genotypes and genetic diversity

were negatively correlated with eutrophication level, and the high genetic diversity of the Microcystis
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populations in Erhai Lake, a plateau lake in Yunnan China, may have resulted from the effect of the early stage
of eutrophication ( Song et al. 2015).

2.3 Genomic comparision of Microcystis strains

Genomic information about Microcystis species was not available until 2007 when the complete genome
sequence of M.aeruginosa NIES-843 was published (Kaneko et al. 2007), and the genome of M. aeruginosa
PCC7806, the most studies Microcystis strain, was later published in 2008. Currently there are 17 genomes of M.
aeruginosa strains available in NCBI. To my knowledge, this is the largest number of genomes published from
one species in freshwater cyanobacteria, plus M. panniformis FACHB1757 recently released (Zhang et al. 2016).
Among these 18 strains, only M. aeruginosa NIES 843, M. aeruginos NIES2549 and M. panniformis
FACHB1757 have complete genomes, and the latter two were sequenced using PacBio RS 1l sequencer, so
called the third generation sequencer. The genome size of the 18 Microcystis strains varied from 4.26-5.84 Mb,
ranging from 4368 to 6360 genes, but with very close GC contents (from 42.3-43.2%). Zhang et al. (2016)
compared M. panniformis FACHB1757 with three strains of M. aeruginosa PCC7806, NIES 843, and NIES
2549, and these four strains had total 8704 genes, but with 2699 orthologous genes representing the core-genome
for them. Similarly, Yang et al. (2015) studied the genetic diversity within the pan-genome of M. aeruginosa by
combining 14 strains, and the pan-genome contained more than 15000 genes, with only 2192 orthologous genes
representing the core-genome for Microcystis aeruginosa, and total 4742 strain-specific genes for these M.
aeruginosa were detected, implicating that M. aeruginosa is well able to be adapted and well develop in the
different specific localities. Sequencing and comparing the genomes of Microcystis strains can easily obtain
average nucleotide identity (ANI) value between any two strains of them. Before genome age, classical DNA-
DNA hybridization technique is the recommended standard for genetically determining bacterial species. The
ANI analysis is newly recommended to substitute DNA-DNA hybridization for bacterial species circumscription,
and the ANI value with above the threshold (94%) in each pair indicates that both strains are belonging to same
species (Richter and Rossello-Mora, 2009). It is well known that DNA-DNA hybridization is hardly applied in
cyanobacterial species determination since this method needs axenic strains, which is one of the most difficult
problem in cyanobacterial culture procedure. Therefore, using the ANI value may bring a great help to
cyanobacterial taxonomy along the continuous genomes of cyanobacteria published in future. In the case of
Microcystis strains, the ANI values in each pairs of the the 17 strains of M. aeruginosa were more than 94%,
even M. panniformis FACHB1757 have over 94% ANI with these 17 M. aeruginosa strains by comparing their
genomes. Such a result will also need more studies on Microcystis intraspecies differentiation by introducing and
judging the ANI index in cyanobacterial species definition, based on the genomic information of cyanobacterial
strains.

3. Conclusion

This visit to CER allowed me to have such a opportunity to meet and discuss with many excellent scientists and
students at CER and KU, and even in Japan. The whole activities including my lake survey, presentation in the
symposium and visit tours to different universities/institutes during my stay were very successful. The review
paper on Microcystis | am writing here was greatly beneficial from this visit, allowing me to take time in reading
papers and preparing and writing this manuscript. Once again | would like to express my thanks to the
International Research Unit of Advanced Future Studies for the support, and to Prof. Nakano and his colleagues
at CER for the helps of my visit.
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Abstract. This is a report on my first three months as an Advanced Future Studies Senior
Lecturer at the Yukawa Institute for Theoretical Physics. I describe my scientific activities
during this period.

Keywords: Fault tolerant quantum computing, topological quantum error correction

1. Scientific Activity
I started working at the Yukawa Institute for Theoretical Physics on January 2016. What follows is an
account of my scientific activities during the period extending to March 2016.

During this three months I have participated in several conferences and workshops, as follows:

*  YITP Workshop on Quantum Information Physics, Kyoto, Japan, January 2016. In this
workshop I gave an invited talk with the title "Local Operations, Topological Order and Fault-
tolerant Quantum Computation".

* International Symposium on Advances Future Studies, Kyoto, Japan, February 2016. In this
meeting I gave a talk with the title "Topological Quantum Error Correction".

* Advances in Quantum Algorithms and Computation, Aspen, USA, March 2016. In this
conference I gave an invited talk with the title "Time-correlated noise in quantum
computation".

In addition, in March I visited the California Institute of Technology (Caltech) invited by Professor
John Preskill. During this visit I gave a seminar with the title "Time-correlated noise in quantum
computation", and I was able to interact fruitfully with the students and postdocs in Preskill's group,
and with Professor Alexei Kitaev. Moreover, during this visit I also gave the same seminar in the
University of Southern California, where I was invited by Professor Daniel Lidar. There I was able to
interact with the students and postdocs in his group and with Professor Paolo Zanardi.

2. Conclusion
During this three months I have only started what I expect to be a very fruitful time at the Yukawa
Institute for Theoretical Physics.
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Abstract. This is a report of my scientific activities while visiting KIER and the Yukawa
Institute in February 2016. | present my research on optimal auction design with speculative
resale, elaborating on the shorter presentation | gave at a symposium held at the Yukawa
Institute on February 12. | also comment on the GESS/Kyoto conference held at the same
Institute on February 11 that | participated.

I had an opportunity of spending one month at Kyoto Institute of Economic Research
(KIER), Kyoto University in February 2016, while interacting with the Yukawa Institute for
Theoretical Physics through its conference and programs. | have been quite familiar with
people at KIER through many years of interaction in the past. | will focus on the interactions
with the Yukawa Institute in the following report as it is an entirely new experience for me.
This is a special occasion for me to experience the interdisciplinary research in Kyoto and
Japan. Although I had plenty of such experience in US and Taiwan, it is the first time for me
to see Japan from this angle. In one of the symposium held at the Yukawa Institute, |
presented my research work in a half-hour talk. In this article, 1 will elaborate on the
presentation, and provide more details about my research work on the optimal auction design.

1. GSEE/Kyoto

| participated at the GSEE/Kyoto 2016 conference held on February 11 at the Yukawa Hall.
| learned that Yukawa Institute is a prestigious institute of Kyoto University on particle and
fundamental physics, a field Japan has done very well in the past. The day also turned out to
be an extraordinary day in which there was great anticipation of the announcement of the
discovery of gravitational waves by the LIGO group in the US. | chatted with Prof. Misao
Sasaki, director of the Yukawa Institute, about its significance before the conference. Prof
Sasaki himself worked on the subject of gravitational waves. He was passionate about the
topic and tried to enlighten me on its main ideas, only interrupted by the official beginning of
the conference. | actually had learned about the impending announcement from CNN
International, and read at some depth about it before |1 came to the conference. | can
understand quickly what Prof Sasaki said in a nutshell. It was an exciting start of the day.
Later | learned that a new research center for gravitational physics will be set up soon in the
Institute.

The theme of the conference is global partnership on science education. It was attended by
many first-rate researchers from the world. Many of them also have some experience in

203




2
0]
1
5
&
E
]
Bl
]
&
&

Auction Design with Speculative Resale

promoting science education. The origin of the conference is credited to Prof Kazuo
Nishimura, who has been concerned about the decline of science education in Japan, and has
done a lot to promote science in the past. The success of the conference has a lot to do with
his tremendous work. The first speaker of the conference was Juichi Yamagiwa, President of
Kyoto University, explaining his work on human evolution. It was a good speech, and I
learned a lot about the topic. But I must say he was overly ambitious trying to explain too
much to non-experts within a limited time. The most rewarding talk for me in the conference
is the one given by Akito Arima, former Japanese Minister of Education and former President
of Tokyo University. He gave a brief history of the science education in Japan, as well as
pointing out the most urgent problem at the present. There was great concern about the way
humanity and social sciences will be treated in the future. He emphasized the importance of
liberal education and the danger of its decline in Japan. However, some people seemed to put
some of the blame on him during his tenure of the Minister of Education. This is a
complicated topic I wasn’t familiar with, and it certainly is perplexing to me.

The talks by Tai-Kai Ng from Hong Kong and Hong Ding from China on science
education were quite inspiring, leading to many discussions in the panel session at the end of
the conference. Some of the reforms attempted in China regarding education through less
emphasis on exam scores are certainly relevant issues in Japan as well. However, there were
skepticisms about their effectiveness. Some of the practices in Hong Kong presented by Ng
on promoting interest and innovation in science seemed to generate more excitement. There
were active discussions of the ways to promote science education, creativity and innovation in
general during the panel session. There were questions raised about the lack of explorations or
investigations on the part of the students in the classroom. One explanation has to do with the
class size. Large class sizes seem to make the Q&A aspects of education impossible to
improve. In my view, it is the lack of Q&A in education that explains the poor research skills
of the students throughout Asia. Although class size certainly makes it difficult to have
effective questions and answers among students and teachers, it may not be the only factor.
There is a deeper and more difficult issue about Q&A that needs to be addressed. There is this
idea of orthodox thinking that is embedded in the philosophy and practice of teaching. There
is no attempt to teach students how to distinguish falsehood and truth or how to evaluate the
importance of certain research activities. Innovation is not possible without raising questions
about the current practice or thinking, and students are not trained to raise such questions at
all. It may be that teachers themselves are not trained on this as well, and in this case they
would not be able to teach this to the students. Emphasis on exam scores makes the Q&A less
relevant in the practice of education. It is possible to change the exam questions to redirect
the priorities in education, but this is not how exam questions are designed in reality. Over the
years, the class size in Japan is getting smaller, but there is no sign that it is improving the
educational quality in science. I think it will have little effect on the students’ research skills if
there is no change beyond the class size.

I also participated in the symposium the next day on advanced future studies. The topics
of the symposium are rather diverse and spread over many areas. Alexander Vikman from the
Czech Republic talked about dark energy and dark matter and the great universe. It was very
informative, but I never learned what is dark energy. I later checked out the term in the
internet, and it seems that no one really knows what it is, and the term is rather speculative. It
certainly updated my little knowledge about physics and astronomy. I gained more updated
knowledge about particle physics from the interesting talk by Maw-Kuen Wu from Taiwan.
They are really great researchers. In one of the sessions, | presented my research on the
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effects of collusion and speculative resale in auctions, and the general issue of auction design.
In the short 30 minutes | had in giving my talk to non-experts, | presented no equations, even
though | was ready for them. In the following, | will try my best to explain to non-experts in
verbal language what | have been doing in my recent research work.

2. Auction Design and Speculation

My presentation starts with the explanation of the importance of auction design and
practice in modern economies. The determination of prices for many new products, new
companies, artistic paintings often depends on auctions. This also applies to many products or
services with unknown valuation, such as IPO pricing, or costs of highway construction. Like
many countries in the world, the Japanese government has procurement auctions which are
used to determine what it should pay for the expressway construction and maintenance. The
role of auctions can only grow as new products and services proliferate in our modern
information-based economy.

I used the government procurement auctions in Japan to illustrate the serious
consequences from defective auctions. A 2002 Japan Times article stated "In its final report
submitted December 6, Prime Minister Koizumi’s advisory commission for privatizing four
road-related public corporations called for a halt to runaway highway construction”. The
report warned against the “triangle of collusion” among “road tribe” legislators, related
bureaucrats and public-works contractors, which has distorted Japan’s political, economic and
social structures and left a combined debt of 40 trillion yen on the books of the four toll-road
operators. The 40 trillion yen debt owed by the public four corporations equals half of the
government’s 81 trillion yen general-account budget for fiscal 2002. It is more than 1.2 times
the gross national income of Russia, $253.4 billion, according to the World Bank.

The highway construction and the collusion through bid rigging continues to this day.
Recently, prosecutors and antitrust officials searched the head offices and local units of road-
paving firms suspected of rigging bids for the repair of expressways damaged in the 2011
earthquake and tsunami. The main players in the bid-rigging were individuals handling sales
and other matters at the local units of the industry’s three largest road-paving firms — Nippo
Corp., Maeda Road Construction and Nippon Road. They are alleged to have colluded with
other companies and decided in advance which would submit the winning bid.

On average, the successful bids amounted to 94.77 percent of the contract prices budgeted
by Nexco East, over 10 percentage points higher than the levels for similar contracts before
the disaster, the sources said. This artificial higher cost does not even include the distortion
from the budget determination process. It is widely recognized that Japan’s high budget
deficit has a lot to do with such high costs. One of the victims of the high deficit is the budget
allocated for education and research.

Modern understanding about auctions has benefited from the optimal auction theory
developed by Roger Myerson (1981). His work shows us how to find the private-value
auction format that will yield the highest revenue for the seller. We will take this approach in
our discussions here, using "optimal™ to mean the auction that yields the highest revenue to
the auctioneer. Myerson’s theory only applies when the resale factor is not considered. The
importance of the resale factor has been known for a long time since the work of Haile (2001).
Not much progress has been made since then. As the resale factor is often pervasive, my
research focuses on how to find the optimal auction when resale is allowed. It is known that
the resale factor may change the bidding behavior from private-value auctions to common-
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value auctions (Cheng and Tan (2010)). The general extension is quite complicated, and I
concentrate on a simpler framework in which only the presence of speculators is considered.
All buyers other than the speculators have symmetric and independent valuations on the
objects for sale. In our model, there is no loss of generality in assuming that there is only one
speculator.

One difference in our approach from Myerson’s work is that I consider the (indirect)
bidding mechanisms, while he uses direct mechanisms. A direct mechanism is one in which
buyers report their true valuations, and the payment rules are designed to make this incentive
compatible. Theoretically, this is possible to do, and Myerson (1981) then determines who
should be the winner based on the reported values in order to maximize the revenue of the
auctioneer. In general, the buyer reporting the highest value is not necessarily assigned the
winner in order for the auction revenue to be maximized. The optimal auction found this way
is often impractical to implement, although it greatly enhances our understanding. The
(indirect) bidding mechanism that I consider here is just the mechanism used in practice.
Buyers report the price (bid) they are willing to pay. These prices may not be the same as their
total willingness to pay. The winner of the auction is the one who has the highest bid. The
winner may pay a price which need not be the highest bid. If the winner pays the highest bid,
we refer to this as the first-price auction. If the winner pays the second-highest bid, we refer to
this as the second-price auction. For simplicity, our discussions will be focused on sealed-bid
auctions with one single bid from each buyer. The results can be extended to dynamic
auctions in which bids are submitted over time in a competitive fashion as in many antique or
artistic painting auctions.

In a bidding auction, the winner is always the buyer with the highest bid. The auctions
differ only by payment rules. In principle, the winning price can be any function of the
submitted bids. In our approach, we essentially fix the winning rule, and find a simple
payment rule to be optimal.

There are two stages in the model I will use. In the first stage, the auction payment rule
can be any function of all the submitted bids. I assume that during resale, the winner of the
first-stage auction uses an optimal auction of Myerson (1981) to sell to the losers and the
game ends at the end of the second stage. Thus a buyer has two chances of winning the object:
in the first stage auction or during resale. A buyer may bid lower in the first stage, preferring
to buy during resale if he or she finds that to be more profitable. Between the first and second
stage auctions, the auctioneer may decide what information to reveal about the submitted bids
in the first stage auction. We make the assumption that only the winning bid is announced at
the end of the first stage and before the beginning of the second stage. This assumption may
seem impractical, but it is a useful theoretical assumption. It simplifies the equilibrium
analysis, and we don’t expect the bid revelation policy to affect the ranking result we will
present here. This point will be further discussed at the end of the article.

One useful comparison between Myerson’s result and the result here in the context of
symmetric auctions with a speculator is that his result becomes the search for an optimal
reserve price using second-price auctions, while my result shows first-price auctions to be
optimal for any given reserve price.

3. Dominance of First-Price Auctions

First, we will compare the revenues of first-price and second-price auctions with no
reserve price. The revenue of a first-price auction with resale is unique and can be computed
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in a relatively simple formula given in Cheng and Tan (2015). There are many complications
dealing with second-price auctions with resale. Truthful revelation is no longer a dominant
strategy. In general, there are infinitely many equilibria as shown in Garratt, Troger, and
Zheng (2009). The multiple equilibria are due to the possibility of engaging in collusive
bidding which can take many different forms with different revenues. These collusive
equilibria typically have overbidding as well as underbidding, and one bidder is able to bid
higher, wins the auction while paying very low winning price. It is not always true that the
first-price auction yields higher revenue than all the possible second-price auction revenues
with collusive bidding. However, we can show that if a second-price auction revenue with
collusive bidding is higher than that of the competitive equilibrium, then it can only be
achieved by lowering the total payoff of the buyers, and the buyers would not implement
such collusive bidding behavior. Hence subject to the unlikely adoption of such collusive
equilibria, we conclude that first-price auction revenue is higher than second-price auction
revenue. This result is not affected if the reserve price is other than zero.

To explain the dominance of the first-price auction revenue in general, it is useful to
consider a theoretical auction format that will throw insights into the question. The winning
rule is always the same: the highest bidder wins. When a buyer wins the auction, he pays a
convex combination of the highest bid and the second-highest bid . We call this hybrid
auction. Let t be the weight on the highest bid. When t=1, it is the first-price auction, and
when t=0, it is the second-price auction. In general the equilibrium can be shown to be unique
when t >0. We can examine the auction revenue as a function of t. For any given t >0, we can
calculate the auction revenue using a formula very similar to that of Cheng and Tan (2015). It
can be shown that the revenue is increasing in t, meaning that the revenue is the highest when
it is a first-price auction. The intuition behind this result is that as t becomes higher, the
winner pays a higher amount after winning with the same submitted bids. As a result, buyers
will bid lower. When the buyers bid lower, the speculator derives less benefit from resale. The
speculator then participates less often in the first-stage bidding. When the speculator is less
active, the competition among buyers is reduced, and therefore the revenue is lower. In other
words, the revenue effect comes through the role of the speculator.

The ideas that I use in the last paragraph apply to the revenue comparisons of first-price
auction and any other auction payment rule that is bounded above by the highest bid. If the
payment rule is not bounded above by the highest bid, we rely on a normalization effect. We
can deflate the payment rule by a constant. We can show that this deflation has no effect on
the bidding behavior and the auction revenue. As a result, our revenue comparisons are not
affected if we normalize the payment rule so that the payment of the winner is bounded above
by the highest bid. From the foregoing discussions, we conclude that the first-price auction is
the optimal one among all the payment rules given any reserve price, a very dramatic
conclusion.

We can now say something about the bid revelation policy. The assumption of revealing
only the highest bid is impractical when the winner pays the second-highest bid in second-
price auctions. To make this theoretically consistent, the payment amount can be delayed to
the end of the game, as the resale mechanism can go ahead without this piece of information,
which is not relevant in the determination of the optimal resale auction.

It is important to know what happens when more bids are revealed by the auctioneer. The
information revelation may give the winner exploitation opportunities during resale. It also
may induce the buyers to hide their true value by using random bids (or mixed bidding
strategy) to avoid this exploitation. Once we allow mixed-strategy bidding, equilibrium

207




2
0]
1
5
&
E
]
gh
-
&
B

Auction Design with Speculative Resale

revenue determination becomes a potentially complex problem. This is an issue that needs to
be resolved. Our current understanding or conjecture is that a different bid revelation policy
will yield the same conclusion.
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Abstract. In this document | report my research outcome during my stay at the Yukawa
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International Research Unit of Advanced Future Studies. The report mainly contains a non-
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1. Introduction

| have been visiting at the Y ukawa Institute of Theoretical Physics (YITP) from March 1% to March
31% 2016, and was supported by the International Research Unit of Advanced Future Studies. During
my stay | have attended a workshop “International Workshop on Advanced Future Studies’ from
March 14" to March 16", and gave a talk entitled “ Statistical-Physics-based Clustering in Networks”.
The main research output of my stay during this period is the study on effects of triangles in some
network problems, which will be introduced in the following text.

1.1. Background of the problems

Lost of problems of complex systems are defined on a network that represents interactions between
agents of the system. For example percolation on a socia network gives a simple example of
spreading of disease over human contacts. Associative memory models give simple examples to
memory stored by neurons connected by synapses in human brain. Many efforts have been devoted to
study analytically the statistical property of the system on a given network, especialy when network
have some good properties like locally-tree like structure. However real-world networks often contain
many closed triangles, which contribute to a large clustering coefficient. For example in the social
networks we often observe a phenomenon that friends of friends are friends, a typical phenomenon of
clustering due to presence of triangles in the network. There are few analytical studies about effects of
triangles on the network problems. In this report | give a non-technical summary on my study on
effects of triangles for some network problems, including percolation problem, and neural network as
associative memory.
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1.2. Methods and main results

Our method is based on the belief propagation algorithm considering triangles, and the generalized
non-backtracking matrix which is obtained by linearizing the belief propagation algorithm at the
factorized fixed point when the system under study has a certain type of symmetry. Our results show
that using a simple model for networks, e.g. random networks with local clustering, the effects can be
quantitatively studied and are different in different problems: On the percolation problems,
considering of triangles gives a tighter lower-bound for the true percolation transition than the lower-
bound given by inverse of the leading eigenvalue of the non-backtracking matrix. On the associative
memory problem, starting from a locally tree like topology and increasing number of triangles will
always harmful to the associative memory and decrease the capacity of the neural network. In the
following text we will describe in detail these two problems.

2. Percolation on networks with clustering

Percolation if one of the well-studied problem in statistical physics, and has been used to model many
systems including spreading of diseases, attack of Internet, etc. In this (bond percolation) problem,
consider a network with n nodes and m edges, each edge is open with probability p, and is closed with
probability 1-p. We are interested in the size of connected percolation clusters which is set of nodes
connected by open edges. The percolation is a random process, on each realization of the open-close
configuration of edges, the percolation cluster could be different. However in the thermodynamic limit
(n goes to infinity), the statistical properties of the percolation cluster can be well-characterized. In
general with p value there are two situations, one is the non-percolation case that with n goes to
infinity, size of the largest percolation cluster is finite, a simple example for this case is with p=0
where all edges are closed and there are n clusters each of which has size 1. The other case is the
percolation case where the largest percolation cluster is infinite. In general there is a percolation
transition p* separating these two cases. So the size of the largest percolation cluster and the position
of the percolation transition, are of great interest in statistical physics, therefore many theory have
been proposed to describe these two quantities.

Recently, some progresses have been made (Karrer, 2014; Hamilton, 2014) when the network is
sparse and locally-tree like which means short loops (including triangles, quadrangles) in networks are
rare. In the paper, authors have made use the Bethe approximation (Bethe, 1935) which assumes the
independence of conditional probabilities that is exact when the network is a tree, and is a good
approximation when the network is large and sparse. Authors also show that the inverse of the leading
eigenvalue of the non-backtracking matrix (Krzakala, 2013) gives a lower bound to the true
percolation transition.

However as we have described in the Introduction, most of the real-world networks like the human
social networks, are not locally-tree like, as there are many triangles giving the network a high
clustering coefficient (Watts, 1998). So the average size of the giant cluster computed in using the
Bethe approximation could be a bad approximation to percolation on a network with lots of triangles,
thus the lower-bound given by the inverse of the non-backtracking matrix could be a not tight. In this
work we propose to improve the approach using the Bethe approximation by considering the effect of
triangles. This is actually related to the Kikuchi approximation (also known as cluster expansion
approximation) on a general graphs. If we choose a simple random graph model with clustering
(Newman, 2009), where loops longer than 4 are, the Kikuchi-related method can be simplified to
Bethe approximation considering edges and triangles, and this is the theoretical bases of our analysis.

Assuming the network contains only single edges (i.e., edges do not belong to any triangle) and
triangles, first thing we can do is to write out the iterative equations for the marginal probability of a
node belonging to a cluster of a particular size s, considering the effects of triangles. However this
probability is not solvable in practice because of the larges number of possible cluster size. Fortunately
the moment generating function of this probability is solvable and results to belief propagation
equations (Yedidia, 2001) using two kinds of messages. One kind of messages is sent along a directed
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single edge of the graph from one node to another node; the other kind of messages is sent along a
triangle to one of its end-point. From a random initial condition, this belief propagation equation will
converge to a fixed-point from which we can compute the marginal probability of each node and the
size of the giant cluster. Interestingly, belief propagation equations always converge in this case,
indicating that there is no one-step replica symmetry breaking effects (Mezard, 2001), as opposed in
other problems, e.g. in optimization problems (Zhang, 2009; Barbier, 2013). We think this may be due
to the fact that the leading eigenvector always corresponds to one fixed-point of BP, and is always out
of the bulk of the spectrum of the non-backtracking matrix as we illustrate below.

First we observe that all messages equal to 1 is always a fixed-point of the belief propagation
equation. We call this fixed-point the factorized fixed-point. The point where the factorized fixed-
point becomes unstable is our estimate for the percolation transition. The stability analysis of the
factorized fixed-point of belief propagation is equivalent to finding the leading eigenvector of a new
matrix we call the generalized non-backtracking matrix. As opposed to the non-backtracking matrix
(Krzakala, 2013) which is defined on the directed edges of a graph, our generalized non-backtracking
matrix is defined on directed edges and triangles of the graph. Since all elements of the matrix are
non-negative, Perron-Frobenius applies that the leading eigenvalue is positive, as well as the elements
of the elements of the leading eigenvector. Then by constructing a matrix with the same size as the
generalized non-backtracking matrix, but has the same non-trivial eigenvalues as the non-backtracking
matrix, then we can use the Collatz-Wielandt theorem to prove that the leading eigenvalue of the
generalized non-backtracking matrix is always smaller or equal to the leading eigenvalue of the non-
backtracking matrix. Further more, we aso prove that the threshold given using the generalized non-
backtracking matrix is aways less or equal to the true percolation transition.

As a summary we show that the percolation transition given by the generalized non-backtracking
matrix considering triangles is alower-bound to the true percolation transition on an infinite connected
graph, and is tighter than the bound given by inverse of the non-backtracking matrix.

3. Associative memory networ kswith clustering

There have been lots of analytical studies on the performance of an associative memory on fully
connected graphs and on randomly diluted networks (Amit, 1985; Coolen, 2001; Zhang, 2015).
However real neural networks have never been fully connected or randomly diluted. Simulation work
reported that clustering is harmful to the performance of associative memory (McGraw, 2003; Kim,
2004), however there has been little study on analytical treatment to this effect. In the previous study
we have considered this effect of loops to the dynamics of an associative memory (Zhang 2008),
however the equilibrium properties, e.g. the position of the spin glass transition, to our best knowledge,
has not been addressed before.

In this work we study the effect of triangles using the similar technics used in the previous section
on percolation — the recent developed method of non-backtracking matrices (Krzakala, 2013; Zhang,
2015), but on weighted networks where weights are generated by Hebb's rule (I.e., essentially we are
considering the Hopfield model (Hopfield, 1982). The non-backtracking operator for the Hopfield
model is exactly the same as that for the Ising model (Zhang, 2015), so as the same procedure in the
previous section, we extend this operator to consider the effect of triangles.

Following the belief propagation equation that written out in (Zhang, 2015), which was written out
for the Ising model on graphs without (with rare) loops, we modified it into a form considering
triangles. In this set of equations, there are still two kinds of messages: one is passing along directed
edges (i to j), representing the marginal probability of node j taking value +1; the other kind of
message is passing along triangles to one of its end-node, representing the marginal probability which
is the expectation of the probability that the triangle “wants’ its end-node to take +1. These
probabilities are also called cavity probabilities in statistical physics. Then we note that when system
has no external fields, asin the Hopfield model (Hopfield, 1982), the belief propagation equation has a
factorized (paramagnetic) fixed-point where marginal probabilities are zero. This fixed-point reflects
only the symmetry in the system: if we change all the +1 to -1 and all -1 to +1 in one configuration,
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the Hamiltonian of the system does not change at all, due to the symmetric couplings given by the
Hebb’s rule in the Hopfield model. So we can do exactly the same thing as we did in the last section,
for the percolation problem, expanding the belief propagation equation to the first order around this
factorized fixed-point, resulting to the generalized non-backtracking matrix as we introduced in the
previous section.

However the generalized non-backtracking matrix is different from the one we introduced in last
section in several ways: (i) positions of non-zero elements (the topology of the matrix) are the same
but the non-zero elements are different. In Hopfield model, elements of the matrix are given by the
memorized patterns, while in percolation the elements depends on the edge-open probability. (ii) The
generalized non-backtracking matrix for percolation has non-negative elements, thus its leading
eigenvalue and eigenvector are non-negative and they are essentially what we want. However in the
Hopfield model, the generalized non-backtracking matrix contains negative elements, thus its leading
eigenvalue could be negative, or even a complex value.

For Hopfield model, we essentially need first P eigenvalues and eigenvectors with P denoting
number of memorized patterns. If there are P real eigenvalues outside the bulk in the spectrum, they
correspond to P successfully memorized patterns, and the sign of the eigenvectors can be used to
retrieve all patterns simultaneously. If number of patterns that we want to memorize is too large, the
leading eigenvalue could be complex, representing the spin-glass state of the system. So the existence
of eigenvalues out of the complex bulk tells us that system is in the retrieval phase; otherwise the
system is in the spin glass phase. Thus the point when real eigenvalues join the bulk, system has a spin
glass phase transition.

Using technics described above, we estimated the phase diagram for Hopfield model in the
temperature and pattern-number plane, on networks with only single edges and triangles. And we
found that with the same number of edges, the more triangles there are in the network, the smaller
retrieval phase there are in the phase diagram. So as a conclusion, clustering is harmful to the
performance of Hopfield model.

4. Summary

In this document I have reported two problems that I have been studying during my stay at the
Yukawa Institute of Theoretical Physics during March, 2016. Using the similar technique — analysis
of the spectrum of generalized non-backtracking matrix considering triangles in the network. We have
estimated the effect of the triangles to the phase transitions of the system, and to the performance of
the system. The study on the percolation problem will be summarized into a research paper, while the
study on the Hopfield model is still in its early stage and needs more work to complete.
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1. Personal Note

I wish to express my gratitude to YITP faculty (in particular Sasaki-san and Shibata-san) and staff for
their great hospitality during my ~3-month visit. I have come to appreciate YITP as a very special
place in the world: not only do YITP faculty and staff produce some of the most important and
exciting scientific results, they also create an environment at YITP that is welcoming and extremely
scientifically stimulating. I felt welcome at YITP from day one and am honored by and grateful for the
hospitality that I have received.

Everybody made YITP and Kyoto feel like a home away from home for me. I will always cherish my
memories of the past three months and I am excited to come back in the future!

Kyoto, March 30, 2016

Christian Ott
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2. Research Completed at YITP

| completed six research projects during my stay at YITP. Many of these were relatively short-term
projects that involved substantial work while | was at YITP. However, one project started as early as
2009 and | was very happy to have the time and ability to concentrate on completing it whileat YITP.

2.1. Dynamical Mass Ejection from Binary Neutron Star Mergers
(with David Radice, Filippo Galeazzi, Jonas Lippuner, Luke Roberts, and Luciano Rezzolla)

In this project with my postdocs Radice and Roberts and my graduate student Lippuner (and external
collaborators Galeazzi and Rezzolla), we investigated the dynamical ejection of neutron star matter
when two neutron stars collide in a neutron star merger. It is important to understand the amount and
chemical composition of these gjecta, since they are believed to be the primary source of very heavy
neutron-rich nuclei that are formed via the rapid neutron capture process (r-process). Furthermore, the
composition of the dynamical gjecta plays a role in determining the features of the electromagnetic
afterglow “kilonova’ emission from the merger remnant. Our results confirm previous studies that
suggested that eccentric mergers gject more matter than the more common quasicircular mergers. We
aso find, as expected and previously shown by the Kyoto group, that the composition of the
dynamical gectais sensitive to neutrino cooling and heating effects. However, in contrast to previous
work, we do not find that neutrino heating can drive up the electron fraction sufficiently to produce the
lightest “first peak” r-process nuclei. These must come from some other source or from the viscously
driven or neutrino-driven disk wind in the post-merger evolution.

The resulting paper has been accepted for publication in MNRAS as Radice et a. 2016. It is available
on arXiv as arXiv:1601.02426, http://arxiv.org/abs/1601.02426.

2.2. The Influence of Neutrinos on r-Process Nucleosynthesis in the Ejecta of Black Hole--
Neutron Star Mergers

(with Luke Roberts, Jonas Lippuner, Matt Duez, Josh Faber, Francois Foucart, James Lombardi,
Sandra Ning, and Marcelo Ponce)

This paper comes out of the Simulating eXtreme Spacetimes (SXS) collaboration that was originally
started by Kip Thorne (Caltech) and Saul Teukolsky (Cornell). SXS now includes researchers at
Caltech,

Cornell, CITA (U of Toronto), The Albert Einstein Institute, UC Berkeley, Washington State
University, and Calstate Fullerton. My postdoc Roberts (NASA Einstein Fellow) and my graduate
student Jonas Lippuner post-processed simulated particle trajectories of material gjected from black
hole -- neutron star (BHNS) merger simulations carried out with the SXS merger code SpEC. BHNS
mergers at realistic mass ratios and black hole spins tend to gject more neutron star material than
double neutron star mergers. Hence, they may be the primary source of very neutron rich nuclei in the
universe. Our results show that all considered BHNS cases produce a very robust heavy (2nd and 3rd
peak) r-process. When including irradiation by neutrinos from a post-merger disk, we find that
neutrino absorption can drive up the yield in the first peak, but not sufficiently to explain the solar
abundance pattern of r-process nuclei. Again, a

different source (perhaps core-collapse supernovae) for the lightest r-process elements may be needed.

The resulting paper has been submitted to MNRAS as Roberts et al. 2016. It is currently under review
and available on arXiv as arXiv:1601.07942, http://arxiv.org/abs/1601.07942.
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2.3. Numerical Simulations of Stellar Collapse in Scalar-Tensor Theories of Gravity
(with Davide Gerosa and Uli Sperhake)

In this project with my collaborator Sperhake (Cambridge) and his graduate student Gerosa (who will
join Caltech as a postdoc in the fall), we extended my groups spherically-symmetric (1D) general
relativistic core collapse code GR1D to include a scalar field in the gravitational sector that feeds back
on the dynamics of the collapse evolution. The scalar degree of freedom introduces monopole
gravitational waves that, if measured by LIGO, KAGRA, and Virgo, would be very strong evidence
for a scalar component of gravity. Our goal was to predict monopole gravitational waves and study
their strength and morphology as a function of scalar-field parameters and progenitor star
characteristics.

We chose a formulation with a coupling function $F$ that depends on two parameters alpha_0 and
beta_0 and that recovers standard Brans-Dicke theory with omega BD = (1-6 alpha_072)/(2
alpha_072) and beta_0 = 0. alpha_0 and \beta_0 have been constrained observationally by weak-field
tests, but the currently remaining unconstrained parameter space is still (astro)physically interesting.

We carried out a large set of 1D stellar collapse simulations and found that the scalar field (with
parameters in the still allowed parameter space) has negligible influence on the collapse dynamics
itself. For standard, neutron-star forming core collapse events, the emitted scalar gravitational waves
are unlikely to be seen by second-generation gravitational wave observatories, even if the event occurs
within the Milky Way. The situation is different for black hole forming core collapse: in this case, the
compactness of the protoneutron star is so large that nonlinear effects come into play, leading to what
is called spontaneous scalarization, just before black hole formation. In this process, the scalar field
amplitude suddenly shoots up and sends out a strong pulse of scalar gravitational waves. This signal
from a galactic event would be detectable even by current second-generation gravitational wave
observatories and a non-detection would add interesting constraints on scalar-field parameters.

The resulting paper has been submitted to CQG as Gerosa et al 2016. It is currently under review and
available on arXiv as arXiv:1602.06952, http://arxiv.org/abs/1602.06952. It has been assigned YITP
report number YITP-16-14.

24. The One-Armed Spiral Instability in Neutron Star Mergers and its Detectability in
Gravitational Waves
(with David Radice and Sebastiano Bernuzzi)

In this project with my postdoc Radice and former postdoc Bernuzzi (now junior faculty at Parma), we
carried out fully general-relativistic neutron star merger simulations, using Radice's high-precision GR
hydrodynamics code WhiskyTHC within the Einstein Toolkit simulation framework. The focus of this
study was on generating high-fidelity waveforms from the inspiral phase (we simulated for about 10
orbits with 4 different resolutions) of equal mass double neutron star systems and to study the non-
axisymmetric deformation of the hypermassive neutron star formed after merger. This deformation is
dominated by m=2 (“bar”) contributions, but we also found an m=1 “one armed spiral” to be present,
leading to gravitational wave emission through the 1 = 2, m= 1 mode at half the frequency of the
dominant 1 = 2, m = 2 mode. We showed that this m=1 mode appears robustly even in equal mass
quasicircular binaries. Previous work at lower numerical order and lower numerical resolution argued
that m=1 should be present only in the case of unequal mass binaries and eccentric mergers.
Comparing with the high-resolution equal-mass simulations carried out by Kenta Kiuchi of the YITP
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group, we found that the YITP simulations also contain the $m=1$ mode. This gave us additional
confidence in our results.

The postmerger gravitational wave emission carries information on the uncertain equation of state of
nuclear matter. However, since the dominant =2, m=2 postmerger gravitational wave emission occurs
at frequencies of 2-4 kHz, second-generation gravitational wave detectors like Advanced LIGO,
KAGRA, and Advanced Virgo will have a hard time detecting the postmerger signal. Since the m=1
mode leads to gravitational wave emission at lower frequency, the hope was that it could be detected
more easily, revealing the sought-after information on the nuclear equation of state. Unfortunately, our
results clearly show that because of its very narrow-band emission, the signal to noise ratio of the $\ell
=2, m=1$ mode is very small. Even if the binary is optimally oriented and in the nearby Virgo cluster
of galaxies (D ~ 10 Mpc), it would require third-generation detectors such as the Einstein Telescope to
detect the signal.

The resulting paper has been submitted to PRD as Radice et al. 2016b. It is currently under review and
available on arXiv as arXiv:1603.05726, http://arxiv.org/abs/1603.05726. It has been assigned YITP
report number Y1TP-16-21.

2.5. Numerical M odeling of the Early Light Curvesof Type|lP Supernovae
(with Viktoriya Morozova, Tony Piro, and Mathieu Renzo)

In this project with my postdoc Morozova and collaborators Piro (Carnegie Observatories) and Renzo
(Amsterdam), we used our open-source SuperNova Explosion Code (SNEC). We studied the early
shock-cooling dominated light curves of Type IIP (P stands for “plateau”) supernovae from red
supergiant stars (RSGs). SNEC was first presented in Morozova et a. 2015. It is a Lagrangian
(working in co-moving coordinates) spherically symmetric Newtonian radiation-hydrodynamics code.
It solves photon radiation transport in the equilibrium (gray) diffusion approach to predict the
lightcurves of supernova explosions. Starting with a progenitor star model from a stellar evolutionary
code, we artificially initiate an explosion at some prescribed mass coordinate, then follow the
explosion up to ~100 days after shock breakout.

In this new study, we focused on the light curve in the first ~20 days after shock break out. During this
time, the light curve emission comes from the shock heated, cooling and expanding stellar material. At
later times, the plateau emission sets in, which is provided by recombination of ionized hydrogen to
neutral hydrogen. Focusing on the early light curve, we found that the time between shock breakout
and the maximum of the light curve can be used to put constraints on the pre-explosion radius of the
RSG progenitor. This is very interesting, (a) since RSG radii are presently very uncertain and very
sensitive to the parameters used in stellar evolution codes and (b) because automated astronomical
surveys are beginning to provide increasingly detailed observations of I1P supernovae, which can be
used together with our numerical models to observationally determine RSG radii with good accuracy.

The resulting paper has been submitted to ApJ as Morozova et al. 2016. It is currently under review
and available on arXiv as arXiv:1603.08530, http://arxiv.org/abs/1603.08530. It has been assigned
YITP report number YITP-16-32.

2.6. Simulations of Inspiraling and Merging Double Neutron Stars using the Spectral Einstein
Code (with Roland Haas and the SX'S Collaboration)
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The project underlying this paper started in 2009, soon after I had taken up my assistant professorship.
At the time, the Caltech-Cornell (SXS) Spectral Einstein Code (SpEC) had just been upgraded to
include general-relativistic hydrodynamics with the goal of simulating black hole -- neutron star
binary mergers. It seemed obvious to me that the next step should be simulating neutron star -- neutron
star

(NSNS) mergers. SpEC is an appealing code for BHNS and NSNS merger simulations, (a) since it
treats the the gravitational part in a pseudospectral framework with exponential convergence and
extremely high accuracy and (b) because it uses a comoving coordinate system in which the neutron
stars are stationary during the inspiral, avoiding any errors due to advection of neutron star material
through the grid.

Unfortunately, while it seemed easy at first, simulating NSNS mergers with SpEC turned out much
more difficult than thought. These difficulties were caused by numerical problems in the inspiral phase
that spoiled convergence with resolution and took years of graduate student and postdoc time to
resolve. Furthermore, once the two neutron stars merge, they form a potentially long-lived
hypermassive neutron

star remnant that eventually collapses to a black hole. The dynamical formation of a black hole had
previously not been attempted with SpEC, so we had to develop the necessary computational
technology to dynamical find a newly appearing apparent horizon and then excise the spacetime and
matter interior to it from the computational domain.

Real progress on NSNS mergers with SpEC began in 2012, when then postdoc Roland Haas joined
our team at Caltech (he has now moved on to Alessandra Buonanno's group at the Albert Einstein
Institute). With Roland, we have now completed the longest-ever NSNS inspiral and merger
simulation (~22 orbits, ~44 wave cycles). This simulation, along with an extensive discussion of the
changes made to SpEC to make it work, are summarized in a paper that will be submitted to PRD
before April 5, 2016 as Haas et al. 2016. It is not yet available on arXiv. It has been assigned YITP
report number YITP-16-39.

3. Overview of New Research Started at YITP

I have started a number of new projects involving YITP researchers during my visit. They are still in
their early stages. I provide brief summaries in the following.

3.1 Black Hole and Accretion Disk Formation in Gamma-Ray Burst Progenitors
(with Kenta Kiuchi, Yuichiro Sekiguchi, and Masaru Shibata)

In the collapsar scenario for long gamma-ray burst, a massive star collapses to a black hole with an
accretion disk. Accretion power and black hole spin extraction are then believed to power a relativistic
outflow that generates the gamma-ray burst. So far it has been impossible to actually simulate this
process self-consistently and from first principles. In this project, we are for the first time attempting
to combine numerical relativity with realistic microphysics (equation of state and neutrinos) and study
core collapse, long-term accretion, black hole formation, and subsequent accretion disk formation
from first principles. Because the time to be simulated is thousands of dynamical times of the system,
we carry out collapse and accretion until shortly before black hole formation in Sekiguchi's
axisymmetric (2D) code and then map to my 3D code to follow black hole and accretion disk
formation. So far, the 2D part is complete and we are working on mapping from 2D to 3D. I expect
first interesting results of this study to be available in May 2016.

3.2. Dynamical Fragmentation and Stellar-Mass Black Hole Formation in Massive Stars
(with YITP graduate student Joseph Fedrow)
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A gamma-ray event was observed in temporal coincidence with Advanced LIGQO's gravitational wave
event GW150914. Various theorists have proposed scenarios in which a binary black hole coalescence
could emit a gamma-ray signal. On model, proposed by Avi Loeb, suggests that a rapidly rotating
stellar core could fragment into two pieces during collapse. These then collapse to two black holes,
inspiral, and merge. Woosley has generated a precollapse stellar model that could have sufficient
angular momentum to alow dynamical fragmentation (but he did not include the centrifugal
acceleration in his stellar evolution calculations).

My group has previously studied (Reisswig, Ott et al. 2013, PRL 111, 151101) collapse and dynamical
fragmentation in the context of supermassive star collapse. In the project with Fedrow, we are re-
considering the Reisswig et al. study in the context of stellar-mass objects. First, we are building
spherically symmetric initial conditions and give them approximate (“1.5D”) rotation to study their
stability properties. We may find already with this simple 1.5D study that the scenario proposed by
Loeb is not viable. If we find viable cases, we will simulate them in 3D, using my group's core-
collapse simulation package Zelmani, which is based on the Einstein Toolkit. Fedrow has already
started using the Einstein Toolkit for binary black hole simulations.

3.3. Stellar-Mass Binary Black Hole Inspiralsin a Gaseous Environment
(with Masaru Shibata and, perhaps, Joseph Fedrow)

This project is related to the fragmentation project and aims to study the effects of a gaseous
environment (i.e. a stellar environment) on the inspiral dynamics and the resulting gravitational
waveform of a binary black hole coalescence. The goal is to determine the threshold ambient density
at which the inspiral and merger signal is changed (by dynamical friction and accretion) to such a
degree that it would be inconsistent with the observed waveform of GW150914. If this threshold
density is below or near the density expected in the core of a massive star, then this would
immediately rule out Loeb's dynamical fragmentation model.

We have already started initial short-term inspiral simulations and are presently working out humerical
issues caused by adding general-relativistic hydrodynamics to the binary black hole coalescence
simulation. | expect first interesting results of this study in May 2016.
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1. Research Activity:

I worked as a distinguish visiting professor at the Kinso Laboratory, Division of Chemistry, Graduate
School of Science, Kyoto University from Feb. 1 to March 31, 2016. This research stay was financed
by the International Research Unit of Advanced Future Studies. I would like to express my
appreciation to the Division of Chemistry for hosting me, to the International Research Unit of
Advanced Future Studies for providing financial support, and to Professor Yoshimura for inviting me.

During these two months, I have a chance to discuss with Prof. Yoshimura about unconventional
superconductors, itinerant magnetism and topological materials research. 1 learnt a lot of about
magnetism and neutron magnetic resonance (NMR) theory, and technique for preparing various
materials and measurements from Prof. Yoshimura’s group. Prof. Yoshimura and I discussed about the
future collaboration between his group and my group in Zhejiang University on these fields.

In the past two months, I took part in three workshops and give two talks in these meeting. One is
on the International Symposium on Advanced Future Studies, held on Feb., 12, 2016, Kyoto. My talk
topic is the Exploration of (Fe,Ni)-Chalcogenide Superconductors: Fe-vacancy order, new AFM states
and SC, As we know, cuprates and Fe-based compounds are two families with highest
superconducting (SC) transition temperatures. A common feature in both families is that the
superconductivity emerges as antiferromagnetic (AFM) long range order is suppressed. While the
parent compound of cuprates is a Mott insulator where the electron repulsion is strong, the parent
compound of Fe-based materials is metallic implying weak or moderate electron correlation. A key
strategy to develop a unified picture for the Fe- and Cu-based high temperature superconductivity
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(HTSC) is to explore the possibility to tune the Fe-based compound into an insulator. The relationship
between the antiferromagntic ground state in the Fe-chalcogenides, which is different from that in the
Fe-pnictides, and superconductivity is another issue. In this presentation, firstly, | talked about our
discovery of superconductivity with T¢ = 14 K, determining of the lattice, magnetic structures in the
parent of Fe(Te,Se,S) system and the correlation between bi-collinear AFM order and
superconductivity in this system. Secondly, I discussed about our efforts on searching for new Fe-
chalcogenides with AFM insulating behaviour, such as La,O3Fe,Se(S), compounds. Third, | reported
our discovery of superconductivity above 30K in (TI,K,Rb)Fe,Se, system, which the onset SC
transition temperature is as high as 40K. While the compound with more Fe vacancies shows an AFM
insulator behaviour, which may be associated with the Fe-vacancy ordering in the crystals. Our
discovery represents the first Fe-based HTSC at the verge of an AFM insulator. A review on the
results of Fe-vacancy super-lattice, magnetism and superconductivity in (TI,K,Rb)Fe,Se, system was
presented in this talk. Finally, I reported the our recently discovery of superconductivity in the
TINiy(Se,S), system.

The second is on the International Workshop on Advanced Future Studies, held on March 14-16,
2016, Kyoto. My talk topic is Topological Materials. It is well known that the discovery and
classification of distinctive phases of matter is the main purpose of the condensed-matter physics.
Over the past 30 years, the study of the quantum Hall effect has led to a different classification
paradigm based on the notion of topological order. The quantum Hall effect defines a topological
phase in the sense that certain fundamental properties are insensitive to smooth changes in material
parameters and cannot change unless the system passes through a quantum phase transition. In the
past 10 years, a new field has emerged in condensed-matter physics based on the realization that the
spin-orbit interaction can lead to topological insulating electronic phases, and on the prediction and
observation of these phases in real materials. And many new topological materials have been
discovered, such as 3D topological insulators, Bi,Ses; 3D topological semimetals, Cd,Ass; 3D Weyl
semimetals TaAs, NbP, TaP, NaAs. In this presentation, | first gave a review about this new matter
state, such as what is topological material, the relationship between the topology in mathematics and
topological materials in the condensed matter physics et al. Secondly, | showed an example to explain
how to construct the topological materials. Finally, | reported our recent work on the Weyl semimetal
TaP.

Especially, in these workshops, many talks given by the professors from various field, such as
economic, psychology, information, ecological, language, biology, physics, chemistry, let me know
that the researches in various fields have some comment characteristics. It is very important to
exchange with each other at the same platform. Some new good ideas may be burst out after
discussions. | should give my gratitude to the International Research Unit of Advanced Future Studies
offering these opportunities.

At the same time, | also took part in the Workshop of the Low Temperature Centre, Graduate
School of Science, and the each seminar every week in the Prof. Yoshimura’s group. | learnt many
things from the speakers. For example, Haraguchi’s work on the spin-liquid behaviour in the spin-
frustrated Mojs cluster magnet Li,ScMo03Og in contrast to magnetic ordering in isomorphic LiInM03Os
told us a new way to realize magnetic ground state. Of course, in these seminars, | gave the students
some suggestions according to my previous experience, which may be helpful for their research in the
future.

2. Research Results

During the two months when | stay in Kinso Laboratory, after discussing with Prof. Yoshimura, |
finished the two papers. One is about the research on “the unsaturated positive and negative
magnetoresistance in Weyl semimetal TaP”, which has be published in Sci. China-Phys. Mech. Astro.
59, 657406 (2016). In Weyl semimetal (WSM) phase, the bulk electronic bands disperse linearly along
the momentum direction through a node, called the Weyl point, in a three-dimensional (3D) analog of
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graphere. It can be viewed as an intermediate phase between a trivial insulator and topological
insulator. A number of candidates for a WSM have previously been proposed, such as Y,Ir,O; and
HgCr,Ses compounds in which the magnetic order breaks the time-reversal symmetry, and the
LaBi,_,Sb,Te; compound in which fine-tuning the chemical composition is necessary to break the
inversion symmetry. However, none of these compounds have been used to realize a WSM
experimentally. This is because the magnetic domain is not large or it is very difficult to tune the
chemical composition within 5%. Very recently, the theoretical proposal for a WSM in a class of
stoichiometric materials including TaAs, TaP, NbAs, and NbP that break crystalline inversion
symmetry was confirmed in the experiments, except for TaP. This was due to the difficulty of growing
large crystals of TaP. The exotic transport properties exhibited by these materials has ignited extensive
interest in both the condensed matter physics and material science communities, especially because of
their extremely large magnetoresistance (MR) and ultrahigh mobility of charge carriers.

TaP crystallizes in a body-centered tetragonal lattice with the non-symmorphic space group /41md,
which lacks inversion symmetry. We grew successfully single-crystal TaP by using a chemical vapor
transport method. Then, we measured its longitudinal resistivity (o) and Hall resistivity (0,.) at
magnetic fields up to 9 T in the temperature range of 2-300K. At 8 T, the magnetoresistance (MR)
reached 3.28 x 10° % at 2 K, 176 % at 300 K. Neither value appeared saturated. We confirmed that
TaP is a hole-electron compensated semimetal with a low carrier concentration and high hole mobility
of w,=3.71 x 10° em?/V s, and found that a magnetic-field-induced metal-insulator transition occurs at
room temperature. Remarkably, because a magnetic field (H) was applied in parallel to the electric
field (E), a negative MR due to a chiral anomaly was observed and reached -3000% at 9 T without any
sign of saturation, either, which is in contrast to other Weyl semimetals (WSMs). The analysis of the
Shubnikov-de Haas (SdH) oscillations superimposed on the MR revealed that a nontrivial Berry’s
phase with a strong offset of 0.3958, which is the characteristic feature of charge carriers enclosing a
Weyl node. These results indicate that TaP is a promising candidate not only for revealing
fundamental physics of the WSM state but also for some novel applications.

Another research is on the ferromagnetic quantum critical behavior in heavy-fermion compounds
CeTiNi,Ge;. In the past 30 years, quantum criticality raises continuously scientist research interest
because it is believed to be the origin of the many exotic emergent phenomena in the modern
condensed-matter physics, such as quantum phase transition (QPT), new hidden order, unconventional
superconductivity and the breakdown of the Fermi liquid model. The QPT, which occurs at zero
kelvin, is driven by quantum fluctuations, in contrast to the phase transition emerging at finite
temperature, driven by thermal fluctuations. The existence of ferromagnets with a lower 7¢ makes the
ferromagnetic quantum criticality to be visible, because their 7¢s are easily suppressed to zero kelvin
by tuning the external parameters, such as chemical composition, or pressure. Most of the
experimental studies on the QPT were devoted to the stoichiometric compounds based on ytterbium,
uranium or cerium, which show antiferromagnetic (AFM) correlation. On the other hand,
ferromagnetic QPT is quite unusual both from the experimental and theoretical point of view.
Therefore it is especially attractive to investigate ferromagnetic alloys in which Curie-temperature (7¢)
can be driven to zero kelvin by tuning external parameters. For example, in URhGes UCoGes, and
UGe,, the pressure tuned ferromagnetic QPT has been realized. And in CePd,-,Rh,, CePd;_,Ni,,
CeTi;-,V.Ges, YbNisP,, URu,-RexSi, and UCo,-,Fe,Gey;, the T¢ can be driven to zero kelvin by a
chemical substitution.

CeTiGe; is an anisotropic ferromagnetic Kondo-lattice system with 7¢ = 14 K at ambient
pressure. It crystallizes in the BaNiO; type structure (hexagonal perovskite, P6s;/mmc), which is
consist of one-dimensional chains of face shearing Ti-centered octahedra stacked along the c- axis.
The short distance between Ti-Ti atoms has been taken as a sign of a weak metal-metal bonding. The
spins of Ce®" ions with a moment of (1.50.1)us/Ce order ferromagnetically at low temperatures. It
was found that ferromagnetic order in CeTiGe; is difficult to be suppressed by applying hydrostatic
pressure. While CeNiGes is an antiferromagnet with a Néel temperature 7y = 5.5 K due to the
localized 4f magnetic moment. CeNiGe; crystallizes in the SmNiGe; type orthorhombic crystal
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structure. Alloys of CeTi;—«Ni,Ges (0.0 = x =< 0.45) were synthesized by an arc-melting method under
an argon (Ar) atmosphere. X-ray powder diffraction (XRD) pattern for all the samples was recorded at
room temperature with a X-ray diffractometer. Analysis of the XRD data was made by using the
GSAS suite of Rietveld programs. The magnetization measurements were carried out by a Quantum
Design MPMS (SQUID). The magnetic susceptibility of all the samples was measured at a 1000 Oe
magnetic field with a process of field-cooling (FC). The resistivity and heat capacity measurements
were carried out in a Quantum Design Physical Properties Measurement System (PPMS). It was found
that the Curie temperature, Tc, decreases with increasing Ni content, and reaches to zero kelvin near a
critical content X, = 0.44. A new phase diagram was constructed based on the results of magnetization
(M), resistivity (o) and specific heat (C) measurements for this system. The non-Fermi liquid behavior
in p(T), and 1nT relationship in C(T) in the samples near X, demonstrate that strong spin fluctuation
emerges in these samples, indicating them to be near a quantum critical point (QCP). This work will
be published in Phys. Rev. B.

I discussed with Prof. Yoshimura about the future collaboration on these two systems. NMR is the
unique tool to determine microscopically the spin state of electrons. Prof. Yoshimura’s group has
obtained many important results by using NMR measurement, and their works on magnetism by NMR
measurements has a board impact in the world. We plan to measure the spin texture structure in the
Weyl semimetal TaP by using NMR technique in his group, which may discover some exotic quantum
electronic states in this new condensed matter state. Another, in order to explore the mechanism of the
non-Fermi liquid behavior near quantum critical point in the CeTi;.«NixGes alloys, we are going to
observe NMR spectrum at different temperatures in his laboratory. We are looking forwards to
obtaining many interesting results through our collaboration on these issues.

3. Summary
During the past two months staying in Kinso Laboratory, | learnt many things and obtained some

interesting research results. | would like to thank again the International Research Unit of Advanced
Future Studies for providing financial support, Professor Y oshimurafor inviting me.

223




April 2016
No.2016-008-e

Journal of Integrated Creative Studies

2
0]
1
5
&
E
]
gh
-
&
B

How to change the sign of energy?
- Report on my three months visit to YITP

Alexander Vikman!
'Institute of Physics, Academy of Sciences of the Czech Republic,
Na Slovance 2, CZ-18221 Prague 8, Czech Republic

E-mail: vikman@fzu.cz

Abstract. In this report I review some of my research activities during my visit to the Yukawa
Institute for Theoretical Physics in Kyoto. In particular, during these three months, I was
interested in explicitly time-dependent canonical transformations. These transformations map
Hamiltonian equations into other Hamiltonian equations and are especially interesting in the
context of cosmology. Indeed, there the focus is on the perturbations around time-dependent
cosmological backgrounds, so that the Hamiltonian for perturbations is explicitly time-
dependent. Especially, the time-dependent canonical transformations are helpful for a
reformulation of theories with ghosts—cosmological perturbations with the negative kinetic
energies. During my stay at YITP, I have proven that one can always perform such a canonical
transformation that a new description of the system does not involve ghost degrees of freedom.

Keywords: canonical transformations, ghost degrees of freedom, cosmological perturbations,
Hamilton-Jacobi equation
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1. Classical Time-Dependent Canonical Transformations

Most of the time during my visit to YITP I was occupied with different thoughts about canonical
transformations and their applications to cosmology. In particular, I was interested to apply explicitly
time-dependent transformations to cosmological perturbations. Cosmological perturbations are
described by actions with explicitly time-dependent coefficients, hence a change from one time-
dependent description to another one is a rather natural procedure. Here I will review some of the
results on this topic obtained during my stay at YITP. A by far more detailed discussion including
quantum canonical transformations and particularly useful examples will be published in (De Felice,
2016).

Let us first refresh the general formalism of canonical transformations.

Consider a Hamiltonian system with canonical variables (p;, q;), (with i taking values from 1 to N,
where N is the number of degrees of freedom) and with the Hamiltonian H = H(p;, q;, t). Further, for
simplicity of notation we will suppress the indices.

It is well known, (see e.g. (Arnold, 1989) that univalent canonical transformations

(r,q,H) - (m,6,3),

preserve the Poincaré—Cartan integral invariant
I=fpdq—Hdt=fnd9—3{dt, (D

from where it follows that
pdq — Hdt — (ndf — Hdt) = dF , 2

where F = F(q, 0, t) is the so-called generating function. In this way one obtains

OF oF
p_a_qr n__%r

while the explicit-time dependence of the generating function changes the value of the Hamiltonian as

oF
a—t=}[(n,0,t)—H(p,q,t).

Thus one can find the corresponding generating function by solving the following nonlinear first-order
partial differential equation (PDE)

6F_g_[( aFg) H(BF ) 3
ac -\ "9 %) T Gg ) )

In particular, if H = 0, the last equation is called the Hamilton-Jacobi equation. The general solution
of this equation — the so-called general integral contains a free function. But to find a generating
function one only needs the so-called complete integral of this equation, which only contains as many
free parameters as independent variables, (see discussion in e.g. (Landau, 1976)).

This PDE for the generating function can be rewritten as the Hamilton-Jacobi equation for a larger
system. To achieve this it is convenient to enlarge the configuration space of the system and introduce
coordinates Q = (g, #) with momenta corresponding canonical momenta defined as
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p_ dF

=30
sothat Q; = q,Q, = 6, P, = p, P, = —m. Note that (i, 8) = (P,, Q,) is not an univalent canonical
transformation, rather it is an extended canonical transformation with valence ¢ = —1 (for details see
e.g. (Gantmacher, 1975)) so that the corresponding Hamiltonian

HZ(PZ;QZJt) =cH =—-H.
The total Hamiltonian is then

Hi(P' Qt t) = Hl(Plv Ql' t) + HZ(PZI QZ' t) = H(Pl: Qlit) - }[(_PZ' QZ) t) . (4)

In this case the equation defining the generating function (3) takes exactly the form of the Hamilton-
Jacobi equation for a system with the twice as many coordinates in the configuration space

9F (0, 1) oF
T+Hi (%,Q,t)=0. (5)

Clearly the complete integral of this equation (5) is the on-shell classical action (also called Hamilton's
principal function) S, (Q, t) for the motion of the enlarged system with the Hamiltonian H and final
coordinates Q. The initial coordinates are just free parameters in the complete integral.

The generating function can be differentiated with respect to 8 and q to obtain 7 and p. Further, for a
non-degenerate generating function the system of equations 7 = —Fy(q, 6,t) and p = F4(q, 6,t) can
be solved to find w(p, q,t) and 8(p, q, t). It is important to note that the resulting canonical
transformation generated by F = S, (Q, t) is univalent.

2. Changing the sign of the Hamiltonian

In particular, one can apply these results from above to obtain a generating function for canonical
transformations to system with the Hamiltonian with an opposite (in particular negative) sign. In this
case H = —H and the auxiliary Hamiltonian (4) is

Hi(P' Qrt) = H(Plv Qll t) + H(—Pz, QZ't) . (6)

Another way to understand the transformation changing the sign of the Hamiltonian and to find
explicit formulas for the new canonical coordinates and momenta is based on the facts that i) canonical
transformations build a group ii) motion is a canonical transformation. This way does not require a
search for the generating function.

Indeed, the classical motion is a canonical transformation to the initial data

(., H(p,q,t)) = (Py,Q0,0) .

So that there are trivially exist functions p(Py, Qy, t) and q(Py, Qq, t) along with inverse Py (p, q, t)
and Qq(p, q,t). The inverse transformation given by the latter formulas is also canonical. On the
other hand one can always consider another system with coordinates 8 momenta 7 and the
Hamiltonian H = —H(m, 6, t). For this system one can consider a motion from the same initial data

(T[, 9, _H(T[, 0, t)) d (Po, Qo, 0) .
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So that there are functions (Py, Qy, t) and 8(Py, Qq, t) along with inverse Py(m, 8,t) and Qy(m, 6,t).
Hence, there exist functions

T[(p' q, t) = T[(PO (P, q, t)' QO (p' q, t), t) )

9(p' q, t) = H(PO (P, q, t): QO (p' q, t)' t) .

and

These functions define a canonical transformation, because of the group properties of canonical
transformations. In particular, it is not hard to find explicit form of these transformations for a lineal
system.

3. Cosmological perturbations

Here we shortly comment on the application to the cosmological perturbations. In the linear theory of
scalar cosmological perturbations one is interested in the dynamics of a particular combination R of
the scalar perturbations of the metric and matter (see (Mukhanov, 1986, 1992) and (Sasaki, 1986)).
The dynamics are described by the following quadratic action for R

s=5 [ dnaxz @) -c2e@?,

where both coefficients Z = Z(n) and the sound speed c? = c?(n) are constructed out of the
background quantities like energy density, pressure, Hubble parameter etc. Thus these coefficients are
explicit functions of the conformal time 1. In particular, for some theories, it happens that Z < 0 so
that the perturbations are ghosts. It is convenient to go to the Fourier space and rewrite the action as

1
s=Efdnd3k2(|gz;|2—c§k2|3ek|2) = fd3ksk .

Now each mode one can treat separately as a dynamical system. In particular, the corresponding
Hamiltonian is

_ | Py |

z
St 5 KR 7)

Hy
In that case one can always perform a canonical transformation (5) with the Hamiltonian (6)
constructed out of (7) so that the new Hamiltonian for the mode is
lme?  Z

7 —Ecszkzlrkl2 )

Hk=_

In this way, if the original modes were ghosts the new modes are normal and vice versa. Thus simple
time-dependent canonical transformations can extinguish ghosts. The price to pay is a structure of
interactions different from those for R and even stronger time-dependent and k-dependent couplings.

4. Other research activity while at the YITP

During my stay at YITP I also finished work on gauge issues and Weyl-invariance in the Mimetic
Gravity (Hammer, 2015). Further I have been working on Null Energy Condition and speed of
propagation for the gravitational waves in the scalar-tensor theories. Moreover, in collaboration with
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Damien Easson, I was investigating the plausibility of the cosmological oscillatory attractors recently
introduced by Wilczek and collaborators in (Bains, 2015). This study will be published in May 2016.
Thanks to the generous support from the International Research Unit of Advanced Future Studies,
Kyoto University Research Coordination Alliance, I have visited and have given seminars at:
1. Theoretical High-Energy Physics Lab at the Department of Physics, Tokyo Metropolitan
University,
2. Leung Center for Cosmology and Particle Astrophysics of the National Taiwan University
3. Jockey Club Institute for Advanced Study of the Hong Kong University of Science and
Technology,
4. Department of Physics, Tokyo Institute of Technology
Moreover, I have attended and have given a talk at a very nice and intensive workshop “New
perspectives on cosmology” at the Asia Pacific Center for Theoretical Physics, Pohang, South Korea.
During some of these visits, as a result of the intensive exchange of ideas, I started new interesting
projects and found new collaborators.
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1. Introduction

The Intergovernmental Panel on Biodiversity and Ecosystem Services (IPBES) was established in
2012 as an independent intergovernmental body open to all member countries of the United Nations.
The objective of IPBES is to strengthen the science-policy interface for biodiversity and ecosystem
services for the conservation and sustainable use of biodiversity, long-term human well-being and
sustainable development.

One of the deliverables (Deliverable 2b) is to prepare a regional/sub-regional assessment, following
the scoping document accepted at the third IPBES Plenary (January 2015) and first author meeting for
the Asia-Pacific assessment, held in Tokyo, Japan, from 17-21 August 2015.

The entire assessment process will take three years, with the final report, including a summary for
policymakers, scheduled for submission to the IPBES Plenary in 2018. Based on existing peer-
reviewed literature, grey literature and indigenous and local knowledge, the report will serve as a
valuable tool for effective formulation and implementation of policy related to the sustainable use of
biodiversity and ecosystem services at the regional, sub-regional and national levels. The report will
also become one of the building blocks for subsequent global assessments.

There are roughly 140 authors with activity and experience in the Asia-Pacific region participating
in the assessment including 6 early career Young Fellows. The assessment consists of 6 chapters and
follows the IPBES conceptual framework (Diaz 2015a; Diaz 2015b):

Chapter 1: Setting the scene

Chapter 2: Nature’s benefit to people

Chapter 3: Status and trends of biodiversity

Chapter 4: Direct and indirect drivers of change

Chapter 5: Integrated and cross-scale analysis

Chapter 6: Policy options for decision-making.

This brief project report summarizes my contributions towards producing and reviewing the Zero
Order Draft (ZOD) of Chapter 3 documenting the status and trends of freshwater biodiversity in the
Asia-Pacific region. This work was undertaken during a visiting fellowship funded by the International
Research Unit of Advanced Future Studies at Kyoto University, hosted by Professor Shin-ichi Nakano
at the Centre for Ecological Research.

Figure 1

2. Methodology

IPBES confidentiality clauses prohibit disclosure of draft content from the regional assessments. To
avoid disclosure conflicts I refer the reader to IPBES regional assessment scoping reports already in
the public domain ( IPBES 2014a; IPBES 2014b).

The generic scoping report for the regional and subregional assessments of biodiversity and
ecosystem services (IPBES 2014a) outlines the scope of Chapter 3 as, “Chapter 3 will reflect the
Conceptual Framework box “Nature”, emphasizing the components and fluxes impacting on “Nature’s
benefits to people”. It will assess what is known about the past and current trends and future dynamics
of biodiversity and ecosystems and their positive and negative effects on the key ecosystem goods and
services identified in chapter 2. It will consider both structural and functional ecosystem diversity and
genetic diversity and the area and extent of ecosystems and include fragile habitats and hotspots and
species of special concern and importance such as Convention on International Trade in Endangered
Species of Wild Fauna and Flora (CITES) species, migratory species and International Union for
Conservation of Nature (IUCN) threatened species, taking into account species listed at the national
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level where relevant. It will also include species that are important for the functioning of ecosystems
and livelihoods. Available forecasts on current trends will also be outlined. The chapter will also
explore how changes in “Nature” impact “Nature’s benefit to people’. The chapter reflects in
particular Goal C of the Strategic Plan for Biodiversity and will address issues related to the three
Aichi Targets under this goal (Aichi Targets 11, 12 and 13) as well as relevant aspects of Aichi Target
14"

Tablel

The complementary scoping report for the regional assessment of biodiversity and ecosystem
services for Asia-Pacific (IPBES 2014b) presents the geographic boundary of the assessment (Table 1)
and highlights key datasets as, “ Relevant datasets from ongoing activities drawn from a wide range of
sources, including global, regional, national, subnational and local institutions and organizations will
feed into the Asia-Pacific regional assessment. Some examples are national biodiversity and strategic
action plans, national reports and data portals: the Global Biodiversity Information Facility, the Indian
Bio-resource Information Network, the Group on Earth Observations Biodiversity Observation
Network with regional components, the Asia-Pacific Biodiversity Observation Network and
subregional or national components, the Japanese Biodiversity Observation Network and the Korea
Biodiversity Observation Network; regional initiatives: the Economics of Ecosystems and Biodiversity
for Southeast Asia; regiona research institutes: Bioversity International (Asia Pacific Oceania
division), the World Resources Institute, the CGIAR Consortium for Spatial Information, the
International Centre for Integrated Mountain Development, the International Union for Conservation
of Nature; and government research institutes. Datasets from published scientific literature and citizen
science projects will also be used within the assessment report.”

2.1 Contributionsto the Zero Order Draft

Following an extensive literature review of the key datasets listed above, Chapter 3 Lead Authors and
Young Fellows prepared candidate key messages for their respective biomes and subregions.
Freshwater Lead Authors met for a three-day group meeting from the 3-6" November 2015 at the
National Institute for Environmental Studies in Tsukuba to compile their respective contributions
across subregions and freshwater subbiomes for the ZOD. This material was then submitted to the
Chapter 3 Coordinating Lead Authors and Co-chairs to review for consistency and clarity prior to
submission as the ZOD.

2.2 Zero Order Draft Internal Review

In late November 2015, the first internal review of ZOD was initiated with Lead Authors undertaking
to review chapters that they did not contribute to. On the 19" of January 2016 Chapter 3 Lead Authors
received atotal of 335 reviewer comments to address in the first revision of the ZOD.

3. Outlook and futuredirections

The ZOD of IPBES Regional Assessment for Asia and the Pacific paves the way forward to extend the
early work of the Millennium Ecosystem Assessment (MEA 2005) with issues specific to the Asia-
Pacific and subregions. At a scientific level, IPBES gives the opportunity to bring together the best
scientists in biodiversity and ecosystem services and gives access to cutting-edge ideas and concepts
for better natural resource management. From a community engagement perspective, IPBES is also
providing tools for helping engaging with the wider community, with benefits to help mainstream the
ecosystem services framework from science to policy.

IPBES has provided an over-arching framework for ecosystem assessments that link science to
policy, but despite this achievement key knowledge and data gaps remain at the regional and sub-
regional levels. The selection of appropriate indicators for biodiversity and ecosystems pose a
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particular challenge to producing a representative assessment of the regions biodiversity status and
trends. To address this shortcoming, I recently attended the Future Earth Symposium on “Global
Biodiversity Assessment and Monitoring Science, Data and Infrastructure Needs for IPBES and
Beyond” in Monte Verita, Ascona, Switzerland from 6-10 March 2016. This was a joint symposium of
the Future Earth Clusters ‘Global Biodiversity Assessment and Monitoring, Prediction and Reporting’
and ‘Support for IPBES’. The symposium focused on addressing the scientific needs of IPBES, in
particular around the selection of indicators for biodiversity monitoring. The meeting brought together
~60 invited experts to identify and mobilize new, emerging and non-exploited indicators within the
IPBES regional and global assessment work program. A joint synthesis paper on ‘Indicators for
IPBES’ is currently in the final stages of preparation to help address the issues and data gaps identified
in ZOD.

The ZOD IPBES Regional Assessment for Asia and the Pacific has now completed it’s second
round of internal review revisions with an expected completion of the First Order Draft in May 2016.
The IPBES work plan anticipates the full and final revision of the report will be completed by
November 2017, after which it will be translated into the six languages of the United Nations and be
sent for acceptance by governments at the Sixth session of the IPBES Plenary in March 2018.
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Figure 1. Conceptual Framework from IPBES (Diaz 2015; Diaz 2015)

Table 1. Geographic areas of the IPBES Asia-Pacific regional assessment (& Overseas territory.)

(IPBES 2014a)

Subregions

Countries and territories

Oceania

Australia, Fiji, Kiribati, Marshall Islands, Micronesia (Federated States of),
Nauru, New Zealand, Palau, Papua New Guinea, Samoa, Solomon Islands,
Tonga, Tuvalu and Vanuatu. Pacific island territories of Cook Islands, New

Caledonia, American Samoa,& Tokelau,& French Polynesia, @ Niue,@ Guam,2
Commonwealth of the Northern Mariana |slands, Pitcairn Island® and Wallis

and Futuna.@ Oceanic and sub-Antarctic islands in the Pacific region (or
Pacific and Indian Ocean regions)

South-East Asia

Brunei Darussalam, Cambodia, Indonesia, Lao People’ s Democratic Republic,
Malaysia, Myanmar, Philippines, Singapore, Thailand, Timor-Leste and Viet
Nam

North-East Asia

China, Democratic Peopl€e’ s Republic of Korea, Japan, Mongolia and Republic
of Korea

South Asia Afghanistan, Bangladesh, Bhutan, India, Iran (Islamic Republic of), Maldives,
Nepal, Pakistan and Sri Lanka
Western Asia Bahrain, Kuwait, Oman, Qatar, Saudi Arabia, United Arab Emirates and

Y emen (Arabian peninsula), Irag, Jordan, Lebanon, State of Palestine and
Syrian Arab Republic (Mashriq)
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The Science of Data Science

Jevin D. West!
"Information School, University of Washington
E-mail: jevinw@uw.edu

Abstract. This report summarizes two talks that I gave at the Advanced Future
Studies at Kyoto University in February of 2016. One talk was for the Global
Partnership on Science Education through Engagement. In this talk I focused
on an emerging educational trend in the United States—the rise of Data
Science at both the undergraduate and graduate level-—and the effect it is
having on research and industry. In the second talk, I spoke at the International
Symposium on Advanced Future Studies symposium. In this talk, I provided
an overview of an emerging research trend—the emergence of a new discipline
called the Science of Science. In this new field, science is done at the level of
millions of publications over many generations and disciplines using new tools
from machine learning, computer vision, and network science. Both Data
Science and the Science of Science require perspectives from multiple
disciplines, which fit well with the general theme of both meetings in Kyoto.

Keywords: Data Science, Multidisciplinarity, Science of Science,
Scientometrics, Citation Networks
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1. Multidisciplinary Perspectives

Some of the world’s most pressing problems in the environment, health, and economics will
require conversations across disciplinary boundaries. Facilitating these multi-perspective discussions
is one of the goals of the Advanced Future Studies program at Kyoto University. Its founder,
Professor Masatoshi Murase, has been speaking for many years about the need for new forms of
creativity that address big problems.! The conferences, including the one I attended this year, were
Frenkel-esque? (Frenkel, 2013) in that attendees included mathematicians, physicists, biologists,
psychologists, and even musicians.

In this report, I will summarize the two talks® I gave this year at the International Symposium on
Advanced Future Studies symposium and the Global Partnership on Science Education through
Engagement (GSEE) symposium and conclude with a couple suggestions on building
multidisciplinary communities*. For the first symposium, I talked about the emergence of Data
Science in research and education. In the second talk, I focused on the Science of Science -- another
emerging discipline that studies the scientific enterprise itself and mines for hypothesis, not from
single papers, but from millions of papers. Both emerging disciplines are a bit like the Advanced
Future Studies; they are both new and require multiple areas of expertise.

2. Science of Science

In my lab (DatalLab), we study the Science of Science — an emerging discipline that puts the
scientific enterprise under the microscope. We examine science, not at the level of an individual paper
or author, but at the level of millions of papers and hundreds of thousands of authors. Within this data
are the scientists, journals in which they publish, the citations to other papers, and the funding
agencies that support their work. We can ask questions about the origin of ideas, mechanisms that spur
innovation, and incentives that promote the kind of science for solving big problems. We can also
mine this data® for new hypotheses and patterns that only emerge when examining millions of papers
and figures in aggregate rather than as individual objects.

I mentioned several example questions in this area. For example, how do we identify, measure, and
visualize the origin of ideas and disciplines? How are metrics (impact factor, h-index) affecting
science positively and/or negatively? What funding policies lead to better science? Can we build a
better gateway to the scholarly literature than what is afforded by Google Scholar and other standard
text-base search engines? These questions deal with what I consider “knowledge science” or
“knowledge engineering”. I see a synergy in working in both areas. What we learn from the sociology
of science can tell us a lot about how to build better recommendation algorithms for navigating the
literature influenced by that sociology.

'I attended two previous conferences in Kyoto: “What is Evolution?” and “What is creativity?”.

2 Edward Frenkel is a University of Berkeley mathematician who is known for writing “Love and Math”

\cite { frenkel20131love}, a book that explores mathematics with references to art and music.

3 The slides for two talks can be found at these two links:
http://www.jevinwest.org/presentations/data_gold rush_jevin_west.pdf and
http://www.jevinwest.org/presentations/mapping_science kyoto jevin_ west.pdf.

4 There are distinctions between multidisciplinarity, interdisciplinarity and transdisciplinarity (Klein 1990). Here
I will mostly refer to multidisciplinary, which involves researchers from multiple fields that apply their
respective methodologies and ideas for solving a particular question. This is different than transdisciplinary,
which tries to transcend the respective disciplinary, and interdisciplinary, which tries to integrate ideas from one
discipline into another.

5 It is just recently that the papers have been available in machine readable forms at this scale.
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My colleagues and I have developed a set of algorithms that help us to map domains of science at
the scale of millions of articles. This includes ranking algorithms on citation networks (West, 2010),
community detection algorithms (Rosvall, 2008) and recommendation algorithms (West, 2016). These
tools® can be used both for knowledge science and engineering tasks.

Figure 1 is a case study in how some of these tools’ are used. The figure shows, what appears to be,
the emergence of neuroeconomics — a discipline at the cross section economics and neurology — using
large scale citation data. Economists are interested in the empirical data that can be collected from
brain imaging experiments and neuroscientists are interested in the models and analyses that
economics use to understand human incentives and behaviour (Camerer, 2005). Some have
speculated the beginnings of stand-alone field called neuroeconomics (Fischman, 2012). The citation
pattern differences between 1997 and 2010 provide evidence for the beginnings of this field (Figure 1).
The maps represent hundreds of journals and hundreds of thousands of citations in neuroscience and
economics. In 1997, there were zero citations between the two fields among the hundreds of thousands
of possible citations. In 2010, there were more than 250 citations being shared between the fields. The
radial diagram shown in my talk provides a different view®. The inner circle shows journals within
different disciplines and the lines between the blocks in the inner circle represent the in and out-
citations between the fields. There exists a thin line connecting the Finance Journal and Neurology.
These data and tools provides examples of what can be tracked and measured when looking just at
bibliographic data.

7 The maps were built using MapEquation (Rosvall, 2008) and InfoMap codebase.
8 One can explore the data interactively by going to the wellformed project at eigenfactor.org.
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Figure 1. Emergence of neuroeconomics. The figure above looks at the cross-talk between the fields
of economics and neuroscience. The journal-level citation data comes from Thomson Reuters’ Journal
Citation Reports. The top panel from 1997 shows no citations between neuroscience and economics.
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The bottom panel in 2010, there exist 195 citations from economic journals to neuroscience journals
and 74 citations from neuroscience journals to economic journals. This map was noted in a Chronicle
of Higher Education article titled “The Marketplace in Your Brain.” (Fischman, 2012). The figure was
co-created with Carl Bergstrom at the Eigenfactor.org Project.

The origin of ideas has many roots, but their development depends on sociological factors. We are
looking at some of these factors including incentives and reward structures within promotion and
funding. We are also looking at the role of gender in science. In a recent paper noted in my talk, my
colleagues and I examine gender differences in authorship over the last several hundred years (West,
2013). We find an increase in overall authorship of females, but do not see an equal increase at the last
author position (i.e., the principal investigator in many fields). We used the JSTOR corpus as our data
source. It consists over 8 million full text scholarly articles from the last several hundred years in the
social sciences, ecology and evolution, statistics, molecular biology, and many others. We also found
that the increases in authorship were not consistent across all domains’.

In addition to bibliographic data, we can also utilize the full text, equations, and figures within
scientific papers. Up until recently, there have been barriers to this kind of data. Some of this has
been technological reasons (e.g., optical character recognition limits at scale), but the primary reason
have been publisher paywalls. Publishers have not allowed access to full text articles in bulk. This
has changed a bit in the last decade with open access journals, the NIH Mandate (English, 2008) and
national repositories such as PubMed Central, and archivists like JSTOR. We have been utilizing
various aspects of this full text. This includes the gender project mentioned above, but also mapping
jargon differences across different domains and mining figures in the biomedical literature' in my talk.
This is a project where we mine the figures for patterns in the biomedical sciences. We find that high
impact papers tend to have higher density of diagrams and schematics. We have also build a figure-
centric search engine for better exploring visual information in the literature (Lee, 2016). Using
standard information theory (e.g., cross entropy), we develop a set of methods for measuring
differences in language across the landscape of science (Vilhena, 2014). We find that evolutionary
biology and ecology tend to be more balkanized where the social sciences use similar language across
the different domains. Figure 2 is an example jargon map that I showed in my presentation.

® One can explore the data interactively with the gender browser.
191 mentioned the Vizometrics project in my talk.
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Figure 2. Jargon map of science. The map looks at the differences in jargon among fields in the social
and biological sciences. The full text data comes from the JSTOR corpus. The distance between
fields is determined by InfoMap (Rosvall, 2008) and the heights (isoclines) in the topographical maps
are determined by the jargon differences between neighbouring fields. More details of the methods
can be found in the paper by Vilhen et al (2014). The figure noted here was created with Daril Vilhena
and Carl Bergstrom at the Eigenfactor.org Project. This was an early, inverted version of the map
before the published maps at Sociological Science (Vilhena, 2014).

Lessons learned from studying the sociological factors governing science can be applied to
knowledge engineering questions. For example, can we build a better interface for navigating the
scholarly literature? To address this, we are building recommendation engines and new interactive
visualizations based on the social connections between authors and papers. One of the goals of our
methods is to locate classic papers for graduate students or scholars moving into new disciplines (West,
2016). The recommendation project is called Babel. Here scholars can search for related papers, but
more importantly publishers can connect to the service and provide recommendations to their big
audiences without having to construct a complicated search engine infrastructure. The overall goal is
to help scholars find papers they never knew they always needed and to help publishers deliver these
new kinds of tools from data science to their users.

239




2
0]
1

5
&
rg
]
gh
]
&
=

Journal of Integrated Creative Studies

The establishment of the field is also indicated by new sections of high profile journals. For
example, PLoS Biology now has a new section called “Meta-Research” that encourages research in
the Science of Science (Kousta, 2016). This is driven by the need for improving reproducibility in
science and the need to better define statistical significance. One of the most downloaded articles in
all PLoS journals is a paper published by loondinis, titled “Why are all research false" (loannidis,
2005). This speaks to the need to these issues of reproducibility and the utility of studying science at
the level of the enterprise itself.

3. Science of Science

My first talk during my Kyoto visit was at the Global Partnership on Science Education through
Engagement. In this talk, I focused on the rise of Data Science'' in both research and education. Over
the last several years, Data Science programs have sprouted on campuses and companies across the
globe (West, 2016b). My university is no exception. At the University of Washington (UW), we have
deployed several new programs in Data Science at the undergraduate, masters and PhD programs. We
also house the eScience Institute to meet the data science needs on our campus. This has been buoyed
by the Moore-Sloan $40 million grant to support data science for science at UW, University of
California at Berkeley and New York University. The coordination efforts in education have required
department heads from statistics, computer science, information sciences, HCDE, Sociology, Biology,
Oceanography, and Astronomy to come together in one room for a common purpose—a bit like the
Kyoto meetings. One of the goals for the Moore-Sloan program is to create a model that other
universities can look to.

This data science trend is not unique to the University of Washington. We are seeing massive
proliferation across the United States and the world. This is mostly in response to the increased
demand for quantitative talent within industry and in reference to reports like the McKinsey report on
big data (Manyika, 2011). In the US, there has been a surge of new programs in Data Science (West,
2016b). In 2007, there were about 4 programs with the name “Analytics” but this has changed to Big
Data and now Data Science. In 2015, there are scores of programs at universities across the country.
One would be hard pressed to find an area of science that has grown as fast in such little time.

Data Science by definition is interdisciplinary and requires not just method disciplines (statistics,
computer science, mathematics, information sciences); it also requires the domain sciences. We
encourage in our program project-based learning, data ethics training, and domain expertise. This data
science movement is a perfect example of how researchers from different disciplines can come
together to solve problems that require more than just one’s knowledge of their own discipline. In our
programs at the eScience Institute at UW, we are emphasizing the need to train students in multiple
disciplines. We want our students to be pi-shaped; want them to have a ‘foot’ of training and expertise
in multiple domains. It doesn’t so much matter what they are. We just want them to be able to
compare, contrast and connect ideas from multiple disciplines. If one only has training in one
discipline, then the student does not have the ability to see the assumptions and limitations of methods
in their field as well. Plus, the world is changing so fast that we want students to speak multiple
languages in science.

4. Disciplinary Risk

! The name of this area has changed many times throughout the last five years. Big Data held for some time,
but we are seeing a convergence on “Data Science" at universities and within industry. This is the term we will
use in this paper.
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During my visit, I spoke about two emerging fields of study—the Science of Science and Data
Science. Both require expertise and skills from multiple fields. The need for transdisciplinarity in
research and education has become a common theme, which is why we need institutes like the
Advanced Future Studies program at Kyoto University. We need institutes willing to take this
disciplinary risk to bring researchers together on common themes and big questions (e.g., What is
creativity in Science?). There will be communication challenges across disciplines, but big problems
like climate change will require researchers to step outside their discipline, listen to other ideas, and
borrow methods from other domains.

The disciplinary challenges are real. Creating an institution that facilitates productive discussions
between a high energy physic and game theory economist or an educational psychologist and an
evolutionary biologist will require changes in how researchers communicate ideas and findings. A
norm of communication for interdisciplinarity meetings needs to be established. Details at meetings
like the Kyoto meeting are only as important as their contribution to the bigger ideas. It is important
to convey the larger concepts and to actively draw connections to the disciplines represented in the
audience. This may require a set of ‘rules’ at interdisciplinary meetings. The rules could be as simple
as ‘big picture’ ideas only. The Advanced Future Studies program at Kyoto University could play a
role in changing this culture of communication. For example, an economist may use Regression
Discontinuity Design (RDD) to identify causal elements but this may also be useful for policy makers
who want to elucidate the impact of various funding programs. Understanding the basic goals of this
method are what are important, not all the caveats, limitations, and Greek symbols in describing the
method.

In sum, there is a strong need for researchers to come together from different disciplines. It works
especially well for me because I study how scientists communicate across different fields and how
education institutions experiment with their infrastructures. The world’s big problems are too
complex for one discipline to solve. The Advanced Future Studies at Kyoto University is trying to do
this. Putting together symposia with researchers from fields as diverse as condensed matter physics,
educational psychology, and the science of science is difficult. It will take time to figure out how to
make this work effectively, but it is good to know that there are programs and universities willing to
take this risk. Solving hard problems requires breaking down disciplinary boundaries and taking risks.
I hope to see the Advanced Future Studies succeed and provide a model for other institutions.
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Flare stars across the H-R diagram
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Abstract. Flare stars appear to be as common among the hottest stars as among the coolest.
Starspots, which are closely associated with flares, are likewise common among stars of all
spectral types. This finding contradicts the long-help belief that only stars with convective
envelopes can sustain magnetic fields. It is found that rotation is a dominant factor in inducing
flares: flare stars nearly always have shorter rotation periods than non-flare stars. These
findings have important implications for the atmospheres of A and B stars as well as providing
clues for the formation of the corona.

Keywords: Stars: flare, Stars: activity

1. Workshop on stars with superflares

I attended the Workshop on Superflares on Solar-type stars and Solar flares in which I was invited to
give a talk. I am grateful to Professor Shibata for the opportunity to interact with the Superflare group
of Kyoto University who originally discovered superflares in the data from the Kepler spacecraft and
are recognized as leading researchers in this field. The meeting was also attended by internationally
renowned researchers on flare stars who contributed excellent talks and stimulated lively discussions.
I thank Professor Shibata and his group for organizing such a productive workshop.

2. Stellar activity across the H-R diagram

It is accepted that stellar magnetic fields are either of fossil origin (the star was born with the
magnetic field already present) or are generated by convection in accordance with the dynamo theory.
The only main sequence stars with fossil fields appear to be the Ap stars which have strong global
fields in the range 1-30 kG. Most other stars, such as the Sun, generate their own magnetic fields
provided they have convective envelopes. Stars with convective envelopes are those cooler than about
7500 K (stars later than spectral type F5). Flares and starspots, which are indicators of surface
magnetic fields, should therefore only be present in such cool stars.

The advent of high-precision, low noise, photometric observations from space from the Kepler
satellite not only provided the opportunity for the discovery of superflares on cool stars (Machara et
al., 2012; Shibayama et al., 2013), but also lead to the discovery of superflares on stars hotter than
7500 K (the A stars; Balona, 2012). Furthermore, it became evident from examination of the light
curves of A stars, that most of these stars were variable in a way which strongly suggested that they
have spots, just as the Sun has spots. A statistical analysis of the periods of the A stars, as determined
from their light variations, showed that they have the distribution expected from rotation (Balona,
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2013). Analysis of the light curves of the even hotter B stars from the Kepler and K2 missions show
that these stars, too, have starspots (Balona, 2016).

There have been previous reports of flares on A stars. Schaefer (1989) reported cases of several B
and A stars where strong flares may have been observed. Wang (1993) detected a flare on the A5/8V
star BD+47 819. Bhatt et al. (2014) found X-ray flares in two late-B stars belonging to the young
open cluster NGC 869. Pye et al. (2015) found an X-ray flare in HD 31305 (A0). Miura et al. (2008)
detected an intense X-ray flare on the A1 IV/V star HD 161084. Robrade & Schmitt (2011) detected a
large X-ray flare in the AOp star IQ Aur.

The presence of flares and spots on A and B stars implies that our long-held belief in the necessity of
a convective envelope to maintain a magnetic field needs to be revised. It seems that any star, whether
it has surface convection or not, is capable of hosting a magnetic field. This has an immediate
implication for the production of a corona, for example. It is supposed that the upper solar atmosphere
is heated through the medium of a magnetic field, which essentially deposits the energy of surface
convection, thus heating it to over a million degrees and producing the corona. The corona can be
detected in stars because its high temperature results in the emission of X-rays. Observations indicate,
as expected, that A and B stars do not emit X-rays (Schroder & Schmitt, 2007). What the new results
from Kepler tell us is that while A and B stars may not have coronae, they still have a magnetic field.
This suggests that the role of convection is an essential requirement for the formation of the corona.
Without convection, the magnetic field cannot heat the upper stellar atmosphere to the required high
temperatures.

Superflares discovered on A stars have typically the same amplitude as on the cooler stars, with
maximum relative intensities of about 3 parts per thousand (Balona, 2012). However, the number of
detected stars with superflares decreases from about 10 percent for the cool K and M dwarfs to about
2.5 percent for the hot A and F stars (Balona, 2015). This is not surprising because the hotter and
more luminous the star, the larger the flare energy required for the flare to be detected. A flare on an
A star, for example, needs to be about 100 times more energetic than a flare on an M star to have the
same relative amplitude. Because of this effect, it is natural that the number of detectable flare stars
should decrease with effective temperature. In other words, the fact that, in the past, only cool dwarfs
were recognized as flare stars is purely a selection effect. In reality, the relative number of flare stars
seems to be much the same right across the H-R diagram, no matter the spectral type.

It is natural to suppose that a flare observed on an A star does not originate on the A star itself, but on
a supposed cool K or M dwarf companion. This idea can be rejected by the fact that a flare on a cool
companion would be completely obliterated by the high luminosity of the primary A star, reducing the
relative flare amplitude by a factor of 50-100 and rendering it undetectable in the Kepler data.

In my talk I also discussed the connection between starspots and flares. In the Sun, flares are
typically associated with active spot regions, and one would expect the same in stars (Notsu et al.,
2013). However, the correlation between spot size, as estimated from the rotational light amplitude,
and flare energy is weak. On the other hand, there is a strong correlation between the flare energy and
the stellar radius (Balona, 2015). This is not surprising because the light amplitude is not only a
measure of the spot size, but is determined by the distribution and number of spots and their brightness
relative to the surrounding photosphere. The energy stored in the magnetic field is proportional to the
volume of an active region (the product of the area of the active region and the scale height). The
larger the star, the greater this volume and therefore the larger the flare energy. Stellar radius is
therefore a better measure of the possible size of the active region than the light amplitude. One can
estimate the approximate magnetic field strength on this basis and it turns out to be of the order of 1
kG, allowing for a 10 percent conversion of magnetic energy during the reconnection process. This is
similar to the typical field strengths in active solar regions. However, it is not really possible to
compare sunspots with spots on superflare stars because typical sunspots are at least an order of
magnitude smaller than detectable starspots. The Sun would not be detected as a flare star (and quite
possibly not a spotted star either) with the Kepler satellite. This is why the relationship between spot
size and flare energy is different between the Sun and stars (Notsu et al., 2013).
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One of the most important findings is that there is a correlation between flare energy and rotation rate
(Notsu et al., 2013). A large number of Kepler stars have well-determined rotation periods because
they are spotted. Many of these stars with known rotation periods also have superflares. Stars with
superflares have considerably shorter rotation periods than those without superflares (Balona, 2015).
This shows that rotation plays a dominating role in the generation of superflares. This may imply that
differential rotation is the key factor. Differential rotation has, in fact, been supposed to be an
effective mechanism in generating magnetic fields in much the same way as the dynamo action in
convective envelopes (Spruit, 2002; Maeder & Meynet, 2004). This could explain why A and B stars
have spots and flares. It would be very interesting to compare differential rotation on stars with
superflares and without flares by monitoring the spot periods.

3. Discussion

The discussion around my talk produced many interesting comments. One important comment that
was brought up has to do with flares in A stars being attributed to a cooler companion. The idea is that
perhaps the companion need not be a faint K or M dwarf, but a more luminous F dwarf, for example.
In such a case, the dilution in amplitude would be much smaller because the difference in luminosity
between the A and F stars is smaller. The problem then is that the A star would be greatly affected by
its rather luminous companion and would therefore be classified as a somewhat cooler star on the basis
of its modified colour. Also, there are superflares in stars as early as B9 and quite a few stars have
well-determined spectral types, showing no hint of an F star companion.

Another discussion concerns the role of magnetic field strength in producing superflares. An
important result from the Kepler study of A stars is that although there about ten well-observed Ap
stars in the field, not a single Ap stars was observed to flare. It seems that these stars, which have by
far the strongest global magnetic fields on the main sequence, do not generate superflares. One
possibility is that the large magnetic field prevents differential rotation, which means that the field
lines cannot become entangled and cannot store the magnetic energy required for reconnection.

4. Impressions of the Workshop

There is no doubt that this Workshop stimulated much discussion, providing many ideas for the
future study of superflares. Can the Sun generate a superflare? This question was frequently asked
and the answer seems to be that it can, because there is sufficient energy in the solar magnetic field
(Shibata et. al., 2013). However, rotation is a very important factor in determining the occurrence of
superflares. The Kepler data shows that of the 296 G stars brighter than 12-th magnitude with rotation
periods in the range 20-40 d, only 5 stars have detectable superflares. This means that there is less
than a 1.7 percent chance that a G star with a rotation period similar to that of the Sun will show a
superflare. On the other hand, the fraction of superflare stars among G stars rotating with periods
shorter than 10 d is 16 percent. While it is still possible that a superflare might occur on the Sun, we
need to understand the role of rotation before this question can be answered.

The role of exoplanet habitability was also discussed. It is true that most stars can probably host
planets in the habitable zone, but the role of stellar activity needs to be taken into account. About 40
percent of all Kepler stars, irrespective of spectral type, have detectable starspots. These spots must be
much larger than on the Sun, which means that there are probably few stars with activity as low as the
Sun. The Sun is one of the least active stars. Therefore, even if an Earth-like planet is found in the
habitable zone of a star, only a fraction of such planets are likely to have an inactive star as host, thus
reducing the chances of habitability quite considerably.

The Workshop was a great success and should be repeated on a regular basis. I would, however,
recommend that a larger amount of time be set aside for discussion on well-defined topics,
independently of the talks. I also feel that it is time to persuade solar astronomers of the great
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opportunities that await observations of the Sun as a star. We will never understand solar flares
without understanding stellar flares and to do this we need to observe the Sun as a star.
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Abstract. This is a report of my visit to Kyoto University in March 2016 to participate in the
Superflare Workshop, supported by the International Research Unit of Advanced Future
Studies, Kyoto University. The Superflare Workshop was very well attended by all Japanese
superflare researchers on stars and on the Sun, and also by many international experts. There
was valuable scientific discussion of superflares on solar-type stars, possible effects on
extrasolar planets and also the possibility of superflares on the Sun and the effect on the Earth.
My presentation described empirical evidence and diagnostics of white light flare continuum
radiation on low mass stars. Also there was discussion of the new 3.8m Japanese telescope at
Okayama Observatory, and the possibility for internaitonal collaboration with the ARC 3.5m
Telescope at Apache Point Observatory to obtain new time-dependent observations of
superflares.

Keywords: solar-type stars, superflares, Sun, optical telescopes

1. Visit Details

I visited Kyoto from March 1-5, 2016, to participate in the Workshop entitled: “Superflares on
Solar-type Stars and Solar Flares, and Their Impacts on Exoplanets and the Earth” which was held at
Kyoto University, and organized by Professor Shibata and Professor Nogami, of the Kwasan
Observatory and Department of Astronomy. It was a very well-attended and successful meeting with
many scientific lectures, discussions and opportunity for new collaborations. I would like to thank
Professor Shibata and Professor Nogami for their invitation to participate and for their kind hospitality,
and the International Research Unit of Advanced Futures Studies for supporting my visit.

2. Workshop Presentation

I gave a one hour presentation (including time for discussion) at the Superflare Workshop. The title
of the presentation was “Observations of Stellar Flares” and it concentrated in particular on the
photometric and spectroscopic observations of white-light continuum radiation from flares on low-
mass stars, using telescopes both on the ground and in space. In the following sections, I summarize
the main results that were presented.

2.1. Spectroscopic observations of flare continuum radiation in M dwarfs
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Starting with ground-based photometry dating back to the 1950s, it was clear that the dominant
energetic component of flares on low-mass stars (M dwarfs, with mass less than half the mass of the
Sun) was the so-called white-light continuum. Flares were observed in broad-band photometric filters
to be very bright and very blue, such that a large flare could make the star more than 5 magnitudes
(>100 times) brighter in the Johnson U-band and up to 3 magnitudes (>10 times) brighter even in the
Johnson V-band. Flares also had a typical light curve shape, with a rapid rise and fast decay followed
by a more gradual decay. Following solar terminology, where similar morphology is observed in
chromospheric (Ca II K, H-alpha) and X-ray observations of solar flares, these phases were called the
impulsive phase (attributed to non-thermal electron beam heating) and the gradual phase (attributed to
thermal radiation from the heated flare atmosphere). It is extremely difficult to observe the white-light
continuum radiation using optical observations of the Sun (and solar-type stars) since the stars
themselves are so bright at optical wavelengths. Thus M dwarfs provide a better platform for
investigating the properties and underlying physical processes of the white-light flare continuum.
Fortuitously, active M dwarfs also flare much more frequently than active solar-type stars, enabling
multi-wavelength campaigns of a few days duration with a good possibility of seeing a large flare.

The next decades saw increasing effort to obtain spectroscopy of M dwarf flares. One such
successful campaign resulted in the observation of the “Great Flare” on the dM3e star AD Leo in April
1985 (Hawley & Pettersen 1991). Ground-based data from McDonald Observatory comprised multi-
color UBVR photometry, spectroscopy covering the Balmer jump and high order Balmer lines (3500-
4400A), while the International Ultraviolet Explorer (IUE) satellite obtained simultaneous ultraviolet
spectroscopy. These data showed unequivocally that the flare continuum radiation was very blue, with
a blackbody shape that peaked in the near ultraviolet, indicating a color temperature of about 10,000K
during the impulsive phase (Hawley & Fisher 1992). The continuum reddened during the gradual
phase, but was present for several hours after the flare peak. The mystery of how to produce such a
hot blackbody continuum source in the atmosphere of a low temperature M dwarf was not resolved
despite initial attempts to apply a solar-like electron beam heating model.

An empirical investigation of a large sample of M dwarf flares with simultaneous photometry and
spectroscopy obtained at Apache Point Observatory was recently published in the flare atlas of
Kowalski et al. (2013). The sample of 20 flares shows that the flare morphology is more complicated
when examined in detail, and in particular flares may be split into impulsive, hybrid and gradual
categories with the impulsive flares being the canonical type described above, while hybrid and
gradual flares have slower rise and longer decay times. Importantly, the spectroscopy of these events
showed that the flare continuum radiation actually has three components, with the hot blackbody
dominating during the impulsive phase, but a significant Balmer continuum component can be
important even during the impulsive phase of hybrid and gradual flares, and dominates during the
gradual phase of all flares. In the later gradual phase of strong flares, a third, cooler blackbody
continuum component with T~5000-6000K may be present and energetically important.

The Balmer continuum component was identified in the so-called “Mega Flare” on the dM4e star
YZ CMi (Kowalski et al 2010) and shown to anti-correlate with the U-band photometry such that
when the hot blackbody continuum (which dominates the U-band) is strong the Balmer continuum is
relatively less important. This led to a phenomenological model based on analogy to solar two-ribbon
flares, where the hot blackbody continuum is produced in newly heated hotspots radiating impulsive
phase emission while the Balmer continuum is primarily coming from the thermal cooling of
previously heated flare areas, e.g. from the initial loops in an arcade that are now spreading and
cooling in the decay phase. Using this model, Kowalski et al (2012) were able to fit the spectra of the
Mega Flare using reasonable area coverage of newly heated and decaying loops. The hybrid and
gradual flares would thus represent flares with less or shorter impulsive heating and more extended
gradual heating, leading to increased Balmer emission. An important unanswered question is whether
solar flares, and flares on other solar-type stars, have similar white light continuum properties,
including varying amounts of Balmer, hot blackbody and cooler blackbody emission during different
phases of the same flare, and in different flares depending on the heating profile.

248



Journal of Integrated Creative Studies

2.2 Flare photometry with Ultracam

Although flare spectroscopy has been very important to diagnose the properties of flare continuum
radiation in M dwarfs, it is difficult to obtain, requiring (at least) 4m-class telescopes and ideally
simultaneous photometry and UV/X-ray spectroscopy, in a campaign where monitoring can cover
hours or days. Therefore, flare photometry in specialized filters that provide diagnostics of the flare
continuum components described above allows a larger sample of M dwarf flares to be obtained. Also,
similar filters can be used to observe solar flares enabling direct comparison of the continuum
properties between M dwarfs and the Sun. Such solar work is being carried out by M. Mathioudakis
and collaborators using the ROSA instrument on the Dunn Solar Telescope (e.g. Jess et al. 2010).
Here I will describe recent results from a large Ultracam survey of M dwarf flares on the NTT and
WHT telescopes (Kowalski et al 2016).

Ultracam is a photometric imaging camera with two dichroics in the light path such that three
filters may be observed simultaneously. Our flare observations use narrowband custom filters
centered on 3500A (in the Balmer continuum), 4170A (in the hot blackbody continuum) and 6000A
(in the red continuum). With the 3 filter photometry, we form two colors, FColorB (F(3500)/F(4170))
and FColorR (F(4170)/F(6000)). These are similar to the familiar Johnson colors U-B and B-V except
since we are taking flux ratios (not subtracting magnitudes), larger positive values indicate bluer
colors. We can connect the flare colors (between different flares, and during the evolution of a single
flare) to the spectroscopic results above, by computing synthetic colors from the flare spectroscopy.

The Ultracam results for 20 flares ranging from low to high energy, show that the same Balmer
continuum and hot blackbody continuum behavior observed spectroscopically can be diagnosed from
the flare colors alone. In a color-color diagram of FColorB vs. FColorR, the relative importance of the
Balmer continuum at a given blackbody temperature is shown by the value of FColorB at similar
FColorR with hybrid/gradual flares having larger relative FColorB. Also flare evolution typically
proceeds from large values for FColorR (hotter blackbody) to smaller values (redder blackbody) and
from smaller values for FColorB (less Balmer continuum) to larger values (more Balmer continuum),
making a distinctive evolutionary track in the diagram. Finally the 4170 (hot blackbody) light curve is
anti-correlated with FColorB (importance of Balmer continuum) as was seen in the spectroscopy.

Taken together, the photometry and spectroscopy of M dwarfs have provided a well-determined
empirical picture of the properties of the white-light continuum behavior during flares. The physical
processes that lead to this behavior must be investigated with sophisticated radiation hydrodynamics
models that will be described in the presentation by A. Kowalski at this meeting. However there are
several outstanding observational questions that remain:

1. Is all the continuum radiation coming from the same spatial region?

2. How does the area coverage of the different flare continuum components evolve?

3. Does the Sun show these same continuum properties and evolution during flares?

4. Do superflares on solar-type stars show these same continuum properties?

2.3 Kepler flare photometry

As mentioned above, the observation of white light flares on solar-type stars is very difficult
because the star itself is so bright that the flux contrast is often much less than 1%, and also these
flares do not occur very frequently even on very active stars. The Kepler satellite which obtained
continuous time-series photometry in a broad white-light filter of more than 100,000 solar-type stars
for almost four years, has opened a new window into flares on these stars due to its exquisite precision
and long monitoring timescale. ~Machara et al. (2012) reported on initial Kepler observations of
superflares on solar-type stars, so-called because they have energy of >10°* ergs (more than 100 times
the largest solar flares). Note that the Great Flare and Mega Flare on the M dwarfs described in
Section 2.1 also exceed this energy threshold and thus M dwarfs also can produce superflares.

We obtained short (1-min) cadence observations of several G, K and M dwarfs in the Kepler field
through Guest Observer proposals in cycles 2 and 3. The M dwarfs comprised both active and
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inactive stars, since we are interested in whether flares can still occur on stars which do not appear to
have active chromospheres or coronae (no H-alpha or X-ray emission). The best observed star was the
active dM4e star GJ 1243 with 11 months of Kepler short cadence monitoring data. Davenport et al.
(2014) compiled several hundred flares with good signal-to-noise and only one peak and showed that
when scaled by the FWHM of the light curve and by the amplitude, all flares followed a remarkably
similar evolution that could be described analytically with three functions corresponding to the rapid
rise phase, the fast decay phase and the gradual decay phase. However, there were several thousand
flares observed, and many of these showed more than one peak (“complex flares”). These could often,
but not always, be well-fit using a combination of flares with the analytic morphology. Additional
results on GJ 1243 reported in Hawley et al. (2014) indicate that complex flares typically last longer
and have higher energy than single flares with the same (highest) peak amplitude, and higher energy
flares in general are more likely to be complex. These results may identify complex flares as a
superposition of simple flares which could fit into the phenomenological model of new flare heating
being triggered in the same arcade or active region.

The inactive M dwarfs did indeed show flares with a rate about 50 times less than the active stars,
roughly one flare/week rather than several flares/day. However, this is still a rate that may be
important for planets orbiting such stars, which are popular targets for exoplanet searches.

Another investigation enabled by the Kepler data is the correlation between starspots and flares.
The inactive stars showed almost no indication of starspots (at less than 0.01% level) but still
produced flares. The active star GJ 1243 has a long-lived stable starspot pattern with about 1.5%
amplitude and a period of 0.6 days. We compared the flare occurrence throughout the starspot phase
and found no correlation with phase for either number of flares or energy of flares (Hawley et al 2014).
Our speculation is that this lack of correlation is a manifestation of two different magnetic topologies
on low mass stars, as discussed by Morin et al. (2008), Garroffo et al. (2015) and others. A large scale
dipole field may be responsible for long-lived polar spots leading to the rotational modulation, while
complicated small scale fields may give rise to a large number of solar-like active regions with
complicated magnetic structure. The latter do not contribute much (if at all) to the rotational
modulation but are the sites of the flares. Thus no correlation would be expected between the
observed starspot modulation and the flares.

Our preliminary work on the G and K stars in our sample indicates that similar patterns hold.
These stars show much larger but shorter-lived starspot patterns, indicating faster evolution of the
large scale field. However, there is still no correlation between the spots and flares (for example, there
are not more flares when the star is relatively dimmer indicating a larger coverage of spots). It seems
that smaller, more complicated active regions are likely still responsible for the flares but don’t
contribute much to the rotational modulation.

3. Future Collaboration

Finally, we need to connect the superflares on solar-type stars to those observed on M dwarfs by
obtaining spectra of a superflare on a G or K star. This would allow us to investigate whether the
continuum radiation during flares on solar-type stars follows the same evolution and exhibits similar
physical properties as in the well-studied low mass stars. For this we need dedicated telescopes and
instrumentation, such as the new 3.8m telescope at Okayama Observatory and our 3.5m Telescope at
Apache Point Observatory. We look forward to discussion of new collaboration between our groups
in order to observe superflares on solar-type stars! And I want to express my thanks again to the
International Research Unit of Advanced Future Studies, Kyoto University, for supporting my
attendance at this very productive workshop and to Professor Shibata, Professor Nogami and the many
workshop participants for the interesting and exciting scientific discussions of superflares.

4. References
Davenport, J. R. A., Hawley, S. L., Hebb., L., Wisniewski, J. P., Kowalski, A. F., Johnson, E. C.,
Malatesta, M., Peraza, J., Keil, M., Silverberg, S. M., Jansen, T. C., Scheffler, M. S., Berdis, J. R.,

250



Journal of Integrated Creative Studies

Larsen, D. M. and Hilton, E. J., Kepler Flares. II. The Temporal Morphology of White-light
Flares on GJ 1243. Astrophysical Journal, 797, 122, 2014

Garraffo, C., Drake, J. J. and Cohen, O., The Dependence of Stellar Mass and Angular Momentum
Losses on Latitude and the Interaction of Active Region and Dipolar Magnetic Fields.
Astrophysical Journal, 813, 40, 2015

Hawley, S. L. and Pettersen, B. R., The great flare of 1985 April 12 on AD Leonis. Astrophysical
Journal, 378, 725, 1991

Hawley, S. L. and Fisher, G. H., X-Ray-heated Models of Stellar Flare Atmospheres: Theory and
Comparison with Observations: Erratum. Astrophysical Journal Supplement Series, 78, 565, 1992

Hawley, S. L., Davenport, J. R. A., Kowalski, A. F., Wisniewski, J. P., Hebb, L., Deitrick, R. and
Hilton, E. J., Kepler Flares. I. Active and Inactive M Dwarfs. Astrophysical Journal, 797, 121,
2014

Jess, D. B., Mathioudakis, M., Christian, D. J., Keenan, F. P., Ryans, R. S. I. and Crockett, P. J.,
ROSA: A High-cadence, Synchronized Multi-camera Solar Imaging System. Solar Physics, 261,
363,2010

Kowalski, A. F., Hawley, S. L., Holtzman, J. A., Wisniewski, J. P. and Hilton, E. J., A White Light
Megaflare on the dM4.5¢ Star YZ CMi. Astrophysical Journal Letters, 714, 198, 2010

Kowalski, A. F., Hawley, S. L., Holtzman, J. A., Wisniewski, J. P. and Hilton, E. J., The Multiple
Continuum Components in the White-Light Flare of 16 January 2009 on the dM4.5¢ Star YZ
CM.i. Solar Physics, 277, 21, 2012

Kowalski, A. F., Hawley, S. L., Wisniewski, J. P., Osten, R. A., Hilton, E. J., Holtzman, J. A., Schmidt,
S. J. and Davenport, J. R. A., Time-resolved Properties and Global Trends in dMe Flares from
Simultaneous Photometry and Spectra. Astrophysical Journal Supplement Series, 207, 15, 2013

Kowalski, A. F., Mathioudakis, M., Hawley, S. L., Wisniewski, J. P., Dhillon, V. S., Marsh, T. R.,
Hilton, E. J. and Brown, B. P., M Dwarf Flare Continuum Variations on One-second Timescales:
Calibrating and Modelling of ULTRACAM Flare Color Indices. Astrophysical Journal, 820, 95,
2016

Maehara, H., Shibayama, T., Notsu, S., Notsu, Y., Nagao, T., Kusaba, S., Honda, S., Nogami, D. and
Shibata, K., Superflares on solar-type stars. Nature, 485, 478, 2012

Morin, J., Donati, J. —F., Petit, P., Delfosse, X., Forveille, T., Albert, L., Auriére, M., Cabanac, R.,
Dintrans, B., Fares, R., Gastine, T., Jardine, M. M., Ligniéres, F., Paletou, F., Ramirez Velez, J. C.
and Théado, S., Large-scale magnetic topologies of mid M dwarfs. Monthly Notices of the Royal
Astronomical Society, 390, 567, 2008

251




2
0]
1

5
&
rg
]
gh
]
&
=

May 2016
N0.2016-013-e

Journal of Integrated Creative Studies

Modeling the Optical (and NUV) Continuum Emission in
Stellar Flares

- Report on participation in the Kyoto University Superflare
Workshop

Adam F. Kowalski':2

"Department of Astronomy, University of Maryland, College Park, MD 20742, USA.
NASA/Goddard Space Flight Center, Code 671, Greenbelt, MD 20771.

E-mail: adam.f.kowalski@nasa.gov

Abstract. This is a report of my visit to Kyoto University in March 2016 for the Superflare
Workshop, supported by the International Research Unit of Advanced Future Studies, Kyoto
University. The Superflare Workshop was very well attended by all Japanese superflare
researchers on stars and on the Sun, and also by many international experts. There were many
valuable discussions about the outstanding problems in flare physics that could be addressed
by studying superflare stars in the Kepler field. My presentation described recent work in
modeling the white light flare continuum radiation on low mass stars and connected to new
models of near-ultraviolet spectra of solar flares. There was discussion of future flare
observations with the new 3.8m Japanese telescope at Okayama Observatory, and the
possibility for international collaboration to obtain high-time resolution, high-spectral
resolution Balmer jump observations in preparation for spectra of superflares.

Keywords: stars: flare, stars: activity, Sun: flare

1. The White-Light Continuum Emission in Stellar Flares

During flares, stored magnetic energy in coronal fields is released through magnetic reconnection
and retraction. Energy is converted to the kinetic energy of particles, which stream along the
reconnected magnetic field lines and deposit their energy into the lower, dense atmosphere
(chromosphere and/or photosphere). A large fraction of the radiated energy during a flare is released
in the near-ultraviolet and optical (white-light) continuum emission, with a smaller but non-negligible
fraction also radiated in the optical and ultraviolet emission lines (Hawley & Pettersen 1991, Osten &
Wolk 2015). Several modes of energy transport are thought to link the magnetic energy released in
coronal fields and the heating of the lower atmosphere that produces the flare emission. These heating
mechanisms include nonthermal particle (electron and proton) precipitation (Emslie 1978), conductive
energy transport (Longcope 2014), backwarming via X-ray and ultraviolet radiation (Hawley & Fisher
1992, Allred et al. 2006), and Alfvén wave conversion to nonthermal particles and/or wave energy
dissipation (Reep and Russell 2016, Fletcher & Hudson 2008). The white-light continuum emission is
thought to originate from the highest densities in the stellar atmosphere; therefore, comparing model

252



Modeling the Optical (and NUV) Continuum Emission in Stellar Flares

predictions of the white-light to observations can be used to critically understand and constrain the
role of each of these mechanisms in the flare heating through the impulsive and gradual phases.

In Kowalski et al. (2015), we presented a new M dwarf flare model with heating from a high flux
of nonthermal electrons, and we applied a modeling technique of the Balmer edge region (A ~ 3600 A -

3800 A) that has been developed by the white-dwarf modeling community. The modeling technique
provides a new constraint on the charge density that is attained in the continuum-emitting layers in
flares for comparison to the predictions of flare heating mechanisms.

2. Modeling Balmer Jump Spectra

In Kowalski et al. (2015), we presented the atmospheric evolution and detailed continuum spectra
from a new simulation with the 1D RAYDN code (Carlsson & Stein 1997), which solves the equation
of radiative-transfer for a 6-level hydrogen atom, 9-level helium atom, and a 6-level Ca II ion on an
adaptive grid. We modeled the energy deposition from a high flux of nonthermal electrons (10" erg
cm? s ; F13) using the collisional thick target formulac of Emslie (1978) and Hawley & Fisher
(1994). The heating was modeled for 2.3 s, which represents impulsive heating of a single flux tube.
In future work, we plan on adding up the emission from individual flux tubes to simulate the emission
from a two-ribbon flare as observed on the Sun.

A spectral flare atlas of twenty M dwarf flares was presented in Kowalski et al. (2013), showing a
continuum distribution with a color temperature of T~10,000 K and a small Balmer jump ratio in the
impulsive-type flare events (see S. L. Hawley’s report). We compared the predictions of the F13
model to representative spectra during the impulsive phase of a flare from Kowalski et al. (2013) and
found satisfactory agreement with these observed characteristics, which are difficult to reproduce
using any other standard flare heating mechanism. Radiative-hydrodynamic models use a simplified
treatment of hydrogen for detailed cooling rates, but a comparison to the observations of the spectral
region around the Balmer jump requires including the opacities from the higher order lines with
overlapping emission wings (Doyle et al. 1988, Hawley & Pettersen 1991). Solar flare spectra
covering the Balmer jump spectral region are difficult to obtain with current solar instrumentation
(Kowalski, Cauzzi, & Fletcher 2015) but exhibit qualitatively similar characteristics (see Donati-
Falchi et al. 1985).

2.1. The Opacity Effects from Landau-Zener Transitions

In flares, the charge density in the chromosphere increases, and the Stark effect causes the energy
levels of hydrogen near the continuum to overlap; the theory and modeling techniques for including
the opacity effects that result from overlapping Stark states were developed for modeling hot star
atmospheres (Hummer & Mihalas 1988, Dappen et al. 1987, Hubeny, Hummer, & Lanz 1994) and are
currently employed by state-of-the-art white-dwarf model codes (Trembaly & Bergeron 2009).

We used the NLTE RH code (Uitenbroek 2001) and a 20-level hydrogen atom to calculate the
spectrum between A = 3646 - 4000 A where the higher order Balmer lines merge together. For each
principal quantum number N, there is a critical electric microfield (due to the distribution of protons in
the flare chromosphere) that causes the Stark states of level n to overlap with level n+1. At these
“avoided crossings” of levels there is a probability that a series of Landau-Zener transitions will occur
causing an electron in n to rapidly cascade to the continuum. As a result, photons with A > 3646 A can
photoionize hydrogen with an electron in the n=2 state. Following Trembley & Bergeron (2009), we
modified the Balmer bound-bound and Balmer bound-free opacity and emissivity at A > 3646 A in the
RH code to account for these photoionizations. We obtained the atmospheric temperature, velocity,
and density from t=2.2 s in the dynamic (RADYN) simulation, and we found that the opacity and
emissivity from Landau-Zener transitions caused the higher order Balmer lines to fade into Balmer
continuum emission that is produced in the model at A < 3780 A.The modeling of the Landau-Zener
continuum emission extending redward of A = 3646 A explains the lack of a Balmer edge in high-
spectral resolution observations of M dwarf flares (Fuhrmeister et al. 2008) and solar flares (Donati-
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Falchi et al. 1985). As a result of our work, this complicated spectral region can be used as a
diagnostic of the charge density produced in the flare atmosphere. From broadband colorimetry and
spectral observations in the blue-optical regime during stellar flares, we have inferred that the white-
light emission originates from large heating at high densities (Kowalski et al. 2013). Modeling the
Stark effect and the Landau-Zener transitions results in a new constraint on the density where the
white-light emission is produced in order to test proposed flare heating mechanisms (e.g., particle
beams, conductive energy transport).

2.2. New Observations of the Balmer Jump Region

New high-temporal resolution observations of the Balmer jump region are needed since the only
echelle observations of this spectral region were obtained with an integration time of 15 minutes
(Fuhrmeister et al. 2008), which is long compared to the duration of the flare impulsive phase. At the
Superflare workshop, we discussed a collaboration to obtain echelle spectra of M dwarf flares at high-
time resolution and high spectral resolution in order to test our models of the Balmer jump region, and
to compare to spectra that we aim to acquire during super flares on G stars from the 3.8 m telescope at
the Okayama Observatory. M dwarfs are known to produce superflares on occasion (Hawley &
Pettersen 1991, Osten et al. 2010), and a direct comparison to the flare continuum and line properties
will form constraints on heating mechanisms in flares from stars that span a range of mass and
dynamo action. In particular, we will be able to compare the charge density in the flare chromosphere
during superflares on M and G dwarfs.

3. Future Modeling Directions

In future modeling work, we seek to rigorously test the F13 beam model of M dwarf flares. We will
consider the energy loss effects from the return current electric field and model the Balmer lines with
an improved theoretical description of the Stark effect. We are also modeling new solar observations
of the near-ultraviolet emission lines and continuum from the Interface Region Imaging Spectrograph
(IRIS; De Pontieu et al. 2014). The chromospheric emission lines from IRIS exhibit complex line
profiles (Graham & Cauzzi 2014), which can be explained by dense, heated downflows produced by a
large flux of nonthermal electrons. The high-spectral resolution observations of solar flares can be
combined with broad-spectral characterization of the Balmer jump and optical region in stellar flares
to rigorously test flare heating mechanisms and the standard solar flare model. The heated downflows
(chromospheric condensations; Fisher 1989) attain large densities in the solar and M dwarf flare
models with high fluxes of nonthermal electrons. The charge density can be critically constrained and
compared to these models by measuring the broadening of the Balmer lines and the properties of the
continuum emission just longward of the Balmer edge.

An F13 energy flux requires a coronal magnetic field strength of ~1.5 kG (Kowalski et al. 2015).
High magnetic fields covering a large fraction of the visible stellar disk have been inferred from
Zeeman splitting of optical lines (Johns-Krull & Valenti 1996), but the current knowledge of the
coronal field strengths in M dwarfs is poor. Measurements of photospheric magnetic fields of
superflare stars using the Zeeman effect would help compare the magnetic environment to active M
dwarf stars, and X-ray observations during superflares would help establish an estimate for the coronal
field strength (Shibata & Yokoyama 1999). X-ray observations would also help constrain the return-
current heating (Holman 2012), which is large in the corona for an F13 electron beam.
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Abstract. Light curves of thermal and non-thermal emission associated with solar flares
usually contain statistically significant quasi-periodic pulsations (QPP). Typical periods range
from a fraction of a second to several tens of minutes. Physical mechanisms responsible for
QPP can be attributed to three main, while non-exclusive, groups: modulation of the emitting
plasma parameters and kinematics of non-thermal electrons by coronal magnetohydrodynamic
oscillations, spontaneous periodic magnetic reconnection, and magnetic reconnection
periodically induced by magnetohydrodynamic oscillations. Similar QPP are also detected in
stellar flares, including those hosted by Sun-like stars. Recently, a number of stellar flare QPP
events were detected in white light with Kepler. In several cases, the characteristic time
signatures of stellar flare QPP are very similar to those detected in solar flares, suggesting that
they may be created by the same mechanisms. This report summarises the invited review talk
given by V.M. Nakariakov at the workshop “Superflares on solar-type stars and solar flares,
and their impacts on exoplanets and the Earth” at Kyoto University in March 2016.

Keywords: Solar flares, Stellar flares, MHD waves, Magnetic reconnection

1. Quasi-periodic pulsations in solar flares

The time resolution of modern instrumentation observing the Sun in microwave, EUV, soft and hard
X-ray and gamma-ray bands provides us with an excellent opportunity to study the fine structure of
flaring light curves. In a number of cases we can also obtain information about the spatial structure of
the emission sources and their evolution. Often light curves of solar flares contain well-pronounced
quasi-periodic variations of the brightness, called quasi-periodic pulsations (QPP). QPP are detected in
all observational bands associated with both thermal and non-thermal emissions, and with both
ground-based and spaceborne instruments. QPP are seen in flares of all GOES classes. Moreover, the
emissions recorded in different bands associated with non-thermal electrons, e.g. hard X-rays,
gyrosynchrotron microwave and in some cases gamma rays, are seen to have well-correlated QPP.
Furthermore, application of different data analysis techniques usually results in the robust detection of
the same QPP pattern in the light curve. This indicates that QPP are a natural phenomenon, not an
artefact of a specific instrument or a specific data analysis method. The detected periods range from a
fraction of a second to several tens of minutes, see (Nakariakov, 2009) for a comprehensive review.
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Figure 1 shows a histogram of QPP periods detected in solar flares, based upon the compilation of
published results obtained by different authors in different observational bands. It is evident that the
vast majority of the events have relatively short periods, shorter than one minute. However, we must
stress that this figure should be taken as an illustration only, as it does not present results of any
systematic study. We would also like to mention that the detection of QPP is a non-trivial task that
should not be based on the use of Fourier or wavelet analyses only, as usually QPP are short trains of a
small number of nearly periodic variation of the emission, localised in some part of the light curve.
Moreover, in a number of cases QPP, have well-pronounced modulation of the period (e.g. a drift) and
the amplitude (e.g. an exponential or Gaussian decay). On the other hand, the modulation depth, or the
relative amplitude of QPP can reach 100% with the highest amplitudes usually seen in the non-thermal
emission. Some case studies showed the simultaneous presence of two or more statistically significant
periodicities in light curves. In some cases, QPP are found not to have a harmonic shape, but rather the
oscillatory signal is triangular with symmetric front and back slopes. It makes the QPP detection an
interesting data analysis challenge that possibly requires the application of techniques specifically
designed for non-stationary and nonlinear signals, e.g. the Hilbert-Huang transform based upon the
empirical mode decomposition (Kolotkov, 2015). There is no apparent correlation between QPP
periods and the flare energy and duration, and other observables.

Figure 1. QPP periods in solar flares, constructed using the online catalogue of published QPP events
(Nakariakov, 2016).

Analysis of the microwave emission produced in twelve consecutive flares associated with spatially-
resolved single coronal microwave loops, observed simultaneously with both the Nobeyama
Radioheliograph and Radio Polarimeters, revealed the common presence of statistically-significant
QPPs (Kupriyanova, 2010). In ten out of twelve analysed events at least one significant spectral
component was detected, and periods were found to range from 5 to 60s. Only those QPPs that were
confidently detected in the data of both these instruments were counted. Very recently, a similar study
of QPP in thermal, soft X-ray emission, showed that in 80% of X-class flares observed in solar cycle
24 with GOES-15 there were statistically significant QPP in the impulsive phase (Simoes, 2015).
These findings clearly indicate that QPP are a common, and possibly even intrinsic, feature of solar
flares.

2. Mechanisms for QPP

The variety of QPP properties, such as broad ranges of periods and amplitudes, different time-
signatures, and their appearance in different phases of flares, suggests that QPP are most likely
produced by several different mechanisms. Revealing these mechanisms provides us with the
possibility to use QPP for diagnostics of physical parameters in flaring sites and the processes
operating there.
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2.1. Magnetohydrodynamic oscillations

Recently commissioned high spatial and time resolution observational facilities, mainly operating in
the EUV band, show the omnipresence of various wave and oscillatory phenomena in the hot plasma
of the solar corona. Typically, these oscillations are associated with distinct plasma non-uniformities,
such as loops in coronal active regions, plume structures in coronal holes, prominences, and various
transients, e.g. jets. Typical periods range from several seconds (or even shorter, in the radio band) to
several tens of minutes. Thus, by the order of magnitude these oscillation periods coincide with those
of QPP. Coronal oscillatory phenomena are commonly interpreted in terms of magnetohydrodynamic
(MHD) oscillations. Hence, the periods are determined by the fast and slow magnetoacoustic transit
times across and along the plasma non-uniformity that hosts the oscillation.

The theory of coronal MHD oscillations, based on magnetoacoustic modes of a plasma cylinder
stretched along the magnetic field, predicts the presence of several distinct kinds of oscillations.
Among them are: sausage oscillations, which are peristaltic variations of the cross-sectional area of the
waveguiding plasma cylinder, accompanied by radial plasma flows and variations of the plasma
density and the magnetic field strength; kink oscillations, which are transverse displacements of the
cylinder’s axis (they must not be confused with the Alfvén waves that are essentially incompressive
transverse perturbations of individual magnetic surfaces); and acoustic oscillations, which are
compressive plasma motions along the field. Different modes have very different observational
signatures that allow for their unequivocal identification. All these modes are observationally detected
in the solar corona. There are several possibilities for MHD oscillations to produce QPP. In particular,
it can be done by either direct modulation of physical parameters of the emitting plasma (e.g. thermal
emission and gyrosynchrotron emission), or by periodically changing the kinematics of non-thermal
electrons (e.g. by periodic variation of the magnetic mirror ratio near footpoints of flaring loops,
causing periodic precipitation of non-thermal particles producing hard X-ray and white light emission).

2.2. Periodic regimes of spontaneous magnetic reconnection

The process of magnetic reconnection that is believed to be responsible for the liberation of magnetic
energy in flaring regions is known to be non-stationary. Numerical simulations show that it may occur
in a quasi-periodic regime, e.g. periodically shedding the magnetic islands (Kliem, 2000). This would
result in the periodic injection of non-thermal particles and possibly in periodic thermalisation of the
plasma. This process could be referred to as “magnetic dripping”, with the periodicity essentially not
connected with any kinds of oscillations, but determined by the physical parameters in the
reconnecting current sheet only. In nonlinear dynamics such processes are referred to as “self-
oscillations”. Investigation of this regime is an interesting theoretical problem.

2.3. Periodically induced magnetic reconnection

Physical parameters in the reconnecting current sheet could also be periodically modulated by an
MHD oscillation, resulting in periodic triggering of the reconnection or variation of its rate. Thus, this
process would result in the periodic acceleration of charged particles and thermalisation of the plasma,
and hence QPP. Possible scenarios are based upon the periodic production of strong spikes of the
electric current density in the current sheet or a magnetic x-point. Further study of this effect and
assessment of its possible manifestation in flares is of great interest.

3. QPP in stellar flares

QPP in stellar flares have been sporadically detected for long time. For example, a long-period
oscillation (220 s) was observed in the white light emission during the peak of a flare on the active RS
Canum Venaticorum binary (RS CVn) II Pegasi (Mathioudakis, 2003). Short-period QPP (0.5-5 s)
were detected in the radio band during a flare on AD Leonis (Stepanov, 2001). In soft X-ray band,
(Mitra-Kraev, 2005) detected a 750 s oscillation with an exponential damping time of 33 min during
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the peak of a flare on AT Microscopium. A similar, rapidly-decaying long-period QPP with period of
32 min and a decay time about 46 min was found in the white light emission produced by a powerful
“megaflare” on the dM4.5¢e flare star YZ CMi (Anfinogentov, 2015).

A systematic study of QPP in stellar superflares began only recently, with the use of Kepler data
(Balona, 2015). White light curves of some superflares were found to have clean QPP. In several cases
these QPP are almost harmonic QPP with an exponentially decaying amplitude, suggesting their
possible association with MHD oscillations. Moreover, analysis of a superflare on a K-type eclipsing
binary KIC 9655129 revealed the simultancous presence of two statistically significant periodicities,
of about 78 min and 32 min (Pugh, 2015). This finding further supports the interpretation of QPP as
MHD oscillations, and indicates possible similarity of solar and stellar flare QPP.

4. Future work

QPP are a common, possibly even intrinsic, feature of solar flares. This result puts additional
constraints on any model of the flaring energy release. There are several possible mechanisms that can
be responsible for the QPP production, and their theoretical modelling is an interesting and timely
challenge. In particular, one needs to search for and investigate quasi-periodic, self-oscillatory regimes
of magnetic reconnection, and the possible periodic triggering of reconnection or modulation of its
rate by MHD oscillations.

The detection of QPP in the light curves of stellar superflares, and the similarity of these QPP with
those detected in solar flares, suggests that solar flares and stellar superflares could be produced by a
similar mechanism. It indicates that there are no principal differences between flares and superflares,
and hence the Sun could possibly produce a devastating superflare.
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Abstract. I report on my visit to Kyoto University in March 2016 to take part in the Superflare
Workshop, supported by the International Research Unit of Advanced Future Studies, Kyoto
University. The Superflare Workshop was very well organized, small, intimate meeting of
experts in flares and superflares, and stellar activity in general, both from Japan and from around
the world. There was much interesting and valuable discussion of superflares on solar-type stars,
solar and stellar activity of various types, possible effects on extrasolar planets and the Earth. In
the context of this, there was an overview of plans for the new 3.8m Japanese telescope at
Okayama Observatory and spectrograph, and a discussion of how to optimize it for flare and
activity science. I was asked to speak about the current state of knowledge about stellar cycles
and their activity. My presentation described relations between cycle properties and other stellar
observables, and the importance of having a well selected and studied stellar sample to best
understand the underlying trends.

Keywords: solar-type stars, magnetic activity, superflares, Sun, optical telescopes

1. My Visit

I visited Kyoto from March 1-5, 2016, to take part in the workshop at Kyoto University entitled
“Superflares on Solar-type Stars and Solar Flares, and Their Impacts on Exoplanets and the Earth”.
The workshop organized by Professors Shibata and Nogami of the Kwasan Observatory and
Department of Astronomy. I found it a very well organized workshop with excellent talks and
discussion, which I found very stimulating and educational. I was excited to hear about the new
telescope and spectrograph plans at Okayama observatory, and the latest research on superflares in
Japan. I thank Professors Shibata and Nogami for their very kind invitation to participate and am
grateful for their hospitality; I also thank the International Research Unit of Advanced Futures Studies
for supporting the visit.

2. Workshop Presentation

I gave a one hour talk plus discussion at the workshop entitled: “Observations of Magnetic Cycles
in Late-type Single Dwarfs: What are They Telling Us?”. It focused on observational characteristics of
stellar cycles, and the importance of having a well-understood and carefully selected stellar sample, in
order to correctly identify the underlying trends. I summarize the main points in the following sections.
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2.1. Background on Stellar Cycle Studies

Stellar magnetic cycles are the subject of much interest and study, with importance ranging from
understanding the origin of magnetic activity (including superflares), winds and spin-down, to
implications for exoplanet detection and habitability. Typically, photometry or the Ca Il HK lines
have been targeted for long-term monitoring. More recently, H-alpha (especially for M dwarfs), X-
rays and Doppler and Zeeman Doppler imaging (ZDI) have been added to the list. The new 3.8m
telescope team is encouraged to explore still more indicators which should be useful: Ca I IRT, He I
5876 and 10830 A lines, and select molecular bands (e.g., TiO) which can be used to determine
absolute spot areas and temperatures (e.g., O’Neal et al. 1996). At high resolution (~10%), Stokes I
magnetic broadening can be discerned to determine the total (instead of net) magnetic flux (and area
coverage in optimal cases). Actual line bisectors can also be obtained (rather than the destructively
averaged cross-correlation functions often used), which are important for understanding convection,
and the effects of plage on radial velocities.

In spite of decades of data (50+ year in some cases), the results have been somewhat muddled and
unclear. Part of this is probably intrinsic: correlations between cycle period (Pcy) and rotation period
(Prot) are complicated by variations in both. The rotation period varies, of course, due to differential
rotation. The cycle period of the Sun has natural fluctations due to e.g., the Waldmeier effect (cycle
amplitudes Ay seem anti-correlated with Pey.). There are also complications from both longer (e.g.,
the 80-100 year Gleissberg cycle) and shorter (1.2 and 2.4 yr; see discussion in Ferriera Lopes et al
2015) variations which may be perturbations of the cycle (e.g., due to Rossby waves in the tachocline),
or other phenomena entirely. If stars have similar periodicities (and it seems likely that they do), we
can expect a range of Peyc and Ay, as well as a range of periods, some of which are perhaps related to
the dynamo, but are not the signal of the oscillating dynamo itself.

2.2. Choose Your Stellar Sample Carefully!

But I also believe part of the confusion in understanding stellar dynamo cycles is due to overly
inclusive stellar samples. I have done this myself! Starting with a simple sample of cycle and rotation
periods in high quality single dwarfs (Brandenburg et al 1998), we next move on to include binaries,
and even tentatively include evolved stars (Saar & Brandenburg 1999). But now [ am a lot older and
hopefully a little wiser. In subjects as complex as trying to understand the intrinsically non-linear
stellar dynamo process, it is important to keep control of as many variables as feasible. So, more
recently I have returned to looking at just at single dwarfs (Saar 2011).

The study of differential rotation is instructive in this regard. Barnes et al (2005) presented an
analysis of four sizeable sets of surface differential rotation measurements. They found almost no
correlation between surface shear, AQ and rotation (expressed as rotational frequency Q): AQ ~ Q%!
But the largest of their AQ datasets came from Hall (1991), which on further investigation, contains
almost all close binary stars, with many of these evolved RS CVn variables. Setting the Hall data
aside, the remaining stars trace out a pattern where AQ first increases, then decreases, as a function of
increasing Q (Saar 2009). Adding newer measurements of single dwarfs confirms this initial picture
(Saar 2009; 2011). Apparently, close binaries affect AQ in stars, just as they are seen to affect Q itself,
even if the stars are not tidally locked (Meibom et al. 2006). When cast as AQ vs. Ro™! (the inverse
Rossby number) for single dwarfs F5 and cooler, Saar (2011) found AQ ~ Ro™®* for Ro™! < 80, and AQ
~ Ro!? for faster rotators (here Ro™! = 271/P,o, where 7 is the convective turnover time). A carefully
selected sample makes a big difference in the results!

2.3. Cycle Periods and Amplitudes

So it seems prudent that the same type of careful sample selection should be applied when
studying cycles as well, especially in the view that AQ is intimately involved in cycles and dynamo
theory. If one gathers together cycle periods from the literature and plots them in non-dimensional
ratio, ey/Q vs. Ro! on perceives concentration into distinct bands (as suggested by Brandenburg et al
1998) which (although data is still sparse) also change power-law slopes at a Ro™!' value similar to
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where AQ peaks and also similar to where magnetic activity (as expressed by e.g., Lx/Luor) reaches a
maximum (Saar 2011). The coincidence of all these trends suggests something deeper is at play; we
may be seeing some critical change in magnetic generation/dynamos at this point. ZDI suggests a
transition to more poloidal field structures at this Ro™! (Donati & Landstreet 2009; note their Ro
definition is a bit different). Casting the cycle period in a non-dimensional way also makes the Sun
appear less of an outlier than it does when just correlating Pcye with Py (Bohm-Vitense 2007).

There also seems to be a transition perhaps at twice the solar Ro™!, where (apparent) secondary
cycles become common in the cycle data. While keeping in mind (as note above) that similar short
“cycles” in the Sun are not true polarity-reversing cycles like the 22-year solar case, some short stellar
cycles do appear to show polarity reversals using ZDI (Donati et al 2008). This is also roughly the Ro™!
value where the brightness variation-activity correlation changes sign from positive (plage/network
dominated as in the Sun) to negative (spot dominated; Lockwood et al 2007). Real cycles or no, these
secondary periodicities grow stronger in amplitude with increasing Ro™!, even as Ay of the main cycle
decreases (Moss et al. 2008). The appearance of secondary P, may be reflected in the transition to
strong toroidal fields (Petit et al 2008). Maximum Ay seen appear to increase with convection zone
depth, from F to K dwarfs at least (Saar & Brandenburg 2002).

Thus there seem to be a number of interesting transitions in cycle properties Peyc and Acyc as a
function of rotation (and thus age). At lower Ro™!', we see the initiation of shorter, secondary Pey. and
a change in the sign of the photometric variation versus activity relation (indicating a transition from
plage to spot dominance). At higher Ro™!, magnetic activity saturates, and both DR and wey/Q change
their dependence on Ro™!'. There are hints that these transitions may be connected to magnetic
topology changes, but more data is needed. Still, it is all rather intriguing!

3. Discussion

There was interesting discussion about trends seen in rotational and cycle periods, “transition points”
(e.g., activity saturation, DR and possible mc,/Q peaks, the Vaughan-Preston gap) and relationships, if
any, with changes in magnetic topology and/or activity properties. Spectrographic needs for ZDI were
also explored.
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Abstract. A workshop on superflares on solar-type stars and related subjects was held in
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1. Purpose of the Workshop

We held the workshop “Superflares on Solar-type Stars and Solar Flares, and Their Impacts on
Exoplanets and the Earth” at Faculty of Science of Kyoto University on March 1st (Tue)- March 4th
(Fri), 2016, supported by the International Research Unit of Advanced Future Studies, Kyoto
University.

The main reason why we held the workshop at Kyoto was that the study of superflares on solar-
type stars has been significantly developed by the Kyoto group in recent years (Maehara et al. 2012,
Shibata et al. 2013, Shibayama et al. 2013, Notsu, Y. et al. 2013, Notsu, S. et al. 2014, Nogami et al.
2014, Maehara et al. 2015, Notsu, Y. et al. 2015a,b, Honda et al. 2015).

Using Kepler data, Maehara et al. (2012) discovered many superflares (with energy of 10**-10%
erg) on solar type stars (G-type main sequence stars). In the case of the Sun-like stars (with surface
temperature 5600-6000 K and slowly rotating with a period longer than 10 days), the occurrence rate
of superflares with an energy of 10°*-10% erg is once in 800-5000 yr. There is evidence that these
superflare stars have extremely large starspots with a size about 10 times larger than that of the largest
sunspot (Shibayama et al. 2013, Notsu, Y. et al. 2013). There was no signature of hot Jupiter on these
stars against previous prediction (Schaefer et al. 2000, Rubenstein and Schaefer 2000), suggesting the
possibility of superflares on the Sun. Such a possibility of solar superflares (with energy 10°* erg) was
theoretically supported using order-of-magnitude estimate of total magnetic flux that can be generated
by the differential rotation of the present Sun on the basis of a current solar dynamo model (Shibata et
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al. 2013). The spectroscopic observations of these superflare stars have started (Notsu, S. et al. 2014),
and two Sun-like superflare stars rotating as slow as the Sun were discovered (Nogami et al. 2014).
More recently, using spectroscopic data of 34 superflare stars taken by Subaru telescope, it was
confirmed that the rotational velocity, v sini, and spot coverage are consistent with those estimated
from the brightness variation observed by Kepler (Notsu, Y. et al., 2015a,b). The Lithium abundance
of these superflare stars was also measured from Subaru data (Honda et al. 2015).

Since the subject is so important for both solar and stellar physics as well as for astrobiology, the
idea to hold this workshop has emerged on the basis of the recent active research on superflares by the
Kyoto group as discussed above.

Main purpose of this workshop was to review and discuss superflares on solar-type stars and
related stars, solar white-light flares, modelling of optical spectra of solar white-light flares and stellar
flares, long-term variations of the stellar activity and starspots, the dynamo theory of big spots leading
to superflares on solar-type stars, and to discuss the possibility of superflares on the Sun, impacts of
stellar superflares on exoplanets, and future possible impacts of solar superflares on the Earth.
Collaboration on these subjects among participants has also been encouraged during the workshop and
future.

2. SOC and LOC

SOC members are as follows:
Kazunari Shibata (Kyoto University, Chair)
Suzanne Hawley (University of Washington)
Hiroyuki Maehara (NAOJ)
Satoshi Honda (University of Hyogo)
Kiyoshi Ichimoto (Kyoto University)
Hiroaki Isobe (Kyoto University)

LOC members are as follows:
Daisaku Nogami (Kyoto University, Chair)
Ayumi Asai (Kyoto University)
Takako T. Ishii (Kyoto University)
Yuta Notsu (Kyoto University)
Shota Notsu (Kyoto University)
Kosuke Namekata (Kyoto University)

Invited speakers are:
Suzanne L. Hawley (University of Washington, USA)
Adam F. Kowalski (NASA, GSFC, USA)
Steven Saar (Harvard-Smithsonian Center for Astrophysics, USA)
Luis A. Balona (South African Astronomical Observatory, South Africa)
Valery M. Nakariakov (University of Warwick, UK)
Kyoko Watanabe (National Defense Academy of Japan, Japan)
Masashi Omiya (NAOJ, Japan)
Yoichi Takeda (NAOJ, Japan)
Hideyuki Hotta (Chiba University, Japan)
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3. Program
The program of this workshop was as follows:

3/1 (Tue) Observation of Stellar Superflares and Solar White Light Flares

Time Name Rough contents of the talk

Chair: Kazunari Shibata

10:00-10:10 ~ Kazunari Shibata Opening remarks

10:10-11:00  Hiroyuki Maehara Superflares and starspot activity on solar-type stars

11:00-12:00  Suzanne Hawley Observation of stellar flares

12:00-13:30  Lunch

Chair: Ayumi Asai

13:30-14:30  Adam Kowalski  Modeling of optical spectrum of stellar flares

14:30-15:30  Kyoko Watanabe Solar white-light flares

15:30-16:00  Break

Chair: Kiyoshi Ichimoto

16:00-16:30  Takako T.Ishii ~ White light flares observed at Hida Observatory

16:30-16:45  Kosuke Namekata Statistical properties of solar white-light flares

16:45-17:00  Han Yuan Chang A LAMOST-Kepler spectrophotometric study of hyper flares of
M dwarfs

17:00-17:15  Li-Ching Huang Physical Properties of G-type Kepler Eclipsing Binaries

3/2 (Wed) Observation of Stellar Superflares and Spectroscopic Observations

Chair: Hiroaki Isobe

10:00-11:00  Luis A. Balona  Flare stars across the H-R diagram

11:00-12:00  Valery Nakariakov Oscillations of stellar flares

12:00-13:30  Lunch

Chair: Suzanne Hawley

13:30-14:15  Yuta Notsu Spectroscopic observations of solar-type superflare stars

14:15-14:30  Satoshi Honda Spectroscopic observations of flare star EV Lac at NHAO

14:30-15:00  Break

Chair: Satoshi Honda

15:00-16:00  Yoichi Takeda  Activities and related properties of solar-type stars

16:00-17:00  Steven Saar Observations of Magnetic Cycles in Late-type Single Dwarfs:
What are They Telling Us?

17:00-17:30 ~ Mark Cheung Evolving Models of Stellar Photospheric and Coronal Magnetic
Fields

19:00~ Banquet at Ganko Nijo

3/3 (Thu) Possibility of Superflares on the Sun

Chair: Hiroyuki Machara

10:00-10:30  Kazunari Shibata Can superflares occur on the Sun?

10:30-11:30  Hideyuki Hotta ~ Current understanding of solar global scale magnetic field and
dynamo

11:30-11:45  Hisashi Hayakawa World-Wide Records of Solar Flare Candidates in the 10th
century and the 18th century
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11:45- Lunch
PM  Tour to Kwasan Observatory (Excursion)
http://www.kwasan.kyoto-u.ac.jp/general/facilities/index_kwasan_en.html

3/4 (Fri) Planets (AM) & Future Plans (PM)

Chair: Takanori Sasaki

10:00-11:00  Masashi Omiya  Observations of exoplanets and stellar activity

11:00-11:15  Takuya Takahashi CMEs of solar superflares

11:15-11:45  Daisaku Nogami Kyoto 3.8m telescope and future plans of our superflare studies
11:45-13:30  Lunch

Chair: Daisaku Nogami

13:30-17:00  Discussion ~Future plans of superflare studies~

(Moderators: Daisaku Nogami and Kazunari Shibata)

Short comments & Topics

-Daisaku Nogami: Future plans of our superflare studies

-Fumihide Iwamuro: Short comment on spectrograph of Kyoto 3.8m telescope

-Suzanne L. Hawley: Some thoughts on observing flares and starspots with new Japanese 3.8m
telescope

-Bun’ei Sato: Comment on spectroscopic observations with Kyoto 3.8m telescope (Introduction of
TESS)

-Hiroyuki Ishikawa: Comment on the habitability of M-type stars

-Possibility of International Collaboration

4. Talks and Discussions

Though the total number of participants was limited by the size of the room for the purpose of
effective discussion, the workshop was attended by total number of 39 participants including 8 foreign
researchers from 4 countries. Figure 1 shows a group photograph of this workshop.

As shown in the program, the workshop mainly consisted of invited review talks:

On the 1** day, Machara gave a review of the study of superflares and related starspots based on
Kepler data. Hawley presented an excellent review on optical observations of stellar flares. Kowalski
introduced a detailed review on modeling of optical spectrum of stellar flares. Stellar flares
spectroscopically observed in the optical light are physically the same as white light flares on the Sun.
Hence, Watanabe presented a nice review on solar white light flares based on recent space
observations, whereas Ishii discussed recent ground-based observations of solar white light flares
taken at Hida Observatory of Kyoto University.

On the 2™ day, Balona reviewed flare stars across the H-R diagram, including the amazing
discovery of superflares on A stars. Nakariakov discussed interesting study of oscillations of
superflares on stars. Notsu (Y.) gave a review of spectroscopic observations of solar-type superflare
stars taken with the Subaru 8.2m telescope, and Takeda gave a comprehensive review of activities and
related properties of solar-type stars. Saar presented an interesting review on observations of magnetic
cycles in late-type single dwarfs. Cheung commented a future plan of the study of the stellar flare
activity as an extention of the solar flare study.

On the 3™ day, Shibata discussed “Can superflares occur on the Sun?” from the theoretical point of
view. Hotta gave an excellent review on the current understanding of the solar dynamo theory.

On the 4™ day, Omiya discussed an interesting plan of observations of exoplanets and related stellar
activity. Since one of the important targets of the Okayama Kyoto 3.8m telescope is superflares and
their host stars, Nogami discussed future plans of the superflare studies using the Kyoto Okayama
3.8m telescope. Especially in the afternoon of the 4™ day, future plans of spectroscopic observations of

268



Journal of Integrated Creative Studies

superflares and their host stars with Kyoto 3.8m telescope have been extensively discussed (see Fig 2).
Finally, possibility of international collaboration has been discussed.

5. Acknowledgement

We would like to thank all invited and contributed speakers to present interesting and informative
talks, and thank all participants to attend this workshop and to have active discussion.

We also would like to thank the International Research Unit of Advanced Future Studies, Kyoto
University for the support of this workshop. Especially, we thank Professor Muraki for his various
help. Finally, we thank Kwasan and Hida Observatories as well as Department of Astronomy,
Graduate School of Science, Kyoto University, and the Unit of Synergetic Studies for Space, Kyoto
University.

6. References

Honda, S., Notsu, Y., Machara, H., Notsu, S., Shibayama, T., Nogami, D. and Shibata, K., High
dispersion spectroscopy of solar-type superflare stars. III. Lithium abundances. Publications of
the Astronomical Society of Japan, 67, 85, 2015

Maehara, H., Shibayama, T., Notsu, S., Notsu, Y., Nagao, T., Kusaba, S., Honda, S., Nogami, D. and
Shibata, K., Superflares on solar-type stars. Nature, 485, 478, 2012

Machara, H., Shibayama, T., Notsu, Y., Notsu, S., Honda, S., Nogami, D. and Shibata, K., Statistical
properties of superflares on solar-type stars based on 1-min cadence data. Earth, Planets and
Space, 67, 59, 2015

Nogami, D., Notsu, Y., Honda, S., Machara, H., Notsu, S., Shibayama, T. and Shibata, K., Two sun-
like superflare stars rotating as slow as the Sun. Publications of the Astronomical Society of
Japan, 66, L4, 2014

Notsu, Y., Honda, S., Machara, H., Notsu, S., Shibayama, T., Nogami, D. and Shibata, K., High
dispersion spectroscopy of solar-type superflare stars. [. Temperature, surface gravity, metallicity,
and vsin i. Publications of the Astronomical Society of Japan, 67, 32, 2015a

Notsu, Y., Honda, S., Machara, H., Notsu, S., Shibayama, T., Nogami, D. and Shibata, K., High
dispersion spectroscopy of solar-type superflare stars. II. Stellar rotation, starspots, and
chromospheric activities. Publications of the Astronomical Society of Japan, 67, 33, 2015b

Notsu, Y., Shibayama, T., Machara, H., Notsu, S., Nagao, T., Honda, S., Ishii, T. T., Nogami, D. and
Shibata, K., Superflares on Solar-type Stars Observed with Kepler II. Photometric Variability of
Superflare-generating Stars: A Signature of Stellar Rotation and Starspots. Astrophysical Journal,
771,127, 2013

Notsu, S., Honda, S., Notsu, Y., Nagao, T., Shibayama, T., Machara, H., Nogami, D. and Shibata, K.,
High-Dispersion Spectroscopy of the Superflare Star KIC 6934317. Pubilcations of the
Astronomical Socity of Japan, 65, 112, 2014

Rubenstein, E. P. and Schaefer, B. E., Are Superflares on Solar Analogues Caused by Extrasolar
Planets?. Astrophysical Journal, 529, 1031, 2000

Schaefer, B. E., King, J. R. and Deliyannis, C. P., Superflares on Ordinary Solar-Type Stars.
Astrophysical Journal, 529, 1026, 2000

Shibata, K., Isobe, H., Hillier, A., Choudhuri, A. R., Maehara, H., Ishii, T. T., Shibayama, T., Notsu,
S., Notsu, Y., Nagao, T., Can Superflares Occur on Our Sun?. Publications of the Astronomical
Sciety of Japan, 65, 49, 2013

Shibayama, T., Maehara, H., Notsu, S., Notsu, Y., Nagao, T., Honda, S., Ishii, T. T., Nogami, D. and
Shibata, K., Superflares on Solar-type Stars Observed with Kepler. I. Statistical Properties of
Superflares. Astrophysical Journal Supplement Series, 209, 5, 2013

269




2
0]
1
5
&
E
]
gh
-
&
B

Fig 1 Group photo of participants of the superflare workshop, on March 1, 2016, in front of the
entrance of the building 4 (Dept of Astronomy) of graduate school of science, Kyoto University.

Fig 2 One scene of discussion on future plans of the superflare research using the Kyoto
Okayama 3.8m telescope.
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31,300 T-H (AL 27 4 6,200 T-H)

2015-2019 FHIFE B2 v Chodi =) EBRI PR NEIES (04H) SR 27 4E1E - SEK
S1ARHE, [ERERENRAE 10,000 T (PR 27 4£EE 2,000 T-11)
7R —FikE 2015/11/28 P W AR 34l < FEHT ML - B - Ak —MRAEH R4 100 4E Rl & )
HEE AR, sy, 2015 4F 11 H 28 [, 5HR%E, BIEpZeRt 6 S8
2015/11/22 74 vy ay gy B~ — ARG 100 45 JEREY B E0FZem i RG2S
TR 100 5L 75 v 2Rk —~T7 T v 7 b — VB O IRHifi~ ], 2015
411 A 22 H, 5K, SEm LI enmis ) | sl

SO R HE 2015/10/22 KBFRKIE, 2015/10/22, 7V A L7 7— - 7 —s8—3, Sk (B08), fidp,
¥ 5,184
i 2015/12 Maehara, Hiroyuki; Shibayama, Takuya; Notsu, Yuta; Notsu, Shota; Honda,

Satoshi; Nogami, Daisaku; Shibata, Kazunari, Statistical properties of superflares
on solar-type stars based on 1-min cadence dataEP&S...67...59, 2015/12

2015/11 Muranushi, Takayuki; Shibayama, Takuya; Muranushi, Yuko Hada; Isobe,
Hiroaki; Nemoto, Shigeru; Komazaki, Kenji; Shibata, Kazunari, UFCORIN: A
fully automated predictor of solar flares in GOES X-ray fluxSpWea..13..778,
2015/11

2015/11 Takasao, Shinsuke; Fan, Yuhong; Cheung, Mark C. M.; Shibata, Kazunari,
Numerical Study on the Emergence of Kinked Flux Tube for Understanding of
Possible Origin of 0 -spot Regions, ApJ...813..112, 2015/11

2015/10 Singh, K. A. P.; Hillier, Andrew; Isobe, Hiroaki; Shibata, Kazunari, Nonlinear

instability and intermittent nature of magnetic reconnection in solar
chromosphere, PASJ...67...96, 2015/10

2015/10 Honda, Satoshi; Notsu, Yuta; Maehara, Hiroyuki; Notsu, Shota; Shibayama,
Takuya; Nogami, Daisaku; Shibata, Kazunari, High dispersion spectroscopy of
solar-type superflare stars. III. Lithium abundances, PASJ...67...85, 2015/10

2015/7 Takeshige, Satoshi; Takasao, Shinsuke; Shibata, Kazunari, A Theoretical Model
of a Thinning Current Sheet in the Low- 8 Plasmas, ApJ...807..159, 2015/7
2015/6 Notsu, Yuta; Honda, Satoshi; Maehara, Hiroyuki; Notsu, Shota; Shibayama,

Takuya; Nogami, Daisaku; Shibata, Kazunari, High dispersion spectroscopy of
solar-type superflare stars. II. Stellar rotation, starspots, and chromospheric
activities, PASJ...67...33, 2015/6

2015/6 Notsu, Yuta; Honda, Satoshi; Maehara, Hiroyuki; Notsu, Shota; Shibayama,
Takuya; Nogami, Daisaku; Shibata, Kazunari, High dispersion spectroscopy of
solar-type superflare stars. I. Temperature, surface gravity, metallicity, and vsin
I, PASJ...67...32 06/2015

2015/6 Takasao, Shinsuke; Matsumoto, Takuma; Nakamura, Naoki; Shibata, Kazunari,
Magnetohydrodynamic Shocks in and above Post-flare Loops: Two-dimensional
Simulation and a Simplified Model, ApJ...805..135 06/2015

2015/3 Takahashi, Takuya; Asai, Ayumi; Shibata, Kazunari , Prominence Activation By
Coronal Fast Mode Shock, ApJ...801...37 03/2015
2015 Fractal Reconnection in Solar and Stellar Environments, Kazunari Shibata and

Shinsuke Takasao, a chapter of the book ,"Magnetic Reconnection - Concepts
and Applications", editors W. Gonzalez, E. N. Parker (Springer, 2015)
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B i 2015/11/19 PRIEZOE in 5UA8 20155, 2015 48 11 H 19 H, SURSEHEVIERZeir, A&
2015/10/5-9 Magnetic Fields in the Universe V, Oct. 5-9, 2015, Corsica, France, (SOC)
2015/9/27-29  International Symposium on the NAOJ Museum, September 27 - 29, 2015, in
Mitaka, Tokyo, Japan. (SOC)
2015/8/12-14  IAU Focus Meetings (GA), FM 18: Scale-free processes in the universe, Aug
12-14, 2015, Honolulu, Hawaii, USA, (SOC)
2015/8/10-14  IAU Symposium 320,"Solar and Stellar Flares and Their Effects on Planets",
Aug. 10-14, 2015, Honolulu, Hawaii, USA, (SOC, co-chair)
2015/8/8 EE#AHES2 Ay R L T2 R¥ES 5, 201548 A8 H (4), &
RS AIEMEE, Hl2
2015/6/8-12 ASTRONUM, June 8-12, 2015, Avignon, France (Program Committee)
2015/1/10-11  FHa=vy b YR Y A, TFHIZO 50355 AFXHOAK 2015, 20154 1
100 () -11 H (H), KataRE—L, HEEA
e 2015/12/26 20154E 12 H26 H $AHA LT v —k v ¥ — (GUBZSMENT) Gk 13 K~
143097 KBy CcHBEAERE (R—S—=7L7) BRES5H?
2015/12/25 20154F 12 H 25 H, FEGARSCERS, KBOREIERE LA, Mt (350 +547),
Kb - HE7 L7 OB — KB TRA— =7 L7 E S0 ?
2015/12/15 20154 12 H 15 H  IEEE sURAEINR LB H S 1418 30 49~ 16 R 30 4> {E
IRZAENE ) 22 KBOBEEA— =7 L7 RNKREREEAN
2015/12/7 2015 4E 12 H 7 0 (URHXH A A2 dREs 7 A= 1I0B FE0 10 R~ 12
R KEBOBHEA— =7 LT
2015/12/5 20154 12 J1 6 H 456 M HivkiEe (RIEEHR) R OBRE SRV 74 2 v
rav
2015/11/26 2015 Nov 26, ESWWI12 (Eurepean Space Weather Week), Ostend, Belgium,
11:00-11:20, invited talk, Superflares on Solar type Stars and Their Implications
on the Possibility of Superflares on the Sun
2015/11/21 20154 11 H21 H BRI A% A 2 B kRS 6 B AifGHE 14
K~ 16k KBEOFKE A — =7 L7
2015/11/20 20154 11 B 20 0 MLflrh£fBIL RS S 23 @B CR (BILERE ~
ko z, KB d? A IADHEMICEZ S
2015/11/2 2015, Nov 2, APSPM2015 (Asia Pacific Solar Physics Meeting), Seoul Univ,
Korea, 14:00-14:25, invited talk, Stellar Superflares
2015/10/31 20154 10 H31 H B4 — 7> ALy JREH- R4St v 9 — (Rl
AN I3~ 140K KB, HIER, FTHHIA
2015/10/21 20154E 10 H 21 H #&tike @i 1305250~ 15154y KGOEE E 2 —
N=T7L7
2015/10/17 2015410 H 17 H  AEIERSCAE— MG DVD Tiligiad & 524 — &% & TR
Dl DA ) TITEDRERE
2015/10/16 20154F 10 H 16 H &dbechtimeh Renlase 131 307~ 15 1R 1597 Kb,
HER, FHEA
2015/10/9 20154 10 H 9 H Il E 1 T R @t IR CE IR B RN Z §
% 12 DA%
2015/10/9 2015410 H 9 H B u#BIIJEAT Gl 16 ki~ 17 ] 30 47 KGR
EA—=R=7L 7T
2015/9/27 2015 Sep 27, International Symposium on the NAOJ Museum, September 27 -
29, 2015, in Mitaka, Tokyo, Japan. invited talk (20min), Future Plan of Kyoto/
Kwasan Observatory Museum
2015/9/26 20154£ 9 H 26 H (+) £ 57 [0 NPO LI RIKEIES T4 H &L 4ihy @tk
B HosLE
2015/9/25 201549 H 25 H (&) 2 7 MIACHBERBHES WK A 19 R~ 21 K
Hid & FH
2015/9/21 20154E 9 H 21 H WO=pFHidkiss i 18400~ 191254 @by
JpARBG. HIER, A
2015/9/18 20154:9 H 18 H, SKA ¥4 x> 223k, FEVEE R (BRI 30 75 +1097), KB5-
fHE 7 V7 oY
2015/9/13 20169 H 13 H AP a=27F v 8 @ 10 R~ 11 K304 HUKEE
IR G KBOEREA—N=7L 7
2015/8/27 201548 H 27 H (KR) H6MRXAEEBIER LKA 18k~ 21 Ik
i L &
2015/8/26 20154E8 H 26 H, KXAB 7 —AA4 7, WRERT —h4 7, WEG&, 1
INRSCE OBLR &k
2015/8/21 2015 4E 8 H 21 H, 4 H & JE & & K& MHD W % 2, 4 i |2 K %, Closing
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2015/8/19 20154 8 A 19 H, HEFGLE&  Kik MHD s, #liE R, THEH—-ROF
HiWFE) oW CRIBELGHHED TIMEE & 2 0 & EHEE 40 < VHLGE)

2015/8/10 2015 Aug 10, IAUGA-TAUS320 Solar and Stellar Flares and Their Impact on
Planets, Honolulu, Hawaii, USA, plenary talk, pm 6:00-7:30, Solar and Stellar
Flares and Their Impact on Planets

2015/8/7 201548 H7TH HWARA—7vFr A FHRKIHETOWIE Kb - HE - K
FIRFEBISR

2015/7/27 20154E 7 H27T H HSEEDERPEL v ¥ — TRKDY 4 27 1 A by TGl
2@TENIKIA, §iHH 30~3579, KF#Hou~vY2ild

2015/7/27 201547 H 27 0 BN ETHE @ IR H, @ 15 1] 00 47~ 16 IR 00
SIRB. HIER. FHIA

2015/7/25 201547 H 26 H JREBERCE —MAb] G 17 15 30 27~ 18 1 20 77 K.
Bk, FHA

2015/7/23 2015 47 H 23 H, HUREILHE RIMS #F7e8E 2 TELHE 2 MM E L 72 AR O B8

(25+5 min), Fractal Reconnection in Solar and Stellar Environments, Kazunari
Shibata and Shinsuke Takasao, %H—h% *. @EfiES GURIEILRCE)
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2015/7/8 20154E7 H8 H i&diEig 13 W40 0~ 151K A——7 L 7 L FH R Pt

2015/7/7 201547 H7 H SUARIPEMBGhaE G, 110K 55 9y — 121K 4547 TRFHHD
neryEiis ) —LYOHIZ FHERICOWTEZL L) —

2015/7/7 201547 H7H BHEELILRCAE RS @uilKXH #1415 20 4)
~ 15/ 204y KBp. HiER, F9HHA

2015/7/7 2015467 H7TH fGLRXA Loilss i, 18R 300 — 19K 304 L
4 & KD

2015/7/1 201547 H1 H BUBfEs v R Y L@t KEMERT  KBF2sH| St 2 3 R5KH

2015/6/25 201546 H25 H 74 7— Fiflidi (40 43) @HAUIZS /2 K KBS & HiBk, A — 3 —
7L

2015/6/23 20154F 6 H 23 H LSS MR E, Gl (7047 + 1047)  KBHIGE) & HhERER
i

2015/6/19 201546 H19 H #rre@A v 7 v 7 AKRWK, 16 H~ 16130 B2 5T
[DESERPN

2015/6/15 201546 H 16 H #ld¥Laims FliE 16 B30 40~ 18K KA —
T YRV A (R FABBOEL) KBBOEBE A——7 L7

4 201546 H I3 H-14 H [oXKRFE#ERZ@GILKH, 10 K~ 16 K 50 47 x2 H
EE LG KBOSEARWE KEOBEERA— =717

2015/5/28 20154:5 H 28 H  THCHIS A4 s, B0 (R8s e L, 17 1 30 2~

19 Wy, KBFOES) & BRI IE(L,

2015/6/13-

—

2015/5/26 2015 May 26, JpGU space weather session oral, Why big sunspot 12192 did
not produce CME ?

2015/5/18 2015 May 18, workshop "Integrated Plasma Modelling of Solar Flares", Lorentz
center, Leiden Univ, The Netherlands (invited talk), Review of the standard
flare model

2015/5/15 20154E56 H 15 H, v —L w58 R, 25 77, REOBEE A—"—7L 7

2015/5/8 201545 H8 H 5 MIRXAHESBIES LKA, 19 R~ 21 K, KB

DEBE A ——T7 LT

2015/4/18 201544 H 18 H, #S ABRIKGL&MES, £ilE, KCHH LI A LRE— A
DRICHE « 77 bV —FihdH), (2 LTHZE) DEMIZBHAEER—

2015/4/15 2015 April 15, Space Weather Workshop , (Boulder, USA) (15 +5 min),
Superflares on Solar type Stars and Their Implications] on the Possibility of
Superflares on the Sun

2015/4/11 201544 A 11 H, S FH 2R mis, KIOK, MUy, el & 558 T
& PR DR A DA

2015/3/26 20154E3 H26 H, > v RY v 4 HEHERBBESEED Y 27222 X v by, Zili
TEERY: (B, KB TA— =7 L 7 13RE 50 ?

2015/3/19 2015 4 3 H 19 H, HARCESBEFES (KRBROR), HEHFE, G40 R AHE T
WA, TREE SMART F— 2 (UKFERCA), BEREA 12192 A€ an R
B ZRZ o tz0?

2015/3/15 201543 H 15 H RBovya)zfEy vy K@ v 7y 5 4 s i,
13055 — 14K 1055, A—s8—7L7 (KBp7L7) & NPO {EILIDiES)

2015/3/11 2015 4E 3 H 11 H, W4 TR Y 2 227 > a YLD RET— AR, - 28 - F28r= ),
(EARBIAFZERERS < Bl 7 a2 = 7 b o —B), A (B, K7 v 7
B axsyay

2015/3/10 201543 H 10 H HUAB SKY > =7 K% G, 10 -1210F KA 6 i
BREREE ~IGE) 9 2 526 & KB~
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2013-2015

HMEE (B), KB 7 L7 L KBEE A — =7 L 7 O LIeHgE, 4 —K,
K 25 4 -27 4 (]34 14,700,000 F) K 27 4 : 4,300,000 F

2013-2015

SCHBFEAE, SRR B R e, BRER T — & I L gl
KA R DTS & AMEIL, SH—, TR 25 4 -27 4£ (TR 27 4
11,291,000 [4)

RLEFER

2015/8/25

20154F8 H256 H GUBFER@EREA / X— a Vil & L FHBMRDEG~D
A DRI E Tl RIS pEIERER Wa s RSO (UKRG A -
B FFE: BE (Ta-—Yyry) HEHR GUREE - IWERXE - B2,
aR)
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2015/10

FHiRE (20154510 ), KXAEE LD

2015/10

i TRADEB L #iy, 20154 10 A4 (No.19) pp.184-185, A k- F 7 A DHTHE
TRALZSTWET 30, ZE O 5 Fiiz D% <

2015/8/10

IAU General Aseembly Kai'aleleiaka (2015 Aug 10), ppl0-11, Kazunari
Shibata, IAU Symposium No 320, Solar and Stellar Flares and Their Effects on
Planets

2015/4/20

LSNTw 1325 (2015 45 (FEL 27 4E) 4 H 20 H), HARZOBH Rtz o <
2058, —HKRAETYRERIR E 7Y =y P RXH

2015/3

KF (2015 4E 3 A5 #1078 %), KX Y2055 3 LUK B IV IX
Bz

DVD

2015/8/19

o ATEL & (DVD), A - Wi g S - K/ % # % HF RELEASE:
2015.08.19, 5Efifi : ¥3,800 (BiAl), & % : YZDI-8002 / POS : 4560255254246,
FE7eTh : DIAA Bk, B5Et: 7 77 Y S 2 — 2 v 7 Woakkl okl

i fh—

2015

2015, Kobayashi, Y., Y. Hodoki, K. Ohbayashi, N. Okuda, S. Nakano (2015),
Changes in bacterial community structure associated with phytoplankton
succession in outdoor experimental ponds. Plankton and Benthos Research 10:

34-44, [EFEGE, HIRR A

2015

2015, Nishino, H., Y. Hodoki, S. D. Thottathil, K. Ohbayashi, Y. Takao, S.
Nakano (2015) Identification of species and genotypic compositions of
Cryptomonas (Cryptophyceae) populations in the eutrophic Lake Hira, Japan,
using single-cell PCR. Aquatic Ecology 49: 263-272. [E[3E, G A

2015

2015, Tanabe Y, Okazaki Y, Yoshida M, Matsuura H, Kai A, Shiratori T, Ishida K,
Nakano S, Watanabe MM. (2015) A novel alphaproteobacterial ectosymbiont
promotes the growth of the hydrocarbon-rich green alga Botryococcus braunii.
Scientific Reports 5 doi:10.1038/srep10467, [EFREE, HIKT &

2015

2015, Mukherjee, I., Hodoki, Y., Nakano, S. (2015) Kinetoplastid flagellates
overlooked by universal primers dominate in the oxygenated hypolimnion of
Lake Biwa, Japan. FEMS Microb. Ecol. 91 fiv083, [EIFE, HIMHT &

2016/1/15

2015, [EEE %2, Nakano, S. et al. Ecophysiology, Phylogeography and
Environmental Sociology on Water Blooms of the Globally Distributed
Cyanobacterium Microcystis aeruginosa. UNESCO International Scientific
Symposium, Scientific, Technological and Policy Innovations for Improved
Water Quality Monitoring in the Post-2015 SDGs Framework. 15 July 2016,
Otsu, Shiga, Japan (fB#5:i#)

2015/9/29

2015, EWNE2, SN, HRRT, BKRF, PiFff—, Gu Yilu, Li Renhui,
Sun Fuhong, Wu Fengchang H[E - Killic 3 2 WA oLk &> 7 2 N
77 7 ROHIEBHEDBIRIC O W T, HARKEAE 80 MIFfEKs, ALKy
A v > o8 2, 9 H 29 H, HEEYES

2015/9/18

2015, EIWN%:2, FIAISE, I, Shoji D. Thottathil, H¥pff— (2015):
WK OIEF A O WA SEOERE LOUBiE. A2 62 M2, Rk
2R, 9 H 18 H, HuFER

2012-2015

6 147 B B b2 B ot At 22 T HA ST — r B NSFC #F2E %83, (H24 ~ H27)
(JST) WBOETIFEY D7 £ 2 R B AR - TG0 v T, A, 2,350
T (13,140 FF)

VaR AT

2015/5/6

Kazuo Nishimura, Takaaki Aoki, Michiyo Inagawa, Yoshikazu Tobinaga, Sunao
Iwaki “Brain Activities of Visual Thinkers and Verbal Thinkers: A MEG Study, ”
Neuroscience Letters Volume 594, 6 May 2015, Pages 155-160, DOI: 10.1016/
j-neulet.2015.03.043

2015

Frédéric Dufourt. Kazuo Nishimura. Alain Venditti, “ Indeterminacy and
sunspots in two-sector RBC models with generalized no-income-effect
preferences, ” Journal of Economic Theory 157, pp. 1056-1080, 2015

2015

Kazuo Nishimura, Carine Nourry, Thomas Seegmuller and Alain Venditti, “On
the (de) stabilizing effect of public debtin a Ramsey model with heterogeneous
agents, ” International Journal of Economic Theory Volume 11, No 1, 2015,
7-24
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Takata, T and Fujii N. , Isomerization of Asp residues plays an important role
in a A-crystallin dissociation. , FEBS J., Dec 24. doi: 10.1111/febs.13635. [Epub
ahead of print] in press, 2015/11

2015/9

Kim I, Saito T, Fujii N, Kanamoto T, Chatake T, Fujii N., Site specific oxidation
of amino acid residues in rat lens y-crystallin induced by low dose y
-irradiation., Biochem.Biophys.Res.Commu, 466 622-628, 2015/9

2015/6

Takata T and Fujii N., Effect of Asp 96 isomerization on the properties of a lens
a B-crystallin-derived short peptide. , J. Pharm. Biomed Anal., 116 139-144,
2015.6

2015/5

Ramkumar S, Fujii N, Sakaue H, Fujii N, Thankappan B, Kumari RP,
Natarajaseenivasan K, Anbarasu K. Real-time heterogeneous protein-protein
interaction between o A-crystallin N-terminal mutants and « B-crystallin using
quartz crystal microbalance (QCM). , Amino Acids., 47 1035-1043, 2015/5

2016/3

T, W, SCEBAL, BEFEE, i K 2B EAEX 2 ) 74 — Dl
041 B f ot s & ONELAER AR S, 2016/3 (HRR#HEE)

2016/3

SR, BN, HIREE, AME, BIHL T, v IS XS F v FRE T a-
BLUB-27 )28 v DAL, B7 S Pt & ORGSO REREE o Bid LC-
MS/MS 5#7, &5 41 [l fr DfER & & (L= Al s, 2016/3

2016/3

Ha Seongmin, {3k, BEJFF, & MEho D- 7 2/ BEGX7F FORE,
%541 AR ORE B X - A, 2016/3

2015/12/6-11

Noriko Fujii, Crystallin racemization and insolubilization of lens proteins,
International Conference on the Lens 2015 Sheraton Kona Resort & Spa,
Hawaii, 2015/12/6-11 (Invited spealker, Symposium organizer)

2015/12/6-11

Takumi Takata, Noriko Fujii, Isomerization of Asp residues is different
between monomer and hetero-polymer of alpha-crystallin in aged human lens,
International Conference on the Lens 2015, Sheraton Kona Resort & Spa,
Hawaii, 2015/12/6-11 (Invited spealker)

2015/12

LT, MAEREEEL D- 7S /] U\ 7 I uA FiEE), 488 mHAL
e « 05 37 M HAY A AR E L AR, 2015/12 (FFFHHE)

2015/12

RS AR IR T, RBBREAETO 7 ZA87 ¥ VRO D 1l &
D- 7 A8 7 ¥ VEREIL A O RREG & OBIGR, 5 88 MIH AL N AES - 55 37 FIH
Ry AP FERERORARSE, 2015/12, EEFFHREXF TV T4 —DNRTF A4 Ly
7 b — D-7 3 @R OFIERM (Session Organizer)

2015/9/2-5

Noriko Fujii, The importance of the idea of “Parachirality” in life science, 3rd
International Symposium on the SOAI Reaction and Related Topic, Bané Maria
Kastélyszallo (Hungary), 2015/9/2-5 (Invited spealker)

2015/9

BEFHAL T, R, DT, | BiHEE, LC-MS ZHW-ANEZ V28 ) v o
BT 2 7 BBOMGES T, 5 54 [ HAR A NEE AR - 8 41 BRI S,
2015/9 (AfFasid)

2015/7

BEIAC . 8RR, LC-MS 2 W7 R a7 =7 ) D- 7 287 ¥ VR0 f
PrDPSE, 55 37 MIHABEE - W4, 2015/7

2015/6

A SEONGMIN, @EHIE, BT, o D- 7 &V lEa X7 F FofR, 415
[ HAE VB R 22, 2015/6

2015/6

AL T, LC-MS/MS 12 &k 2 BB Asp Bk (R o xBlifigthr, 55 15 [MIHAEAH
RlpaiEsy, 2015/6 (FIfFHEH)

LEa—

2015

Fujii N, Takata, T. and Fujii N., Quantitative analysis of isomeric (L-a-, L-
B-, D-a-, D-B-) aspartyl residues in proteins from elderly donors. , J. Pharm.
Biomed. Anal., 116 25-33, 2015

2015

T, BT, HARE 70 28 ) > ORIFREN, HARNRYE26ES, 27 15-
18, 2015

ZH

2015/7/23

IR T, S HADCEY: - LAWY E ¥RH, HAXEY - tEwYs,
2015/7/23

W BT

2013-2016

25-28 SGRBL AR A Fe il G (BHEWEZE B/25288075), Mtk fic 4 & 4
%A E B R E O £ 2 ofsHE, 17,350 (FH) R, 2013 — 2016

2015

27 SCHFEARIEI R ARG G A), ThIET-BELE Tl 2 TS A% ©
DERE T ORERITE DY, 250 (F1), 474, 2015

W R

3L

2015

Masatoshi Murase: Introduction to New Integrated Creative Studies (DOI:
10.14989/ 199810) 2015-001-a, Journal of Integrated Creative Studies (ISSN:
2424-0370)

2015

RRBUERS © defy & 2k, BOA— OB O, % 113-116 (2015)

2016/2/11

Masatoshi Murase:Astonishingly Interesting World of Science and Education
— Knowing How We Know — Yukawa Institute for Theoretical Physics, GSEE/
Kyoto 2016 February 11, 2016.
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2016/2/11 Masatoshi Murase: Introduction to Advanced Future Studies, International
Symposium on Advanced Future Studies, Yukawa Institute for Theoretical
Physics, February 11, 2016.
2015/12/2 FHEE c T EA E LR L AICA LAV ) GSEE/Kyoto HUHIAEIELMEY
2WF%EHT 2015 4E 12 H 2 H
2015/11/21 WA © B REBERR O Ao CEMBAR) ELP 38 TASKAIR 2~ D Pk
—RUESRRE, AR TR & 9 2 0AK, SRS 201548 11 H 21
H
2015/10/15 RO © BEURSZ RS BOREG AR ABHEE TR G ORI SR
YRR 20154E 10 H 15 H
2015/10/15 e © BREGHEE (RIS RUES D & 2 5 — i e E A i < =] TE
BB L A —BREE OGS S KK DAIRAN — ). FTHEHAEEEE v Y —
2015410 H 15 H
2015/10/8 FAEDR © BREGGHIEE [ RUESN FED & 22 5 — Wi A RAl I < =] T8
T B ) LR - 2 0B vt R wER -, FHET AR v Y —
2015410 H 8 H
2015/10/2 ROEAERR © WG R REPT S RUEIR AR R SRR T AR~ O R Bt
SR FEEGE B ARIFZET 2015 45 10 H 2 H
2015/10/1 WU BREGHEIE [ UE S R RED & 22 5 — i e e E BRI i < =] T
—alh BRI B L AL DOARMDICOnT— ), FHANEEY Ly ¥ —
2015410 H 1 H
2015/9/8-10  FHEAEER : 2015 4E AR YR PER, MARANOREE ramfik: 2015
FI9H8H-10H
2015/8/8 WA 10 M EBRBEYS TBEAE L0 LA S 72 F U0 D IR — A
T8 ITREHE - AERY: 20154E8 H8 H
2015/7/4 FABAERR © 2015 R =B RE R RHE TR, ARARE~ OB, =
HRFRFBEAINZER 201647 14 H
2015/6/7 FOAERR © 55 24 1A AARERRBREIDEA A S TV Vv R LT PRy Fv—
B S e~ o Pk, IR 2015426 H 7 H
2015/6/4 ROBUHERS @ RN — REIG D & RRBIEAND ST 74 D~ F 7 VA —
7 75U 3 B OeBE, 2015426 H 4 H
ek E 2015 FCHERR @ SPIRITS Xk (M2 HRUARRFEHE 7 ¥ 7HlEL v ¥ —) SR
SPIRITS JR ALt 08-14, 2015
2015 FHBURERR © BEAALEZ ORI — TR & & bICHlED & DF8E —. HUEBKY: SPIRITS
B R 08-14, 2015
bz 2015 ROBUHERS © SRR 2o LR TN & 32> ? B @ BIR O HAABLAN - #2210
LR, RUEBRE 2015 AR ERTHIEE
2015 RREAERR @ RUAT RS Aep OE L TR R ) AU RS 2015 45 FERT IR
[l ke B i 2016/3/14-16  Masatoshi Murase (chair): International Workshop on Advanced Future
Studies, Coop-Inn Kyoto, March 14-16, 2016
2016/2/12 Masatoshi Murase (chair): International Symposium on Advanced Future
Studies, Yukawa Institute for Theoretical Physics, February 12, 2016
2015/8/6-7 FHHERR @ SR ATERE Y BAEI e i i 2 THIMES A 7 LS B 2 AGE IR
ROFFHICHES ) a—7' 14 58 201548 H6~7H
2015/8/6 UL SRR AR BIRFER > H2  RRARE O ),
a—74 v, 201548 A6 H
[EI PR x4 2015/5/26 Masatoshi Murase (chair): International Workshop on“Life and Matter and
Society: Emergent Behavior Beyond Expectations” at Kyoto University Seminar
House, May 26, 2015.
HrllEl s 2016/2/27 WA © TR ORGSR ARG v ¥ — Ta, EdeoREHR
ROWEE ¥ RY Y L SEphith, 2016 42 4 27 H
2015/12/16 RO « TR ABE Batz mAL HRGHIWIT 2015 48 12 7 16 [
N % 2015 (1) Yamauchi, A., M. van Baalen, Y. Kobayashi, J. Takabayashi, K. Shiojiri
and M. W. Sabelis. 2015. Cry-wolf signals emerging from coevolutionary
feedbacks in a tritrophic system. Proceedings of the Royal Society series B,
282:201521609.
2015 (2) Yamauchi, A. and D. Takahashi. 2015. Environmental variation does not
always promote plasticity: Evolutionarily realized reaction norm for costly
plasticity. Evolutionary Ecology Research, 16:631-647.
FRTER 2016/3 (3) 1IN TEH = v F v 712D C HIEBIR O 5 PEHIK O F T DME(LSefE. 2016
3, % 63 [ HALREES, G, (FH)
2015/8 (1) Yamauchi, A., M. van Baalen, W. Sabelis. Spatial patterns generated by

simultaneous cooperation and exploitation favour the evolution of altruism.
201548 H, HABFRAEY 2 - HhEBI Ay Y o v X 7 AAFRAKRS, 5. (HEH)
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2015/8 (2) Yamagishi, T., R. Booton, A. Yamauchi. The joint evolution of gynodioecy

and selfing. 2015428 H, HAKPHAY) A2 - Hh@ER Y a v X7 AGRKS,
5. (RAF—)

WrEE T 2015 HA RS R ApT7E Sz (C)

7Y b —FiEE) 2015/11/7 SR BAIT e v 8 —— B (R E TR EPO KDL EY S 2L —
Yarvl&k9 ! 20165411 H7TH

2015/10/6 ARV M REHE (R, 2015 4E 10 H6 H

2
0]
1

5
&
E
]
gh
-
&
B

g #HE 2015/7 TG —7a— )L« V=¥ =Dty 208 YL 2V REFT VR -
P A TRy, HKHRS, 2015/7
2015/3 F4 ) R—v a YR ORE — SBIR O Rl & A KPEH DRI (), dARHRZ,
2015/3
2015/3 It 7 R—va YEERORE— SBIR Ol & A KFEEOAEs TR TH LA/
N—3 3 v - BEFAOEERICANT T, RIS, 2015/3
2015/3 FA ) RX— a VDO RE— SBIR Rl & A KRG 18 T4/ X—
¥ a vBOR O — SBIR HIEE & 13 {a2> , HAHIZ, 2015/3
2015/3 T R—v a YBEOFE — SBIR 0§ & ARKEHEDAGEy 4T THAD
SBIR fillEE & Z ORI DK & o Lz ), FRHRS, 2015/3
2015/3 17 R—=v a VIBGKOFLY:— SBIR OFli & AREEDAES F6F T4 v R
DRI HIR D ERL & 5T, BORHIE, 2015/3
2015/3 Tt ) R—v 3 YEEE ORI — SBIR Ol & ANFEE ORI 5 7 7 TREIESFESE
—HAEAEBEREE L 72 1 4 ) R—3 a VIR O R, s, 2015/3
2015/3 T ) R_— a VBOEDRIE— SBIR D&l & AKEEDAGs 4 103 TEE—y
A v ARFEFEAOEFICAT Ty, BHKHE, 2015/3
2015/3 Tt R—v a YBEEOREE— SBIR Ol & AR ORG) H 157 THiLwvA
JR—=vav TN, HAHRRE, 2015/3
T 2015/11/30 AANGE TREET 2, &R > To s BRPERERE KIMNIEH——HAR DY
DR I0E, kT2 /ayY—+ v 54 v, 2015/11/30
2015/11/1 Bz A ) N— 2 VITIET 2 DI —LAD i - AARZRA, K75 v Ry v

by XX T4 7= a— R, 15634, 2015/11/1

2015/10/22 132 % BTV 2 SEBD A S Ao KA IR < R o EBE Il (Bi),
A7 2 /my—4> 54 v, 2015/10/22

2015/10/8 IS H L2 55 X EAM DU KA EHEZIC i < EFF o ERE (3R, B
WFr/my—%v 54, 2015/10/8

2015/9/1 Bl L3l —2 o 2 SBIRHIEE D HK MR, H#REH Vol.58, No.6, pp. 462-
470, 2015/9/1

2015/8/26 JFIRBHTE &0 ) BLDIEH NA X RV 7 Le A b ——ERICEIF S AN, H
Wrr/saY—Fv 54, 2015/8/26

2015/8/6 HEEI WO L, FEIRzRTAERCESRION Ty v AL —F g
VB =TI B oS, HikT 7/ ayY—% v 74 v, 2015/8/6

2015/7/10 i REAR T, B0 ICS ZINEOR LA - B - 784 — A8
ENTELRY, HikF 7 /ay—4v 74 v, 2015/7/10

2015/6/12 BRI CTHORIK g v 2R 77— NERZ DI LHGo
S, HikT 27 /7uy—F v 54 v, 2015/6/12

2015/5/11 N7 FA AEEF BRI Wb V=T g v s Ry ey —RgEOC Y -
X7 ALV, HikF 27 /ny—% v 54 v, 2015/5/11

2015/5/1 g il —2 0 1 HARDRRE LEEDHAW < BL (b ), W e
Vol.58, No.2, pp.135-138, 2015/5/1
2015/4/6 b R X, BOLRO BN " ICIRS 7AY v 22—y —

HPPHRDLRAL AT - RZAL, HfET 7 /0y —F 74 v, 2015/4/6

2015/3/25 AW i - AARZ 2 — Ao SBIR HlEEE AT T, AARY F v —FEaal
Vol.69, 2015/3/25

2015/3/25 AlFE EIcE i, (F BYHYYEORE 2K S —ERARAICEODE NI+
DR 2T, HEET 27 /ny—4 v 54 v, 2015/3/25
I ER FHE GE) 2015 FAEY— AT —R, Ya—v-nNuy=rY—v, fLL - Y—F—f, 7V
A b vEEERAE, WIE#IE, 2015, (BER) (MR- 1198 v =—7L v |, VI3
Jx—=7Lvy tEZDIRH)

D 2015/7 Eiichi Sasakia, Shin-ichi Takehiro and Michio Yamada, 2015, Bifurcation
structure of two-dimensional viscous zonal flows on a rotating sphere, Journal
of Fluid Mechanics, 774, pp 224- 244, 2015 (July), DOI:http://dx.doi.
org/10.1017/jfm.2015.262
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2015

BRAE

Masanobu Inubushi, Shin-ichi Takehiro, and Michio Yamada, 2015,
Regeneration cycle and the covariant Lyapunov vectors in a minimal
wall turbulence, Phys. Rev. E 92, 023022-1 to -14 , 2015., DOI: 10.1103/
PhysRevE.92.023022

2015

Yoshitaka Saiki, Michio Yamada, Abraham C.-L. Chian, Rodrigo A. Miranda
and Erico L. Rempel, Reconstruction of chaotic saddles by classification of
unstable periodic orbits: Kuramoto-Sivashinsky equation, Chaos 25, 103123,
2015, http://dx.doi.org/10.1063/1.4933267

A

2016/1/16

M.Yamada ( 4 £ ## i ), 2D Navier-Stokes equations on a sphere, Naruto
Workshop on Vortex Dynamics, Hotel Ad Inn Naruto, Jan. 16, 2016

2015/12/10

IHBER (AR, MY oME) L P BEs, B mi7re 77 4 TEdsy A
F I AOHEIE Z DG B S O X 67 2, HEURFRA BRI
FERbRHE, 2015/12/10

2015/12/7

IS (B, BRIl o> 2 Xt Navier-Stokes iii , W KE~ R « 757 +
A &2 Ve, TSRS RIMS1963-IMI2013 5, 2015/12/7

2015/11/6

INHEE SR (Ffras) ,, PUEiai s s ft ) R Ic s 1 2 MifEoftat, Hist At
[FAIfFZEsEsy TRfEBEGR O T2~ DJEH 5, 2015/11/6

2015/8/11

M.Yamada (4 5 i1 ), Stability of one-directional flow on a rotating sphere,
ICIAM2014, Beijing, Aug.11, 2015

2015/4/17

IS (RRR#E), 2 JOt O &k, F7es TRz Mm% ), SUaR 8
BEARITRIFSERT, 2015/4/17

WA EEAS

2015-2017

PRI ZEDFSE, FERRIE AR B F 233K 3 2 Wi 10 11 % 5% & ik ik, 2015
~ 2017 4 [EE#EEH4E 2,800,000 [ (2015 4EFE 1,600,000 1)

2012-2017

SEEREE (B), WAGERICE T 2 BRI S S — VIR — O RIE L B
BOREBI%, 2012 ~ 2017 4 [ER#EZE#E 13,800,000 [, (2015 4EEE 2,300,000
)

2015/12/1-4

Fluid Dynamics in Earth and Planetary Sciences (FDEPS2015), Kansai-Seminar
House, Kyoto, Dec.1-4, 2015.

2016/1/3

TR (HARRSESH, 2016/01/3, M) (ISBN978-4-621-30014-5
C3050) 3%, HF—K #2455 0 1.9.53H (pp. 150 ~ 161)

2015

“Soft X-ray Angle Resolved Photoemission with Micro Positioning Techniques
for Metallic V203” Hidenori Fujiwara*, Takayuki Kiss, Yuki K.Wakabayashi,
Yoshito Nishitani, Takeo Mori, Yuki Nakata, Satoshi Kitayama, Kazuaki
Fukushima, Shinji Ikeda, Hiroto Fuchimoto, Yosuke Minowa, Sung-Kwan
Mo, Jonathan Denlinger, JamesW. Allen, Patricia Metcalf, Masaki Imai,
Kazuyoshi Yoshimura, Shigemasa Suga, Takayuki Muro and Akira Sekiyama, J.
Synchrotron Rad. 22, 776-780 (2015). (Journal of Synchrotron Radiation 22,
doi:10.1107/S1600577515003707 (2015))

2015

“Magnetic analysis of a melt-spun Fe-dilute Cu60Ag35Fe5 alloy” Shin-ichiro
Kondo, Kazuhiro Kaneko, Takao Morimura, Hiromichi Nakashima, Shin-Taro
Kobayashi, Chishiro Michioka, Kazuyoshi Yoshimura, Physica B 463, 108-113
(2015).

2015

“Ambient Pressure Structural Quantum Critical Point in(CaxSrl-x) 3Rh4Sn13” S.
K. Goh, D. A. Tompsett, P. J. Saines, H. C. Chang, T. Matsumoto, M. Imai, K.
Yoshimura, and F. M. Grosche, Phys. Rev. Lett. 114, 097002/1-5 (2015).

2015

“Magnetic phase diagram of Sr1-xCaxCo2P2 determined with m+SR” Jun
Sugiyama, * Hiroshi Nozaki, Izumi Umegaki, Masashi Harada, Yuki Higuchi,
Kazutoshi Miwa, Eduardo J. Ansaldo, Jess H. Brewer, Masaki Imai, Chishiro
Michioka, Kazuyoshi Yoshimura, and Martin Mansson, Phys. Rev. B 91,
144423/1-5 (2015).

2015

“Control of the valence instability of tetravalent chromium in 1T-CrSe2 by
anion substitution and pressure”, Shintaro Kobayashi, Hiroaki Ueda, Chishiro
Michioka and Kazuyoshi Yoshimura, J. Phys. Soc. Jpn. 84, 064708/1-7 (2015).

2015

“Static and dynamical magnetic properties of an itinerant ferromagnet
LaCo2P2” Masaki Imai, Chishiro Michioka Hiroaki Ueda and Kazuyoshi
Yoshimura, Phys. Rev. B 91, 181144/1-7 (2015).

2015

“Spin-liquid behavior in the spin-frustrated Mo3 cluster magnet Li2ScMo308
in contrast to magnetic ordering in isomorphic Li2InM0o308” Yuya Haraguchi,
Chishiro Michioka, Masaki Imai, Hiroaki Ueda, and Kazuyoshi Yoshimura,
Phys. Rev. B 92, 014409/1-7 (2015).

2015

“Magnetic analysis of a melt-spun Fe-dilute Cu60Au35Fe5 alloy” Shin-ichiro
Kondo, Kento Ogawa, Takao Morimura, Hiromichi Nakashima, Shin-Taro
Kobayashi, Chishiro Michioka, Kazuyoshi Yoshimura Journal of Alloys and
Compounds 640, 193-200 (2015).
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2015 “Structural anomalies and short-range magnetic correlations in the orbitally
degenerate system Sr2VO4” Ichihiro Yamauchi, Kazuhiro Nawa, Masatoshi
Hiraishi, Masanori Miyazaki, Akihiro Koda, Kenji M. Kojima, Ryosuke Kadono,
Hironori Nakao, Reiji Kumai, Youichi Murakami, Hiroaki Ueda, Kazuyoshi
Yoshimura, and Masashi Takigawa, Phys. Rev. B 92, 064408/1-7, (2015).

2015 “119Sn NMR study in the normal state of the superconductor Ca3Ir4Sn13” Bin
Chen, JinHu Yang, Yang Guo and Kazuyoshi Yoshimura, EPL 111, 17005/p1-
p5, (2015).

2015 “Strong Coupling Superconductivity in the Vicinity of the Structural Quantum

Critical Point in (CaxSrl-x) 3Rh4Sn13” Wing Chi Yu, Yiu Wing Cheung, Paul
J. Saines, Masaki Imai, Takuya Matsumoto, Chishiro Michioka, Kazuyoshi
Yoshimura, and Swee K. Goh, Phys. Rev. Lett. 115, 207003/1-5 (2015).

ETER 2016/3/19-22  HAYM R 571 MERKS (2016 43 H 19 H~3 H 22 H, i+ k%)
19aBN-2 T =fikg Sk ACrX2 (A=Li, Na, X=Se, Te) D & @ik, 7
AMEURER, REHERE, ER T, SR (RE)

2016/3/19-22  HAWRES B 71 RERKRS (2016 453 H 19 H~3 H 22 H, 1« #dbR)
19aBN-5 TZEXMEER 273§ CrSe2 OET b ¥ F L I3tIc & 2 ETREBOIE 115,
TRERMER, RERRAL, AR, ADAREURHS, MY, ER T, SRR, K
W] (J63)

2016/3/19-22  HAIEYS 571 F4ERAS (2016 463 H 19 H~3 H 22 H, J& @ didLk%)
19aPS-1-940 TJgRILAY CrTe2 B X N2 @ JAIE ORGYE 5, KEPEAR, 56 T,
ANVPRIELARER,  REEEISHE, SR (JR3)

2016/3/19-22  HAYM RS 871 MERKE (2016 3 H 19 H~3 H 22 H, i+ k%)
19aPS-21 TMAISr 7 = 7 4 + ORERE SO BTRICH T 2 Co2+, Fe2+ O,
BHEEY], HRTH, MEESY, ST, SN—-R (8

2016/3/19-22  HAYHY:S 71 MEEXRKS (2016 4E3 H 19 H~3 H 22 H, A HALKY)
19aPS-23 ™ M Srl-xLaxFel2019 ¥ 5 1 2 B 1E & BRUBSERE ),
A, WEHHTEE, GERFR, AR ()

2016/3/19-22  HAMBEY 2 H71HEXKRE (2016 43 19 H~3 A 22 H, 1Y : #ILk)
19aPS-73 " Zfikg ¥ SRk LIAMF6 (M=Ti, V, Cr) ORI, FI5H, TSI,
TR, IER, iii—, SN—R (08)

2016/3/19-22  HAPME2 %71 BEERRL (2016 453 H 19 H~3 H 22 H, @ #ULKRY)
19pAU-7 TS=3/2 # = A} 1 I Bk A2BCr3F12 o Hifh SL D EE ), BIEEA,
REFHIED], GER T, AR, S8R, #Fh-R k)

2016/3/19-22  HAWMAES 71 HERKSE (2016 F3 H 19 H~3 H 22 H, i : dULkE)
21aCC-3 T=MI& 17 5 2 % — kIR Nb3X8 (X=Cl, Br) DMK & JEREE(L
MR 0, R, BRI Th, RV, SR (k)

2016/3/19-22  HAWRES B 71 REERKRS (2016 453 H 19 H~3 H 22 H, it JdbR)
21pBM-13 "Bi 7 7 v 7 A% > 72 YbMn6Ge6 HifE OB K & ¥tk, BEFZE A,
BT, REHTEY, ARREAL, SnEd—, dIREA, EHR—R ()

2015/11/11-12  WpfRBrRE: P 27 FEMF RS (P27 4 11 3 11 H~ 12 H, 1R 58K
FHAFR GG L&), 3—17A TRRLAY S (ColxNix) 2P2 0¥k, 5k
IERS, ER T R WD, AN —R O

2 BRECRIRE PR 27 FEKFERS (K274 11 3 11 H~ 12 H, R 5K
“FE ARG L&A, 3—18A TYbMn6Ge6 ¥ X U8 2 0 FAYH o HfS S E R &
Wy, BEIRL B, GER TR W W, SN —R (%)

2 WHAMYARIBS T 27 SFEKERS (PR 27411 A 11 H~ 12 H, 54K
FEREERGIG &), 3—19A TEIR{LAY KCo2 (Sel-xSx) 2 o i fiE & 1 ik
LR, B O, S IR ER TR R W, SN R ()

2 BHEmAR\E P27 EEKFE RS CPK 27411 11 H~12H, i
K 2 R AE R B Bl & fifi), 3—20A TEffect of Co Doping on the Magnetic
Properties of FeGa3,, Yao ZHANG, Masaki IMAI, Chishiro MICHIOKA,
Hiroaki UEDA, Kazuyosi YOSHIMURA ($t3%)

2 WHARIARIS TR 2T SEERERS (PR 27411 A 11 H~ 12 H, 1 5K
Y ERE A RRRE), 3—26A Th I X &1 g MR A2BM3F12 (A, B: 7L
AV EE, M:Ti, V) ICB 25 T CORKET ), B HEA, FE ¥,
JEh T, ERN R R &, Sl b ()

2 BriEBARRS V2T KRS (P27 11 H 11 H~ 12 H, 1A 50K
FHAERGHE L&), 3—27A TS=1 =M% 1 SOmBEME (& LIAVF6 gk, i85
W, OREE EEA, MR S, Sl W, ER TR, SN R 3R

2 WHRRARIBS T 27 SEERKFERS (PR 27411 A 11 H~ 12 H, 1 5Bk
FE AR B iR RE), 3—30A TNMR 2> 5 & 72 A Tl (1 NaFe203 @
ERTFIRGE S, VPR BUREE, SR i, B B0, SN R (JE)

2 BrABMARS PR 2T SRS (P27 11 H 11 H~ 12 H, A 5K
AR A AR, 3—31A TLa, Co &t SrFel2019 o Hifil iR & & LA
B AR W, R ORH, REH WU, ER T, EN R (R

2
0]
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]
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2015/11/11-12

BRAE

MR ARSI 27 FEREARS (PR 2744 11 H 11 H~ 12 H, 5046
KEEEFERGHAR&RE), 3—32A THi#l7 7 A b L — 7 7 2% — Mk Na3A2
(MoO4) 2Mo0308 (A=In, Sc) DL EWPEL, 1T Hidk, k] T-hE, fHH 758,
R R ()

2015/11/11-12

BHAB ARG S SRR 27 SRR RS (PR 27 45 11 H 11 H~ 12 H, 7Y 53R
FHE AR RS, 3—38A MLa, Co Bt MBI Sr 7 = 7 A kLSS O AR
OWEEMEORHIL AT AL a0 4801, R 3501, 8k T, 58 —R O
)

2015/11/8-10

3rd International Conference on Powder Metallurgy in Asia, Kyoto, Japan, 8 ~
10, Nov., 2015 (i : sUHIR A ARG A AL /& M), 9E-TD-24 “Novel Magnetic
Phenomena in S=1/2 Kagome-Lattice Titanium Fluorides A2BTi3F12 (A, B
. Alkali Metal) 7, M. Goto, H. Ueda, C. Michioka, A. Matsuo, K. Kindo, K.
Yoshimura (3£3%)

2015/11/8-10

3rd International Conference on Powder Metallurgy in Asia, Kyoto, Japan, 8
~ 10, Nov., 2015 (f4 @ SR 2EE FER GHE Gl ff), 9E-TD-25 “Synthesis of
Transition Metal Oxides by Controlling Oxygen Partial Pressure using a ZrO2
Oxygen Pump”, S. Kobayashi, H. Ueda, C. Michioka, K. Yoshimura (3£3)

2015/11/8-10

3rd International Conference on Powder Metallurgy in Asia, Kyoto, Japan, 8
~ 10, Nov., 2015 (f& : 5C#B KR % F AR G 51 & Al & i), 9E-TD-26 “Chemical
Pressure Effect of the Frustrated Cluster Magnet Li2ScM0308”, Y. Haraguchi, C.
Michioka, H. Ueda, K. Yoshimura (1:3)

2015/11/8-10

3rd International Conference on Powder Metallurgy in Asia, Kyoto, Japan,
8 ~ 10, Nov., 2015 (% @ BEHEK2E T A AFE R Gl & £, 9E-TD-27 “Physical
Properties of An Exchange-enhanced Pauli Paramagnetic Metal, ACo2P2 (A=Sr,
Ba)”, M. Imai, C. Michioka, H. Ueda, A. Matsuo, K. Kindo, K. Yoshimura ($£:3)

2015/11/8-10

3rd International Conference on Powder Metallurgy in Asia, Kyoto, Japan,
8 ~ 10, Nov., 2015 (f5 @ BUHL A Y E M 4E R G A Gl & fiff), P-TD-73 “Syntheses
and Physical Properties of the Triangular Lattice Antiferromagnetic Fluorides,
LiAIIMIIIF6”, S. Shinohara, H. Ueda , C. Michioka, A. Matsuo, K. Kindo, K.
Yoshimura (4£3%)

2015/9/25-27

International Workshop on Itinerant-Electron Magnetism, 25 ~ 27, Sep., 2015
(FS © 5U#ERABI2ERI 2 Rl S 7 — v ), Oral Session 3 “Structural Quantum
Criticality in Superconducting (CaxSrl-x) 3Rh4Sn13”, S. K. Goh, D. A.
Tompset, P. J. Saines, H. C. Chang, T. Matsumoto, M. Imai, K. Yoshimura , and
F. M. Grosche (invited, Jt3)

2015/9/25-27

International Workshop on Itinerant-Electron Magnetism, 25 ~ 27, Sep., 2015
(F : s R A Je Rl = F — v &), PS-3 “Various Ground States and
Magnetically Excited States in the S=1/2 Ti3+ Kagom’ e Antiferromagnets
A2BTi3F12 (A, B : Alkali Metal) ”, M. Goto, H. Ueda, C. Michioka, A. Matsuo,
K. Kindo, and K. Yoshimura (3t3)

2015/9/25-27

International Workshop on Itinerant-Electron Magnetism, 25 ~ 27, Sep., 2015
(A = s HB R 2A A 2E Bl 2 & F— v R), PS-4 “Magnetic properties of S=1/2
frustrated cluster magnetsLi2In1-xScxMo308”, Yuya Haraguchi, Chishiro
Michioka, Hiroaki Ueda, and Kazuyoshi Yoshimura (3:3%)

2015/9/25-27

International Workshop on Itinerant-Electron Magnetism, 25 ~ 27, Sep., 2015
(FA = SRR PEAIFSE Rl £ F— v ), PS-8 “The study of the ground state of
the itinerant-electron magnet Sr1-xCaxCo2P2”, M. Imai, C. Michioka, H. Ueda,
and K. Yoshimura (4£3%)

2015/9/25-27

International Workshop on Itinerant-Electron Magnetism, 25 ~ 27, Sep., 2015
(Fy = R A B2 AR e R 2 S - — 27 Z), PS-9 “The magnetism and magnetic
anisotropy in the layered system KCo2 (Sel-xSx) 2”7, T. Kanno, M. Imai, C.
Michioka, H. Ueda, and K. Yoshimura (3t#)

2015/9/25-27

International Workshop on Itinerant-Electron Magnetism, 25 ~ 27, Sep., 2015
(O  EERZB2A e B2 S > — "7 R), PS-12 “Magnetic properties of new
ternary chalcogenides ACrX2 (A=Li, Na, X=Se, Te) with triangular lattices”, S.
Kobayashi, H. Ueda, C. Michioka, and K. Yoshimura (3t3)

2015/9/25-27

International Workshop on Itinerant-Electron Magnetism, 25 ~ 27, Sep., 2015
(A = B R A F2E B2 & F — v R), PS-19 “Magnetic anisotropy of Srl-
xLaxFel2019 studied using single crystals”, H. Morishita, Y. Tanioku, H. Ueda,
C. Michioka, and K. Yoshimura ($:3%)

2015/9/25-27

International Workshop on Itinerant-Electron Magnetism, 25 ~ 27, Sep.,
2015 (5 @ BlHEBR“FBSAWFZE Rl & F— "7 &), PS-27 “Syntheses and physical
properties of the triangular lattice antiferromagnet, LIAIIMIIIF 6, S. Shinohara,
H. Ueda, A. Matsuo, K. Kindo, C. Michioka, and K. Yoshimura (}:3)

2015/9/25-27

International Workshop on Itinerant-Electron Magnetism, 25 ~ 27, Sep., 2015
Oy © BCEB RS2 Rl = 7 —v7 ), PS-30 “La, Co substitution effects on
magnetic anisotropy of the M-type hexagonal ferrite SrFe 12019 using single
crystals”, Y. Tanioku, H. Morishita, C. Michioka, H. Ueda, and K. Yoshimura (&
#)
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International Workshop on Itinerant-Electron Magnetism, 25 ~ 27, Sep., 2015
(FS - AR A se Rl = - —v7 R), PS-36 “Effect of Co substitution on the
magnetic properties in FexCol-xGa3”, Yao Zhang, Chishiro Michioka, Masaki
Imai, Hiroaki Ueda, and Kazuyoshi Yoshimura (3£%)

2015/9/16-19

HAYH Y4 2015 FEKF KL (2015469 H 16 H~ 19 H, A : B K%%)
16aPS-11 T 7 L1 7 2% 4 + A2BTiF6 12 & \F 2tk &L fEHER O 7 LA Y
BIFEGh I, MERE, IR, BEEA, SH—R (65)

2015/9/16-19

HAY Y2 2015 4EFKE K2 (2015469 H 16 H~ 19 H, #: BIvE k%)
16aPS-21 THiffEE % 72 AT 7 = 54 b StFel2019 D REAR T EIC T 2
La, Co [BHGhR ), AU, A TR, MEFTS I, S8R, SN —R (53%)

2015/9/16-19

HAW Y2 2015 EFKZE K4 (201549 H 16 H~ 19 H, #: BIvEK¥%)
16aPS-22 M= 7' % b 77 v 34 b IR % K5O La i SrFe12019 0 ik IC &
VF B BESIPEEL 5, AR TN, PR, RHEHVS I, R T30, SRR ()

2015/9/16-19

AAH L 2015 T A2 (201649 H 16 A~ 19 H, f*: BIPHK%)
16aPS-49 THi L o= AT AMO3 (A=Mg, Zn; M=Mn, Ru, Ir) &4
EPE, BETHTR, SER T, REFRE I, S — R ()

2015/9/16-19

HAY M2 2015 FFKF K2 (201549 H 16 H~ 19 H, #: B KY)
17aCM-17S=1/2 =fils1 7 7 A8 — A Li2In1-xScxMo308 DRgtE , ik,
TER TR, REHEE, H—R (%)

2015/9/16-19

HAME Y2 2015 4EKF RS (201649 H 16 H~ 19 H, 2 : B K%)
17aCM-5"S=1 = fi g 1SRG MR LIAVE6 0 BUks S R & WG, 150, RS,
INREf, S —, T, SR (3L3)

2015/9/16-19

HAY M2 2015 4EFKE K2 (2015469 H 16 H~ 19 H, 7 BV A%)
17aPS-51 MERMEE %2 & DG Sr3lrdSnl3 12 B 1 25, &kt B
HES, R, Swee K. Goh, MATGE, SRR, SHMN—R (J635)

2015/9/16-19

HAY Y2 2015 4EFKZE K4 (201549 H 16 H~ 19 H, #: BIFEKR¥)
17aPS-81 "YbMn6Ge6 ¥ & 8 Z OEIYE O WAL T & WtE), BT A, b
9, W, SMN—R (655)

2015/9/16-19

HAAYRIs: 2 2015 EFKF K2 (201649 H 16 H~19 H, A : BT KRYE)
18aCG-2 "7 I X K& O M (& A2BM3F12 (A, B: 742 V&)@, M:Ti, V)
O WG S OBIGHHEACER ), BEEEA, MY, G TR, RS, $Eil—, 5N
—R (%)

2015/9/16-19

HAMBL2 4 2015 4EFKTR R4 (2016469 H 16 H~ 19 H, A : B KR%)
18pCH-2 TR ICUE > 42 J8 SrCo2P2 o ¥ + U 7 Hllfilic & 2 BESBRIFH o 78,
IR, R T, MR, SRR (G5

2015/9/16-19

AR 2015 4EFKZE RS (201549 H 16 H~ 19 H, > : BIFEK%)
19aPS-77 TG X BRI & 3 2 A v A o [mliE - $EA1VE C /7 §oE iR %
Sr2VO4 DIENIRAE 5, 1A%, ARIZE, SRR, wrimE i, seHwzs, s,
[P R, R, BRI R, A EPE—, REEVED], SRR W ()

2015/9/16-19

HAW Y2 2015 4EFKZE K4 (2015469 H 16 H~ 19 H, 1 : BIvE K%%)
19aPS-87 M&ELXAMiEKE % 1§ CrSe2 O#ET b v F AW X 2 E HREDHIE ),
TRERMER, JS g, AR, AVAETARER, RIS, &0 Tk, dR— 1, S5
(3£#)

2015/9/16-19

HAYP Y4 2015 FEHKF KL (2015469 H 16 H~ 19 H, /A : B K%%)
19aPS-91 T=filg 1% & DA E gk LY NaFe203 O & AfHF O NMR 12 &
BHFSE s, ANPRIERER, SR T3, RS, S —R (L3%)

2015/9/8-11

%539 Bl HAM S A sfiiafis (20156429 H 8 H~11 H, & : AfEKRY) -
9pA-5TLa, Co [EHE MBSt 7 = 7 4+ O HGEE T OSSP DRl ) A7 T,
WO, RS, GERE TR, SR (8

2015/9/8-11

5539 10 HARRG S E& A2 (2015 4F9 H8 H~ 11 H, A : #HEKY)
9aB-11 TFRILAWRIEENEIR ACo2X2 DRESATI I, HIFIEM, HEH, W T,
B, B, MHEED, AR O)

2015/7/5-10

20th International Conference on Magnetism, Barcelona, Spain, July 5-10,
2015 TU.C-P02 “Variation of magnetic phases in Srl1-xCaxCo2P2 clarified with
muon-spin spectroscopy”, J. Sugiyama, H. Nozaki, M. Harada, I. Umegaki, K.
Miwa, M. Imai, C. Michioka, K. Yoshimura, E. Ansaldo, J. Brewer (i:3)

2015/7/5-10

20th International Conference on Magnetism, Barcelona, Spain, July 5-10,
2015 TH.A-P32 “Substitution effects in an itinerant electron metamagnetic
compound SrCo2P2”, M. Imai, C. Michioka, H. Ueda, A. Matsuo, K. Kindo, K.
Yoshimura (3:3)

2015/7/5-10

20th International Conference on Magnetism, Barcelona, Spain, July 5-10, 2015
FR.D-PO8 “Magnetic ground state of a two-dimensional triangular compound,
CrSe2, studied with muon-spin spectroscopy”, J. Sugiyama, H. Nozaki , I.
Umegaki, K. Miwa, S. Kobayashi, C. Michioka , H. Ueda , K. Yoshimura, J.
Brewer (1:3%)
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K& HF3aAV— RIT - RRE BEAE
2015/7/5-10 20th International Conference on Magnetism, Barcelona, Spain, July 5-10,
2015 FR.D-P53 “Substitution effect on S=1/2 frustrated magnetic cluster system
Li2AMo30 8 (A=In, Sc) ”, Y. Haraguchi, C. Michiok, H. Ueda, K. Yoshimura (3
#)
2015/5/26-28  krkkyKmaE VK 27 AEEEAF RS (20154E5 H 26 H~28 H, fr: FARATR
%) 3—56A Tt IR IEE CREER ACo2P2 (A= 7 v V) LH&IE. & L EIR)
O NMRWIE), 998 ML &M T8, AEH 0, SN R (05)
2015/5/26-28  kyiEMI KRG PR 27 (EEEF RS (2015455 H 26 H~ 28 H, R PHiHAY:)
3—57A THEIREIAEE A3T4Sn13 (A= Ca, Sr, La, T= Co, Rh, Ir) O¥tE; *ht
—R, S IEE, B &KW, ER TR, B 350, Swee K. GOH (J43)
[ % e i T A 2015/11/8-10  3rd International Conference on Powder Metallurgy in Asia, Kyoto, Japan, 8 ~
10, Nov., 2015 (% : U R E RAERGE AR, MERLER, 7u s 72
ZHSZRH MW REEHS, BARAGIESDTHEY)
2015/9/25-27  International Workshop on Itinerant-Electron Magnetism, 25 ~ 27, Sep., 2015
(7 BUERAERIEERF SR 2 S F — o R), T, MEAR, FTRAR F—
L~ — @ http://kuchem.kyoto-u.ac.jp/kinso/IWIEM/index.html
TS 2015/4/23- NEDO (H27.4.23 ~ H28.3.31) "XiAAH B &€ — & — R RHE T
2016/3/31 BASE,HRLE R RERG A MR D BRI B 2 Weat W M REREAT REM D ERSR I 1 1 72
Btk ic B9 2 ak (WF7ERE) (12,000 T-11)
2014-2016 PESFSLAIEERESEAE TS (H26 ~ H28 - RlA iR EbEHE (JST)) TER S8 DA%k
I B U 72 SRR O FEM B L 0 FERE Rl & 2 o ik ic i 2 meE
PR ofeR, WHER) (H27 4£FZ 4,000 T-M1)
EETEE) 2015/4/1- HARY A 2 - fGEE (201544 H 1 H~ 2016 43 H 31 H)
2016/3/31
2014/6-2016/5 Frikpkmeiiz @ ek (201446 A~ 2016 4:5 H)
2014/11/1- AAAbAE4  fREEE (20144E 11 H 1 H~2016 4 10 H 31 H)
2016/10/31
2002/6-2016/5 krfEmpAKinatis - B (2002 45 6 H~ 2016 45 H)
iRl 2015/10/7 HUESHIH, 2015 4E 10 H 7 HKIEH, p20 TREG B dgsgss, B,
KRB A5
i BHEE s 2015 2. X. B. Wang, H. P. Wang, Hangdong Wang, Minghu Fang, and N. L. Wang,
Optical properties of TINi2Se2: Observation of pseudogap formation, Phys.
Rev. B 92, 245129 (2015).
2015 3. Rajwali Khan and Fang Ming-Hu, Dielectric and magnetic properties of (Zn,
Co) co-doped SnO2 nanoparticles, Chin. Phys. B 24, 127803 (2015).
2015 4. B. Freelon, Yu Hao Liu, Jeng-Lung Chen, L. Craco, M. S. Laad, S. Leoni,
Jiaqi Chen, Li Tao, Hangdong Wang, R. Flauca, Z. Yamani, Minghu Fang,
Chinglin Chang, J.-H. Guo, and Z. Hussain; Mott-Kondo insulator behavior in
the iron oxychalcogenides; Phys. Rev. B 92, 155139 (2015).
2015 5. Hangdong Wang, Qianhui Mao, Huimin Chen, Qiping Su, Chiheng Dong,
Rajwali Khan, Jinhu Yang, Bin Chen, and Minghu Fang; Superconductivity and
disorder effect in TINi2Se2-xSx compounds, J. Phys.: Condens. Matter 27,
395701 (2015).
2015 6. Hangdong Wang a, b, JinhuYang a, b, ChihengDong b, QianhuiMao b,
Jianhua Du b, MinghuFang, Crystal growth and characterization of the quasi-
one- dimensional compound BaCoO3, Journal of Crystal Growth 430, 52(2015).
2015 7. N. Xu, C. E. Matt, P. Richard, A. van Roekeghem, S. Biermann, X. Shi, S.-

F. Wu, H. W. Liu, D. Chen, T. Qian, N. C. Plumb, M. Radovi'c, Hangdong
Wang, Qianhui Mao, Jianhua Du, Minghu Fang, J. Mesot, H. Ding, and M.
Shi; Camelback-shaped band reconciles heavy-electron behavior with weak
electronic Coulomb correlations in superconducting TINi2Se2; Phys. Rev. B 92,
081116 (R) (2015).
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