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THE DEPARTMENT AS A WHOLE

1. Undergraduate education

One of the strongest advantages the Department has is the quality of its
undergraduate students. The Department continues to attract highly motivated and
qualified students, although there is a tendency towards relative weakness compared to
certain other departments within the University of Tokyo.

The level of the courses is adequate for the students; however, there remains room for
further course offerings in specialized areas. We point out two areas where further
improvements would be appropriate in the education of undergraduates:

(1) Students seem to have difficulties in deciding a field of specialization for their
graduate school education. They are exposed to only a restricted number of
individual research groups. It would be better for them to become acquainted with
wider areas and various research subjects before they decide which field they want
to work in. While it is not possible for students to participate in more than a few
seminar series that run throughout the semester, the Department could organize
much shorter seminar series given by staff in all research areas.

(2) More flexibility is desirable at the undergraduate level, although we understand that
much effort has been made towards this direction after the first evaluation report in
1993.

2. Graduate education

We realize that a rather decisive change has occurred after the governmental policy
change on graduate education and national universities. The change is not necessarily a
favorable one. One of the new policies is the Daigakuin Juuten-ka; the most notable
changes are the increase in the number of graduate students but not necessarily in their
quality, and the number of teaching staff and level of environment. The other new
policy is Hojinka, the re-organization of all national universities to agencies. Due to the
review introduced by Hojinka, which evaluates the university including the fulfillment
of graduate students, most university professors are starting to strictly advise their
undergraduate students against going to graduate courses at other universities. It was
pointed out that there is a gap between the level of Todai graduates and that of others
becoming graduate students. Whether one maintains the number of graduate students,
thus keeping the current level of budget, or one tries to maintain the level of the quality
of students is a matter of departmental policy; we offer no further advice on this issue.



One natural step is to make an effort to recruit highly motivated students from abroad,
particularly from East Asia, to the graduate courses. As a start, five students a year
would be appropriate.

One of the advantages of bringing in foreign students is to create a multi-cultural
international environment for students, reflecting the international practice of physics.
It would help the students to communicate with non-Japanese. Bringing in foreign
students, however, raises certain problems. The biggest is language. s it appropriate
for foreign students to take live physics courses in Japanese? In addition, since the
academic calendars of other countries in general do not coincide with the Japanese
academic year, one must plan for those students who arrive in mid-academic year.
Lastly, but not least, the problem is how to bring foreign students into a research group.

At present, all new students must definitely select their research groups at the time of
the entrance examination, before they are actually enrolled. This system requires
students who are not undergraduates at the University to visit the campus before
enrollment to get a full picture of the research opportunities offered. It is not a system
that works for foreign students who would have to make their decisions on the basis of
web pages without being able to have prior interaction with the professors and their
current students. Thus, we recommend strongly to introduce a new, more flexible
system that allows -- at least for a certain number of incoming students -- the possibility
of students to select their research groups within the first year after the entrance
examination time (cf. the 1993 review).

3. Issues common to undergraduate and graduate education

Through interviews by the Committee members of a representative sample of
undergraduate and graduate students, a number of issues were raised. Many of the
issues can be resolved by faculty members interacting with students on a regular basis.
We summarize examples discussed and raise possible related ideas below.

The most serious concern was about the lack of communication among students
themselves and between the teachers and the students. We recommend that each faculty
member assign a fixed time to meet with students, as is done in some foreign countries.
Students tend to be very concerned that they might disturb the faculty members if they
visit them at an unspecified time; it is much easier for them if a fixed time is assigned
specifically for them to see their professors. Students should be encouraged to make
appointments with faculty via e-mail. The faculty should also be encouraged to
organize reading groups for undergraduates. Committee members were happy to hear
that the creation of an office space for undergraduate and graduate students is already in
process.

Among other suggestions were: extending the opening hours of the Department
Library, development of new courses such as a frontier physics course, and the
introduction of summer schools. In order to periodically review these issues between



undergraduate and graduate students and faculty, a possible mechanism that the
Committee suggests is the creation of a new standing "Student-Faculty Interface
Committee™ within the Department, which would receive student input and periodically
review issues between undergraduate and graduate students and faculty. Having an
Annual Department Retreat, at which issues regarding the education of students and the
quality of their experience in the University are discussed, would be also useful.

Another important issue for the above committee is whether the number of graduate
research students per faculty, typically eight, should be re-evaluated, especially in view
of the declining quality of the incoming students, and the current opportunities for
employment in physics after leaving the University.

At present, students are required to present a defense of their choice of topic with
indication of what has been accomplished so far, and how they will approach the
problem, only if they apply for a Gakushin (JSPS) fellowship. The committee
recommends that all students give a more general and formal presentation focusing on
the future of the student’s research, soon after they choose a research topic.

The economical situation of the students has been improved significantly compared
to that at the time of the 1993 review. Despite the notable improvements, however, the
level of support is not yet sufficient, particularly for graduate students at the masters
level, where there is little support. Continuous effort is needed to improve the
economical support of students, not only masters students, but doctoral students as well,
whose support is better although still not adequate. The problem will become more
acute after the Center of Excellence (COE) support terminates in three years. Teaching
Assistant and Research Assistant systems should be creatively reconsidered after
Hojinka. Although certain guidelines could be inherited from the time of strict MEXT
(Monkasho) regulation, it is a matter for each university or for each school (gakubu) or
even for each department to invent new ways of supporting students. These ways may
be restricted by the size of the budget size, and should be dealt with common sense,
depending on the circumstances.

The 1993 review pointed out that the quality of the students” English ability is
generally poor. While we observe significant improvement at present, the problems
remain far from solved. In addition to courses in English language, students should be
encouraged to attend summer schools both in Japan and abroad, where the lectures are
in English. We recommend that the Department encourage holding summer schools in
Japan with lecturers invited from abroad, as is done in Europe and the U.S.
Participation in such schools would also expose the students to a wider variety of
physics.

An evaluation by students of teaching quality has been performed regularly during
the past several years. However, an active and productive feedback of the results to
faculty members needs to be implemented.



4. Departmental management

Budget and Supporting Staff: The current budget of the Department is more or less
appropriate. The annual management resource allocated by the School of Science
(Rigaku-bu) is 200 million yen (M¥), and it is much smaller than the amount from the
governmental competitive fund through the JSPS (kakenhi) which is 700 M¥. Almost
all faculty members have outside funding sources, either in the form of kakenhi, or
otherwise. These sources should allow the Department to use its management budget
(un-ei-hi) almost entirely for purely educational purposes and for student support.

On the other hand, although we are not sure about future governmental policy for
COE's, the Department should aggressively seek every opportunity to strengthen its
financial condition. The Department (or the School, Rigaku-bu) appears to be adopting
a policy of reducing the number of supporting staff. The reduction seems to be a
healthy policy from the viewpoint of the difficulty of personnel management. However,
reducing the support staff to a small number has a potential danger to reduce the
scientific activities of the Department significantly. In addition, one must note that the
cost of using outsourced services is generally higher than through direct employment
inside the Department.

Long-Term Future of the Department: Members of the committee pointed out that
the policy for future directions of the Department must be explored more aggressively.
Biophysics and atomic physics are examples that were discussed by the committee, but
other new fields should also be considered. The important point on which the
committee members unanimously agree is that communication among the faculty
members must be strengthened to reach a level of consensus on the future directions of
the Department.

5. Hiring policy

One of the most important issues of management is the hiring policy for faculty and
staff. The present rule is to give a uniform chance to a broad community when vacant
positions are to be filled in the Department. While serious concerns were expressed to
us that the implementation of the current rule is not quite adequate (resulting in some
dissatisfaction among Department members), we believe that the present rule itself is a
good one. The trouble appears to be that when the Department wants to promote a
specific associate professor to full professor, the Department has to prepare a vacant
position and announce it to the public even though the intention is to promote the
specific person. The committee members expressed a diversity of opinions, and we are
not able to give unanimous advice. Some of the opinions were:

(1) The current process is basically the right one. The person considered for the
promotion should compete with candidates from a wider community.



(2) Promotion mechanisms other than the current one could be introduced. The
Department could form a committee to consider a specific case and ask outside
experts for an evaluation and comparison with other outside researchers.

We recommend that the system be further studied. Although we heard that the
present system was introduced by unanimous agreement within the Department
beforehand, the system should be constantly reviewed and improved so that one can
eliminate possible deficiencies.

Finally, we recommend that the Department hire foreign faculty members, more
female professors, and recruit more female students, in order to maintain a proper
balance among faculties and students.

6. Research environment

The research environment is generally good, especially if one takes into account the
close collaborations with other laboratories such as RIKEN, the Cosmic Ray Institute,
the Institute for Solid-State Physics, KEK, the National Astronomical Observatory, etc.
Many department members are playing leading roles in the projects of these institutes
where they can train their students as part of their activities. This interdependence of
various institutes is an inevitable direction in the future and we recommend that the
Department define its role in this larger environment. It has to assert its uniqueness but
at the same time it should avoid unnecessary duplication or excessive independence.

INDIVIDUAL RESEARCH FIELDS

1. General Physics

The 1993 review of the Physics Department in 1993 presciently stated that "modern
atomic physics is an important field that the Department may be well advised to
consider in the future.” Since then this field has produced six Nobel Prize winners, in
laser cooling of atomic gases and Bose-Einstein condensation of ultracold atoms.

From the middle of the last decade on, a wide variety of macroscopic quantum
phenomena in both bosonic and fermionic atomic, as well as molecular, gases have been
observed in laboratories worldwide. Even though several groups in the Department
have the physical and technical background to enter this fruitful field, this area has not
received adequate attention in the Department. There is a level of theoretical interest in
the Department. For example, Professor Wadati works in this area. Professor



Hatsuda’s work touches on the many-body problems of cold-atom physics. One of the
committee members (G. Baym) has given short courses on Bose-Einstein condensation
in Winter 2002 and again in Winter 2004.  Suffice it to repeat the recommendation that
the rapidly growing field of atomic, molecular and optical (AMO) physics remains one
that the Department is advised to consider future growth in; we realize that it is not
adequate simply to request activity in a specific field, even if the field is very popular
and productive.

Among the Department activities in AMO are those of Professor Kobayashi, who has
kept the world record for short light pulses for many years, by constantly improving his
short-pulse generation technique. The Departmental members in this area of
experimental physics compete well, or are capable of competing well, with the top
groups in their respective fields. These groups can enjoy greater visibility only when
their scientific and technical achievements trigger new developments in the field, or
create new fields.

Plasma Physics

Research in plasma physics is led by Professor Takase, who holds a joint
appointment with the Physics Department. The group has its own spherical tokamak
device, the TST-2. In addition, active collaborations are in progress with JT-60U at
JAERI and NSTX at Princeton University. In the future, it is expected that this group
will play a major role in the International Thermonuclear Experimental Reactor (ITER).

Among many significant contributions to the field, we note the importance of their
effort toward the extremely high-beta plasma, where "beta™ indicates the ratio of a
plasma pressure to a magnetic pressure. The realization of the ultrahigh-beta plasma is
one of key issues in ITER. By using the existing TST-2, a new method of creating the
ultrahigh-beta plasma is now under investigation.

Overall, although the size of the group is small, the quality of its research is very high.
The issue of whether the level of plasma physics research should be increased in the
University, especially in view of the Japanese role in ITER, needs to be visited.

Biophysics

The biophysics groups consist of three Professors, Kuwajima, Nose, and Sano.
Professor Kuwajima, who is involved in the experimental study of protein folding - one
of the most profound problems existing between physics and biology - is clearly a
leading and internationally renowned researcher in this field, as is evident from his
record of publications and also from activities such as being the editor of one of the
leading journals in the field. Professor Nose is involved in the more biological problem
of cell-cell adhesion and neuronal wiring. He was originally trained in the field of
molecular genetics and after joining this physics department six years ago has worked to
introduce methods of bio-imaging to expand the scope of his research. While fruits of
this ambitious effort are yet to be harvested, the record of his previous studies points



towards eventual success. Professor Sano works at the border between general physics
and biophysics, mainly from the point of view of nonlinear dynamics. Biophysics
problems treated by him include the phase transition in the collapse of a long DNA
molecule upon addition of multivalent cations, and the dynamical behavior of genetic
networks.

The biological sciences are expanding very rapidly both in depth and width. Now
that genome sequence determination has become routine, the biological sciences are
moving toward understanding life as an integrated system of gene products individually
coded in the genome. Physics, which has accumulated knowledge about how to
understand molecules, condensed matter, system dynamics, hierarchic systems, etc.,
both qualitatively and quantitatively, should play an essential role in the future of
biological sciences, both through development of instrumentation and conceptually; at
the same time, physics can importantly draw upon the biological sciences for new areas
for study of physical systems. The Department, being able to attract the very best
students, should produce researchers who contribute significantly in these new
developments. The Department must discuss how it can be prepared for such directions,
including additional hires, e.g., in theory, and cooperative research with experts at other
institutions, e.g., the Komaba campus.

2. Condensed Matter

The eleven members of the experimental and theoretical groups of condensed matter
physics are in general outstanding and world class, as one can judge from their
publications and the leading roles these members play in their fields. Three members of
the condensed matter experiment group, Professors Uchida, Fujimori, and Shimano are
involved in one of the most exciting targets in solid phase physics, the study of strongly
correlated electronic systems, by spectroscopic methods ranging from terahertz to x-ray.
The other three, Professors Fukuyama, Hasegawa, and Okamoto, work on surfaces and
interfaces of crystals, also among the most challenging targets in condensed matter
physics. It is notable that the faculty has chosen to work in two of the most important
fields in solid state physics.

The work carried out by the five members in condensed matter theory in this
Department, Professors Aoki, Miyashita, Ogata, Tsuneyuki, and Wadati is excellent,
ranging from materials-oriented first-principle calculations of electronic and crystal
structures, to more abstract or mathematical treatments of these systems. Condensed
matter theory in this Department is naturally intimately related to statistical physics.

Certain members of the condensed matter group are engaged in very ambitious
projects, including searches for room-temperature superconductors, and in construction
of the statistical physics of systems far from thermal equilibrium, both among the most
challenging problems in condensed matter physics today.



In keeping with the 1993 review of the Physics Department, we note that interactions
and communication among different subgroups, even among related groups, within the
condensed matter physics are very poor -- even between theory and experiment. In
addition, despite individual professors being well-known worldwide for their unique or
leading roles in this field, the visibility of the condensed matter group as a whole
remains rather low. These two problems may be solved simultaneously. A possible
course of action that could improve the situation would be for the Physics Department
to hold an international workshop in this area every year, such as that on New Horizons
in Condensed-Matter Physics organized last year. In this way younger generations will
have a chance to surmount the barriers among individual laboratories, and enhance joint
research among different laboratories, as well as between theorists and experimentalists.
At the same time, such workshops would be effective in increasing the visibility of the
Physics Department.

3. Particles and Nuclei

Particle Theory

The particle theory group is world class. Faculty members include two string
theorists, Professors Eguchi and Matsuo, and one phenomenologist, Professor Yanagida.
With the addition of one more member (into a currently vacant position) who can play
the role of bridging the string and the phenomenology groups, the composition of the
group would be well balanced. In the future, string theory will involve continuing close
collaboration of physicists and mathematicians. The Todai group is traditionally strong
in the area of mathematical physics, and we hope that this tradition will be maintained
in string theory.

Breakthroughs in phenomenology depend on new experimental data. The most
tantalizing experiments include searches for the Higgs particle, proton decay, neutrino
mixings, etc., on which one can look forward to substantial progress in the coming years.
The group in Todai has played an important role in suggesting many interesting possible
models, which would be able to explain the most important parameters. The field of
particle theory attracts the most talented students of the country. Thus the group has a
special obligation to the Japanese community, which it must take into account in
determining the best ways to educate these students for a future in physics and
elsewhere.

High-Energy Experiment

Two members of the high-energy experimental group, Professors Komamiya and
Aihara, are playing leadership roles in the Japanese high-energy physics community.

The third member, Professor Minowa, is carrying out an ambitious experiment on
dark matter; this experiment is suitable for the small-scale group which the University



can afford and it therefore should be supported strongly. The dark matter problem
requires tremendously creative minds; strengthening this group by enlarging it to
include related experiments such as monopole searches or other dark matter searches,
could help to eventually solve this fascinating problem.

Mainstream high energy physics in Japan is likely in the future to be centered on a
linear collider. It is important that the Department starts, however slowly, to prepare for
this situation.

The Center for Elementary Particle Physics, although outside the evaluation of this
committee, plays the positive role of strengthening the international aspect of the high
energy physics. Because the Center is very much oriented towards experiments done
abroad, the Department needs to strengthen the high energy group itself, to take a
leadership role both in developing domestic projects as well as to produce first class
high-energy physicists; these activities must be carried out by the Department, not the
Center.

Nuclear Physics

Research activities in nuclear physics are conducted by three experimental groups
and two theory groups. Our overall impression is that in general these groups, through
maintaining an outstanding level by world standards, are producing excellent science.
Research is focused in three subfields. The first is traditional nuclear structure physics,
whose highlights include: understanding nuclear many-body systems fully utilizing
forefront computational technologies, nuclear structure studies of nuclei far from the
stability line, and studies of the spin structure of the nucleus. The second area of
research is in the quantum chromodynamic (QCD) many-body problem, including
problems of deconfinement of quarks at high temperatures and densities, and restoration
of chiral symmetry in nuclear matter. The third area includes exotics and fundamental
symmetries. Exotic atoms, such as antihydrogen, are used for the study of CPT
symmetry. Spin correlations of two protons are used for fundamental research in
quantum physics. The interactions between theory and experiment are commendable.

Achievements by the Department on the topics listed above are world class;
individual professors in these areas are leaders in the world. The breadth of coverage is
also a characteristic feature of this Department; research areas are not limited narrowly
to nuclear physics, but extend into intersections with atomic physics and elementary
particle physics. The Department has opportunities to take further advantage of the
synergy between nuclear physics and atomic and condensed matter physics. The
quality of students is also outstanding.

The Department has played an important leadership role in the Japanese nuclear
physics communities. In spite of the high academic level of individual professors and
students, the Committee felt that this role, which has historically included producing
leaders of the field, needs to be strengthened and enhanced. In nuclear physics two
major facilities are presently under construction: the Rl Beam Factory at RIKEN and



J-PARC at KEK/JAERI. The community desires strong commitments by the
Department in connection with both facilities. The departure of Professor Sakurai
leaves a hole in its contribution to the Rl Beam Factory. In addition, no faculty
members are strongly involved in J-PARC. Mechanisms of how to contribute to these
two research facilities have to be discussed seriously in the Department.

The Center for Nuclear Study, which belongs to the Department, is a strong addition
to nuclear physics activities in the Department. The research review for this Center will
be performed elsewhere. The present Committee notes that the contribution of the CNS
to undergraduate education, using a cyclotron at RIKEN, is significant and excellent.

4. Cosmology and astrophysics

The cosmology and astrophysics group is composed of five professors and their staff
members. The individual professors, who carry out research over wide areas, are top-
level and well known throughout the international community. Members of the group,
as well as members of the Department of Astronomy, also participate in the Big Bang
Center (BBC), discussed below. Since one cannot cleanly separate activities in the BBC
from those of the group we discuss the scientific activities of all professors in the
cosmology and astrophysics group, and then discuss only additional activities in the Big
Bang Center.

Professors Sato and Suto are leading theoreticians in cosmology. Research by
Professor Sato on the explosion of supernovae has played a major role in giving a clear
understanding of the explosion mechanism. The recent finding of "quantum molecular
dynamics" in the exploding supernova core is an interesting phenomena by itself and
also gives a new perspective on the opacity of the core, and therefore on the expansion
process. Professor Suto's model of the expanding universe predicted cosmic
parameters in good coincidence with those later obtained by WMAP. He is actively
working in various areas of observational cosmology, including successful detection of
the S-Z effect in millimeter wavelengths and observational check of WHIM as a
candidate for missing baryons, etc.

The remaining professors, Professors Makishima, Yamamoto, and Tsubono, are
leading their groups in astrophysical observations and developments in X-ray,
submillimeter waves, and gravitational waves, respectively. These fields of observation,
which are growing very rapidly and which present constant need for innovative
developments, fit well in university. The groups led by these three professors are
yielding leading scientific results, and importantly, attracting good graduate students
and training them in development of high-level scientific. Professor Makishima is well
known for his observational work on neutron stars and black holes, and is a leading
scientist of the new ISAS X-ray satellite Astro-E2 soon to be launched. His policy of
letting all Master's degree students participate in instrumental developments seems very
successful.
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The Mt. Fuji Telescope led by Professor S. Yamamoto is a unique instrument.
Operated on the top of Mt. Fuji for six years, it has been producing the highest quality
and largest quantity sub-millimeter spectral data of carbon atoms from most major
stellar objects. His theory that carbon atoms play a major role in interstellar chemistry
is now becoming the standard view. He is also developing observational instruments
for shorter wavelengths in the THz region.

The TAMA-300 detector developed and being improved by Professor Tsubono and
others, in operation since 1999, is the first successful gravitational detector in the world.
Professor Tsubono had led a number of innovative developments for TAMA-300 and is
now working toward the realization of LCGT project, the large, sensitive Japanese
gravitational telescope with a cooled mirror system.

The Big Bang Center led by Professor Sato was established as a COE in 1995, and
then re-organized as a temporary institution in 1999. It is composed of four core
members (one professor, one associate professor, and two research assistants) covering
seven projects covering numerous fields of astrophysics, with several invited from
outside. The projects include: the theory of galactic evolution by Associate Professor
Shigeyama (of the BBC), the BESS project (the detection of anti-proton and anti-He
from universe by balloons, under Professor Yamamoto), the study of nucleon synthesis
in various types of supernovae (Professor Nomoto, Department of Astronomy), the
SDSS project (the international systematic three-dimensional galaxy survey, under
Professor Okamura, Department of Astronomy), and the Magnum project (automated
two meter telescope on Haleakala, Hawaii, to establish a new measure of cosmological
distances, under Professor Yoshii, Research Center for Astronomy). These are well-
designed projects led by profound professors, yielding high-level results. In particular,
the SN nucleosynthesis and SDSS projects are already very successful.

As a whole, the scientific activity in the cosmology and astrophysics group is

excellent. The cooperation among physicists and astronomers has been quite successful
and should be promoted further.
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