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My Recollection of Shuichi

Izumi Ojima (RIMS, Kyoto University)

Professor Shuichi Tasaki was one of the best students supervised by Prof. Toshihiko Tsuneto,
and he started his research on the problem of irreversibility in the period of 1989-93 under Prof.
Prigogine at Solvay Institute in Brussels. Going back to Japan, he spent about two years at the
Institute for Fundamental Chemistry in Shimo-gamo, Kyoto, before his moves to Nara and to
Waseda. It was in this Institute where I met him for the first time, on the occasion of a workshop
on non-equilibrium statistical physics held in 1995. Since then, I have been impressed by his
extreme decency and sincerity in his personality, which have shown a miraculous harmony with
the sharp clarity in his scientific remarks. I earnestly hope what I will tell you about my

pleasant memories about Shuichi will resonate with yours about him.

Before entering, however, I should be honest in recalling the presence of certain subtle aspects
in my friendship with him at the beginning stage: because of my commitment in the problems of
non-equilibrium systems involving dissipativity and irreversibility, I should have shared many
topics of common interest with him, which should have facilitated our communications.
Unfortunately, however, I was reluctant to take advantage of it because of my ambivalent
feeling toward Prigogine, which caused me waste of certain time before my establishing frank
friendship with Shuichi. Actually, in the beginning half of '80’s, I was really unhappy about the
schizophrenic situations about the treatments of conserved dynamical systems with unitary
time evolutions taken as gospel and of dissipative systems violating those, because of which I
was strongly attracted by Prigogine’s great idea of “dissipative structures” to advocate the
formation of order structures through dissipative processes. When I became serious about the
mathematical implementation of this idea, however, I was soon frustrated by the difficulties,
which trapped me in a kind of “double bind” relation with Prigogine’s approach. In measuring

the distance with Shuichi, I was too much affected by this kind of ambivalence.

Fortunately enough, I realized that this kind of reluctance was based upon my superficial
misunderstanding!: when I read Shuichi’s excellent introductory book, “Time’s Arrow from the
viewpoint of Chaos” (Kodan-Sha, Blue Backs, 2000), I realized immediately how deeply and
sincerely he thought about the subtle question about “microscopic reversibility vs. macroscopic
irreversibility”, which struck me very much. Please allow me to take some time for conveying my
excitement about his enlightening remarks in the above book: after explaining the reality of
microscopic reversibility in Chapter 2 “Experiments of Time Reversal: Spin Echos”, which
itself is worthwhile to elaborate on, he starts to examine two different interpretations of Gibbs

ensembles in Chapter 3 “Gibbs’ viewpoint® Idea of statistical ensembles™
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“There are two different interpretations of Gibbs ensembles.

In the first one, the microscopic states of a physical object at an instance are considered to
be definite, according to the analogy from daily-life experiences. In this case, what can be
observed by us is assumed to be only the long-time averages of the motions of microscopic objects
such as atoms and/or molecules, instead of their microscopic states at each instant. Along this
line, the validity of the Gibbs ensembles is restricted only to the situations of thermal equilibria
showing no macroscopic changes, according to which Gibbs ensembles are not more than the
computational means. ...

In the second interpretation, the microscopic states of a physical object at an instance are
not determinate as is the case in Gibbs ensembles. If we adopt this viewpoint, it becomes
unnecessary for us to examine the conditions for Gibbs ensembles to be meaningful. The notion
of Gibbs ensembles can be applied even to non-equilibrium states at the macroscopic levels. Who
advocated this viewpoint for the first time was Gibbs himself. Moreover, he pointed out that
once this interpretation is adopted, it becomes possible to explain that any states tends to
thermal equilibria in the time course. I find in this idea due to Gibbs the crucial key for solving
the problem of irreversibility. ” (pp.119-121)

As you see, this is really a profound remark about the mutual relations between microscopic and
macroscopic states, after which he starts to examine the question how these mutual relations

will be evolved through dynamical processes in Chapter 4 “Chaos™

“In the previous chapter, Chapter 3, we saw that if a microscopic state of a physical object is
definite to be expressed by a point in the phase space of 6X10*° dimensions, the microscopic
reversibility of moleéular motions and the irreversibility of macroscopic phenomena cannot be
consistent. This is because the state changes of physical objects can be reduced to the motions of
one molecule.

On the other hand, the behaviors of atoms and/or molecules at thermal equilibria show
that to each macroscopic thermal equilibrium correspond many microscopic states, to each of
which a definite probability is is assigned for its realization. This kind of macroscopic states can
be expressed by Gibbs ensembles as “clouds” distributed over the phase space. As explained
previously, Gibbs thought that any macroscopic states other than thermal equilibria can be
represented by Gibbs ensembles.

In a Gibbs ensemble, the mutual relations among many points constituting it vary in time.
While the place for “time’s arrow” can be carved is just at the level of Gibbs ensembles, the
notion of Gibbs ensemble is not sufficient to implement it, because not all the states expressed
by Gibbs ensembles are guaranteed to show the tendency toward thermal equilibria. To
materialize this tendency, the microscopic motions of atoms and/or molecules need to satisfy

certain characterization, among which we find the property of chaos.” (pp.124 — 125)
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I find a sharp contrast at this point about the analyses of dynamical behaviors under the
same “baker’s transformation”, one without clarifying the meaning of states stressing the time

operator formally manipulated and the other with it.

In the meantime, Shuichi collaborated with Prof. L. Accardi, one of the pioneers of
guantum stochastic processes, in preparing the Japan-Italy Joint Workshop on Fundamental
Problems in Quantum Physics held at Waseda University in September, 2001. He was kind
enough to invite me to it where I was allowed to present my joint work with Profs. Buchholz &
Roos on the general formulation of local thermal states in relativistic quantum field theory.
Moreover, what was really unexpected to me was that Shuichi advocated in his talk my previous
work on entropy production and non-equilibrium stationality in collaboration with Profs. H.
Hasegawa and M. Ichiyanagi during ‘80’s. After this, he offered to me a very open and kind
friendship, which melted away completely the useless “wall” between us by his initiative.

As is well known among many experts, he started to adopt the C*-algebraic formulation
successfully for the purpose of physical descriptions of such actual non-equilibrium phenomena
as quantum dots. Without his deep analysis of the notion of Gibbs ensembles discussed above,
this kind of successful applications would not be possible, I believe. At the same time, his way of
noble behaviors and thinking explained above verifies fully what I mentioned at the beginning
by the words, “his extreme decency and sincerity in his personality, which have shown a
miraculous harmony with the sharp clarity in his scientific remarks”: he was able to concentrate
on just most important issues such as what the truth in nature is and whether we can
understand each other at the deepest level of human beings, disregarding all unimportant
points. Once we succeed in finding the answer to these essential questions, all what we need is
simply to follow the way indicated by the answer. As far as my memory is concerned, this kind of
principle seems to characterize nicely his noble personality and his vivid way of pursuing
research targets, and it seemed to have turned out to be very fruitful (only with one exception of
his untimely death which no one can control).

Among memorable events in my friendship with him, I recall the occasion in March 2005
when Shuichi invited Prof. Obata and myself to his laboratory for tutorial seminars on
mathematics of quantum systems. We also enjoyed nice opportunities to discuss many
important issues on non-equilibrium statistical mechanics and relative entropy, offered by joint
projects at IIAS (= International Institute for Advanced Study) in Nara which were organized by
the famous experts, Prof. M. Ohya (Tokyo University of Sciences) in quantum information
theory and Prof. T. Hida (Professor Emeritus of Nagoya and Meijo Universities) in white noise
analysis, respectively. What is most unfadable to me was our conversation at IIAS in
November 2003 after a dinner: when I mentioned the importance of bi-directional thoughts
between inductive and deductive arguments in relation with quantum-classical correspondence,

Shuichi replied to me by saying that he had tried to implement such a way of thinking,
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especially in relation with giving his lectures to students. Since I did not expect that the above
opinion of mine could be easily accepted, I was really surprised, but, I soon realized that he
already declared officially his principle in his inaugural speech on the web in the home page of
Waseda University, in such a form as emphasizing the importance of the individual aspects
superior to the universal ones.

As indicated by the disasters caused by the power plants in Fukushima in March 2011, it
seems that we are in the midst of drastic historical changes from the power-dominant
technological civilizations into some higher cultural levels for the real wisdom to be effective(;
while the reality of the latter is difficult to believe in, it would be impossible for the present
stages to continue without it). I personally think that the styles of our professional and personal
lives are to be changed radically so as for the existence of our human beings to- become
harmonious with nature, and, from this viewpoint, we cannot over-estimate the value of such
experiences that we can appreciate the pleasures of exciting moments in our research activities
in harmony with those in our lives as human beings. I am sure that Shuichi’s noble decency has

always given me important hints in this direction.
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