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（１）Result of Program Implementation 
 
(Joint Research) 

Research Results 

It is well known that magnetic field can penetrate through a type II superconductor as a quantized 
flux, which has a minimum unit flux �0=2.07 x 10-7 (G・cm2).  When a superconductor is engineered 
down to micron sizes, the effect of confinement by the sample edges becomes significant, and a giant 
vortex state is expected.  This giant vortex was actually evidenced in the multiple-small-tunnel 
junction (MSTJ) characteristics (A. Kanda et al., PRL 93, 257002 (2004)).  In contrast to this, holes in 
a superconductor called anti-dots can also hold a giant vortex with a variety of arrangement of the 
vortices surrounding it. This subject is now a strong trend of research for superconducting electronics 
applications, because the shape and the size of the sample can easily be designed and manipulated. 

We have, for the first time, observed the Fiske step in the I-V characteristics of the intrinsic long 
junction of Bi2Sr2CaCu2O8+� in the dynamic vortex flow state.  This result strongly implies that the 
superconducting plasma wave, which is the electromagnetic waves in a superconductor, is generated 
by motion of Josephson vortices in a junction at THz frequencies.  This has a great impact due to 
broad range of potential applications such as LASER for high speed communications, 
superconducting electronics, medical care, security, defense, space science, environmental observation, 
brain research, etc. 

Current State and Progress 

In order to set up three axes (Japan, EU and USA) in the international cooperative framework for 
nano-science in superconductivity, Prof. Victor Moshchalkov at Katholieke Universiteit Leuven will 
take the initiative and will make a joint effort for EU part of the organization funded from ESF at 
least for several years.  This was agreed at the meeting at Leuven, last July.  This is important for 
establishing the JSPS Strategic Research Network in the future.  Much effort is now put forward to 
establish the international cooperative framework between Japan and USA. 

 
(Seminar) 

A joint meeting of FIMS/ITS-NS/CTC/PLASMA2004 was held at “Epocal” Tsukuba international 
Congress Center, 24-28 November 2004.  This meeting was organized jointly by four related but 
different organizations; the CTC program, the 21st Century program, Nano-Science Special Project 
and PLASMA2004.  At this meeting with 10(18) participants from EU, 12(20) from USA and 31(35) 
from Japan (the number of collaborators in CTC program is shown in ()), a dynamical behavior of the 
intrinsic Josephson junctions in a parallel magnetic field was the most epoch-making subject among 
others. 
 We had another domestic meeting concerning Nano-Science and Engineering in Superconductivity 
from point of view of Materials, Physics and Applications envisaging the future superconducting 
research. 

 
(Researcher Exchange) 

It was initially planned to invite Dr. Alexei A. Abrikosov, Nobel-prize winner in Physics, 2003, but it 
was not possible by personal reasons, unfortunately.  This plan is postponed to the fiscal year of 2005 
and is now on schedule.  In addition to this, Prof. Pedersen at the Technical University of Denmark 
from 8 to 18 March 2005 was invited for the cooperative research work, concerning the THz 
generation by making use of the intrinsic Josephson vortex flow. 
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(2) Achievements in FY2004 (Self Review)  

A cooperative international framework involving in three major axes, Japan, EU and USA has 
just initiated.  After the international conference in November 2004, especially, collaboration was 
set in between nanofabrication facilities in the University of Tsukuba, University of Illinois at 
Chicago, Katholieke Universiteit Leuven, and University of Bath for making submicron size 
samples.  It is very important to utilize specialized facilities among the international framework 
and it plays essential role for the strategic research.  From the intrinsic Josephson vortex-flow 
experiments in single crystal Bi2Sr2CaCu2O8+� it is strongly emphasized that the generation of 
electromagnetic waves at the THz frequency region was evidenced by observation of Fiske step in 
the I-V characteristics.  This is certainly a great step for our future research. 
 

 
 

(3) Future Plan (Measures toward Achieving Research Objectives)  

In the next fiscal year 2005, an international conference on “Vortex Matter in Nano-structured 
Superconductors (VORTEX IV)”, will be held at Crete, Greece, 3-9 September 2005.  This will be 
the best occasion to meet eminent people working in this field from Japan, EU, USA and others.  At 
the same time, younger researchers will be strongly supported and encouraged in order to promote 
their activities.  In December 2005, a domestic meeting will be planned to discuss the fundamental 
aspects of the fast developing subjects such as Josephson vortex flow dynamics and THz radiation, 
which are considered as important applications. 

 


