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UTokyo Research 2016 intfroduces the Feature Stories
and striking images posted to the UTokyo Research
website in 2015 and the major research news events
of the year. We hope you will enjoy this sample of
the broad range of research conducted at the Uni-
versity of Tokyo across the humanities and sciences.

Public Relations Office, The University of Tokyo
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Feature Stories 1

Lifelong walkers

A cohort survey for a mobile old age

HESEHISNSHEEHIELT

HETAKRELERIF— AR, SHI58

How do we stay healthy and guard against disability so that we can enjoy our old age? This simple question is a
major challenge for a rapidly aging Japan. A research project started nearly ten years ago is taking a novel ap-
proach to this question by looking at the musculoskeletal system as a whole with a large-scale cohort study that

aims to identify the risks and factors leading to musculoskeletal diseases in senior citizens. Using data collected

with cooperation from throughout Japan, the researchers hope to realize a society of “lifelong walkers.”

FHLEEREDAZADIC.BREESHBL. BEZESFHLTIVWIRRV O . Bk ECHERANBABZRELREIC,
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Interview/text: Akihiro Tani Translation: Alan Gleason
WM CBBEE BRTITU-V

A research topic for life

Project Associate Professor Noriko Yoshimura, who works in
the Department of Joint Disease Research at the University of
Tokyo Hospital's 22nd Century Medical and Research Center,
first came to the university in 2005. It was around this time that
Professor Kozo Nakamura, a member of the hospital board
and the Department of Orthopaedic Surgery, was preparing to
introduce a new concept: locomotive syndrome (abbreviated
as “locomo” in Japanese).

Locomotive syndrome refers to the condition of reduced mo-
bility resulting from disorders of the locomotor system (the
bones, joints, muscles and nerves), the progression brings
with it a high risk of requiring nursing care (Figure 1). Locomo-
tive syndrome research aims to develop strategies for prevent-
ing the loss of motor function and subsequent disability by en-
listing all orthopedic specialties associated with the locomotor
system. Yoshimura enthusiastically embraced the idea. “This
was an innovative and eminently rational approach for dealing
with an aging society.”

Until that time, clinical research for the prevention of muscu-
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The locomotive syndrome cohort study ROAD (Research on Osteoporosis/
Osteoarthritis Against Disability) research team.

O3ENIKk—~AZROAD (Research on Osteoporosis/Osteoarthritis Against
Disability) D42 /8 —,

© 2015 The University of Tokyo.

loskeletal diseases tended to be divided among specialized
fields, for example, osteoporosis and related fractures, oste-
oarthritis, rheumatism, tumors, traumas and so on. There was
little analysis from the perspective of the whole locomotor sys-
tem. In Japan, moreover, some degree of lower back or knee
pain rarely prompts people to visit a hospital unless they find
it difficult to walk, or the condition noticeably worsens; even
during regular health checkups, the bones and joints are rarely
examined. There was a dearth of basic data on musculoskel-
etal diseases, especially epidemiological data such as preva-
lence, incidence, prognosis, correlation among diseases and
risk factors.

Yoshimura’s specialty is preventive medicine. While research-
ing the epidemiology of osteoporosis at the Department of
Public Health at her alma mater, Wakayama Medical University,
she had met many senior citizens discomfited by disorders of
the locomotor system. As an internist unfamiliar with the field
of orthopedic surgery, she was not personally acquainted with
Professor Nakamura. But she fully grasped the importance of
taking a cross-disciplinary approach to locomotive syndrome,
as well as her responsibility given her experience as a re-
searcher in a regional city.

Prevention starts from understanding the current situation.
Yoshimura selected a cohort design, a type of epidemiological
methodology that collects information on the prevalence, inci-
dence and prognosis of diseases over time in particular pop-
ulation groups. She had conducted such studies before, and
indeed viewed them as part of her life’s work. “My hope was
that it would contribute to realizing a society where the elderly
are able to walk throughout their entire lives.” Yoshimura com-
mitted herself to the new study, taking the first step on what
would be the largest and longest-term survey she had ever
undertaken.

What a large-scale cohort study reveals

The locomotive syndrome cohort study began in 2005,
launched in Itabashi Ward, Tokyo, Hidakagawa town, in the
mountains of Wakayama Prefecture, and Taiji, a coastal area
also in Wakayama. It was named ROAD (Research on Oste-
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Locomotive Syndrome
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Figure 1: Conceptual overview of locomotive syndrome

HEBMHER ENE

The term “locomotive syndrome” was proposed in 2007 by the Japanese Orthopaedic Association to designate a condition of reduced mobility resulting from a disorder
of the locomotive system. There is an increased risk of requiring nursing care with progression of the disorder. The Japanese Orthopaedic Association’s active engage-

ment with the issue has contributed to growing recognition of the syndrome in the medical community.

HM1:RAET 1TV RO-LDOHER
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(Adapted from Locomotive syndrome 2013, edited by Locomotive Challenge! Council, Japanese Orthopaedic Association, Tokyo, 2013.)

oporosis/Osteoarthritis Against Disability). “The audience for
our research results was the whole of Japan. To convincingly
translate our results to the whole country, we needed to col-
lect data about the situation in urban and rural areas with dif-
ferent lifestyles.” The cohort consisted of 3,040 people - nearly
four times larger than her previous Wakayama study. The ex-
amination of the ROAD study consisted of an individually-ad-
ministered questionnaire and a wide range of assessments
and measurements, including X-rays, covering all aspects of
medical history and lifestyle. Yoshimura's team spent three to
four months in each location for the rural surveys, interviewing
around 15 people a day. To accumulate follow-up data, this
process would be repeated three, seven, and ten years after
the initial survey.

The initial 2005 survey revealed an unexpectedly large number
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of people met the criteria for locomotive syndrome. X-ray anal-
ysis showed that around 50 percent of those surveyed suffered
from knee osteoarthritis, and over 70 percent in the lumbar
spondylosis (lower back pain). Adding cases of osteoporosis
meant some 47 million people, about two thirds of Japan's
population aged 40 and over, were at risk of requiring future
support due to locomotive syndrome - a far higher rate than
previous estimates (Figure 2).

The follow-up surveys provided data on incidence rate - the
proportion of the population that progress to locomotive
syndrome and the proportion that progress from locomotive
syndrome to requiring nursing care — and associated factors.
Including data of related studies in other regions, Yoshimura
found that every year, 1.11 million people nationwide end up
requiring support or nursing care; that being underweight and
overweight are both associated with eventually needing care;
and that walking speed and handgrip strength, both indicators
of physical performance, might serve as risk indicators.

The study also revealed that factors associated with the need
for care, such as metabolic syndrome and cognitive impair-
ment, and multiple factors associated with locomotive syn-
drome, tend to trigger one another. For example, it was found
that there is a mutual relationship between hypertension and
knee osteoarthritis: patients with high blood pressure have a
higher risk of occurrence of knee osteoarthritis, and vice-ver-
sa (Figure 3). Although these conditions are complicated and
there are causal factors associated with each, Yoshimura says,
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Figure 2: Data on the prevalence of knee osteoarthritis and lumbar spondylosis
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(Adapted from Yoshimura N, et al. J Bone Miner Metabol 27, 620-628, 2009.)
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“By unpicking the associated factors one by one and block-
ing the chain of disease progression, we aim to effectively
block the factors that lead to the need for nursing care.”

A bond of trust

It was thanks to close relations with the survey's participants
and their communities that the study yielded such valuable
data and findings. The success of a cohort study hinges on
continuity and thorough follow-up. In this case, 82 percent of
the initial 3,040 subjects participated again in the second sur-
vey. In Taiji alone, the figure was 96 percent. Considering that
changes of residence and advanced age inevitably preclude
continued participation by all subjects, this follow-up rate is
nothing short of astonishing.

Yoshimura's connection with Taiji dates back to 1993, when
the town hall asked her to conduct a bone mineral density
survey and hold health education classes. Since then she has
played a significant role in promoting the health of Taiji res-
idents while also carrying out her survey research. Both the
town hall and the townspeople themselves have provided ro-
bust support for the ROAD study, a project on unprecedented
scale. The mountain town of Hidakagawa was also unstinting
in its cooperation, while the Tokyo Metropolitan Institute of
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Figure 3: Conceptual diagram summarizing mutual associations among musculoskeletal diseases and metabolic syndrome components
Arrows linking two diseases and/or symptoms indicate the presence of the first condition increases the risk of the second occurring. Various factors are interrelated

such that each may induce the symptoms of the other.
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(Adapted from Yoshimura N, et al: Mod Rheumatol. 2014 Nov 20:1-11. [Epub ahead of print]).
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Photo: Professor Yoshimura explains the survey results to participants attending
a health education class she initiated in Wakayama Prefecture
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© 2015 The University of Tokyo.

Gerontology assisted in gathering data from many subjects
in urban Tokyo, where high population turnover poses a great
challenge to follow-up surveys. This kind of local support is
crucial to the success of such a long-term cohort study.

For that very reason, Yoshimura has committed herself to
sharing the results of her survey work with those who helped
make it possible. Not only does she hold frequent health
education classes based on those results in the surveyed
communities (Photo), she also offers health consultations
with individual participants in the study. On occasion she has
diagnosed serious health problems and referred participants
to other specialists. “I love elderly people,” she enthuses. The
many senior citizens she has worked with since she was an
inexperienced young intern have given her encouragement
and helped her grow, she says, hence the passion she brings
to her work today.

Future outlook

In Yoshimura’s view, from this point on it is critical to enlist
central and regional government in efforts to tackle locomotive
syndrome. For example, the systematic inclusion of lumbar
and knee X-rays in regular health checkups could contribute
toward its early prevention. Since this will necessarily entail
extra costs and labor, it is all the more important to demon-
strate that this effort is outweighed by the benefits to society.

With the fourth survey scheduled to begin in 2015, plans call

UTokyo Research 2016

not only for more detailed analysis of the acquired data, but
also for an expansion of the subject pool. The tenth anniver-
sary of the launch of the cohort study also falls in 2015. Com-
paring data between first-year and current-year subjects in the
same age range - for example, those in their fifties — should
bring to light generational differences.

The value of a cohort study increases the longer it contin-
ues. Yoshimura continues her research on her home turf of
Wakayama and in Tokyo, a city at the cutting edge of research.
“A cohort study lasts as long as the researcher lives, so they
need to be as long-lived as possible,” says Yoshimura. It has
been ten years since she came to the University of Tokyo, but
the lifework she began at Wakayama Medical University is far
from over. If anything, the pace of Yoshimura's lifelong walk on
the “ROAD” is accelerating.

Acknowledgements: Project Associate Profes-
sor Noriko Yoshimura (22nd Century Medical
and Research Center, The University of Tokyo
Hospital)
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. Feature Stories 2 .

Starting a second decade of innovation
and enirepreneurship

The Division of University Corporate Relations
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Figure 1: The UCR Plaza, where the DUCR and other University of Tokyo industry-re-

;'A-' D ‘| 0$ )} 9'!'5‘ * U lations organizations reside
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. © 2015 The University of Tokyo.

Like a hub on a modern-day Silk Road, the University of Tokyo is a major locus of innovation and the exchange
of ideas. Pilgrims and merchants of knowledge and industry from around the world are drawn here in search
of the latest concepts and devices —and the best collaborators. Opening the gates to this rich resource is the
Division of University Corporate Relations (DUCR), tasked with promoting academia-industry collaboration. Via
cross-fertilization of ideas, internationalization, and entrepreneurship, the DUCR is nurturing a new generation of

dynamic leaders and problem-solvers to spread the University’s wares throughout the world.
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Interview/text: John Amari
WAt a- 7R

Industry-academia collaboration
for the benefit of society

Through its various organizations, programs, and collabora-
tions the DUCR (Figure 1) ensures the fruits of the University’s
successes are shared with industry and society. “The DUCR
connects the academic research community with industry. We
aim to create a platform where researchers from the University
of Tokyo, and from around the world, can work together to cre-
ate new knowledge, contributing to new services and products
for society,” says Professor Shigeo Kagami, General Manager
of the DUCR’s Office of Innovation and Entrepreneurship (I&E).
One of the DUCR’s strengths lies in matching the ambitions
of talented University researchers to the goals of industry, and
creating a rapport between researchers and sponsor compa-
nies. This is no small feat in a university with over 5,800 re-
searchers —not including graduate students —and over 1,600
joint-research projects, primarily with the private sector. “This
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is around 10 percent of such collaborations in Japanese univer-
sities,” says Dr. Kazuhiko Kakehi of the DUCR I&E. “But simply
connecting people is not enough: we also ensure the success of
collaborations through schemes such as Proprius21, a feasibil-
ity study program for developing collaborative projects.” Such
was the case when the DUCR matched University researchers
with the American multinational Boeing Company.

With funding provided by Boeing from 2010, Kakehi and the
DUCR staff supported development of the Boeing-University
of Tokyo project under the leadership of Professor Masatoshi
Ishikawa, with its day-to-day management falling under the
guidance of Project Lecturer Carson Reynolds. A few months
later, Reynolds was joined by Assistant Professor Chris Raabe,
then a graduate student at the Graduate School of Engineer-
ing. Raabe, from the US, was joined in 2014 by Project Assis-
tant Professor Niklas Bergstrom, a Swedish national who took
over from Reynolds.

How to make a robot that knows where it is

Raabe is an expert in controls research in the Suzuki-Tsuchiya
Laboratory in the Graduate School of Engineering, and Berg-
strém is a specialist in computer vision in the Ishikawa Labora-
tory in the Graduate School of Information Science and Tech-
nology. Both groups are world-leaders in their fields. Along with
the Boeing Principal Investigator, Dr. John Vian, and Boeing
Senior Engineer, Dr. Emad Saad, Raabe and Bergstrom tackled
a sticky problem in unmanned vehicle research: how to create
an on-board navigation and guidance system for both aerial and
ground robots that was robust, precise and accurate.

The investigators set the bar high, aiming to create an algo-
rithm for robot control that would fulfill these requirements.
Which is to say, the algorithm had to integrate information
about the robot’s motion from multiple on-board and off-
board sensors. In addition, it had to be robust, so that if one
or more sources of information were lost, the vehicle could still
navigate. Moreover, it had to be accurate within an absolute
frame of reference, like GPS systems, but also precise within a

UTokyo Research 2016

BELTEEVET, [LALAEAEZRSEITRTREEAEE AL
Proprius21 D& %utHEA#%@EL T ERAMROKRINEEEICTS
EINILTWET  Proprius21id. EEME 7Oz Vb & EU EIF3
FeODIAX—LTY | EFEERLEY 7AVHIDOZEELER—T
CUHERRAZDRRELENEEDEEZDHBZDO—HITT,
R—ALTH-ERRZOTOTIMI2010FE L) A—12 T3 DB
BRESIT. 7O/ NOEBEEE T XEZEHEABLOBEN X
A HEEERIERBE,G &) . BETOR4DIEEEH—V L/
VEBEBMA T o TWELA B AR SR IEZRMEROLARE
FRETTAVAHEDIIAN T 7—-FEBBH MDY ELZ. 2D,
2014 FICRHL /Y REBRMOBRELLTRAYI—FT > ADZIFR-
NYZMALSSERH A DY EL 7=,

B OMEMEM->TWSOKRYMESICIE

JEMHR. IZRARMOBA- TEMREICAHEL TVSH
HAEOEFRT. NVANLEF BRI EREIFZRMAREH
DRINMEZEICFHFETS. A>E1—%2-EV3a>DEMARTT. M@
TW—=TR ZNEThDOLHF CHREeEFTEIMRETTA—1>
THOTa T T EERRE AV Y- FEHAREEHR
IS TEBMBENYZR AL ERHIE. MARM R EVSHBAICH
W AEL, Thid . RITAEE LERAOORYMIEH oL RE,
D DEBLSTES—2a b EFBIRATLEEDSIICAIZ L. &
WORBETY,
ChoDEMEBATAORVMIEOT VIV LERRETEEVNDIS
WEIEBERELELA ZOTITYZ LICES>T AR yMIEHIN
e Y —EAEBE Y — BN BORYNDEEDIE BRI HS
TERITNIEENER AL EBIC, —DFEIIEHDIBREN KhN -
BETH AP ERMTEELI. ZOTILTUXLIZ[BRE | THB D
ENHUETMMAT.GPSY T LADESICHM EEZERACIIER ]
THY. RBFICHZIE. ORYMIBEHLUEHXTPE/OINET—2D
OB NEEZERATERE] CHILENHIETELIC R
BHROZBVWEILICRICL.BETHZE XL RITHEELR
DORYNTEETZIENFBDETT (M 2),

Feature Stories page 11



Figure 2: Kuka YouBot development platform

The group used standard development platforms such
as the ground-based Kuka YouBot to test their sys-
tem. Natural features in the environment are tracked
with the arm-mounted camera while wheel encoders
provide odometric data. White spherical markers on
the body of the robot are tracked by external motion
capture sensors. These multiple sources of on-board
and off-board information are integrated by the on-
board computer.
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© 2015 Chris Raabe and Niklas Bergstrom.

Figure 3: The test facility at Boeing in Seattle
The red lights in the ceiling indicate where the cam-
eras used by the external vision system are located.
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© 2015 Boeing Company.
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local frame of reference, as is data from an on-board camera.
Finally, it had to be responsive and react to fast-changes in
the environment and adaptable so that it could work with both
ground-based and aerial robots (Figure 2).

More than the sum of its parts

Raabe, the controls and guidance specialist, says “The prob-
lem with a small, hovering helicopter (drone), is that distur-
bances —due to small gusts and turbulence, say —can lead
to quite a large deviation from the desired position. You need a
fast sensor that can detect those disturbances so that you can
compensate. Otherwise, you are liable to crash the drone. The
challenge was trying to fit the existing technology into a plat-
form that could be carried on a small vehicle and still produce
very fast measurements and compensate quickly.”

Bergstrém, the computer vision expert, faced a different but
related problem: how to fuse position information from a vi-
sion sensor with other sources of position, and then make
them work harmoniously to provide a reliable position to
Raabe’s control system. “There were significant challeng-
es,” Bergstrém says. “For instance, you might have vision
and other sensors on-board the vehicle. But you might also
employ external sensors that track the vehicle, so you have
sensor information coming in from many different sources.
Moreover, latency — delay between stimulus receipt and re-
sponse —in the system leads to a significant reduction of
controllability.”

BAOHEMICES

[EZTHILETHNREAA)IT2—(FO-2) B FIAE IR
BEREAPEBICE>TENDRABEEBEN/IBAIICEIET
BEBENHBNET CDIILENEREMRETER -
BT HhE PO RUBEZWETCEEY . SHETE . FO-—>
EBEIELPRELA RER RFORME/NSERIYICHE
BTN TERT 9N TI+—LEICERLDD. BREAELE
REVHELAIREICTRIETLAL LHIHEFENEMRTSHS
TEBHIFEELE T,
APE1—2EVa>DHEMRTHENIIAOLISERF L. BID
LALREDHZREICEERLEL . Zh B . BELH—P5F
SNBEREZDMEDOUBFEREENLICHEL T BAMSE. ME
BEEOSWVERESEBBPEYTIEIMI T LICRMBTEH
Tl WK DRELERBEI HELZ] ENVINOLFERD
BIRIREVET [FIZE BREEY - ZDMDOEH—p
HENTVWBIELET . ZDMICHORYNEBEFT B2 DAL
Y—2HWBIPHLNELA, DEN . ZLDELBERENPSIER
PANSNBDTTESIC. VAT LADIEREZELTHLORIG
THETCORFMENIF. ORVFOEEMEEREEEIZECDE
»IET |,

MAT. BEHY—BHREDERREF > TVET AR YMIES
ENIAATR AATHVRALHTECPREEOE MW EREHEREE

UTokyo Research 2016

In addition, each sensor has its own reference frame. An on-
board camera can deduce position relative to natural features
it sees, but it has no understanding of where those features
are. It can detect a change in camera position that is precise
to within a few centimeters, but relative to an unknown refer-
ence position. Meanwhile, an off-board sensor, a camera fixed
in the room, say, can give an accurate global position, but
lacking in precision. Guidance and navigation methods exist
to fuse both on-board and external inputs to guide and control
the robot.

However, what if this external sensor is blocked or lost, say
when a ground robot drives under an obstacle like a bridge,
or a sensor fails? Raabe says, “We were able to fuse these
different kinds of position sources, so that in cases where one
or more sensors suddenly become unavailable, we can rely
on the remaining sensors with minimal loss in accuracy and
precision. One major challenge that we worked on recently
was creating a fusion algorithm that could quickly align posi-
tion sensors with differing reference frames. We've tested it; it
works; and we've published a paper.” The tests were carried
out at Boeing in Seattle, U.S.A. Such tests would not have
been possible without access to the company’s extensive re-
search facilities (Figure 3).

Raabe and Bergstrom believe that there are many applications
for their research —in manufacturing, consumer applications,
or for civil uses such as post-disaster search-and-rescue ac-
tivity —in a collapsed building requiring a robot to search for
victims, for instance, while “working out” its position in a dis-
turbed environment.
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Figure 4: The organization of DUCR and its related entities
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DUCR has a particularly close relationship with the University of Tokyo Edge Capital (UTEC),

and Todai Technology Licensing Organization (Todai TLO), forming a tripartite core.
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From companies
and universities to shop floors and households

In addition to fostering industry-academia joint research pro-
jects, the DUCR is also facilitating knowledge-sharing and con-
tributing to society by fostering an environment of entrepreneur-
ship where ideas born in labs and classrooms can take flight in
business on their way to the rest of society.

“The DUCR,” Kagami says, “is unique in Japan in that we also
provide entrepreneurship education, including through the UTo-
kyo Entrepreneurship Dojo since academic year 2005. We teach
students how to create startups, how to write a business plan,
build an entrepreneurial team and work with the venture capital
community.” Some 1,800 students have enrolled in the Dojo in
the last decade, and over 70 are involved in creating new enter-
prises. UTEC, the venture capital arm dedicated to the University
of Tokyo, has invested in scores of successful startups launched
at the University.

Via a Ministry of Education, Culture, Sports, Science and Tech-
nology (MEXT) grant, the division manages the EDGE program,
an education and mentorship scheme designed to encourage re-
searchers to broaden their perspective, including thinking about
launching their own startups using their own technology.

Many of the technologies resulting from DUCR initiatives lie

page 14

hET,) eV ERERBIES L ESESETAER TICHTESZETE
B ENY IO L EBEIEEATVWET,

ERPKRFOERZBOERNIGELES /N3 ICEETS

EEREEMROEFAMROBKICIMA. EFEHARIBIEME
DEBFERETIERP MEEXHEISENLETAT 7R ED
FRAEBLTHEANEBUIERENILEE T3 LICE>T HERIC
BEBLTWET,
[BMBEHEEF AL VWABBABOEZERLELIE Y. 7oL T L
FVTRHUBERHBLTIVBIERERDAZETHARFEDL
Z—UBRTT 2006 FELRIRRRFET AT LF—3E ]
ERBLTVETY . Z0—fITT . BEOHA . EEHBOEE
H BECBLTOF-—LELT 12T R Fr—X4ERILED
MEEVWHLEEFEICHATVET | EBBERBIELET. A
E10FETH,800BDEENZHEL. 702 EBADIEEEVRIE
WKBELTVET  ERAFEDLEODALFv—REEHTHS
UTECH. ERAZPOEENZRERANLFr—H+HHICHEL
TEEL

EREHARE. XBHMZLEOMREICLVEDGET OV I LY

The University of Tokyo

deeply embedded within society in the form of patents, for
instance, but its important achievements are the personal net-
works and ecosystem nurtured through activities such as the
EDGE program and the Entrepreneurship Dojo. Recently, several
University startups have been in the news, including SCHAFT,
a robotics company that won the DARPA challenge in 2013 and
was bought by Google, PeptiDream, a bioventure company list-
ed on the Mothers Stock Exchange Market for emerging stocks,
and Euglena, a biotech company listed in the first section of the
Tokyo Stock Exchange. The latter two companies were incubat-
ed in a facility called the University of Tokyo Entrepreneur Plaza
run by the DUCR.

DUCR — From Silk Road to superhighway

Established in 2004 following incorporation of the national uni-
versities system, the DUCR was restructured in April 2013 to
make it a focused, innovation-driven organization comprised of
two main sections: Office of Innovation and Entrepreneurship
and the Office of Intellectual Property, with Mr. Tetsuo Ogama as
General Manager (Figure 4). Kagami's 1&E is a new organization
created by integration of the former Office of Collaborative Re-
search Development and the Office of Science Entrepreneurship
and Enterprise Development (SEED).

Looking to the future, Kagami is optimistic that the DUCR
ecosystem of entrepreneurship, risk-taking, and collaborative
effort will nurture a new generation of forward-thinking young
researchers, business leaders and social innovators. “Entrepre-
neurship education is like swimming,” Kagami says. “When you
learn, you first need to develop muscle memory by training. Then
you can execute whatever you set your mind to and realize your
dreams. That is where the Entrepreneurship Dojo comes in.”
Kagami’s sentiments are in accord with former University Pres-
ident Junichi Hamada's views. “Entrepreneurship education,”
President Hamada said, "is basic education for everybody.”

The DUCR celebrated its tenth anniversary in 2013. The division
is able to look back with pride at its accomplishments in its first
decade and forward to what is yet to be done in its second. In
a world drawn closer by high-speed digital networks and inter-
national collaborations, the DUCR is opening the gates to the
University's riches, establishing the University of Tokyo as a
major hub on the modern-day Silk Road — a road that is rapidly
becoming a superhighway of knowledge.

BELTVET NI MIRENBICHRET I LEMATHRE
BT BEIICHRKEISNARBEX L EZ) T IE5HEZTOT T LT,
MREEPESERBLAEMEAVTEELBREHE LIF32E%
RLET,
EFEEABEEDR AL > TRELAFHMO S HIAILE
HFOLIEHTHEDRRBIUSIRFVTVET  LLOL.EELDIE,
EDGEZOJZL® T T L —EiZE VBB ERLTEE
N BAABDRYNT— I IAVRTLATT I EE . ERAFR
DEFERFZ21-RTE>TVWET ARTAIXF¥L I TFE
fr&#iv), #IZGooglell BRI h 20Ky h B EDSCHAFT (U +
TR HZD—DTT F v —IHBICLEHBLTWBINLIF AN
Fv—DPeptiDream (N7 FK— L) X Rm 4B 5|Ff 55 —&B
5 LB EEL SN AN F v —DEuglena(1—JLF) T
T2t i3 EREBABIRET I T 223 K.
T TLF =TI THEENELL,

EFEHEAPR —RKEL7O0-FA

EMXAZHEOEILAREAMEICHKEZ. 2004 FICHBENLE
PEHEARERIE2013F4RIC. 20DV ICIRRENEL o 1/
N=2a I lBEEHE A/ N2  BRBAEOBBEETZ0TT,
BEBEBRERVBZA/N=2a  HER NEERBRERVIHH
MESICE->THEBRINTVET (K4),

FRICBEMIIZE EFEEARBYINAETERL TN
Fr—IAR VR -T=%2 7O BEOBEHOIIL X T
LICE-T R RAMDHIRERDEFMREPEDS XA —F —,
HERERPBINILEAIEEBHRBRBEEDEIPEET[7
AT =Yy THERKKEUTVET | EBFBERIEB [£7.
BEEEBUTHRNICRESEIVLEYHIEITH AT—EEATL
FZARHER—EXRTBEICLYET FHEIC. BEERT 285
EFBUITEIDOF TN TLF—EHBTT | EBBIRDOEL AL,
[P TLF =2y THEZZ. TRTDAD R BNEERY
BHEBIEVOERM—AIHREORBE—HLET,
EFEEARIIE. 2013FIC10AFEWLA. ShETD10FED B BF
EMERSTIRVIED RIS, RDI0FETHREDRBICIYIEA
FFWEEBZTWET BRT VI -2y h T =V EEBHBAICE-T
HADEHN HEEIP. EFXEHEABEAZDOYY—IANDMF
ERKIETC. RRICMBOBSRERELGYDDHZBREDIILY
O-FOEELHRSRELTRRARFERILLDDOHIET,

Published: 2015/05/29
http://www.u-tokyo.ac.jp/url/vfd

FRMER) . IURNT 7
#8#H:2015/05/29
http://www.u-tokyo.ac.jp/url/vfc

TEBB(TERMER)

Acknowledgements: Professor Shigeo Kagami, Program Officer Kazuhiko Kakehi (Office of Innovation and Entrepre-
neurship, DUCR), Project Assistant Professor Niklas Bergstrom (Graduate School of Information Science and Tech-
nology), Assistant Professor Chris Raabe (Graduate School of Engineering)

BMBEAEBRABIRE—ETOIILA T — (EREHKRE (/N—Ia  HHER) . 225X NUIMALFEB B (FFHRET

UTokyo Research 2016

Feature Stories page 15



Feature Stories 3

Building trust

20 years of the Laboratory
for Integrated Micro Electro Mechanical Systems

BILTEATE#
LIMMS ($8{L2( 70X AROZ9 792 FLERRRESK) 208 0% &

Successful international research collaborations are built on a solid foundation of trust, and trust is earned over
time. This Franco-Japanese research partnership is a textbook example of how it’s done.
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Complementarity

MEMS, or Micro Electro Mechanical Systems, is the fabrication
of micro- and nanoscale mechanisms on silicon using the pro-
cesses of the integrated circuit industry. The products of this
emerging field are behind many of the sensors and systems
that make smartphones and other modern devices possible.

In the early 1990s, France's Centre national de la recherche
scientifigue (CNRS) was searching the world for partners in a
new MEMS research collaboration. The University of Tokyo's
Institute of Industrial Science (IIS) was just what they were
looking for: an interdisciplinary institute, focused on collabora-
tion, with world-class MEMS expertise.

After several visits by a team lead by Jean-Jacques Gagne-
pain, Director of the CNRS Engineering Science Department,
CNRS chose the 1IS as the home for a new joint laboratory
based in Japan that would host French researchers for the two
to three years it usually takes to complete a research project.
The laboratory focused on ensuring partnership from the be-
ginning. “If you research exactly the same topic in the same
way, it ceases to be collaboration and becomes competi-
tion. It's better to have complementarity, where each parties’
strengths mesh.” Professor Hiroyuki Fuijita, the first Japanese
co-director of LIMMS, sounds almost paternal as he recalls
the beginnings of the laboratory he has been deeply involved
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with for twenty years.

This matched French hopes. “One objective we had was to
profit from the difference in the French and Japanese educa-
tion systems,” says Professor Dominique Collard, the French
co-director of LIMMS. “In France, technology is not regarded
as a science. In Japan it is. We hoped that new ideas would
emerge from the confrontation of these two mindsets.”

The University of Tokyo and CNRS signed a Memorandum of
Understanding and LIMMS was born on 1 January 1995 (Figure
1). Dr. Michel de Labachelerie was the first French co-director,
working mostly on administrative aspects. Research began in
earnest when Collard took over and the co-directors started to
discuss what to research, and how.

A critical mass of ten to twenty researchers from France would
be hosted in the IIS and conduct research together with Japa-
nese researchers. ‘LIMMS researchers are all hosted in various
IIS labs, but it's no good to just have a French outpost here in
Japan. We make sure that researchers are paired with an IIS
researcher or PhD student and that they work together and are
integrated,” says Fujita.

“Obviously, even this wouldn’t work without planning. So
before a researcher even comes to Japan, the co-directors
ensure that their project matches the interests of the host re-
searcher,” says Collard.

There is also strong support both before and after arriving
in Japan. “A CNRS administrative staff member and three
Japanese secretaries at the 1S ensure that visa applications,
registration at city hall, finding accommodation and so on all
go as smoothly as possible, so researchers can get started on
research right away,” says Fuijita.

Milestones

An important milestone was achieved in 2004. “Due to our
success, CNRS and IIS decided to upgrade the structure to an
International Mixed Unit (UMI). This saw LIMMS established as
a full laboratory, with two governing institutions,” says Collard.
LIMMS’s continued excellent performance saw the renewal of

Figure 1: CNRS laboratories partici-
pating in LIMMS
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Figure 2: EUJO-LIMMS partners
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Figure 3: Areas of research

Research at LIMMS covers three core areas: the development of advanced
integrations of MEMS and NEMS (Nano Electro Mechanical Systems), new na-
notechnologies, and their biological applications (BioMEMS). Some research
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groups cover several of these areas.

page 18

The University of Tokyo

LIMMSOMEIEAEBDODHFIZHISNET, MEMSENEMS (F/ BRHEWS X7 L) D
SEEMIL. BHF/77/0Y - ZLTThSEEGRZICISAT 2BioMEMS (/31 4/
BRI X7 L) T PICRERDHBFICEAD > THEL TR T LT bHUET,

UMI status in 2008 and 2012.

In 2004, the Japanese Ministry of Education, Culture, Sports,
Science and Technology also recognised LIMMS as an Inter-
national Collaborative Research Center, allowing researchers
to apply for funding on an equal footing from both French and
Japanese funding agencies.

In 2011, LIMMS was further recognised by the European Union
(EU) when it received support under the EU’s seventh Frame-
work Programme for Research and Technological Development
(FP7), becoming the EU'’s first international laboratory in Japan
and one of six established globally. This required at least three
EU states as member parties. The enlarged laboratory became
known as the EU-Japan Opening of LIMMS or EUJO-LIMMS,
pronounced to rhyme with the Japanese word ydjo, meaning
friendship (Figure 2).

LIMMS is also growing in France, with the establishment in
2014 of a mirror institution, Seeding Microsystems in Medicine
in Lille — European-Japanese Technologies against Cancer
(SMMiL-E).

“SMMiL-E will synergize bio-MEMS research from LIMMS with
the research against cancer performed in the Lille area,” says
Collard.

Université de Lille |, Collard’s alma mater, has the largest med-
ical campus in Europe, and the city is also home to Eurasanté,
the second-largest bioincubator in France, offering further
possibilities for developing industry relations.

These developments also mirror changes in LIMMS's objec-
tives. “At the beginning our main aim was publishing journal
papers. But it's now twenty years since we started back in
1995. After the initial research phase, we now also focus on
applications for our research. We've been filing joint patent
applications and I'd like to get more companies involved in our
research,” says Fuijita (Figure 3).

Ecosystem in a test tube

Associate Professor Yannick Rondelez came back to LIMMS
as a CNRS researcher in 2008 after completing his postdoctor-
al research at LIMMS in 2002 and 2003. Modestly, he doesn't
offer the information himself, but his research has been recog-
nized with a CNRS bronze medal. “Molecular programming is
an emergent field using molecular and chemical reactions to
make information processing systems. But you can also see
them as models of what biological systems really do, which is
mostly processing information, and also a tool for understand-
ing biological processes,” explains Rondelez.

Working in the Fujii Laboratory, one of Rondelez’s projects was
the recreation of a predator-prey ecosystem using molecular
programming techniques. “In predator-prey cycles, the prey
population grows by consuming food, then the predator pop-
ulation also grows and eats up the prey, the prey population
collapses, then so does the predator population. Except a few
of each survive and they grow again. We decided to recreate
this particular process using DNA molecules, which allows you
to encode information in the molecule.” This kind of system
was predicted to be possible nearly a century ago, but this is
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the first time that it had been successfully implemented. The
research was published in ACS Nano in 2013 (Figure 4).
Another way of looking at this system, though, is as a form
of oscillator circuit, with repeating waves of concentration of
each type of DNA. Rondelez’s group has put together a ‘DNA
toolbox’ of circuit components, enabling the construction of
more complex circuits and, perhaps one day, a biological com-
puter.

Such systems can be shrunk so much that tens of millions can
be created from a single drop of water. They also talk the same
molecular “language” as cells do. The potential is enormous.
“Think of a small computer that can be programmed to per-
form a variety of operations, but is a liquid!” says Rondelez.

Serendipity

CNRS engineer Laurent Jalabert also did his postdoctoral
research at LIMMS from 2001-2003 hosted in the Masuzawa
Laboratory and working in the Fujita Laboratory clean room,
and he returned to LIMMS in 2007. A pragmatic engineer, he
spends a two-thirds of his time supporting other researchers.

Before Jalabert joined the Fujita Laboratory, a student had
been trying to study tunnelling phenomena through a control-
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lable gap between two MEMS opposing tips, all operated in a
transmission electron microscope (TEM). “Ishida-san made an
interesting mistake and he actuated the movable tip too much
and it contacted the opposing one. When he moved them
apart, a kind of nanostructure was formed,” says Jalabert.

The lab too was pragmatic about the accident, and started
a new research project. “Perhaps because | had been here
before as a postdoc, Professor Fujita trusted me to take on a
part of this project myself,” says Jalabert.

Jalabert went on to examine heat transfer across such na-
nostructures. First, though, he had to learn the Japanese
technique for creating the nanojunction. Implementing a mi-
cro-heater and sensor on the MEMS device, and applying
cycles of heating and cooling, he could measure how heat
transferred through the material. But not being an expert in
heat transfer, he couldn’t explain the high thermal conductivity
observed in this experiment.

Serendipity helped again. “A new member of LIMMS, Sebas-
tian Volz, was one of the top French researchers in thermal
physics. We developed a new model based on ballistic heat
transfer that was the best fit for our results,” says Jalabert.
The research advanced scientific understanding of heat trans-
fer in nanodevices and was published in Nano Letters in 2012
(Figure 5).

In addition to the work by Rondelez and Jalabert, Collard’s
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own research has led to the creation of a revolutionary twee-
zers system that can hold single strands of DNA. “He's too
modest to say so himself, but it is excellent research,” says
Fujita warmly.

Trust

In twenty years, over 150 researchers have come to LIMMS,
and between 25 and 30 researchers are now hosted at any one
time. In total, more than 220 papers have been published in
leading journals including Nature, Nature Biotechnology, Nano
Letters and Lab-on-a-Chip, and over 330 conference pres-
entations have been made. All of these were co-authored by
French and Japanese researchers.

“France and Japan respect each other’s literary and artistic
culture,” comments Fujita. For the last twenty years, CNRS
and the IIS have built on that mutual respect to create a re-
lationship of mutual trust. “We know that they’'ll do their part,
which drives us to do ours.”

Gagnepain’s first visit to Japan, more than twenty years ago,
started a new international collaboration. Gagnepain himself
passed away several years ago; the laboratory he created still
thrives on a solid foundation of trust built up over the years.
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Figure 4: Predator-prey system

Predator, prey and substrate (food) DNA molecules are combined with
enzymes that enable replication of prey from the substrate and creation
of predators from prey. This image shows the reaction being performed
simultaneously in thousands of small compartments.

R4 HRECHAEORMIE

HEREEDNADF AR EDNAD F £ H (TH)DNAS FH BERE—MHICREED
ShEFT HMAFREHCI>THEBLUEABREIRREPSMEVHENET . 2O
EREAATFHDO/NSERBEOH TRICH R ICETLTVIHRF T,

© 2015 Yannick Rondelez.

Figure 5: TEM image of a nanowire

TEM of a silicon nanojunction with a neck of 7 nanometers. The nano-
junction stretches horizontally across the image. It was found that as the
nanojunction extended a neck formed and it was possible to control the
diameter of the neck using the electrostatic actuators, creating a narrower
and narrower nanojunction.
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Hierarchies in matter

Emergent matter science shapes a new future

WEOPROREEHE
BIRMIER I OURLLRE

A single neuron in isolation cannot be said to possess memory, feelings, or consciousness. However, group
many neurons together and the type of advanced information processing that takes place in the human brain
suddenly appears. This suggests that perhaps each level in the micro-macro hierarchy can only be understood
with a different logic. Might such a hierarchy also exist in ordinary materials that appear on first glance to be
more straightforward and less complicated than neurons?

HEMARE-—DLETRYEHLTET. ZZICREBPRBE.EEBEIHB. LEICERBTEEEA LPL. HEHRIEHEES
EREBDORIIToTVERLIE. GELGFRLEN AR TEET  E2ZICREEZOV Y I TLHERLBEVESLE
WEBIHVET  RBELTZOLICHERER . ABHRLVLT EBEHLEEBRDOMISIIE. [LEOVEIICHRS5NS
bOEDOTLEID?

Interview/text: Naoto Horibe Translation: Tony Atkinson
WA CAERE A BARNZ— TRV

e
Emergent phenomena FIEDHE
Professor Yoshinori Tokura of the Graduate School of Engi- IZRMERO+EFRNRE BILEREFREAI R ERIZRE

neering (also Center Director of the Riken Center for Emergent v 2—HHE) B AZZBEICAGEEFMIEZ(MBEOMEE
Matter Science) typically begins his undergraduate lectures in FERBNB)DIBEE [SBIEORRERTDD. EoFPRRIC
solid-state physics —the science of the characteristics of mat- Bi1350b.72LT. 262 bT/IBFDIENIZEGHES . TRT
ter—in the following manner: “What gives things their color? EFOHEDENEDTE, |EWSISELSIBHEI LI &S
Why are metals silvery and leaves green? The phenomenon of WETL EINITETLLIH?

[EFDEZDEV|EFT-TH. VEDVEDDEFH EBNRRE
RUIEN E/ICRVEEZ )20 TRHNERE A ZITIEEL,
%%@*Eﬁﬂzﬁﬁ Z%ffﬁg'{*ﬁé\ &L‘aztf?\: z@%ﬁh“‘$>_—”| (Z The newest discovery in emergent matter science

Skyrmions, which generate new phenomena that defy conventional wisdom, are an emergent phenomenon of electron spins.

color is entirely due to the movement of electrons.” What does
he mean by this?

“Due to the movement of electrons” doesn’t necessarily mean
that individual electrons are responsible for the luster of a met-

al or the color of an object. The real significance is rather that BRI 2IETT,

it is the interactions between electrons that are important. MAENTNFICL TV RDITAORE (RFDOEIPET BRI R RO

It may be tempting to think that a material’s macroscopic BLOREDET. BFEhOETFORSE ) FIEET 578 BHEBAHFLVRRETISRIT XL IA |1 BT RE DARBERELTRAT S,
characteristics — for example, its mechanical, electrical, mag- T. O (HZFHME. . ERMMEE. SN E. X2 MEL © Mohammad Saeed Bahramy.

netic, optical or other physical properties — can be understood E)VEWSTIONREN BB TEIEE R/ EZDBLhEL AL
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Critical temperature (K)

BREE (K)

by reducing it down to the microscopic state, focusing on
aspects such as the arrangement of atoms, bonding between
atoms, and the behavior of electrons around atoms. However,
when emergent phenomena arise for a collection of individual
parts, in which the characteristics of the whole surpass the
sum of the parts, it is no longer reasonable to adopt this type
of reductionist approach of trying to understand macroscopic
properties by recourse to the microscopic level.

Using this concept, physical properties can be regarded as
emergent phenomena of electrons. Bashfully admitting to
his penchant for creating buzzwords, Tokura calls his own
research field “emergent matter science” (that is, “emergent”
plus “materials science”). Rather than slavishly following the
reductionist approach to understanding physical properties,
the term emergent matter science accurately reflects the fact
that a different logic is required to understand each level in the
hierarchy.

Electrical insulator one moment,
high-temperature superconductor the next

Emergent materials are typified by the family of copper oxide
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Figure 1: The revolution in superconducting transition temperatures
Superconductivity that occurs via a completely new mechanism was dis-
covered in copper oxide compounds, and the critical temperature —the
lowest temperature at which superconductivity is manifested — was raised
dramatically.
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high-temperature superconductors, which also demonstrate a
new logic at the macroscopic level (Figure 1). When electricity
flows in a material, part of the energy is usually lost as heat.
In a superconductor, however, no energy is lost; the electrical
resistance is zero.

Tokura began his research into high-temperature superconduc-
tors in the latter half of the 1980s when he spent a year abroad
at an IBM research center. The prevailing view at the time was
that superconductivity was an extreme form of heightened
electrical conductivity in metals. However, the state of super-
conductivity in the copper oxide superconductors that Tokura
studied seemed to be an emergent phenomenon in a material
that immediately beforehand was an electrical insulator and
did not pass any electricity at all.

Let’'s examine this a little more closely. The strong interactions
among electrons in copper oxide compounds mean that the
electrons are firmly locked into the atomic lattice structure. The
electrons in such a material are described as being “strongly
correlated.” In this state, the electrons are pinned and cannot
move within the compound. As a result the material acts as
an electrical insulator, with properties completely opposite to
those of a superconductor. However, when some electrons are
pulled out of one of these copper oxide compounds, the elec-

PLEL2DEREED/FER. 2BELTERORMYU L DM
PEAS[AIR]EVOIBRKPBEIRIEE . IJOOREICHBELT
BRELTIWKETEENET I O-FEHFVEDTRECEDET,
EDEEICHDIEN WER EFDRAIRAR T RITVDNEE
ZRIZDNRELGATT . ERICHAENSEDITEIBIIRIE.BED
MESBE[AIEMMERZE] (=TRIFE]+TERE]) ERATY
TP MMERNIDIC. BTEENETTO-FOAHICEADNS
CEBK BBEBIZCICRLZOV v Y TEBEBLTOWLENHZZLE
FHEICRTZIRTT,

BREOT<CHNSREBIRERE

BIRMMEDOKRGITHY) MHEEVNITI/OLBEEICDOVWTOH
EAYYIERT L G0N RRIEMERBEEAFTYT (K
1o —MRIC.ERNMMEFERNZEIRLF—D—WHHELT
KOO TLEVET  LAL BEEFTRIOLIEIXILF-—DIE
KPEO(BREREO)ICENET,
TEUBEPSEBEEFROMRICRIL L S0 1ERBIBM
DM EFRICEFUE1980FRBFDIETLA FRHDRIHT
R EBPBRERTEEEBRETCED TV LK ICBEEYSH
BEEZILNTVELA LAL T EHRBEOM RN RESIAERL
YMBEEFR TR . EREEFCRILVIERADOTCAITEZD
BIRBRRELTEREREO(BEE)FERIWBZSLVWZEND
PoTELDTY,

The University of Tokyo

trons arranged systematically in the lattice structure “melt” as
one, and the copper oxide insulator immediately becomes a
superconductor. Removing just a few percent of the electrons
from an insulator changes its physical properties completely.
This is precisely what we mean by an emergent phenomenon;
one that cannot be explained by reductionist thinking about
individual electrons.

Colossal magnetoresistance and multiferroics

Working his way along the periodic table from titanium to
copper, Tokura conducted a series of experiments adding or
removing some electrons to or from a variety of compounds of
each element. In experiments conducted in the 1990s, Toku-
ra discovered an even more interesting phenomenon, that
of colossal magnetoresistance. He found that the electrical
resistance of an oxide compound with a structure known as
perovskite changes by more than 1,000-fold in the presence of
a magnetic field.

Apply an electric field to any solid and it becomes electrically
charged overall and electrically polarized, with the ends of
the material becoming positively and negatively charged. Ap-
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Figure 2: Conceptual diagram of a multiferroic material

applied (2a) and magnetized when an electric field is applied (2b).

The material becomes electrically polarized when a magnetic field is
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ply a magnetic field to any solid and it becomes magnetically
charged overall and magnetized, with the ends of the material
becoming south and north poles.

The scientist Pierre Curie, husband of the renowned French
physicist Marie Curie, hypothesized the existence of materials
that would become electrically polarized in the presence of a
magnetic field and magnetized in the presence of an electric
field.

The direction of magnetization in ferromagnetic materials such
as permanent magnets, which can become magnetized in the
absence of a magnetic field, and the direction of the polari-
zation in ferroelectric materials, that can become polarized in
the absence of an electric field, can each be reversed by tiny
magnetic fields or electric charges. If a material is both ferro-
magnetic and ferroelectric, and if the magnetization and elec-
trical polarization are interrelated, the material of Pierre Curie’s
imagination will become a reality.

Materials that concurrently have such properties — ferromag-
netism, ferroelectricity, ferroelasticity, etc. —are known as
multiferroics (Figure 2). Altering magnetization by the applica-
tion of an electric field, non-obvious input-output relationships
and the like are examples of emergent phenomena that result
when multiple electrons demonstrate as a whole properties
beyond those of individual electrons.

The skyrmion:
a particle generated from multiple electron spins

In 2010, a completely new particle known as the skyrmion was
observed, identified as an emergent phenomenon of electron
spins (Figure 3). Tokura is vigorously pursuing this field of
emergent matter science.

A skyrmion consists of a whirlpool-like collection of thousands
of electron spins, but behaves as if it were a single particle. As
you might expect, this too is an emergent phenomenon that
cannot be explained by reduction to individual electron spins.
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Figure 3: Direct observation of skyrmions
In a world-first, Tokura's research group successfully observed individual skyr-
mions using a specialized electron microscope.
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The skyrmion “particle” can be moved with minimal electrical
energy consumption, it can affect the trajectories of electrons
as if it were a giant magnetic field, and even has the potential
to act like a magnetic monopole.

Tokura is not only fascinated by the interesting physical prop-
erties of skyrmions, but also thinks about the significant po-
tential for next-generation electronics, saying “In this day and
age, experiments with practical applications are vitally impor-
tant.” A non-dissipative quantum-electrical circuit that oper-
ates with negligible energy consumption could be the ultimate
environmentally friendly device. Fantastic scenarios abound,
but given the time taken for physics to yield innovations to
date, Tokura believes that it may take a few decades to centu-
ries for them to become a reality.

The future of emergent matter science research

Research into emergent matter science has yielded high-tem-
perature superconductors, multiferroics, and skyrmions. Be-
cause they are all difficult to visualize in concrete terms, Toku-
ra says ‘| am used to hearing that emergent matter science is
difficult and incomprehensible.” On the other hand, it may look
even to researchers in the same field that he is jumping from
project to project.

“It may appear to lack consistency, but it does have an inter-
nal logic that makes sense,” stresses Tokura. “Because it is
impossible to understand the world on the basis of a single
principle,” Tokura's motive is to pursue new phenomena that
cannot be reduced to a single logic, instead weaving a new
logic to explain them.

Emergent phenomena are those for which the whole cannot be
explained by recourse to the individual parts. Because it is diffi-
cult to predict the phenomena that will emerge from the individ-
ual parts, phenomena that no one anticipated and innovations
in the fields of science and technology may yet remain hidden.
Emergent matter science is shaping the future by identifying
emergent phenomena in the field of condensed matter physics.
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News Highlight

2015 Nobel Prize in Physics awarded
to Professor Takaaki Kajita

Institute for Cosmic Ray Research, The University of Tokyo & 5 < S
For the discovery of neutrino oscillations,

2015 /-~ VEYERESE : which shows that neutrinos have mass
EHEE BB (RERXEFHEMAEHR) C1-N/RBOGEERT 1N/ RBORR

Neutrinos are an elementary particle of which there are three types,
Professor Takaaki Kajita is the eighth University of Tokyo researcher to be awarded all so extremely light that they were thought to be massless for many
a Nobel Prize and the fourth in Physics.
REHEERRFAZHIO/ - ANEZEETEISABNDZREAT AAHDO/ - NIV YBEXEZTHEETY,

years. They also almost never interact with matter, passing easily
through the Earth.

One source of neutrinos is from cosmic rays striking the atmosphere.
In 1998 Professor Kajita and his research collaborators discovered
that the number of these atmospheric neutrinos created on the oppo-
site side of the Earth and travelling to a sensor in Kamioka was only
half that of atmospheric neutrinos raining down from directly above.
This, they discovered, was a result of “neutrino oscillation,” a phe-
nomenon by which neutrinos change between types while in flight.
Since muon neutrinos created on the other side of the earth had
changed into tau neutrinos while travelling, there were less muon
neutrinos arriving from-below the detector than from above.

Neutrino oscillation can only occur if neutrinos have mass. For this
reason the observation of neutrino oscillation was conclusive evi-
dence that the neutrino’s mass is non-zero.

The discovery of atmospheric neutrino oscillation turned the then-ac-
cepted theory of elementary particles on its head and opened the
door to a new model of physics. Ultimately, the significance of this
discovery was recognized with the 2015 Nobel Prize in Physics.

Za-hNI/RBENFO—FETY . 3EEHI =1~ N/ IFFEEICEL,
RUVBEZOEBEEOREEASNTWEL o E 22— /I3 E
ERIETBZEN FEAERW S EREBEBLTWEET,
Za—hJICR FEEVHEROXRERDDPBIETHEETIAR
Za—hI/PHNET1998FRERSII AR =2 -~/ DEAINS,
WIEKOBRTESNTRVIEBERA TEAZ 2N/ OEH . 4 E
DHREBDTCE LDSESTLBZ 2 - N/ OBICERNT. HESL
PHEVWCEERRLEL,

ZhiE. Za—RMI/DPRATVWSEICHIDEFED =2 - I/ICEFLT
LESIZa—MIJIRE | EVOIRRICEZHBDTL WEDOER TE
FhieXa—Za—N/DHBRAEEE> TVBVEIIC. 2= 2—k )/
CEBLLE 2D 32— 22 —NI/ DB TWBEIICHA TV
DTYo

Za—hI/IRBNE. Za—PNU/ICEEN HDIEZLTRRIIERTT L
N oT Za—N/RBORERE. —a— /P EOTEVEREHE
DEVIREMGIEREL /=D TT,

KRZa—M/IREIDER IR FERODER A FLOMEA Text: Institute of Cosmic Ray Research/Kavli IPMU, The University of To-
Qﬁﬁﬁﬁgibto :@Bz%b;agweh—czo.l S_EE@/_,\.«)L,E%E(\:E kyo. Top photo: Kamioka Observatory, Institute of Cosmic Ray Research,

All photos: © Nobel Media AB 2015. Photo credits: Pi Frisk (top, bottom left), Claudio Bresciani/TT (bottom right). The University of Tokyo. Bottom photo: © Hamamatsu Photonics K.K.
WEL.
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From liquid to solid
BEDSE AN

Dividing chromosomes
RBEEZHITS

Glass transition is a term that describes the continuous
transformation of a substance from liquid to solid below its freezing
point. Computer simulations have revealed that the enhancement
of structural fluctuations in the liquid plays an important role in the

glass transition.

BALNBEVEETCREVEGNICERANEEDIAIRGER LRI
hBRKRHIZGEBICRK REDBEDOSEN EETEIIENEET
HBZEE.APE2—FIaL—2a IEYBASHICLEL .

v
Structural origin of glass transition

D http://www.u-tokyo.ac.jp/url/vfj
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Through meiosis, the process of making germ cells such as sperm
and eggs, the number of chromosomes in the cell is halved. A new
protein that acts as a master regulator for the process regulating
chromosome segregation during meiosis was identified in mouse

germ cells and named “meikin.”

BFCHNFLRENEREMIPEEIBRETCEBRBEY EDICHEINS
BHOH COMHAHEECLEERONEEBEFNMEL. ASEEL
TOEEEBIZNIEEVIZOEEMBETRRLT. 71525
fFirElr,

v

Discovery of master regulator of meiosis-specific chromosome

segregation

P http://www.u-tokyo.ac.jp/url/vfl
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Fighting Ebola

IKRFEHES

A new vaccine against Ebola hemorrhagic fever has been
developed that is safer than previous vaccines. When monkeys
were inoculated with an inactivated form of the vaccine and
then exposed to the Ebola virus, it was found that none of them
developed Ebola hemorrhagic fever.

CRETDTIF o ENBRLHEDBVWIRTIIINZRTIF L5 LA
FLUELAE ZDTIF L aRFERSE  FIVICEELLEZA . TDOERT
RITAINRCESENTHY IV I RIHMEICHFELEWZEDX DY)
ibf:o

v
A novel vaccine for Ebola hemorrhagic fever

» http://www.u-tokyo.ac.jp/url/vin
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Seeing underwater
KBTRS

Mosasaurs are a group of marine reptiles that lived in the
Cretaceous period. Comparing the inner surfaces of bony
structures from the eyes of mosasaurs and land-living lizards, only
mosasaur bones have a rough inner surface. This suggests that
mosasaurs may have been adapted to underwater vision.

BEROBERRBEY Y VLI ARILAEROFICHZEEE
ERELTERTIRADIMTREERTHZE EFFVILIFIIEN
TOHFARMOREANIESDNTVWELE, Zhid EHHIILIEN K
THNERBLOHICHEICUAFIREMETRRT 255 TY,

v
Evolution and aquatic adaptation of mosasaur eye

P http://www.u-tokyo.ac.jp/url/vfp
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Alzheimer’s and nerve activity
FIWYNAT—FEHEER

Accumulated plaques of the protein amyloid beta are characteristic
of the brains of Alzheimer’s patients. Optogenetic techniques that
allow control of the level of neural activity in the brains of mice
showed that constant high-level activation of neurons increases

accumulation of amyloid beta.

TIVINAI—FROKRDEFHELTHONTVWEITIOANNBEINVE
DEE BENICESVHEESICI-T. ZOEBI BEIILERLE
Uleo KEHBRD X ZADBAOHERIBOEEEEREMETEIEICLY
BShICLEL,

v
Alzheimer pathology and neural activity

D http://www.u-tokyo.ac.jp/url/vfr
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Mimicking a poisonous butterfly
T IR RTES

Two swallowtail butterflies, the Common Mormon and the Asian
swallowtail, have had their full genomes sequenced. The molecular
mechanism and genes required for the female Asian swallowtail
to mimic the wing patterns of the Common Rose, an unpalatable

butterfly, have also been elucidated.

FITHNESAFETHNERIENB2BEOT S NFauDTNTDH
TILEBELELE. ZLT . YAFET S NOHWI BHEONZELT S
NEFIDOEREUL P DI BEEERFENEULZDDOEHEAE
BASPICLEL Lo

v v
Riddle of mimicry of unpalatable butterfly SRICLE3BEDR
P http://www.u-tokyo.ac.jp/url/vft P http://www.u-tokyo.ac.jp/url/vfs
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Islamic art
£ 25— L i

It was accepted that direct Chinese influence could be detected in
Persian manuscript paintings from the Mongol period. The painter
of this illustration employs Chinese pictorial elements but also
exhibits incomplete understanding of the Chinese perspective and
a lack of training in Chinese painting.

ChETEENHEDOLENBOOLMZEEZSNTEXAELIIFE
BRONXLVSTOERER, IOBFREFEVEZERE. PENLKE
BREMINANGHSIZEL2ICRPERBEORZERBOEAEZEREL
THEST ZEPEKENOEREZ I TVWEVIE» bAPNET,

v
Overcoming assumptions about Islamic Art

P http://www.u-tokyo.ac.jp/url/vfv
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New data from the sky
BOHFLLF—4

A new all-sky far-infrared image has been created using data from
the infrared satellite AKARI and released publically as a database.
The resolution of the new image maps is about five times better
than conventional far-infrared all-sky images, and data at longer
wavelengths are also available.

FNBRXEEH2) ] OBBET—22AVT. HLLWEXDERHN
REREF). T—aN—RELTARLEL A ERDBEFRHMEOERX
EREENTHEEIHSBERLEL. RVERDERT -2 FHTZ
BLOCHNEL L,

v
High resolution far-infrared all-sky image data release

P http://www.u-tokyo.ac.jp/url/vfx
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Rewinding the future Understanding the origin Overcoming assumptions An indefatigable spirit
of timekeeping of the Universe about Islamic Art of inquiry
Beyond time with the optical lattice clock Explaining what happened before the Big The advantages of an East Asian Manipulating light with matter
Graduate School of Enginesring / Faculty of Enginesring Bang with inflation theory perspective and matter with light
2015/02/10 Graduate School of Science / Faculty of Science Institute for Advanced Studies on Asia Graduate School of Science / Faculty of Science
2015/05/14 2015/08/26 Graduate School of Engineering / Faculty of Engineering
BB EEZEY [ KRBT ) 2orermez
EmGBHO%KL RATELE[FHEOIILEY] R7POTOMRABEDSZEELRT TR
N Evo N ERO—BER107L—a B [25-LFXGE]AO%AR < SV
TERMAH: T2 EARUBRE D ERMNERR
2015/02/10 BERTEF-RFH R ALF AR
2015/05/14 2015/08/26 pifo ks g SR o

TH#RFMAER THEE
2015/11/02

Now
RE .

WMAP
observations
WMAPHEDRA -

13.8
billion
years
138 E

380,000
= ? = years
N TV F
Inflation
12—
102 10-2¢¢5 £

Big Bang
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Birth of the
universe
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To measure time accurately, humankind has sought The universe came into being 13.8 billion years ago, Whether they understand the language or not, the His research guided by one over-arching principle,
to identify constant periodic phenomena in the nat- born from the rapid expansion of an ultra-hot and ul- traveler to a foreign country is likely to find their “To know more about light and matter that we can
ural world. Periodic phenomena such as the rotation tra-dense ball of fire in an event known the Big Bang. interest in the local culture pushed to new heights see before us,” Professor Makoto Gonokami became
or revolution of the earth were used in the past as But what brought about the Big Bang? The answer to by everything their eyes see —from the faces of the president of the University of Tokyo in April 2015.
“rulers” to measure time. These rulers, however, that mystery may be found in inflation theory, which people and how they dress, to the look of the build- Behind his glittering accomplishments in optical con-
have each had their shortcomings: for example, the describes the origin of the universe immediately be- ings and neighborhoods, to the unfamiliar foods that densed-matter physics, through which he has sought
rotation of the earth is gradually slowed by tidal fric- fore the Big Bang. appear in markets and restaurants. So too with ob- to elucidate physical phenomena using light, lie a
tion, and is therefore not constant. b hittp://www.u-tokyo.ac.jp/url/vgb jects of art that have deep roots in the culture, often spirit of inquiry focusing on challenges immediately
b http://www.u-tokyo.ac.jp/url/viz going back many centuries. at hand and an indomitable perseverance.
P http://www.u-tokyo.ac.jp/url/vgd P http://www.u-tokyo.ac.jp/url/vgf
FEOELUEYIZ1BEFA . E5E BEBEOKDE
BB ERICAEIZCE, 2. BRARDOSH LS [REL [EvFNy | OEKEICEIWREELEEINTVET, T
BAHHBERIZEODUHHTHATLA. 2O TIIHERD B I EYT N EI R TREEDTLLI D ZDHDE BEESHINEB . EELEDIOTEDL BTRARMMND [BETR3ZENP TEIRPMEDILE . HHEEBLE
PAGEVOIEABBRKIEROIHOEL]ICFEbATY AEEINTVWBDY EvI N BERDOEHNIZLEY DEBLTZDOEICHTIEKS Ty ELPEILTOHNDZL W ZABRWT REEATEELA,2015F48ICK
FELTo EXAD LA IO B Y BERIC S 5 DB &5 AL 12T —a 3858 | TF. PHNET A2 DELBPRE BMPEHLH, Rih RAZOREICHEL-EMELIR, KEE-THE
TEAEAEBEYET, BEXY---- JHMTENISEIVWTELEMERDZ BHEEMBTMENEERDICERTELELLWL
P http://www.u-tokyo.ac.jp/url/vga _ o -
ND—2TL&S, EHEOEICR BORODZLICEZEAMEEIBRRDE.

P http://www.u-tokyo.ac.jp/url/vfy

WERICHEC B AP HNEL A,

P http://www.u-tokyo.ac.jp/url/vgc

P http://www.u-tokyo.ac.jp/url/vge
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About The University of Tokyo

RRAKZFICOWT

The University of Tokyo is the oldest of the national university of Japan, established in 1877. The University is comprised of
ten undergraduate faculties, 15 graduate schools, 11 research institutes, 13 university-wide centers, and two University of
Tokyo Institutes for Advanced Study. In partnership with universities around the world, the University of Tokyo aims to be a
base for research and education contributing to the advancement of all humanity.

RRAZBIBTTEICHRASNAERRREHNEALRETTA0DER ISOXERMER -BEBI1OMERRER.130LF LY
F— ELT2oNEBREEMAFIPOSLVET HROKRFLEHIC.ABORMCARTZ-ONHBTERAENUAZBIELTVET,

Enrollment, #4£#

The University of Tokyo has 27,377 regular students, roughly evenly divided between undergraduate and graduate students. Graduate students
themselves are divided almost evenly between MA and PhD programs. International students number 2,526 or 9% of the total, with most enrolled
in graduate programs. Male students outnumber female students four to one among domestic students. Of international students, 57% are male
and 43% are female.

RRERARZDFERIE27,377R T ZDMF BN FRHFALE THRVFBRIRERFETYT . AFRDFEBRELREORE B LREOFEN RBEE
TIHNEANEZER TDBEAEN KFRICEFEL THN. 2BEDEEBDI%ELED. 2,526 8T, 2HELT. BFEEDFEEHN B L FFERS
ACAANDEIETT . —H . BEEDSEZNE SR BFFENET%. T FFEN43% TT,

Underaraduate MA Professional PhD Total ACGdemiC Sfdff/ﬂﬁgﬂ
Group ﬁwﬁl B+ BRmEE | BERE 2
il P KRR P |
The University of Tokyo employs 5,914 aca-
Domestic students o A .
demic staff. Excluding teachers and nursin
S 13,707 5,732 768 4,644 24,851 : g " g
staff, about two-thirds of academic staff are
IigeriEdiere]) SHERTED |- 990 100 1183 2 596 tenured while the remainder are on fixed-
HEABZEH ’ ’
term contracts. Women account for some
Total &t 13,960 6,722 868 5,827 27,377 17% of all academic staff.

RRAFOHREHIL5,9148TT . - £
HAERKS D D20 MBI FHOE WV

Int ti | student SEAT. ZOMERD OV TWA4FERH
e BRATT . & aEHERLEOHREHDH

HEABZE 17T%EEDET,

Africa/ 7794 (55) Academic and administrative staff

Latin America./ @K (66) Middle East/ iR (49) BAK
North America /4t (72) Oceania/#t7=7(31) Professors ##% 1,391
Europe /3—Av/% Associate Professors ###% 1,074
(296) Lecturers AT 401
Research Associates Bhi%t 1,882
Research Assistants BhF 1,124

Asia/ TIT
(2,493) Teachers at attached schools "
Total £t 5,914
page 40 The University of Tokyo

2015-2016 Budgeted revenue " FH28FE (2016 FE) RAFH

Nearly one-third of University income comes from government subsidies. Research grants and collaborative research with industry and govern-
ment provide an additional one-third. The University Hospital is another major source of revenue, accounting for more than one-sixth of the total.
Tuition fees account for approximately 8%.

RRAZOPRAFEREDOIONUELRIBFEPSOEEEXNE T MEMAESHP L L EXEHEEMAEMNAPTHERAZFORAFERE
DFIB0%EEDET FLRRAFLDMBRERICH T BINA BFEEDE D D1 FEICIBINAIE8%ICHLELET,

Budgeted revenue XA ¥ Amount (million yen) % Budgeted expenditure XHFH Amount (million yen) %
Government subsidies Personnel A% 77,174 31.6
for management expenses 80,342 32.8
EEBTHE Collaborative research and
endowment projects 61,691 25.2
Collaborative research and EFEMEMRR-SHEFERS
endowment projects 61,691 25.2
EPEELSTHRNA-SHSINAZ Materials expenses #114# 57,288 23.4
University Hospital BfBHRRIIA 45,225 18.5 Research grants F#Hi% B E & 25,655 10.5
Research grants FHEMRESHEIE 25,655 10.5 Facilities construction and maintenance
’ - 13,281 5.4
MR B
Student tuition fees ZEMt L% 18,397 7.5
) o . Repayment of long-term debt 5.051 21
Sull)5|des for facilities construction/ EHfEASEES , .
maintenance 13,281 5.4
MR ERERBDESE Retirement stipends RHF 4 4,451 1.8
Total &t 244,591 100.0 Total &t 244,591 100.0
2015-2016 Budgeted expenditure
FR28FEE (2016FE)XHTFH
Over one-third of the total expenditure is spent on research and re-
search grants. Nearly another third goes to personnel costs. The re-
maining major expense is purchasing material items, which includes
all research materials.
-
r', ¢ XHFEDIONLUErHEMEBSHBES L EXFEHEMEEY
|- i EHEBXREZICHTONETZL T HIB0% N AMFBIC RICKES
}l:'_'l ETHFURHRCLELYRSEECMERTT.

Intellectual property ~#9R4 &

Since university incorporation in 2004, the University of Tokyo has
increased the number of patents held by the University and by facul-
ty members. Specialized licensing organizations (Todai TLO, CASTI)
have been established to manage and monetize these patents. Other
intellectual property including trademarks, software copyrights and
other intangible assets provide income to the University.

2004 FDELAFENMLUE RRAZPREAZOERENREA
TRIRFOHRIEATVET  MBLARFOFERAZRTER (RRKX
FTLO.CASTD) W iR Eh HEFFFNEEPINBILET > TVET 45T
DA DRRERRENFRELTWBHB I E IS BEIRP Y IR 2 7 EEY.
BRREEMENHY). CNSDHMWIEICEIBZRADHIET

‘ Licensed patents EHEaF## R U HE 2K
Patents held Domestic patents International patents
(e ERRE HERE R Licensed Providing income Income (000 yen)
EMERTREIFE IRA D& 7= 8 JRA (FH)
‘ Total &t 1,386 1,101 3,142 1,440 5,411,621
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