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New QED and External Fields 
Investigations were performed with S. Vafaeisefat [l, 41 on the mechanism of spontaneous chi- 
ral symmetry breaking via extenal fields in QED, especially by computer calculation using the 
Schwinger proper-time formalism in a density of states type of simulations. Some of the most sig- 
nificant results obtained include: the precise determination of the the parameter space widths for 
the gaussians in which one observes chiral symmetry breaking as defined by a non-zero expectation 
value for the fedonbilinear field expression; and the appropriate values for the parameters so that 
one also obtains spontaneous chiral symmetry breaking in a fully four-dimensional configuration 
produced by colliding same-sign charges. Our results provide strong evidence of a generic effect of 
such field configurations, which consitute a remarkable new phenomenon in quantum field theory. 
Our results allow us to estimate the minimum field strength required to induce spontaneous chiral 
symmetry breaking. The extension of these results to SU(2) non-abelian gauge theory was initiated 
with J. Cannellos at Buffalo, and E. Ferrer and V. Incera at S U N Y  Fredonia, and is in progress. 

Strings, Conformal Field Theories, and Toda Field Theories 
N o  investigations of affine Toda field theories were carried out with 2. Zhu. In the first investiga- 
tion [2], Hirota’s method was used to construct multi-soliton and plane-wave solutions for affine 
Toda field theories with imaginary coupling. In the second [3], it was shown that there are infinite- 
ly many topological solitons in any given complex affine Toda theories and most of them have 
complex energy density. When we require the energy density of the solitons to be real, we find that 
the reality condition is related to a simple “pairing condition.” Unfortunately, rather few soliton 
solutions in these theories survive the reality constraint, especially if one also demands positivity. 
The resulting implications for the physical applicability of these theories were investigated. 

Cosmological Neutrino Condensates 
With A. Chodos [5], we investigated the possibility that neutrinos form superfluid-type condensates 
in background cosmological densities. Such condensates could give rise to small neutrino masses 
and splittings, as well as an important contribution, perhaps, to the cosmological constant. We 
discussed various channels in the context of the standard model. Many of these do not support 
a condensate, but some mixed-flavor channels do. We also suggested a new interaction, acting 
only among neutrinos, that could induce a neutrino Majorana mass of order 1 eV. Our conclusions 
can be enumerated as ‘follows: (i) There is no attractive channel in the purely neutrino sector 
of the standard model; (ii) The addition of charged leptons leads to attraction in the flavor off- 
diagonal channels, but a pairing instability occurs only if the Fermi momenta of the neutrino and 
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the charged leptons are equal; (iii)Jn the case of neutrino-charged lepton pairing, there may also 
be the possibility of condensation in a Lorentz non-invariant channel. We have not looked at this 
in detail; (iv) If a new interaction exists among neutrinos with characteristic scale 1 eV, neutrino 
condensates could form with the right size to generate an interesting spectrum of masses and 
mixings, as well as an appropriate contribution to the cosmological constant. This possibility is 
currently under active investigation. 

Green’s function solutions of the bioheat equation 
With C. Ozhasoglu [6], we generated Green’s function solutions for the linear inhomogeneous 
bioheat equation with vectorial blood flow in Cartesian and cylindrical coordinate systems. The 
former may be used for in vitro applications where a laser source is used as a heat source, whereas 
the latter can have wider applications both for in vitro and in vivo situations. This solution has 
also proved to be useful in ultrasound hyperthermia. To our knowledge, no analytical solution of 
the bioheat equation is available in the literature with vectorial blood flow. The inclusion of the 
vectorial blood flow term is important since it enables us to determine the temperature distribution 
not only in tissues but also in and around the blood vessels. Consequently we have been able 
to determine the effects of blood flow on the temperature distribution around the blood vessels 
and also calculate the thermal dosage. A Monte Carlo code was employed in’the calculations. 
Optimization of the code can render the solution a practical tool in hyperthermia therapy. The 
solution is general enough so that it could also be employed for other heat sources not used in our 
investigations. 
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