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The following report was prepared by Dr. Andrew Bordner, an NSF-JSPS postdoctoral fellow working in the laboratory of Professor Taichiro Kuga in the Department of Physics at Kyoto University, Kitashirakawa, Kyoto  606, Japan.  Dr. Bordner is just finishing his current 24-month postdoctoral research visit to Japan. Dr. Bordner can be reached via email at: bordner@gauge.scphys.kyoto-u.ac.jp
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Equivalence of quantum field theories 

I am presently conducting research as a NSF/JSPS fellow at the Kyoto University department of physics in the high-energy theory group.  (URL link: http://gauge.scphys.kyoto-u.ac.jp/index-e.html)  This group is headed by Profs. T. Kugo and T. Maskawa and its members are primarily investigating duality, or the equivalence of field theories.  There are also frequent opportunities to attend seminars and discuss with researchers at the Research Institute for Mathematical Science and the Yukawa Institute for Theoretical Physics, both of which are associated with Kyoto University.  I was able, using the Grant-In-Aid funding provided by Monbusho, to give a number of talks on my research at KEK in Tsukuba and the annual Japan Physical Society meeting. 

My present research topic is the equivalence of two-dimensional field theories.  Such theories are interesting not only because they describe certain statistical mechanical systems but also because they are simpler than usual field theories, which are formulated in four spacetime dimensions.  A particularly interesting phenomena occurs in these theories, namely that two models that at first glance look dissimilar, in that their fundamental particles do not even have the same properties, e.g. spin, in fact have a one to one equivalence.  Furthermore this equivalence relates a model which has a strong inter-particle force, where calculations using approximation methods fail, to one which has a weak force and hence is tractable.  This seems to be a genetic feature of all such duality transformations.  

My interest is in extending "quantum canonical transformations,'' that have been used to show the equivalence of two quantum mechanical theories, to quantum field theories.   Unlike quantum mechanical systems, field theories have an infinite number of degrees of freedom and hence this generalization is not straightforward.  One difficulty is that infinities appear in many field theory quantities and these must be handled by a procedure called renormalization.  This renormalization prescription is particularly simple for two-dimensional theories where normal-ordering or point-splitting are sufficient to make the theory finite.  Operator transformations were found, for a theory with both bosons and fermions, which transform the Thirring model (fermions) to the sine-Gordon model (bosons).  It is interesting that these transformations also yield intermediate theories which have interacting bosons and fermions.  This is related to the so called "Smooth Bosonization'' of Damgaard, et al.  We next plan to find such transformations for non-Abelian bosonization, where the exact correspondence of operators is presently unknown.  

