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THE DEPARTMENT AS A WHOLE

1. Education

Curriculum

The curricula of the undergraduate and graduate courses are basically
extensive and appear adequate. Nonetheless, the Committee feels it
desirable to monitor and improve the curricula, as education in physics
evolves. It should be mandatory for students to develop a Dbasic
understanding of the material of the core courses before they make a final
decision on their career subject. One suggestion is to teach basic core physics
courses more than once, first at an elementary level and then at various
advanced levels; the first level of lectures for undergraduates and the
advanced ones for graduate students during their master's course period.
These core courses should include classical mechanics with fluid dynamics,
quantum mechanics, classical electrodynamics with optics, and classical and
quantum statistical mechanics. The emphasis in the core courses should be
on basic principles and techniques, with only limited applications to various
specialized fields, as needed to illustrate basic principles. As well, advanced
lectures focusing on particular fields of physics such as condensed matter,
nuclear and particle physics, plasmas, and biophysics, should be offered for
students to take at appropriate times in their education

In the graduate course curriculum, introductory lecture courses are given for
graduate students and fourth year students to take in common. This
approach provides a clever way to fill any gaps between Todai graduates and
those from other universities in their preparation, arising from the difference
of courses taught at the undergraduate level.

The Committee is concerned that while a large variety of lectures are offered,
students are inclined to take only courses that fulfill their requirements for
graduation. Students should be strongly encouraged to attend lectures with
the aim of broadening their scope. Such broadening should be an aim in

improving the curriculum.



Interactions of faculty and students

We encourage more frequent scientific interaction between students and
faculty at all times in the education of the students, from taking courses to
carrying out research. As an example of the need for improvement, one
graduate student, doing research away from the Department, pointed out a
lack of communication on the research with the student's thesis adviser. In
addition, students, during discussions that the review committee held with
them, remarked that they are reluctant to ask questions during lectures.
One reason for this reluctance is that they do not want to disturb the lecturer
by raising questions. Since the Committee believes that all professors
welcome questions, this misunderstanding is unfortunate; we encourage
efforts by the lecturers, as well as students, to create an interactive

atmosphere in lectures.

Internationalization

The Committee appreciates the many efforts already being carried out
towards internationalization in the Department. A number of students have
made visits abroad under the departmental Systematic Dispatch of Young
Researchers program. While international visits to attend conferences and
schools are understandably brief, the length of stay abroad may be too short

1n other cases to be effective, a point we feel in need of assessment.

At present, lectures in the graduate course are given in English only when
one or more foreign students are present. We recommend that the
Department seriously consider the possibility of giving all graduate course
lectures in English. Besides contributing to the internationalization of the
Department, this would provide training for students to develop their ability
to think and express themselves in English.

The present rate of acceptance of foreign students is inadequate. Efforts to
recruit foreign students are essential and critical for the future of the
Department, since they are, as the Department should recognize, seeds of

future research networks in the world.

Other issues



The Committee discussed the relation of the master and doctoral courses.
The current system, zenki-kouki-sei, has a clear discontinuity between the
two courses. For students aiming at a doctoral degree, the submission of a
master's thesis, while now mandatory, is not necessarily important in their
research careers. An alternative would be to require a process of
qualification for students starting research on a doctoral thesis. Within the
five-year-system, 5-nen-ikkan-sei, a more flexible scheme would be possible.

The previous report pointed out problems caused by requiring students to
decide their fields of research in graduate school at the time of the entrance
examination. While the Department has not changed this system, it does
help students decide their fields by preparing a guidance symposium for the
entrance examination and also preparing guidance for assignment of fourth
year students to laboratories. We recommend making further efforts to
provide information to the students through, for example, improvement of
the home pages of each of the research groups. A serious concern of the
Committee on this issue is, however, that students are channeled into
research groups before they arrive on the campus and before they can have a
chance to find the research area that will suit them best in the long run.
Furthermore, students, once in the Department, may not be allowed to
change or even explore other research areas. We are afraid that this
circumstance, together with the aforementioned attitudes of students
towards lectures, produces students with too narrow a scope. In this
connection, the Committee looks favorably on the development of the ALPS
program, with the expectation that it points in the right direction.

The Committee is impressed by the preparation activities for the May
Festival, in which a good number of the third year students participate. It is
a good tradition that they choose advanced subjects for presentation and

study them on their own initiative.

An evaluation of teaching by students is useful if properly used; we find,
however, that the questionnaire for parents of undergraduate and graduate
students is unnecessary, and could even have a negative effect on students

developing independence.



2. Research and Hiring Policy

The Committee understands that a definite research unit consists of two
faculty members, one senior professor, either full or associate, and one
assistant professor, relatively junior. This rule seems to be strictly obeyed. A
bad effect of this practice is that there is very little, albeit non-zero, research
collaboration between different units. The Committee recommends that the
rules for setting up of research units should allow greater flexibility. In
certain areas of physics, e.g., high energy physics, a much larger unit of

faculty members is more effective, and is a common practice elsewhere.

Furthermore, the current system provides little flexibility, particularly in
experiment, for junior faculty to set up independent and new research
programs. An instructive example is the field of cold atom physics, in which
relatively younger people have played a large and independent role in
driving the field to the international forefront.

The regularly held lunch talk is a very good way to enhance mutual
communication on scientific activities in the Department as a whole. This
should be continued in further depth. Holding such discussion meetings in
smaller units is also highly encouraged, for instance a joint meeting among
particle, nuclear and astrophysics groups. Such meetings would enhance the
chances of research collaboration among different groups, including between
experimentalists and theorists.

As mentioned in the previous report, the Department faces the difficulty of
holding an open search process when wanting to promote an Associate
Professor belonging to the Department. Although this problem is more or
less shared by research institutions that adopt a strict open recruit system,
koubo-sei, the Committee understands that the problem is serious for the
Department. It is recommended that the system should be reviewed
constantly.

The selection of Assistant Professors should be done by the Department as a
whole based on a sense of the long range directions that the Department
should be taking, and not as at present by the Professor or Associate

Professor in question whose interest is in furthering a particular research



program. In experiment, Assistant Professors should be given all needed
support, both space and financial, to set up their own independent research
laboratories.

We recommend that the Department look more positively towards hiring
foreign professors and associate professors through, e.g., international

advertisements and contacts at a personal level.

Female faculty members in physics are nearly absent. It is desirable for the
Department to develop clear strategies to increase the number of female

faculty members as well as female students.

Another concern is that the Todai physics faculty tends to be very inbred,
with Professors in large measure having been educated at Todai. Such a
pattern does not maximize flow of seminal ideas and growth of new areas.
Inbreeding in fact starts at the student level, with most graduate students at
Todai having been Todai undergraduates.

3. Department Management

The current system does not readily allow rapid faculty growth in areas that
will be important in the future, but encourages only adiabatic change.
(Hiring of two quantum information theorists after the previous review was
a striking and successful exception.) The Committee recommends that the
faculty should strengthen communication among areas of physics, and think
formally (e.g., through writing long range plans) about the directions that
future research should be heading.

The basic structure of the budget of the Department has not changed from
the previous report. However, the management budget, uneihi, is gradually
decreasing. A major part of the budget for research comes from external
funds. The increased dependence on competitive funding is causing faculty
members to spend a lot of their valuable research time on funding related
paper work, with, we are afraid, a deleterious effect on the scientific
productivity of the Department. It is conceivable to hire staff who could

relieve certain administrative burdens currently falling on the faculty.



As global competition increases more and more among universities and
research institutes, the Department has to maintain its world class level
with continuous and intensive improvement. Towards this aim, it is
desirable for the Department to implement measurement systems to assess
and track continuously the quality, competiveness, effectiveness and
progress of the Department’s actions.

The current floor space is only 65% of what has been officially allocated to
the Department. We recommend expanding the space at least to the
allocated level. Such expansion would diminish pressure on finding new lab
space for faculty. Another advantage of increased space would be to allow
undergraduate students to have the opportunity to spontaneously hold joint
study sessions, brainstorming and debate, in addition to planned seminar
and lectures; the current limited office space unfortunately does not allow
such spontaneous meetings.

We realize that Todai as a whole has made considerable efforts to accept
students with physical handicaps. The Department in particular should
continue efforts to provide a maximally conducive environment in which they

can study.

Despite of the excellence of the Department's research activities and
outcomes, in addition to its notable leadership in several global projects, the
Department needs to make a stronger effort to have its achievements
recognized and appreciated by the general public, industry, and other
communities. Towards this end, the Department needs to put a strong focus
on communication with clear explanation and introduction to make its value
known; such communication is a vital step in enhancing support by the

Government, by industry, and by the public.

Finally, the Committee encourages the Department to be able to respond
flexibly to growing and evolving areas of new physics, even at the cost of
diminished support for certain current areas. Such response is important for
the Physics Department of Todai to maintain its current leadership and
prestige into the future.



INDIVIDUAL RESEARCH FIELDS

1. General Physics and Biophysics

General Physics

General physics, loosely defined to cover diverse areas outside the major
branches of condensed matter, particle and nuclear physics, and astrophysics,
consists of two theoretical groups, led by Professor M. Ueda and Associate
Professor M. Murao, and four experimental groups, led by Professors M.
Gonokami, Y. Takase and M. Sano, and Associate Professor H. Sakai.

Ueda works on fundamental aspects of physics in ultracold gases and
information thermodynamics. His theoretical work on Bose-Einstein
condensation (BEC) dynamics covers d-wave collapse of a BEC in Cr, the
cyclic phase of a spin-2 BEC, and non-Abelian vortices. He has developed a
method of symmetry classification of topological excitations and has
predicted knot excitations. In information thermodynamics, he has solved
the question of how much more work one can gain from a thermodynamic
system beyond the conventional second law of thermodynamics limit by
means of feedback control. His group has derived the minimum energy costs
for measurements and erasures of information, and also has derived a
generalized Jarzynski equality. They have also verified these predictions
experimentally. Ueda 1s a theoretician and yet his leadership on the
experimental works in ERATO program is excellent.

Gonokami has made and observed excitonic BEC of the 1s para-excitons in
bulk Cu20 crystals. Step-by-step he saw evidence for the threshold-like
growth of a condensate at the critical density predicted for ideal bosons at
sub-Kelvin temperatures. Such an exciton BEC is a unique system in which
to explore the nature of condensation under open and dissipative
circumstances. When Gonokami's group completes its 3He-‘He dilution
refrigerator cooling system, studying the quantum fluid nature of exciton
BECs will be a realistic target. He leads research programs, both within and
outside of Todai, on advanced photonics. His efforts in introducing advanced
photonic techniques into fundamental research are much appreciated.



Ueda and Gonokami are involved in collaborative theoretical and
experimental studies on BEC related physics. Their leadership is felt not
only in the Department, but also in the atomic, molecular and optical (AMO)
and photonics communities. Their research activities and levels are at the

top level of competition worldwide.

Murao has challenged fundamental limits of information processing with
quantum information described by quantum mechanical states. She has
proven that many distance-like entanglement measures coincide with the
geometric measure of entanglement for quantum states with a given
symmetry. She has discovered the minimum amount of entanglement
required to perform a controlled unitary operation using local operations
assisted by an entanglement resource. She has proposed a public quantum
cryptographic protocol for authorized quantum computation. She also
challenge to the quantum network coding for multiparty quantum
computation. The mixture of quantum physics and communication
technology, with a unique international atmosphere in her research, is very

attractive to students and researchers.

Sakai has developed molecular orientation techniques to investigate
ultrafast electronic stereodynamics of molecules. He has discovered quantum
interference of de Broglie waves in the recombination process of high-order
harmonic generation. This work, at an early stage of molecular orientation
techniques, is pioneering. He has achieved the laser-field free molecular
orientation by truncating an intense laser field, as well as all-optical
orientation of OCS molecules with an intense nonresonant two-color laser
field in the adiabatic regime. His concentration on molecular orientation
physics and techniques is expected to be applied to other AMO areas, and
extension to be encouraged.

Sano has beautifully proven experimentally the validity of a number of
non-equilibrium universal laws which previously had only been predicted
theoretically. The achievement of the first demonstration of the Szilard-type
Maxwell’s demon was initiated in the joint seminar among Sano's, Ueda's,

and Higuchi's (biophysics) groups. This represents an example of a fruitful



outcome of collaboration across different research groups within the
Department. Other works of this group include experimental realization of
new types of non-equilibrium behavior such as laser-induced self-propulsion
of colloidal particles.

Takase does pioneering plasma physics experiments for nuclear fusion,
concentrating on plasmas at high beta (the ratio of plasma gas pressure to
magnetic field pressure) using the compact spherical tokamak (ST) machines
TST-2 and UTST at Kashiwa. Among other achievements, his group has
demonstrated experimentally for the first time high power heating of an ST
plasma, in the TST-2, by energy injection via electron Bernstein waves.
Takase has in addition contributed to the program on advanced tokamak
plasmas at the Japan Torus, JT-60U. His work is valuable for developing
compact fusion power plants with high beta plasmas.

The policy of the Department in bringing together, under the term “general
physics,” diverse areas of physics outside the standard major areas is worthy.
This tradition enables the Department to be prepared for unforeseen tidal
changes in physics caused, e.g., by the realization of unforeseen
interconnections among seemingly unrelated fields, or the discovery of an
epoch-making concept in a field hitherto regarded as peripheral to physics.
Still members of the review committee raised the question of whether the
naming “general physics” is appropriate to categorize the assembly of groups
of diverse fields with such high potential power.

Biophysics

The biophysics group includes Professors Higuchi and Nose, the latter
belonging also to Graduate School of Frontier Science. Higuchi 1is
successfully applying his original techniques to track in real time a single
motor protein molecule in vitro and vivo, while Nose is trying to reveal the
operating principle of the spinal neural circuits associated with locomotion

through the observation and control of neuronal activities of animals.

Since the studies of these two groups are both focused on dynamical aspects
of life processes, their role of bridging biology with non-equilibrium physics is
to be highly commended.



The report of the 2005 review made a detailed case for the Department to
have a strong and growing presence in biophysics. We reaffirm the findings
and recommendations of that review, and are pleased that the Department
regards biophysics as an important branch of physics. The two present
groups form an indispensable nucleus for future expansion of activities in
biophysics.

2. Condensed Matter Physics

Condensed matter physics consists of twelve groups, eight experimental
groups headed by Professors S. Uchida, A. Fujimori, H. Takagi, H.
Fukuyama S. Hasegawa, Associate Professors T. Okamoto and R. Shimano,
and Lecturer K. Taniguchi,; and four theoretical groups under Professors H.
Aoki, S. Miyashita, M. Ogata, and S. Tsuneyuki.

Five of the experimental groups are involved in strongly correlated electron

systems in a very broad sense:

Uchida concentrates on high temperature superconductors, Cu-oxides,
Fe-pnictides and chalcogenides. He also continues the strong collaboration
with the universities in Korea, Singapore, China, and the U.S. through the
Global-COE program.

Fujimori has been widely interested in the strongly correlated electron
systems (high temperature superconductors, and spintronic and magnetic
materials) through angle resolved photoemission spectroscopy (ARPES). One
of his outstanding contributions is the observation of Fermi arcs and
pseudogaps in underdoped cuprate superconductors. His group has
constructed a new ARPES beam line at the KEK Photon Factory.

Takagi studies the emergent phases of correlated electrons in the transition
metal oxides, in particular, the quantum spin liquid state of geometrically
frustrated systems as well as the physics of spin-orbit coupling induced

10



phases in 5-d systems, and similar systems.

Taniguchi has recently established the presence of chiral spin-order induced
ferroelectricity, and discovered a giant magneto-electric effect through the
control of spin chirality in MnWO..

Shimano has covered a wide research area from semiconductor to strongly
correlated electron systems utilizing laser and terahertz spectroscopy. His
outstanding achievement is ultrafast photo-control of condensed matter
systems via optical and terahertz pulses.

The other three professors mainly work on interfaces and electronic

properties of solid surfaces also in a broad sense:

Fukuyama has focused on the quantum liquids and solids (two-dimensional
3He and “He) and quasi-two-dimensional electron systems (graphite surfaces
and graphene). Recently, his group has discovered a new liquid ground state
of 3He in two dimensions, which was not predicted theoretically.

Hasegawa works on surface states using electron diffraction, scanning
tunneling microscopy, photoemission spectroscopy, and similar techniques.
Recently, his group found the superconductivity of indium adsorbed at the Si
(111) surface. His group is also developing the new techniques: a four-point
probe method for transport measurements, a four-tip scanning tunneling
microscope, and so on.

Okamoto has focused on two-dimensional electrons at cleaved
semiconducting surfaces, strongly correlated two-dimensional electron
systems, and nonequilibrium electrons in the quantum Hall regime. His
group recently discovered superconductivity in Pb monolayer films on

cleaved GaAs (semiconducting) surfaces.

The publications and other scientific activities, such as invited talks of major
international conferences, leadership in various big scientific projects, etc., of
the experimental groups indicate that they all maintain outstanding activity
and top-level research at a world standard level.

11



The four condensed matter theory groups work on are diverse subjects of
interests, covering a wide range of conventional solid state physics and
statistical mechanics, without significant overlaps and without competing
with each other. Some of the major subjects pursued by these four groups

may be summarized as follows:

Aoki's group covers various "hot" topics such as high 7@ cuprate
superconductors, ion-based superconductors, and molecular superconductors,
as well as nonequilibrium and topological properties of graphene and related
systems. This research activity involves many collaborators in various

countries.

Miyashita's group focuses on basic forefront topics in statistical mechanics
such as new types of phase transitions and critical phenomena,
nonequilibrium statistical mechanics, complex systems, etc., with

international collaborators widely spread in the world.

The group of Ogata, using various many-body techniques such as variational
Monte Carlo, studies physics related to the Mott transition and effects of
carrier doping, physics likely highly relevant to high 70 cuprate
superconductors and certain organic superconductors. Other current
subjects include physics of Dirac electrons in bismuth, which has a long
history but has newly acquired considerable interest because of strong
spin-orbit interactions and the relations to topological insulators.

Tsuneyuki's group is interested in first-principles study of electronic and
structural properties of materials and their surfaces, as well as development
of new methods of first-principles simulation. Tsuneyuki himself works as a
director of the Computational Materials Science Initiative, which is the
major group of researchers in the field of condensed matter physics
intensively utilizing the K Computer (the biggest computer in Japan).

Research activities and achievements of these four groups are among the
highest not only in Japan but also in the world. These groups are frequently

invited to major international conferences and have also been playing

12



important roles in various large scientific projects, supported by the Japan
Society of Promotion of Science, the Japan Science and Technology Agency,
etc. Their successful activities and achievements can also be seen from the
fact that almost all of their former research associates or assistant professors
have so far been promoted as associate professors at other universities or in
other departments of Todai. Conversely, however, the historic role of the
theory groups in training people who end up at the major institutions in
condensed matter theory in Japan has become less prominent, due in part to
the expanding diversity of areas in the condensed matter theory, which
cannot certainly be covered only by the four groups.

Finally, we note the comments of the 2005 Review Committee that
communication among different subgroups in condensed matter physics is
very poor and that the visibility of the condensed matter group as a whole
remains rather low. These situations are improving and mutual
communication has become much better.

In comparison with other groups such as the particle physics and the
cosmology and astrophysics groups, however, they still remain less
satisfactory. Furthermore we encourage much greater outreach activity by
the condensed matter group. Such outreach toward high school and
undergraduate students serves very positively to attracting more able young
people towards condensed matter physics.

3. Nuclear and Particle Physics

Nuclear Physics

Research in nuclear physics is carried out by two experimental groups, led by
Professors H. Sakurai, and R. Hayano, and one theory group led by Professor
T. Otsuka (a reduction from three and two, respectively, at the time of the

last review).

Research is focused in two subfields. The first is nuclear structure physics
under Otsuka and Sakurai, whose highlights include: understanding nuclear
many-body systems utilizing forefront computational technologies, nuclear
structure studies of nuclei far from the line of beta stability. The study of

13



nuclei far from stability, marked by a commendable interplay between theory
and experiment at the Rare Isotope Beam Factory (RIBF) at Riken, is having
a major impact on the nature of the shell structure of neutron and proton
rich nuclei, an issue critical, e.g., in astrophysics for understanding

nucleosynthesis and also the crusts of neutron stars.

The second area is the experimental study of fundamental symmetries, with
helium atoms with antiprotons at CERN, and pionic atoms at GSI and
RIKEN, led by Hayano. The unique antiprotonic helium experiments,
international in scope, use precision optical laser spectroscopy of antiprotons
in Rydberg atomic states to look for violations of CPT symmetry, and yield
the world’s most precise measurement of the ratio of the anti-proton to
electron masses. The pionic atom experiments provide a new window into

breaking of chiral symmetry in nuclear matter.

The level of the nuclear groups is outstanding by international standards
and they are producing excellent science; the professors in these areas are
leaders on the international stage. The Department also trains outstanding
students who go on to have impact in these areas.

In the past, the Department excelled theoretically in the forefront area of
hadronic physics, including quantum chromodynamic (QCD) many-body
problems, e.g., deconfinement of quarks at high temperatures and densities,
and chiral symmetry in nuclear matter, an area that is the focus of forefront
experiment at RHIC, LHC, and elsewhere. Efforts to restore the
Departmental presence in this area should have highest priority. At the
same time the Department should encourage interactions between nuclear

theory and related areas of cold atom physics and condensed matter physics.

The Department has the opportunity to continue its historic leadership role
in the Japanese nuclear physics communities. In nuclear physics two major
facilities are presently operating: RIBF at RIKEN and J-PARC at
KEK/JAERI. The return of Sakurai to the Department strengthens the
interaction of the Department with the RIBF. However there is only a small
involvement, primary by Hayano, in J-PARC. It would be beneficial to the
Department as well as J-PARC to strengthen the interactions of faculty and

14



students with J-PARC.
We note the outstanding outreach of the nuclear faculty in the Department
after the Tohoku March 11 earthquakes, activities which were very useful to

the public.

Elementary Particle Physics

The particle theory group consists of four units, two specializing in
phenomenology and cosmology led by Professor T. Moroi and Associate
Professor K. Hamaguchi, and two groups specializing in string theory and
formal aspects of quantum field theory led by Associate Professors Y. Matsuo
and Y. Tachikawa. Three out of these professors started their careers at the
University of Tokyo recently.

The phenomenology group specializes in supersymmetric theories and their
cosmological implications. Its work is well recognized in the world
community. The work on gauge mediation is important in view of the recent
experimental suggestion that the Higgs boson mass is around 126 GeV, a
range which may be incorporated in this model. Their work, on the other
hand, questions the compatibility of supersymmetric models with the
suggested anomaly of experimental data on the anomalous magnetic
moment of muon, and finds that many models are ruled out if one takes the
experimental anomaly seriously. Two phenomenology groups have a healthy
interaction amongst themselves, with two assistant professors collaborating

well with senior members.

The formal theory group has laid down a fundamental framework for
understanding the mathematical structure of the Lie 3-algebra related to the
Nambu bracket. Tachikawa’s work on the conjectured equivalence of two
seemingly different quantum field theories in 4 and 2 space-time dimensions
1s very impressive and has spurred great interest even in the pure
mathematics community. This is an exceptional achievement, although its

physics impact is yet to be felt.

The committee encourages more interaction of faculty members both within

the phenomenology and formal groups and their interaction as a whole.
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The committee also encourages more visible outreach activities to
communicate their research to the general public, and to junior high and
high school students.

Considering the relatively young ages of the present faculty members, they
remain here for a long time to come. The committee thinks that they will
produce their best work, with hopefully the greatest impact, while they are
in the Department.

The particle physics experimental group consists of Professors S. Komamiya
and H. Aihara and Associate Professors S. Asai and M. Yokoyama; the latter
joined the Department recently.

Komamiya is an important world leader on the International Linear Collider
project. At the same time, he has initiated an interesting small-scale project
on the effects of the earth’s gravity on quantum mechanics using ultracold
neutrons. This healthy attitude of mixing large-scale and small-scale

experiments is important in educating graduate students.

Asai, who 1s visible on the world stage, is one of the important leaders of the
Japanese participation in ATLAS. The recent achievement of the discovery of
a Higgs-like boson at CERN is extremely important for the standard model
and for models beyond. His handling of graduate students while they work
abroad at CERN is quite impressive. In addition, his research on the lifetime
of positronium has solved a long-outstanding puzzle; precision

measurements of the hyperfine splitting in positronium are ongoing.

Aihara and his group, in the BELLE collaboration, have achieved precision
determination of the parameters of tau lepton decay. His group is enlarging
its horizon into the field of astro-particle physics, a step much to be
encouraged. Yokoyama has been an important young leader in neutrino
oscillation experiments, and is expected to be one of key persons in research

and development for the hyper-Kamiokande experiment.

As a whole the research projects of the particle experiment group are
1Impressive in scope, but at the same time they might be too widely dispersed
for the size of the group.
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We mention finally the presence of two related centers closely associated
with the Department and the School of Science -- the Center for Nuclear
Study (CNS), and the International Center for Elementary Particle Physics
(ICEPP). While the research in these two Centers is beyond the scope of the
present review, their activities provide a framework to strengthen related
research in the Department. We note the contribution of the CNS to
undergraduate education, using a cyclotron at RIKEN, which remains
significant and excellent, and as well as note the activities of the ICEPP at
ATLAS, the ILC, the small scale positronium experiment, and the
collaboration with the PSI in Switzerland on lepton number violation, an
important probe of physics beyond the standard model.

4. Cosmology and Astrophysics

Research in cosmology and astrophysics is carried out by four experimental
groups and two theoretical groups within the Department, with close
interaction with RESCEU (the Research Center for the Early Universe).
The experimental groups are led by Professors K. Makishima, M. Minowa, K.
Tsubono and S. Yamamoto, and the theory groups are led by Professors Y.
Suto and N. Yoshida. In addition, Lecturer K. Nakazawa works with
Makishima, and Professor J. Yokoyama and Associate Professor Shigeyama
carry out theory research within RESCEU. Research of the cosmology and
astrophysics group in the Department covers a very wide range and its
results are noteworthy in the international community. The activity of
RESCEU, directed by Makishima, is also remarkable. The cooperation
between the cosmology and astrophysics group in the Department and
RESCEU have been highly effective in research and education; our
committee recommends that the staff of both continue their good cooperative
work and develop it further in the future.

Suto, Yokoyama, Yoshida and Shigeyama are all the excellent theoretical
researchers whose work is at high international level. A world research
leader, Suto does theory for observational cosmology and for the extrasolar
planets, currently a forefront field in the astronomy and astrophysics.
Recently his group developed the leading theory for transit phenomena and
remote sensing of the extrasolar planets. His contributions include the

17



hosting of international conferences.

Yoshida carries out major supercomputer simulations of the first generation
star formation processes in the early universe, including cooling processes
and radiation transfer; he is world-famous for this research, and is a young
hope in Japan in theoretical astrophysics.

The outstanding research of the group of Yokoyama of RESCEU includes
theories of the universe at the time of inflation, and the early universe; the
theoretical description takes into account observations of the cosmic
microwave background and as well will include gravitational wave
observation, as expected in the future. These studies are important for
leading to direct verification of the description of the "inflation universe."
Shigeyama carries out research on the origin of Type Ia supernovae. His
work is expected to settle questions of competing theories of their origin.

Observational and experimental studies in astrophysics and cosmology are
similarly excellent. Yamamoto's group is studying the chemical evolution of
the interstellar cloud and also developing a receiver for terahertz band
radiation. Their discovery of carbon-rich chain molecules is very important,
because they are outstanding probes of chemical evolution from the
interstellar gas to the protoplanetary disk. The experiences and results of
the group so far auger well for their development of a high-precision receiver
in the terahertz radio band, the last window in astronomy to be opened.

Minowa's group has accomplished an impressive improvement of axion
searches carried out in a small-scale laboratory. His group is now developing
his idea for a Plastic Anti-Neutrino Detector Array to monitor nuclear
reactors. This is an effort with potentially important impact, and a
significant societal contribution, whose funding should be supported.

The group of Makishima and Nakazawa forms an ideal model of balance of
two different aspects of experiment: detector fabrication (hardware) and
physics analysis (software). The results of their research on magnetized
neutron stars, magnetars, and black holes using the X-ray satellite SUZAKU
are outstanding and important, and one expects new results from their

research in connection with next X-ray mission, Astro-H.
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Tsubono has been active in the development of the ongoing gravitational
wave detector KAGRA, which with LIGO in the U.S. and VIRGO in Europe,
1s expected to detect gravitational radiation in the near future. In view of
this promise, we encourage Tsubono to concentrate primarily on the ongoing
KAGRA project, with work on the DECIGO project only secondarily.

As a whole, the scientific activities in cosmology and astrophysics are
excellent. The cooperation between theoreticians and observational as well
as experimental physics is quite successful. Similarly, cooperation between
the Department and RESCEU has been effective and should be promoted
further.
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