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“Automated peptide synthesizer” in 
Suga lab, Department of Chemistry. 
This machine is able to produce 
nonstandard Peptides discovered by 
Suga’s technologies. (refer to page 6)
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Science is a study that unravels the mysteries of the universe.
It strives to create new knowledge by understanding nature. 
This begins by approaching  nature with a simple question 
in mind:“Why?”
This pamphlet will present some of the activities carried out 
by the School of Science at the University of Tokyo, which aim 
to cultivate skilled and knowledgeable members of society through 
exploring nature.
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 Science is driven by the simple quest to understand the world around us. 
It is fueled by the joy of finding out, as a result of that quest, something we 
did not understand before, and the many new mysteries that emerge as 
individual discoveries are made. The never-ending desire to unravel these 
mysteries moves science forward a step at a time, opening up horizons on 
new knowledge.

 The objects of science are many and varied. They extend from the broad 
spectrum of natural phenomena to the abstract concepts behind them, 
including mathematics and information. The University of Tokyo School of 
Science brings together scientists active at the forefront of a diverse range of 
academic fields.

 Science requires the ability to employ the force of logic, and the creativity 
and adventurous spirit to take on new challenges, going where no one has 
gone before. These are abilities needed not only in science but for a variety 
of situations in society. The School of Science is thoroughly focused on 
polishing these abilities, so that students can go on to play active roles in 
society, in a broad range of fields. Whatever path you take after graduation, 
the science skills you acquire will serve as powerful tools.

Hiroyuki Takeda

Dean of the School of Science, The 
University of Tokyo

1985, Doctor of Science (Faculty of 
Science, University of Tokyo) Appointed 
Professor of Department of Biological 
Sciences, Graduate School of Science in 
2001 after serving as Assistant, School of 
Science, The University of Tokyo; 
researcher at RIKEN; Assistant Professor 
at School of Science, Nagoya University; 
and Professor at the National Institute of 
Genetics. Has also served as Dean of the 
School of Science since April 2017.

Open New Paths, 
Equipped with the 
Power of Science

01



School of Science, The University of Tokyo

01

Innovations that bring about significant 
social change are born through the 
accumulation of fundamental research.
Two young researchers are going down 
a path where no one has been before, 
with an aim to make the extraordinary 
ordinary in 10 to 20 years.

Artificial intelligence (AI) has drawn a great 
deal of attention.
General newspapers are reporting on a 
daily basis that AI will transform business 
as well as society.
In the midst of this buzz, one researcher 
who is conducting basic theory research on 
AI has been appointed to head a nationally-
funded AI-research project.
“AI can become even more sophisticated.”
The researcher has his eyes set on the 
future of AI by taking full advantage of the 
theories he has developed through 
fundamental research.

Masashi Sugiyama 

Professor of Department of 
Complexity Science and Engineering, 
Graduate School of Frontier Sciences

Department of Information Science 
(Professor and Advisor)
Graduated from Department of Computer 
Science, School of Engineering, Tokyo 
Institute of Technology in 1997. 
Completed doctoral program, Department 
of Computer Science, Graduate School of 
Information Science and Engineering, 
Tokyo Institute of Technology (Doctor of 
Engineering) in 2001. Served as assistant 
professor and associate professor at Tokyo 
Institute of Technology Graduate School 
before beginning current post in 2014. Has 
also served as the director of the RIKEN 
Center for Advanced Intelligence Project 
since 2016.

Masashi Sugiyama 

Innovators in the Field of Science

Fundamental Research will 
Pave the Way for the Future 
of Artificial Intelligence (AI)
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have not been explored, by gathering data 
from the growing number of research papers.
 If the precision and efficiency of machine 
learning improve, computers will become 
more sophisticated. That is what Professor 
Sugiyama is trying to achieve through his 
research and development.

 The most standard approach that is used in 
machine learning is called supervised learning. 
For instance, when getting a computer to 
recognize handwritten characters, the 
computer is taught the images of the characters 
and the corresponding data for the characters. 
After repeating this process, the computer will 
understand the relationship between the 
images of the characters and the data for the 
characters. The computer will then be able to 
determine the character data the next time it is 
given an image.
 This approach can be expected to produce 
accurate results with enough training data.  Its 
down side, however, is that the more an 
attempt is made to achieve learning with an 
enormous volume of data in pursuit of 
accuracy, the greater the cost will be.
 “For autonomous driving technology, 
humans must tell the computer about the 
presence of pedestrians, moving vehicles, or 
obstructions one at a time based on the captured 
images on the camera. Creating labels for this 
type of data comes with an enormous cost.”
 Furthermore, if the conditions for the 
training data are not the same as the conditions 
for the actual data you want to test, accurate 
results cannot be expected. For instance, 
research and development is being conducted 
on a technology called brain computer 
interface, which is designed for people who are 
unable to move their hands and legs, in which 
brain waves are used to operate a computer. In 
brain computer interface, the computer learns 
the relationship between the 
electroencephalographic data and the wishes of 
the operator, and the user operates the 
computer. But the problem is that the brain 
waves are unstable, and there is no guarantee 
that the brain waves emitted in the training 
sessions will be the same as those emitted when 
the user operates the computer.
 One of the main research themes in 
Professor Sugiyama's lab is to come up with a 
method for overcoming the shortcomings of 
supervised learning.
 “One potential solution is enabling the 
computer to learn with accuracy by using only 
data that can be gathered at a low cost. I am trying 
to develop an algorithm for achieving that.”
 In general, the quickest approach to 
developing an algorithm is to focus on a 
particular objective. But the problem is that 
there are a wide range of analysis tasks that 
people want to see in AI, and if technology is 
developed for each one of them, the overall 
cost will be enormous.
 “In our lab, we place an emphasis on 
approaches that can be adapted to multiple 
tasks in a unified manner. We make the data 

analysis tasks as abstract and structured as 
possible. The advantage of a versatile algorithm 
is that if the performance of that algorithm is 
improved, it will also improve the performance 
of a wide range of machine learning tasks all at 
once.”

 Being able to take this type of approach is a 
result of many years of basic theory research. 
Professor Sugiyama is highly acclaimed in 
Japan and overseas. For instance, a number of 
his key papers have been cited over 1,000 times 
in total, and he also became the first Asian 
program chair of the largest international 
conference in the machine learning field. 
Professor Sugiyama also makes active efforts to 
come up with solutions to real world problems 
through the application of basic theory. He has 
also engaged in collaborative research with 
industry and has served as a consultant on 
many occasions.
 In April 2016, Professor Sugiyama was 
appointed the head of the Center for Advanced 
Intelligence Project (AIP), which was newly 
established at RIKEN as the central 
organization for research and development 
projects promoted by the Ministry of 
Education, Culture, Sports, Science and 
Technology. The leadership role for an AI (for 
which there is a great deal of anticipation for 
industrial application) research and 
development project has been entrusted to a 
young, 41-year old researcher with a strong 
background in basic theory. This is a clear 
indication of the level of anticipation for AI.
 Professor Sugiyama has said that his 
activities at the AIP Center will focus on basic 
theory research. We can understand why he 
would say that if we consider the current state 
of AI. A technology called deep learning, which 
is one of the approaches of machine learning, 
has received much attention in the media. It 
was developed with the intention of utilizing it 
for the industrial application of AI.
 “Deep learning is a wonderful technology 
but it is not universal. Research on deep 
learning began in 2006, and it has taken nearly 
10 years to draw some attention. If we focus 
our energy on fundamental research now, we 
may be able to establish a technology in 10 
years that will solve problems that could not be 
solved before, through deep learning.”
 The reason why Professor Sugiyama will 
focus his energy on basic theory research at the 
AIP Center is that not enough research has 
been conducted in the field.
 “There is a great need for human resources 
with an understanding of basic mathematics in 
not only academia but also industrial circles. If 
we have the foundation for fundamental 
research, it can be applied to a variety of 
fields.”
 If we learn the basics, we will create 
numerous avenues to success. The path that 
Professor Sugiyama has taken is definite proof 
of that.

 The term Artificial Intelligence (hereinafter 
referred to as AI) first emerged in 1956. The 
world’s first all-purpose computer was 
developed in 1946. Just 10 years later, attempts 
began to be made to create a machine that 
would think like a human.
 Since that time, there have been two AI 
frenzies, and now AI is in the spotlight once 
again. AI robots are beating top-caliber Go and 
shogi players, and for autonomous driving 
technology, for which there is fierce product 
development competition, AI has become the 
brain of the car. AI has been adopted by 
numerous industries, and the term AI is 
headlining newspapers on a daily basis.
 One reason AI is under the spotlight once 
again is cutting edge technological 
development. The technology is called 
“machine learning”, and is the key component 
of AI’s intelligence. Professor Masashi Sugiyama 
of the Department of Information Science is 
conducting basic theory research on machine 
learning as well as developing its applications.
 “Machine learning is an information 
processing technology in which a computer 
acquires knowledge on its own. The computer 
will learn the regularity behind a set of data it 
is given on its own and will make judgments 
on unknown data based on knowledge it has 
gathered. That's what AI does.”
 In the past, computers were designed solely 
to process information according to the exact 
procedures predetermined by humans, but 
now, thanks to advances in machine learning 
technology, they can handle unknown 
situations. Today, machine learning is being 
utilized in various fields, including spam email 
filtering, controlling industrial robots, and 
medical diagnostic support.
 AI has the potential to impact how science is 
conducted. In the fields of drug discovery and 
new material development, research projects 
that involve the use of AI are beginning to 
produce results. Of the vast array of possible 
combinations of materials, the ones that are 
believed to be the most effective and accurate 
are being selected. AI is now also being used for 
identifying research trends as well as fields that 

Left: Machine Learning in Non-Stationary 
Environments, technical monograph written in 
English (published by MIT Press), which has 
been critically acclaimed. Right: A textbook 
written in Japanese for beginners of machine 
learning. Professor Sugiyama has written 9 
books, including 4 in English.

* Affiliations and titles as of interview date (December 2016).

How sophisticated can 
computers become?

Advanced Approaches for 
Making AI More Sophisticated

The Power of Fundamental 
Research: Creating Numerous 
Avenues to Success
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School of Science, The University of Tokyo

Organisms contain a wide variety of 
different cells.
Identifying the detailed properties of 
each individual cell is one of the major 
challenges in the field of life science.
One young researcher, who previously 
aspired to detect gravitational waves, is 
boldly taking on this difficult problem.

about his next subject of research. The new 
path that he chose was the field of life science.
 “Chemistry and Physics both have a culture 
of precision measurement (making precise 
analyses), and a multitude of technologies have 
been developed to accomplish that. In life 
science on the other hand, there still remains a 
degree of approximation when making 
measurements, and that’s where I see 
possibilities.”
 For instance, although 1 ml of blood 
contains as many as 6 billion cells, it’s difficult 
to detect fewer than 10,000 rare cells in 1 ml of 
blood with today's blood testing technology. 
But that is precisely what creates the potential 
for a medical breakthrough.
 “My aim is to develop an apparatus for 
discovering rare and impactful cells within 
these enormous cell populations using 
advanced optical science as a yardstick. The 
apparatus will be a so-called cell search engine 
designed to discover special cells at high speed 
and with a high degree of precision.”
 The search engine Google has dramatically 
reduced the amount of time and cost required 
for retrieving information, which in turn has 
significantly transformed society. Professor 
Goda is aiming to create the same sort of impact in 
the field of life science by searching for cells in 
the same manner as Google has done.
 The name of the cell search engine that 
Professor Goda is working on is the 
“Serendipiter.” The reason for the name is that 
the purpose of the apparatus is to intentionally 
create serendipity (to find something 
wonderful accidentally).

 One rare cell in amongst an enormous 
population of cells. Truly a single grain of gold 
dust buried in the sand, which requires an 
enormous amount of time and luck. 
Occasionally, scientific progress has been made 
through pure serendipity. The aim of 
developing the Serendipiter is to make 
systematic important discoveries that compare 
favorably with such progress made in the past.

 Professor Goda’s activities have been 
adopted for inclusion in the Impulsing 
Paradigm Change through Disruptive 
Technologies Program (ImPACT). This 
program is run by the Cabinet Office and 
supports those researchers with 
groundbreaking ideas. Goda works together 
with 19 research institutes, medical facilities, 
and companies both in Japan as well as overseas, 
and manages a total of 200 researchers. In 
addition to developing the Serendipiter, Goda 
also aims to develop applications in the 
environment and medical fields.
The idea for the Serendipiter originated from 
an optical science technology that Professor 
Goda developed.
 “I developed an ultrahigh-speed camera 
capable of taking 100 million photographs per 
second under a microscope. I realized that this 
technology could be used for photographing a 
large quantity of cells.”

 In February 2016, the first detection of 
gravitational waves worldwide was 
announced. Although Albert Einstein has 
predicted the existence of the phenomenon a 
century earlier, gravitational waves were not 
discovered until many years later due to their 
extremely low frequency of occurrence and 
their weak signal.
 There are certain events in the natural 
world which are scientifically significant but 
occur extremely rarely. Gravitational waves 
are one example. Discovering and validating 
evidence of such phenomena requires an 
enormous amount of time, which makes it 
difficult to carry out the necessary scientific 
research. On the other hand, throughout the 
history of science, observation and measurement 
technologies have been developed to expand 
the realm of scientific study. Technologies that 
help gain a precise understanding of the subject 
being studied have gradually uncovered the 
laws of science lurking in the background, or 
have been able to detect rare phenomena, 
taking science to the next level. Gravitational 
waves are a perfect example.
 Professor Keisuke Goda of the Department 
of Chemistry specializes in advanced optical 
science. As an undergraduate and graduate 
student, he worked on the development of a 
gravitational wave detector that uses a laser. As 
the project neared completion toward the end 
of his doctoral program, Goda began to think 

Innovators in the Field of Science

Keisuke Goda

Creating a Google Search Engine for Cells: 
Discovering a Single Grain of 
Gold Dust in the Sand

An Epic Attempt to 
Turn Chance into Certainty

Advanced Optical Science 
Examining an Enormous 
Population of Cells
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the technology can then determine which 
substances are in each cell, where they are 
located inside the cell, and how much of the 
substance is present. Sugars, which are used 
extensively in the medical field, have been 
found in euglena, and there is hope for their 
mass production.”

 Experts from various different fields have 
been brought together for the ImPACT 
program. The participants represent a wide 
range of nationalities and academic disciplines.
“Combining academic disciplines has become a 
precondition for science. Before 1920, research 
papers were written by a single author. 
However, the average number of research 
paper authors increased to an average of 5.3 as 
of 2012. This figure is expected to increase 
further to 7.5 by 2030.
 “Be a global leader.” That's what Professor 
Goda tells his students, to fire them up and 
prepare them for this interdisciplinary era.
The essence of the term global is that the word 
is an antonym of local. Local refers to the 
getting together of a group of people of the 
same type. People who use the same technical 
terms also fall under the category of local. 
Then there are those who are able to gain an 
understanding of the language and the values 
of different fields, bringing the different 
groups together, and it is these people who lead 
the way in a single unified direction. These are 

the true global leaders.
 Professor Goda is highly motivated to unite 
science and industry. His aim in the ImPACT 
program, from the very beginning, is the 
achievement of commercialization.
 “A great deal of scientific research is 
supported by society in the form of taxes. The 
research results are provided to society as 
compensation for those taxes and the public 
then support the research with their blessing. 
That makes it important to link together any 
scientific achievements with industry and to 
create a cycle that involves both sides.”
 This desire is evident in how Goda addresses 
his students.
 Nature or Venture.
 Write a research paper that will be published 
in the scientific journal Nature or start up a 
company that will have an impact on society. 
These are the two paths Professor Goda hopes 
his students will choose from. Those who 
possess both ability and ambition tend to 
gravitate toward Professor Goda.

 The technology involves instantaneously 
photographing cells which are all part of a high 
speed flow to create big data. If large quantities 
of cell images are analyzed at high speed, that 
single grain of gold dust can be discovered in 
amongst the sand. Professor Goda's lab uses 
several methods of photography which are the 
fastest in the world and Goda selects the 
method that best suits the characteristics of the 
cells he is looking for.
 The programs that were started in 2014 
have already yielded concrete results in terms 
of their application in the environmental fields.
 Euglena, a unicellular organism that has 
characteristics of both plants and animals, and 
propagates through photosynthesis, produces 
lipids inside the body. There is currently great 
anticipation that if the amount of lipid 
production can be increased, the lipids can be 
used as a petroleum substitute. To achieve this, 
Professor Goda is working towards mass 
production by introducing various different 
mutations to wild euglena and selecting those 
with the highest lipid production capacity.
According to experimental data from 2016, the 
cell populations to which mutations have been 
introduced can now produce an average of 1.4 
times more lipids than the wild euglena. A few 
individual cells containing several times more 
lipids than the wild euglena were also 
discovered.
 “The technology used to determine the 
amount of lipids inside the cells is known as 
‘label-free spectroscopic imaging.’ The unique 
vibration of each molecule is interpreted by 
examining the differences in wavelength, and 

Keisuke Goda

Professor, Physical Chemistry, 
Department of Chemistry

Graduated with highest honors from the Department 
of Physics, University of California, Berkeley in 
2001. Completed doctoral program, MIT Department 
of Physics (Doctor of Science) in 2007. Served as a 
researcher at the Department of Engineering, 
UCLA before assuming his current post in 2012. Has 
also served as a faculty member in the Department 
of Engineering, UCLA since 2013. Has served as 
coordinator of the ImPACT program since 2014.

* Affiliations and titles as of interview date (November 2016).

Nature or Venture
Linking Science and Industry 
Together
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School of Science, The University of Tokyo

There are no borders in Science.  The laboratory of Professor Hiroaki Suga, from the Department of 
Chemistry, is a good example embodying it.  About one-third of the students and researchers belonging 

to the lab are foreign nationals.  It is not unusual to see them talking to each other in English.

performance of the venture Prof. Suga 
established for the commercialization of this 
developed technology. The rapid growth of the 
company has also received recognition by 
major pharmaceutical companies. 
 “The core technology is an artificial RNA 
enzyme called ‘Flexizyme’.  Thanks to that, we 
became able to produce, in an efficient manner, 
‘Non-standard Peptides’ to which unnatural 
amino acids which cannot be produced in 
living organism are incorporated.  On top of 
that, we also established a technology to 
efficienty identify drug candidates from a 
library containing trillions of peptides library, 
leading the way to ‘Non-standard peptide-
based therapeutics’.”

 Researchers and students from a variety of 
countries around the world visit Prof. Suga’s 
laboratory, which is achieving innovative 
results in the boundary area between chemistry 
and biology.  Out of over 50 members in total, 
nearly one-third are postdoctoral researchers, 
which is “probably unprecedented even in the 
University of Tokyo” (Prof. Suga),  and they 
come from a remarkably large variety of 
countries, as 12 people among them are foreign 
nationals from the UK, Germany, France, 
Spain, Greece, India, and China.  If you include 
the assistant professor from Australia and 
students in doctoral & master’s course from 
China and Peru, 17 members of the lab, almost 
one-third are foreign nationals.

 The “Bioorganic Chemistry laboratory” 
under the leadership of Professor Hiroaki Suga 
engages in advanced research in the 
interdisciplinary field between organic 
chemistry and biology.  Prof. Suga himself was 
awarded the “Special Award” of the “Japan 
Innovator Award” sponsored by a major 
publisher in 2016.  There are two main reasons 
for winning this award.  One of them is the 
innovation of the drug-discovery technology 
developed after many years of fundamental 
research; and the other is the strong 

“World” in the Laboratory
―― Bioorganic Chemistry, Department of Chemistry ――

Innovative Research 
which Calls for “the World”

Wenyu Liu 
 / First year 
master’s course student 

Yamato Komatsu 
 / First year 
master’s course student 

Satoshi Ishida 
 / First year 
doctoral course student

Haruka Tsutsumi  
 / First year 
master’s course student

Manuel E. Otero-Ramirez
 / Second year 
master’s course student

Hiroaki Suga  
 /  ProfessorChemistry

Bioorganic chemistry
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Mr. Haruka Tsutsumi, a first year master’s 
course student who has lived in the US for a 
long time, talks about his experience as follows:
 “I lived in the US for 10 years until I entered 
the University.  I was worried because I felt my 
English was getting worse after I came back to 
Japan.  However, when I became a member of 
Suga lab at my fourth year, I regained most of 
my English proficiency in half a year.  As I can 
learn technical terms and academic expressions 
in English, it is very beneficial for me.”
 The impression of Mr. Yamato Komatsu, a 
first year master’s course student who came 
from the Department of Biological Sciences to 
the Department of Chemistry, is as follows:
 “I applied for Suga lab because I wanted to 
conduct research in the interdisciplinary field 
between biology and chemistry.  When you live 
in Japan, you rarely have opportunities to talk 
to foreigners; but, as English is used as a matter 
of day to day basis, I can learn everyday 
English in a practical manner.  Since the 
lectures of the graduate school are all in 
English, I can also learn chemistry in English, 
which I feel is helpful to me.”
 In the graduate school, the Department of 
Chemistry decided to deliver all lectures in 
English starting from 2008, while the 
undergraduate courses switched the language 
from Japanese to English in 2015.  
Undergraduate students one year younger than 
Mr. Tsutsumi are the first generation students 
after this change.
 Mr. Satoshi Ishida, a first year doctoral 
course student who lived in the US for five 
years when he was a child, describes the 
fascination of the lab as follows: 
 “I’ve been in this lab for a long time, purely 
because I enjoy my research here.  Although I 
thought about going overseas when I was about 
to start my master’s course as well as my 
doctoral course, I decided to stay here.  There 
are several reasons I stayed in the lab but for 
one thing, as there are many postdoctoral 
researchers from overseas countries, so I can 
brush up my English skills while engaging in 
day-to-day research. In addition, the 
environment and facilities of the lab are among 
the best in the world and, above anything else, 
we have unique technologies here that can't be 
found anywhere else.”
 In the general meeting held once a week, 
members make presentations on the progress 
of their research in English if you are from 
overseas countries and alternately every other 
week in Japanese and English if you are 
Japanese. “It is very good for my learning 
process that I am able to listen to the 

presentation of the foreign researchers every 
week close at hand and the way they present in 
English,” Mr. Ishida adds.

 As there is a variety of people from many 
different countries in Suga lab, the subjects of 
their research are also diverse.  Although such 
technologies as “Flexizyme” and “Non-
standard Peptides” developed by Prof. Suga are 
the basis of the research, everyone chooses 
their particular theme for their own research.
 The subjects of research particularly focus 
on  two things: “Unmet Medical Needs” and 
“Undruggable.”  Unmet Medical Needs try to 
respond to the medical needs in a field where 
there is no effective drug while many research 
projects target those that were thought to be 
difficult to discover drug (undruggable). 
 “Although each of the projects is a difficult 
theme for which you are never sure whether 
you can produce a result or not, only by taking 
up the challenge can you explore the way to 
innovation.  The experience you gain by taking 
up a difficult challenge is unmeasurable.  The 
research projects that students are engaging in 
have such immense possibilities.”
 With Prof. Suga in the lead, it is the 
academic impulse for exploration that gives 
drive to the researchers and students in taking 
up difficult challenges. As a matter of fact, the 
reason why Prof. Suga established a venture is 
to protect this liberal research environment.
 “It is our policy that any joint research 
program with a private enterprise will be 
carried out by the venture, so that our lab can 
concentrate on fundamental research.  If you 
do anything jointly with a private company, 
you are required to produce a product which 
directly contributes to business; then, for one 
thing, you are drifting away from pure 
research, and for another, you cannot present 
your research result in an academic paper.  If 
you go this way, you cannot continue your 
research as you desire.”
 Innovation can only be achieved by  
breakthroughs in fundamental research.  This 
is the belief of Prof. Suga, backed up by his 
experience.
 It is by clearly separating research from 
business that leads to the breakthrough from  
liberal research, and this possibility encourages 
brilliant scholars from all over the world to 
come to Suga lab. These are some of the main 
reasons why Suga lab is so innovative and 
multinational.

 Prof. Suga himself completed his degree in 
the United States at the Massachusetts Institute 
of Technology and worked as a researcher.  At 
the weekly general meeting, it is not uncommon 
to see them communicating in English.
 The innovative research and international 
environment of Suga Lab are very appealing 
for overseas students.  Ms. Wenyu Liu, a first 
year master’s course student from China, 
transferred to the Department of Chemistry in 
the Faculty of Science when she was a third 
year student at Fudan University (Shanghai 
City) majoring in chemistry.  She is the first 
generation of the “Global Science Course 
(GSC),” an international student program 
launched in the autumn of 2014 at the 
Department of Chemistry.  The lectures of the 
GSC program are all delivered in English.  
After graduation, Ms. Liu stayed at the 
University of Tokyo and entered the Graduate 
School of Science in the same department.
 “In GSC, there is an orientation program 
where you experience six different research 
laboratories for 2 weeks each.  One of them 
was Suga Lab, which attracted me the most 
because of its unique technology.  When I 
entered my university in China, my major was 
medical science; however, I changed my major 
in my second year.  As I was interested in both 
medicine and chemistry from the beginning, I 
wanted to engage in advanced research in the 
interdisciplinary field between them.”
 Mr. Manuel E. Otero-Ramirez, a second 
year master’s course student from Peru, came 
to the Department of Chemistry, Graduate 
School of Science, after graduating from 
Pontifical Catholic University of Peru (PUCP) 
in Lima City.
 “I was engaging in research on polymer 
chemistry at my University.  When I was 
looking for some interesting papers in the area 
of biochemistry as I wanted to take up a 
challenge in a new area at graduate school, I 
came across one of Prof. Suga’s papers. As I 
really wanted to engage in research under the 
guidance of Prof. Suga, I looked into the 
possibility; then, to my surprise, I found out 
that I would have to go to a Japanese university 
which is located almost on the opposite side of 
the globe.  Nevertheless, I decided to study at 
the University of Tokyo because I was 
fascinated with his research.”

 What do Japanese students think about the 
lab that attracts so many foreign nationals?  

* Affiliations and titles as of interview date (December 2016).
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Beijing,
China

School of Science, The University of Tokyo

news of 2011 Great East Japan earthquake was 
widely reported in China as well.
 Currently I engage in two research programs.  
In one of them, using a method called “normal 
mode,” we synthesize the waveforms of 
tsunami in a highly accurate manner by 
simulation.  Every object has its “characteristic 
vibration” which resonates at a particular 
wavelength.  “Normal mode” is an approach 
based on this characteristic, whose advantage is 
that calculation could be done quicker than for 
other methods.  However, due to the limitation 
of computer processing ability, it had never 
been applied to the reproduction of tsunami 
waveforms.  The only previous study similar to 
this is the tsunami research on the 1983 Sea of 
Japan earthquake conducted by Prof. Satake 
and Prof. Shimazaki in 1988; however, due to 
computational limitations, they were not able 
to reproduce the waveforms.
 After spending two years of my master’s 
course study, I successfully reproduced, in a highly 
accurate manner, the tsunami of the same Sea 
of Japan earthquake using “normal mode”.  I 
would like to engage in research of various 
tsunamis in the world using the same approach.
 Another research theme is “gravity waves.”  
Being a notion in hydromechanics which is 
different from the “gravitational wave” of the 
general theory of relativity which is widely 
known in relation to the Einstein’s prediction, 
a gravity wave is a wave caused by liquid or gas 
when it tries to recover by gravity force.  
Tsunami is a kind of “gravity wave”; however, 
at the time of the 2011 Great East Japan 
earthquake, a “gravity wave” of small 
amplitude was observed prior to the tsunami.  
For the purpose of clarifying its mechanism, I 
engage in joint research with Prof. M. Nosov 
and others who engage in theoretical research 
on tsunami at Moscow State University.
 This joint research began in the wake of my 

two months’ study at Moscow State University 
in a Japan-Russia student exchange program 
(STEPS*2) implemented by the University of 
Tokyo together with Moscow State University 
and Saint Petersburg State University.  At that 
time I was going on to the doctoral stage and 
was trying to find my next research theme.  It 
is my precious asset that I was able to study 
under the direct supervision of Prof. Nosov, 
who is strong at theory, and established a 
connection with him.  In the future, I would 
like to carry out further researches on tsunami 
by combining the theory and the observation 
data of the Great East Japan earthquake that 
exists in Japan. 

 The laboratory of Prof. Kenji Satake,　
Department of Earth and Planetary Science, 
Earthquake Research Institute, engages in 
tsunami research.  Tsunami is a phenomenon 
where the whole depth of sea water rises or 
sinks vertically due to crustal disturbance; one 
of the characteristics of tsunami is that the 
wavelength could be as long as a few kilometers 
to a few hundred kilometers.  The movement 
of waves in a water area where water depth is 
shallow compared to the wavelength is given 
by the “shallow -water wave equation,” which 
is an important clue to understand the tsunami 
phenomenon.
 I am originally from Shanghai, China and 
graduated from the Department of Geophysics, 
Peking University.  As tsunami disasters are 
rare in China, I mainly studied earthquakes 
when I was an undergraduate student.  I got 
interested in earthquakes because of the Great 
Sichuan earthquake that occurred in 2008, one 
year before I entered the University.  
 My visit to Prof. Satake’s lab in a research 
internship program of the Faculty of Science, 
the University of Tokyo (UTRIP*1) in the 
summer of 2012 sparked my interest in 
tsunami.  Because of the animation movies I 
have been watching since I was a small child, 
Japan is a country I've been longing for.  When 
I saw the program on the Peking University 
website, I decided to apply because I wanted to 
come to and study in Japan, where earthquake 
research is very robust.
 I learned a lot about tsunami from Prof. 
Satake.  I decided to go to Satake lab for my 
postgraduate study because I wanted to engage 
in tsunami research in a serious manner, as the 

On the basis of the knowledge gained through simulations 
of the 1983 Sea of Japan earthquake, the weights of the 
normal mode when potential submarine faults rupture are 
calculated.  It is shown that the shallower the water depth 
where the earthquake occurs, the larger the weight. 

*1 UTRIP: The University of Tokyo 
     Research Internship Program
*2 STEPS: Students and Researchers Exchange 
     Program in Sciences

Wu Yifei

Second year doctoral student in the 
Department of Earth and Planetary 
Science, School of Science
Satake lab

Born in Shanghai, China.  Entered Peking 
University in September 2009, majoring in 
Geophysics. Participated in a research 
internship program, UTRIP, in the Faculty of 
Science, The University of Tokyo in the 
summer of 2012 when he was a third year 
undergraduate student.  Went on to study at 
the Department of Earth and Planetary 
Science, School of Science, The University of 
Tokyo (belonging to Earthquake Research 
Institute) in September 2013. Currently 
studying there as a doctoral student since 
October 2015.

* Affiliations and titles as of  interview date (November 2016).
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Professor Kuo.
The aim of BICEP3 is to observe two 
phenomena:  Cosmic Microwave Background 
(CMB) and B-mode polarization. Professor 
Kuo’s lab is working on the development of an 
observational instrument.
 Both CMB and B-mode polarization are 
physical phenomena that are closely connected 
to the origins of the universe. The oldest image 
of the universe that can be observed using 
modern technology is from about 380,000 years 
after its formation. Before then,  temperatures 
in the universe were so high due to the Big 
Bang that light could not travel far, as it was 
obstructed by active motion of electrons. The 
phenomenon in which temperatures gradually 
dropped, allowing light to travel far, is called 
“recombination.” That light (electromagnetic 
waves) is the CMB and is believed to be proof 
of the Big Bang. The CMB was first detected in 

universe 13.8 billion years ago, but no 
conclusive evidence that directly confirms that 
view has been found.
 Proof of inflation that has drawn much 
attention is a phenomenon called primordial 
gravitational waves. The first gravitational 
waves to be detected, which were reported to 
have been detected in February 2016, formed 
when two black holes collided*2. Primordial 
gravitational waves, on the other hand, are 
believed to have been caused by inflation. They 
are much weaker than gravitational waves 
caused by black holes and cannot be observed 
directly with the existing gravitational wave 
detectors. However, B-mode polarization, in 
which primordial gravitational waves cause 
slight wavering of the CMB, is believed to 
occur. If this can be detected, it will confirm 
the existence of inflation.
 Astronomy comprises three main fields: 
theory, observation, and equipment 
development, and I am now studying under 
Professor Tomonori Totani, who specializes in 
theory. The appeal of theory is that a diverse 
range of phenomena can be studied without 
time or technology constraints. Professor 
Totani has exemplified that, and has achieved a 
track record in a diverse range of fields.
 My areas of interest have expanded as well. 
I was originally interested in cosmology, but 
now I am drawn to theoretical studies on 
high-energy phenomena as well. My goal is to 
become a theoretical researcher like Professor 
Totani who works in a broad range of fields.

1964, and the Big Bang has now 
become an unwavering 
established theory.
 But the formation of the 
universe cannot be explained 
with the Big Bang alone. 
Among those who advocated 
the theory that before the Big 
Bang, a sudden accelerated 
expansion called “inflation” 
occurred was the University of 
Tokyo Professor Emeritus 
Katsuhiko Sato. The 
predominant theory is that 
inflation occurred a mere 10-36 
seconds after the birth of the 

 During my senior year as an undergraduate 
in the School of Science, I applied for the Study 
and Visit Abroad Program (SVAP*1) and studied 
at Stanford University for seven weeks. My 
host was Astrophysics professor Chao-Lin Kuo. 
I studied at Stanford for two months during 
my junior year as well for summer school, and 
during my stay I had the opportunity to take a 
lecture taught by an assistant professor who is 
a member of Professor Kuo’s lab. At that time, 
I learned that Professor Kuo is involved with 
BICEP3, a project that explores the origins of 
the universe. I was interested in cosmology, 
which is the study of the origin and formation 
of the universe, and decided to go on the 
overseas study program and study under 

Cosmic microwave background (CMB) detected by WMAP probe launched by 
NASA. Blue indicates low temperatures and red indicates high temperatures. The 
white lines indicate the direction of the polarization. ©NASA

*1 Study and Visit Abroad Program
*2 Also see P4, 11, and 12.

Daichi Tsuna 

Senior, Department of Astronomy, 
School of Science
Totani Lab

From Yokohama, Kanagawa. Graduated 
from Kumon Kokusai Senior High School in 
March 2013. Admitted into Natural Sciences 
I, College of Arts and Sciences, The University 
of Tokyo in April 2013. Admitted into 
Department of Astronomy, School of Science, 
The University of Tokyo in April 2015. 
Admitted into master’s program, Department 
of Physics, Graduate School of Science, The 
University of Tokyo in April 2017. Will 
become a member of Research Center for the 
Early Universe (RESCEU), Faculty of Science 
& Graduate School of Science.

United States of 
America

Department of Astronomy, 
School of Science

Exploring the Mysteries of the 
Universe through Physics

Stanford University
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School of Science, The University of Tokyo

Katsuaki Miyaji chose to work for a chemical manufacturer because he 
wanted to be of use to society through Chemistry, which he loves.
After working in research and development for 30 years, Miyaji is now at 
the helm of the company as part of the management team.

human body, and made the first pharmaceutical 
drug of prostaglandin in the world.
 My first project after joining the company 
was to conduct research on the total synthesis 
of prostaglandins--compounds many hoped 
could be applied to the medical field. The 
synthesis approach I developed then, I am 
happy to say, is still widely used to this day. 
Gradually, I began to have the desire to make 
the drugs themselves and put in a request to be 
transferred to the Pharmaceutical Research 
Department, which was granted.

｜ ｜What type of research did you do there exactly?
 I was there for about 10 years as well. My 
job was to search therapeutic drugs for blood 
diseases. When I was involved with the 
development of therapeutic drugs for 
thrombocytopenia, I handled every steps from 
searching candidates to developing new 
products. I moved on from the department 
after passing the baton to my successor. When 
the best of products I helped develop was 
licensed out to a pharmaceutical company in 
2007, I rejoiced with my colleagues, who had 
gone through thick and thin with me. In my 
final 10 years as a researcher, I was involved 
with the development of new materials and 
electronic materials, which I had not 
experienced up to that point.

｜ ｜And now you are at the helm as part of the 
management team.
 In 2016 our company’s long-term management 
plan, which will be implemented through 2030, 
went into effect. At that time, I assumed the 
role of Head of Corporate Planning Department, 

becoming the first person in our company to 
hold that position who had been a researcher. I 
would be responsible for implementing plans 
which I had been deeply involved in formulating
 This is my first experience with corporate 
management, but I see some similarities with 
research. If research and development is 
monozukuri (making things), management is 
kotozukuri (creating value story). It involves 
creating developments by putting a system in 
place, and coming up with measures for improving 
the company and sending messages to society. I 
am taking on new challenges each and every 
day by utilizing my research experience so that 
our company, which places emphasis on 
research and development, is able to provide 
value to society and create a bright future.

｜ ｜What is the attraction of the field of science?
 A scientific approach, which involves a 
quest for the essence of things, is something 
that companies are in a dire need of as well. At 
workplaces where emphasis is placed on speed 
and efficiency when carrying out corporate 
activities, there is a tendency not to examine 
problems as long as results are produced. But 
that approach alone will lead to a dead end 
when a major problem arises. The scientific 
approach, which involves considering the 
causes of the phenomenon that is occurring by 
digging a little deeper and examining the 
essence of things, is indispensable not only in 
the field of research but in corporate activity as 
well. I encourage students to immerse 
themselves in their research and studies, 
cultivate the ability to think on their own, and 
put it into practice.

｜ ｜After graduating from the Department of 
Chemistry, you chose to work for a chemical 
manufacturer. Did you choose that path because you 
liked Chemistry?
 I’ve liked Chemistry since high school, and I 
wanted a job that would enable me to be of use 
to society through Chemistry in the future.  In 
pursuit of that dream, I decided to study in the 
Department of Chemistry, Faculty of Science, 
the University of Tokyo. While a student, I 
studied total synthesis of natural products, 
which involves making complex structure 
compounds that exist in nature. After looking 
for a company where I could apply what I 
learned, I joined Nissan Chemical Industries, 
Ltd. There I was involved with total synthesis 
research, which was what I wanted to do, for 
about 10 years.

｜ ｜What is the purpose of artificially creating 
substances, or synthesis, that can be found in 
nature?
 The primary aim is to make it possible to 
obtain a steady amount of target natural 
compounds. Even if natural compounds with a 
high potential for application to medicine and 
industry are discovered, no progress will be 
made in applied research if they can’t be obtained 
enough. Total synthesis is an important 
approach for overcoming such hurdles.
 In fact, during the mid-1970s, just before I 
entered college, drug discovery through total 
synthesis of natural product drew a great deal 
of attention. Japanese pharmaceutical company 
performed total synthesis of highly 
physiologically active compounds called 
prostaglandins, which were found inside the 

Katsuaki Miyaji

Completed Studies in Department of Chemistry
Board member, Nissan Chemical Industries, Ltd.
Managing Executive Officer / Head of Corporate 
Planning Department. 

Graduated from Department of Chemistry, Faculty of Science, The 
University of Tokyo in 1983. Completed master’s program in 
Department of Chemistry, Graduate School of Science, The University 
of Tokyo in 1985 and joined Nissan Chemical Industries, Ltd. Assumed 
position as Managing Executive Officer and Head of Corporate Planning 
Department in April 2016 after serving as the head of several research 
labs in the company as well as the Head of Advanced Materials & 
Planning Department. Assumed current post in June.

The study of science leads to many different paths.
Find a place where you can utilize your skills in a company and immerse yourself into 
the world of research. 3 alumni members discuss their career paths.

* Affiliations and titles as of interview date (November 2016).
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Dr. Fujii, Associate Professor, Department of Astronomy, has been on 
a career path of a researcher, which is the course she always aspired 
to be on.  She is having a fulfilling life not only as a researcher, but 
also as a mother, taking full advantage of what she witnessed and 
experienced in the Netherlands as a postdoctoral researcher.

detailed research of the evolution of galaxies 
and stellar clusters.  That is why I decided to 
pursue theoretical research.  Although I was 
nervous initially because I was a beginner to 
programming, I worked hard to master it.

｜ ｜ I was told that you served in a post at Leiden 
University, the Netherlands, after completing a 
doctoral program at the University of Tokyo.
 As one of the friends of my supervisor was 
working there as a professor, I pursued a 
position there as a postdoctoral researcher.  
Actually, as I got married when I was in the 
third year of my doctoral study, I went there 
by myself, leaving my husband in Japan.  I 
didn’t make this decision lightly.  I did it 

because I thought that it would be the last 
opportunity for me to experience a researcher’s 
work in an overseas country.
 The experience I had in the Netherlands is, 
still now, an invaluable asset for me.  As half of 
the students in the doctoral course in the 
Department of Astronomy and almost all 
postdoctoral researchers came from overseas, I 
was able to communicate with a variety of 
people from different backgrounds.  This was 
possible because of the unique educational 
policy of the Netherlands in the field of 
Astronomy. Specifically, they have a policy 
where they scarcely give postdoctoral positions 
to the students of their own country; instead, 
they encourage their students to go overseas to 
gain experience.
 Not only there were diverse nationalities of 
people, but also about 30% of the postdoctoral 
researchers were female, whereas less than 10% 
of postdoctoral researchers in Japan in the area 
of Astronomy are female.
 There were even postgraduate students and 
postdoctoral researchers who had married, had 
given birth to a child, and came to the 
Netherlands with their children.  They, mother 
and children, went overseas, leaving their 
husbands in their mother countries.

｜ ｜ I was told that, after you came back to Japan, 
after giving birth to a child, you've been doing your 
research while looking after the child as a mother, 
and you are even expecting your second child soon.
 My second child is due next week.  
Encouraged by those courageous female 
researchers whom I met in the Netherlands 
and what they were doing there, I gave birth to 
my first child during my previous job as a 
fixed-term researcher.  Although, in the field 
of Astronomy in Japan, as a matter of course, 
there are such schemes as maternity leave and 
parenting leave, as the number of female 
researchers is small, I feel there is room for 
further improvement.  For example, in the 
Netherlands, although the maternity leave was 
not very long, as it was a half year or so, there 
were many people, male and female, who 
worked from eight o’clock in the morning to 
five o’clock, four days a week, until their 
children grow old.  Ideally, researchers, too, 
should be able to choose a manner of working 
which suits their lifestyle.  I would like to get 
involved in putting such a scheme in place in 
the future.

｜ ｜What is your message to the students?
 There might be a day, particularly for 
female students, when you feel you have to 
choose either work or family.  My advice is “Be 
greedy and try both!”  One caution though, 
“Don’t try to be perfect in everything!” 
(hahaha).  Even if it is not perfect, as long as 
you have been doing what you are supposed to 
do, you should be able to be endowed with an 
opportunity.  I know many female students 
studying at the University of Tokyo want to be 
perfect in everything; however, it is also 
important for your survival to take it easy and 
wait for the opportunity to come.

｜ ｜What sort of research do you do?
 I conduct research on the formation & 
evolution of the galaxy and stellar clusters in 
the field of theoretical astronomy.  I try to 
explore how galaxies and stellar clusters have 
been formed and grown in the history of the 
universe by way of simulation using a super 
computer.  The detection of gravitational 
waves is one of the big news of recent science.  
One of my research themes is theoretical 
prediction of how many black holes are formed 
in the stellar clusters and when & how 
gravitational waves are released from them. 
 Actually, my original intention was to do 
observation; however, I realized that a 
theoretical approach is more suitable for 

Michiko Fujii

Graduated from Department of 
Astronomy, Graduate School of Science
Associate Professor, Department of 
Astronomy, Graduate School of Science

Graduated from Department of Astronomy, 
Faculty of Science, The University of Tokyo 
in 2005; Completed master’s program, 
Department of Astronomy, Graduate 
School of Science, The University of Tokyo 
in 2007; Completed Doctoral Course, 
Department of Astronomy, Graduate 
School of Science, The University of Tokyo 
in 2010. Has held current post since 2016 
after serving as a postdoctoral researcher at 
Leiden University, the Netherlands and 
specially appointed assistant professor at the 
National Astronomical Observatory of Japan.

Become What You Want to Be.
A Researcher as well a Mother
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contribution detected the gravitational wave.”

｜ ｜What sort of technology is it in 
concrete terms?
 Gravitational waves are detected using a 
laser beam and mirrors.  The laser beam is split 
into two orthogonal directions (i.e. arms) and 
mirrors are placed a few kilometers away at the 
end of each arm.  You need to adjust the 
instrument in such a way that the reflected 
light waves coming back from the mirrors 
match exactly at the orthogonal meeting point.  
However, when there is a distortion in 
spacetime due to gravitational waves, the 
lengths of the arms changes slightly, resulting 
in mismatch of the waves.  The underlying 
principle of the laser interferometer 
gravitational wave observation device, the 
mainstream detection device today, is based on 
the detection of this mismatch.
 The interferometer mirrors hang down 
from pendula and are always swinging several 
μm or so.  To maintain the instrument in a 
condition capable of detecting gravitational 
waves, one needs to control this swinging.  
When I was at the Graduate School of Science, 
I engaged in research on that technology, 
which was summarized in my doctoral 
dissertation.  The value of this technology was 
recognized and used for the LIGO.

｜ ｜What motivated you to go overseas?
 I have worked for the LIGO Laboratory at 
the California Institute of Technology 
(Caltech) since 2009.  Being an international 
joint experiment mainly supported by Caltech 
and the Massachusetts Institute of Technology 
(MIT), LIGO is a huge project with more than 
1,000 researchers putting their names on as 
co-researchers.
 Before that, I engaged in “TAMA300,” an 
observational experiment of the National 
Astronomical Observatory of Japan, since 1995, 
the year I started my study at the graduate 

school.  At one stage, after the successful 
operation of the device in 1999, our device 
boasted to be the most sensitive device in the 
world.  After having worked for the National 
Astronomical Observatory of Japan for 10 
years, I decided to take up a new challenge to 
engage in research activities using the most 
advanced devices at LIGO.  That is why I went 
to the US.  When I went there, I came to realize 
that the research at the Graduate School of 
Science and the things we cultivated through 
the development of TAMA300 have been highly 
respected by LIGO and other projects.  I think 
such accumulation of technology continues to 
benefit the KAGRA interferometer program 
currently pursued in Japan, as well.

｜ ｜What is your message to students?
 Through teamwork of many, one can 
achieve a huge goal, which could never be done 
by an individual.  That is the whole point of 
big science.  In addition, you can acquire the 
skills and capabilities that are widely required 
in society through collaborative activities with 
many people, for example making an 
experiment plan in a logical manner, putting it 
into practice through dialogue & cooperation 
with other people, and evaluating the result 
which forms the basis for your next activities.  
If you develop these skills and capabilities, you 
should be able to use them not just for 
academic research, but in other areas as well.  
There are a variety of scientific research 
projects, which are carried out through 
teamwork.  I advise you, by all means, to feel 
the enjoyment of achieving something through 
team efforts in the Faculty of Science. 

｜ ｜The world got excited at the first report on 
detection of gravitational waves in February 2016. 
 Gravitational waves are a phenomenon 
predicted in 1916 as a logical consequence of 
Einstein’s theory of general relativity. 
Wherever there is mass, there is distortion of 
spacetime; and, when the mass moves, the 
distortion is propagated as a wave.  That wave 
is a gravitational wave.  However, as the 
distortion is extremely minute, it was believed 
that observation would be difficult.  Although 
observation experiments started in the late 
1960s, gravitational waves had never been 
detected for a period of half a century.
 As I myself, since I was a student, have been 
setting my sights on observation of 
gravitational waves for more than 20 years, I 
am filled with deep emotion.  As a matter of 
fact, as the instrument for observation was also 
based on the technology I invented when I was 
a student, it is the greatest pleasure to think 
that “the instrument to which I made a 

LIGO Hanford Observatory (top) and Livingston 
Observatory (bottom).  They are 3,002 km away from 
each other to prevent erroneous observation due to 
noise. ©LIGO Lab

Dr. Arai, Senior 
Scientist, inspecting the 
device he himself built 
(left) and his colleague, 
an engineer (right). 
©LIGO Lab / Corey 
Gray

School of Science, The University of Tokyo

* Affiliations and titles as of interview date (November 2016).
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The Power of Big Science

Koji Arai

Graduated from Department of Physics. Senior Scientist, 
LIGO Laboratory, California Institute of Technology (Caltech)

Graduated from Department of Physics, Faculty of Science, The University of 
Tokyo in 1995; Completed master’s program, Department of Physics, 
Graduate School of Science, The University of Tokyo in 1997; Studied 
between 1997 and 1999 in doctoral program, Department of Physics, Graduate 
School of Science, The University of Tokyo, and obtained Ph.D. in 2002 
(Doctoral Dissertation).  After serving as Research Associate and Assistant 
Professor at the National Astronomical Observatory of Japan between 1999 
and 2009, joined LIGO Laboratory, Caltech in 2009 and has the current title 

Dr. Koji Arai, Senior Scientist at Caltech, is one of the main architects of 
the “historic moment.”  The technology he pursued at the Graduate School 
of Science certainly contributed to the proof of Einstein’s prediction.
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and their seniors in laboratories. The School of 
Science furthermore has both national and 
international leading researchers as well as a 
wide range of facilities for conducting 
cutting-edge research, creating an 
environment for aspiring future researchers to 
devote themselves to their work. 
 Over half of our graduates from the 
doctoral course become researchers at 
universities and research institutes in Japan 
and overseas. Additionally, a number of our 
students successfully obtain Research 
Fellowships for Young Scientists (PD) from 
the Japan Society for the Promotion of Science, 
which are awarded to only a few applicants 
each year.

On the other hand, nearly half of our master’s 
or doctoral course graduates find careers 
outside of research. These individuals develop 
an interest in other fields as students and begin 
pursuing a different path or applying what 
they learned in science to non-research fields. 
The careers of our graduates have increasingly 
become more diverse in recent years, ranging 
from working for private companies or the 
government to starting their own businesses. 
 The School of Science equips students with 
universal skills that will provide them with a 
wealth of opportunities. In their daily research, 
for instance, students develop an inquisitive 
spirit for exploring the essence of things and 
refine their capacity to think logically, which 
are both valued in a variety of fields in modern 
society. As a result, our graduates are able to 
pursue a myriad of career paths.   
 

 As an organization, the School of Science 
emphasizes both education and research, and 
considers the “creation and passing down of 
new knowledge” to be its primary mission. 
Similar to previous years, 92% of graduates 
from the Faculty of Science joined our 
Graduate School of Science, and about half of 
those students will continue onto the doctoral 
course. One major reason for this high number 
of graduate entrants is that many of these 
students chose our University for their 
undergraduate studies with the intention of 
becoming researchers.
 Not all students, however, initially aim to 
become researchers. Many pursue this career 
after becoming fascinated by research and 
experiments in their third and fourth years of 
undergraduate studies, and learning about 
interesting aspects of research from professors 

Research Fellowship for Young Scientists (PD), 
awarded by Japan Society for the Promotion of 
Science (Overseas):
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A Reliable Road to a Career in Research The Diversity of Graduate Careers
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Graduate career paths following 
completion of the master’s course

Graduate career paths 
following completion of the  
doctoral course

Breakdown of figures for 
careers in research
 (following completion of the doctoral course)

Graduates at the Forefront
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founder of Japanese physics,” and Dr. Joji 
Sakurai (1858-1939), who is referred to as the 
“father of modern chemistry in Japan”. Among 
Dr. Yamakawa’s students was Dr. Hantaro 
Nagaoka (1865-1950), who created the 
“Saturnian model of the atom” in 1903. In 
addition, one of Dr. Sakurai's students was Dr. 
Kikunae Ikeda (1864-1936), who in 1907 
discovered Umami.

 The School of Science has pioneered new
fields of study in various eras. The Great Kanto 
Earthquake in 1923 led to the establishment of 
the Department of Seismology that same year. 
The department was renamed to the Department 
of Geophysics in 1941, and then became the 
present Department of Earth and Planetary 
Physics. In the 1940s, the field of molecular 
biology underwent rapid advances, particularly 
in the United States. In response, the Department 
of Biophysics and Biochemistry was established 
in 1958, which was the first university department 
in Japan to specialize in molecular biology. 
 In 1975, around when computers started to 
become more prevalent in society, the Department 
of Information Science was established with 
the aim to both teach and conduct research in 
the field of Information Science. Developments 
in information science significantly 
transformed approaches to science, especially 
in life science. This resulted in the formation 
of a bioinformatics research program in 2001 
that focused on examining life as information. 
The program was then expanded to become the 
Department of Bioinformatics and Systems 
Biology in 2007. 
 Over the past 140 years, many students have 

graduated from the School of Science, and 
among these graduates are recipients of globally 
prestigious awards. The first alum to enjoy 
international success was Dr. Kunihiko Kodaira 
(1915-1997), who in 1954 became the first 
Japanese person to be awarded a Fields Medal 
for his achievements in the theory of complex 
manifolds. In 1973, Dr. Leo Esaki became the 
first alum to win the Nobel Prize in Physics for 
his discovery of tunneling phenomena in 
semiconductors. Three other graduates have 
gone on to make significant achievements in 
the field of elementary particle physics and 
win a Nobel Prize in Physics: Dr. Masatoshi 
Koshiba in 2002 for the detection of cosmic 
neutrinos, Dr. Yoichiro Nambu (1921-2015) in 
2008 for the discovery of the mechanism of 
spontaneous broken symmetry in subatomic 
physics, and Professor Takaaki Kajita in 2015 
for the discovery of neutrino oscillations. 
 In 2016, another graduate from the School 
of Science, Dr. Yoshinori Ohsumi, won the 
Nobel Prize in Physiology or Medicine for his 
discoveries of mechanisms for autophagy. 
Throughout its history, the School of Science 
has played an integral role in the global field.

 The School of Science was founded 
alongside the University of Tokyo in 1877, but 
its origins can be traced back to the 17th century. 
 In 1684, the Tokugawa government formed 
the Astronomy Agency (Tenmonkata) to 
compile calendars. The technology used for 
astronomical observation, as well as the 
Agency’s accumulated knowledge, were 
inherited by what would later become the 
School of Science. That same year, the 
Tokugawa government also established the 
Koishikawa Medicinal Herb Garden(presently 
known as Koishikawa Botanical Garden),
which became part of the School of Science in 
1877. In 1860, the Seirenkata (Department of 
Refining), which was the predecessor of the 
Department of Chemistry, was formed by the 
Tokugawa government as  part of the Bansho 
Shirabesho (Institute for the Study of 
Barbarian Books). 
 The School of Science consisted of five 
departments when it was first established: 
Mathematical Physics and Astrology, Geology 
and Mining, Chemistry, Biology, and 
Engineering. The Department of Mathematical 
Physics and Astrology separated into what are 
now the Departments of Mathematics, Physics, 
and Astronomy. The Department of Geology 
and Mining would later become the 
Department of Earth Science, and eventually 
the current Department of Earth and Planetary 
Environmental Science. (The Department of 
Engineering would later separate from the 
School of Science and become the predecessor 
of the School of Engineering.) 
 Faculty at the time included Dr. Kenjiro 
Yamakawa (1854-1931), who is known as  “the 
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Imperial University was renamed to
Tokyo Imperial University.

The University of Tokyo 
became Imperial University.

The University of 
Tokyo was founded

 Tokyo Imperial 
University was renamed to 

the University of Tokyo.

Tokugawa 
government 
established 
Tenmonkata.

The School of Science
was established.

The Department of 
Mathematical 
Physics and 
Astrology was 
divided into 
the Department of 
Mathematics, 
the Department of 
Physics, and 
the Department of 
Astrology.

The Department of 
Biology branches 
into the Department 
of Zoology and the 
Department of 
Botany

The Department 
of Physics was 
divided into the 
Department 
of Theoretical 
Physics and the
Department of 
Experimental 
Physics.

The Seismology 
Course was 
set up as part of 
the Department 
of Physics.

The Department 
of Geology was 
divided into the　
Department 
of Geology and 
the Department 
of Mineralogy.

The Department of 
Theoretical Physics 
and the Department 
of Experimental 
Physics reintegrated 
into the Department 
of Physics.

The Department of 
Anthropology was 
established.

The Department of 
Astrology was 
renamed to 
the Department of 
Astronomy.

The Department 
of Geography was 
established.

The Department of Geology and Mining 
was divided into the Department 
of Geology and the Department of Mining. 
(The Department of Mining later became 
part of the Department of Engineering.)

 • The Department of 
    Mathematical Physics
    and Astrology
 • The Department of
    Geology and Mining 
 • The Department of
    Chemistry
 • The Department of 
    Biology

Tokugawa government 
established Seirenkata as 

part of Bansho Shirabesho.

Tokugawa 
government 
established 
Koishikawa 
Medicinal Herb 
Garden.

Koishikawa Medicinal 
Herb Garden became part 
of the University of Tokyo 
(commonly known as 
Koishikawa Botanical 
Garden).

The Marine 
Laboratory was 
established.

Nikko Branch 
Botanical Garden 
was established.

The Seismology 
course became the 
Department of 
Seismology in  
response to the Great 
Kanto Earthquake.

The College of 
Science renamed to 
the School 
of Science due to 
a legal amendment.

History of the School of Science : A Look Back at the Past 140 Years

Science in Japan and its Origins

The School of Science in a 
Global Context

Kunihiko Kodaira
Graduated from the Department 
of Mathematics in 1938
Former Dean  of the School  of 
Science
©Graduate School of Mathematical Sciences, 
The University of Tokyo

Takaaki Kajita
Special University Professor,
The University of Tokyo
©Institute for Cosmic Ray
Research, The University of Tokyo

The 140-year History of the School of Science
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In 2017, the School of Science at the University of Tokyo celebrated its 140th anniversary.
In commemoration, we look back over its history.

research facility attached to the Graduate School 
of Science.

The leading figure in the “identification” of 
the new element is Dr. Kosuke Morita, the leader 
of RIKEN’s research group for superheavy 
element (he is also working as a professor of 
Kyushu University).  It was in 1984 that Dr. 
Morita began his quest for a “superheavy 
element” after atomic number 104.  Since then, 
after more than 30 years, he has realized his 
long-cherished wish. 

The reason why it is described as 
“identification” is because element 113 does not 
exist in the natural world; i.e., it was created 
artificially.  Its life being extremely short, 0.002 
seconds, before the “identification” is officially 
recognized, you need to present credible 
evidence to show that you have successfully 
created it.  Nihonium was created by colliding 
zinc (Zn), atomic number 30, into bismuth (Bi), 
atomic number 83 and fusing two nuclei.  It was 
in 2004 that Dr. Morita and his team created the 
new element for the first time.  As they created it 
for the second time in 2005 and the third time in 
2012 and provided sufficient evidence, their 
“identification” was finally accepted.  For your 
information, the nucleus of an atom consists of 
proton(s) which have positive electric charge 
and neutron(s) which have no electric charge; 
and, the number of protons becomes the atomic 
number.  

The “accelerating device” plays an important 
role to fuse two nuclei.  When the new element 
was “identified,” a linear accelerator “RILAC,” 
the pride of RIKEN, was used.  However, as that 
was not enough energy to provide sufficient 
acceleration, an acceleration tank called “CSM 
(Charge-State Multiplier)” was added in order 
to compensate for the insufficient energy.  This 
“CSM” was jointly built by RIKEN and CNS, the 
University of Tokyo.

Currently working as the director of CNS is 
Professor Susumu Shimoura, who was a same 
year student as Dr. Morita.  Prof. Susumu 

Shimoura, who, as a friend who also engages in 
nuclear physics research, knows the hard and 
long journey Dr. Morita went through since the 
very beginning of his quest for superheavy 
element, is delighted by the feat of his friend and 
is stimulated by it at the same time, saying “The 
accomplishment this time is a product of his 
efforts where he patiently kept trying to focus 
his research on one theme.”

The very same Prof. Shimoura also presented 
the product of his research in relation to the 
quest for a new element in December 2015.  He 
was successful in creating “element 0” whose 
nucleus does not have any proton as it consists of 
four neutrons only.  The reason why it is called 
“element 0” is because the number of protons is 
the atomic number; however, as a substance 
whose nucleus cannot have any electron is not 
officially considered an “element,” it is called 
“tetra neutron.”  “Tetra” is a prefix meaning 
“four” in Greek.

This research is expected to improve the 
knowledge concerning the origin of nuclei, 
leading to a clue to understand the structure of 
neutron stars of the universe.  “Tetra neutron” 
also is a product of joint research by RIKEN and 
CNS, the University of Tokyo. 

At the end of November 2016, important 
news that holds a special place in the pages of 
Japanese science history was reported.  It was 
officially accepted that the name of “element 
113” which had been “identified” by the research 
group of the Institute of Physical and Chemical 
Research (RIKEN) will be “Nihonium (Nh).”  
With respect to a new element, the naming right 
is given to the research group which “identified” 
it for the first time.  So far all the element names 
listed in the periodic table were named by the 
US, Russia (including the former Soviet Union), 
and European countries.  However, this 
“Nihonium” became not only the first element 
named by Japan, but also the first element named 
by an “Asian” country.  Contributing to this feat 
is the Center for Nuclear Study (CNS), a 
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 Tokyo Imperial 
University was renamed to 

the University of Tokyo.

The University of Tokyo was 
reorganized under the 
new education system.

TheDepartment 
of Seismology 
became
the Department 
of Geophysics.

The Geophysical 
Observatory was 
established. 

The Department of 
Geophysics and its
affiliated Geophysics 
Research Laboratory 
were combined to 
form the Department 
of Earth and 
Planetary Physics.

Undergraduate Program for Bioinformatics 
and System Biology was established.

The Actuary and 
Statistics Program 
was established.

The Department of 
Earth Science was 
renamed to the 
Department of 
Earth and Planetary 
Environmental 
Science　

The Information Science 
Research Laboratory became  
the Department of 
Information Science .

The Department of 
Physics was divided 
into the Department 
of Physics, 
Department of 
Astronomy, and the 
Department of 
Geophysics.

The Department 
of Biophysics 
and 
Biochemistry 
was established.

The Geophysical 
Observatory became 
the Geophysical 
Research Facility

The Departments of 
Physics, Astronomy 
and Geophysics 
integrated into the 
Department of Physics.

The Departments of 
Zoology, Botany, and 
Anthropology were 
integrated into the 
Department of 
Biology.

The Information Science Research 
Laboratory was established.

The High Energy Physics 
Laboratory was established
(Exists today as the International Center 
for Elementary Particle Physics.)

The Molecular Genetics 
Research Laboratory was 
established.

The Institute of 
Astronomy was 
established.

The Research 
Center for the 

Early Universe 
was established.

The Center for 
Spectrochemistry was 
established.
(Exists today as the Research 
Center for Spectrochemistry) 

The Meson Science 
Laboratory was 
established.
(exists today as the 
Center for Nuclear Study) 

Imaginary distribution of four neutrons of Tetra 
Neutron (top right) and the analytical device 
“SHARAQ” jointly developed by CNS, the 
University of Tokyo, and RIKEN which was used 
for the experiment.  ©Keichi Kisamori

The Bioinformatics
and Systems 
Biology
Program for
Undergraduate
Education was
established.

The Bioinformatics
and Systems Biology
Program for
Undergraduate 
Education became the 
Department of 
Bioinformatics and 
Systems Biology was 
established.

RIKEN Heavy Ion LINAC (RILAC)

Charge-State Multiplier (CSM)

Variable-Frequency RFQ

18 GHz ECR Ion Source

RILAC Acceleration Tank

Column

From “element 113” to 
“element 0”

Unfinished Dream of Quest 
for New Elements

The group of experimental instruments at RIKEN, 
the stage of “discovery of Nihonium.”  The “CSM 
acceleration tank” in the diagram is the part jointly 
developed with CNS, the University of Tokyo.  For 
your information, GARIS is the unit which played 
an important role in identifying the new element.  
Dr. Morita contributed to its design & development.  
©Institute of Physical and Chemical Research
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Members of our society have been responsible 
for science throughout the ages.
The passion to unravel the mysteries of 
nature motivates us to conduct in-depth 
research. 
This passion then becomes a driving force 
that is passed down to others, strengthening 
and further developing research. 

These ceaseless efforts to transmit knowledge 
to the next generation aim to both advance 
science and lay the foundation for a better 
society.
Each generation of scientists will continue to 
devote themselves to achieving this goal.

School of Science, The University of Tokyo

Hisashi Inaba 

Motohide TamuraShuji Hasegawa 

Mathematics

AstronomyPhysics

Not only interprete 
the world, you can 
change it by 
mathematical power !

Approach to mysteries 
of the universe with the 
use of interdisciplinary 
collaboration. 

Study physics with 
thinking on your own, 
and develop 
human power to 
open up a new path.

Masami Hagiya 
Information Science

If you are dissatisfied with 
the information technology 

before your eyes, join the 
Department of 

Information Science.

Training the Next 
Generation of Scientists
Department Chairs in the 
Faculty of Science
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Satoshi Ide

Yoshitaka Oka Toshihisa Takagi 

Yoshio Takahashi
Earth & Planetary Physics

Biological Sciences Bioinformatics & Systems Biology

Earth & Planetary Environmental Science

From the wonder of 
space and planets 
to the reality of weather 
and earthquakes.

Gain a comprehensive 
understanding of 
living things through 
direct experience.

“Big Data” changes 
the life science.

Learn about the past and 
present of the earth, planets, 
and the environment 
and develop human resources 
who are focused on the future.

Shu Kobayashi Osamu Nureki 
Chemistry Biophysics & Biochemistry

Welcome to the exciting 
world of chemistry. 

It’s waiting for you !
With only one lifetime to live, 

the wise approach is 
to follow your chosen 

path with wholehearted 
commitment.
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Yasuda Auditorium from Faculty of Science Bldg. 1
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