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The Recipients (in Alphabetical order) and the subjects of their research

Katsuhiko Sato (Department of Physics, University of Tokyo)
for “Particle Cosmology.”

Yoshinori Tokura (Department of Physics, University of Tokyo)
for “Discovery of N-Type Copper Oxide Superconductors.”

Kaoru Yokoya (KEK)
for “The Study of Beam-Beam Interactions in a Linear Collider.”
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Particle Cosmology

— Katsuhiko Sato —

Dr. Sato has proposed to bring the grand unified theory (GUT) of fundamental
interactions into the realm of cosmology, and thus has extended a simple big-bang
to an inflationary cosmology. He showed that phase transition in vacuum, which
had been predicted by GUT, took place in the earliest universe and, as a result,
the universe expanded exponentially by hundreds of the orders of magnitude. In
accordance with such inflation scenarios, he showed that the primordial fluctu-
ations were initiated to grow in later phases up to large scale structures of the
universe, that the matter and the antimatter universes existed in domain structures
without being annihilated, that the child-universes were multiply produced from
mother-universes self-similarly, that the difficulty of overproduction of magnetic
monopoles in the big-bang cosmology was overcome, and so on. These findings
have greatly expanded the scope of the cosmology. In addition, he has done
pioneering studies which set astrophysical and cosmological restrictions in the
physical parameters of weakly interacting particles whose existence were predicted
by GUT. These contributions by Dr. Sato are highly appreciated, not only because
they have opened a new paradigm where the theory of elementary particles are
studied in relation to the early universe, but also because they gave a breakthrough
to theories for creation of the universe which are now extensively studied in re-
lation to quantum gravity. The inflationary universe was also proposed independ-
ently by Dr. Alan H. Guth. However Dr. Sato’s model stresses the astrophysical
aspects of physical processes occurring in the inflationary universe while Dr. Guth’s
model emphasized the more fundamental sides such as the so-called horizon and
flatness problems.
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Discovery of N-type Copper Oxide Superconductors.

— Yoshinori Tokura —

Dr. Tokura discovered the new compounds with electrons as charge carriers con-
tributing to superconductivity, Ln,, CeyCuO4y (Ln=Pr. Nd. Sm). In high Tc
superconductors so far found and represented by La, , Sty CuO,4 and Y Ba, Cu; O,
etc., superconductivity is supposed to arise from electron vacancies or holes in
CuO, layer, whereas in the new compounds, currents are carried by electrons
introduced into the CO, layers. The crystal has layered perovskite structure of
T'-phase in which atomic arrangements are different from a similar compound
La, CuO4 which crystalizes in the T-phase. In the compounds with this structure,
doped Ce substituting Ln3* ions become tetravalent and extra electrons are con-
sidered to enter the CuQ, layers.

Discovery of these N-type Cu oxide superconductors supposes that Cu compounds
with electron carriers can also be equally superconducting as those with hole
carriers and is particularly remarkable from the point that it presents an important
clue to elucidate the mechanism of high T superconductivity.
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The Study of Beam-Beam Interactions in a Linear Collider.

— Kaoru Yokoya —

The linear collider is an accelerator of the next generation exploring a new high-
energy frontier of physics with TeV e*e— collisions. Great efforts for R&D are
being made at KEK Japan, SLAC U.S.A., INR USSR and CERN Switzerland.
Among many difficulties to be solved, the understanding of beam-beam interactions
is of great importance.

Through quantum electrodynamical analyses of the ‘“beamstrahlung” and computer
simulations of the beam disruption, Dr. Yokoya revealed fundamental aspects
of the beam-beam interactions. His analyses covered the luminosity enhancement
due to the pinch effect, beam instabilities at the collision point, beam-energy loss
and spreads due to quantum emission of beamstrahlung, and so on. Thus, the
accomplishments of Dr. Yokoya’s origindl work established a firm basis for develop-
ment of the TeV e*e— linear collider.



