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During the grant period research has focused on the nonequilibrium dynamics of 
electrons in the presence of ions, both via basic quantum theory and via semi-classical 
molecular dynamics (MD) simulation. In addition, fundamental notions of dissipative 
dynamics have been explored for models of grains and dust, and for scalar fields 
(temperature) in turbulent edge plasmas.  The MD simulation work was part of a long 
standing and continued collaboration with A. Callisti and B. Talin, University of Provence. A 
new collaboration with Michael Bonitz, University of Kiel, on quantum kinetic theory for 
metallic clusters was begun during this latest period. Multiple pairwise extended visits to the 
institutions occurred to optimize all resources available since the original amount requested 
was decreased significantly in the final award. 

 
Quantum Kinetic Theory for Metallic Clusters 
 The wealth of experimental data on a wide range of metallic clusters has produced a 
number of theoretical challenges for a basic understanding of such systems. Two categories 
of such questions are those that involve dynamics of the ions as well as electrons, and those 
dominated by valence electron dynamics in the presence of “frozen” ions. For the first case 
see the section on quantum embedding below. In the second case the frozen ion 
configuration behaves as an inhomogeneous external confining potential for the electrons. 
The simplest mean field description is the nonlinear time dependent Hartree – Fock 
(TDHF) equation. Its classical limit would be the nonlinear Vlasov equation, but this limit 
does not exist due to the singular electron – ion attraction. Two routes for analysis have 
been explored, a direct quantum analysis of the TDHF and a semi-classical analysis of the 
Vlasov equation using “regularized” electron – ion Coulomb interactions. In the first case, 
the context of interest was metallic clusters where the confining potential of tightly bound 
electrons and ions was described by a simple Thomas – Fermi – Density Functional form. 
The TDHF was generalized formally to include a strong external pulsed laser field and the 
role of dynamical screening of an inhomogeneous electron cloud was discussed. The 
quantum kinetic equation was constructed in a gauge invariant form to accommodate a range 
of practical approximations for the external laser field. 
 
Semi-classical MD Simulation   
 The second approach to describing the dynamics of confined or inhomogeneous 
electron systems is via classical mechanics with Coulomb potentials modified to represent 
quantum effects at short distances. The TDHF equation becomes the Vlasov equation and 
the corresponding stationary equation is the weak coupling hypernetted chain (HNC) 
integral equation. The inhomogeneous electron structure has been studied by numerical 
solution to the HNC equation, while the dynamics has been analyzed via time correlation 
functions for the electron forces on the ions. Both have been reinforced by extensive MD 
simulation for this regularized potential. Peculiarities such as enhanced tails of the force 
distributions and dynamical anti-correlation in the dynamics have been captured 
quantitatively by the analytic studies. However, a surprising failure of the Vlasov model 
(including HNC) was found at weak electron coupling, but high Z ions. The origin is traced 



to the tail of the force distribution and further study comprises part of the proposed 
research here. 

The form of the regularized Coulomb potentials was studied as well, in an attempt to 
extend their applicability to the colder valence electrons of some metallic clusters. One 
approach is purely phenomenological, involving modification of the parameters in the weak 
coupling Kelbg form (this potential is virtually exact due to a fit to the exact solution of the 
two-particle problem with path integral Monte Carlo simulation; the resulting semi classical 
MD simulations work well even in the strong coupling regime, and fail only at temperatures 
below the molecule dissociation energy and for frequencies larger than the plasma 
frequency). We have also explored the non-perturbative approach of Feynman and Kleinert. 
The limitations of that variational approach have now been quantified for the plasmas of 
interest. More recently, regularized potentials to describe the quantum effects of 
confinement have been described and are the topic for continued research under the joint 
NSF/DOE program. 
 
Effects of Dissipative Dynamics 
 The qualitative effects of two types of dissipation on dynamics have been explored: 
turbulence in “edge” plasmas, and inelastic collisions among mesoscopic grains. In the first 
case we have studied the statistical properties of the ion temperature in a turbulent plasma, 
using a model of stochastic advection. Standard field theoretical methods developed for 
turbulence in neutral fluids have been applied to the Braginskii hydrodynamics for a complex 
plasma of electrons and ions. Predictions for overpopulated tails in the distribution of the 
temperature have been made, and the possibility for their observation via spectroscopy has 
been discussed. 
 Inelastic collisions among grains lead to qualitative differences from the dynamics of 
normal fluids (e.g., large scale instabilities). The effects of such inherent energy loss have 
been studied at both the Liouville and Boltzmann kinetic theory levels. The experience 
gained here will be exploited in future research on confined, charged dust particles. 
 
Collaborators, Postdocs, Students 
 Collaborations on this NSF/DOE research have been possible by leveraging limited 
grant funds. One graduate student (Aparna Baskaran, PhD May 2006) and has received 
support from the grant but with significant local support through competitive awards from 
the University of Florida. A second student under the direction of collaborator Bonitz 
(Andrea Fromm, Ms. December 2006) was supported by the University of Kiel. 
Postdoctoral fellow Yannick Marandet received half of his support from the French 
government. Postdoctoral fellow Jeff Wrighton has contributed without funding from this 
grant. Visitor Michael Bonitz, Professor of Physics, University of Kiel (Germany) was 
primarily supported by the grant. The PI’s continued collaboration with the University of 
Provence is supported by the French government. 
 

Publications under NSF/DOE award DE-FG02—2ER54677 
 
"Hydrodynamic Modes for a Granular Gas", James W. Dufty and J. Javier Brey,  Phys. Rev. 

E 68, 030302 (2003); cond-mat/0302170. 



“Temperature Dependent Quantum Pair Potentials and their Application to Dense Partially 
ionized hydrogen plasmas”, A. Filinov, V. Golubnychiy, M. Bonitz, W. Ebeling, and J. 
Dufty, cond-mat/0310665, Phys. Rev. E 70, 046411 (2004). 

“Charge correlations in the dynamics of dipole correlation functions”, E. Dufour, B.Talin, A. 
Calisti, M. Gigosos, M. Gonzalez, T. del Rio Gaztelurrutia, and J. Dufty, JQSRT 81, 
125 (2003). 

“High Z Ions in Hot, Dense Matter”, J. Dufty, B. Talin, and A. Calisti, in Theory of Energy 
Deposition, Advances in Quantum Chemistry 46, 293 (2004). 

“Quantum kinetic theory of confined electrons in a strong time-dependent field”, M. Bonitz 
and J. W. Dufty, in Superlattices and Microstructures 34, 225-229 (2004).  

“Quantum Kinetic Theory of Metal Clusters in an Intense Electromagnetic Field I”, M. 
Bonitz and J. Dufty, Cond. Matt. Phys. 7, 403-525 (2004), cond-mat./0409415. 

“Exact Short Time Dynamics for Steeply Repulsive Potentials”, James Dufty and Mathieu 
Ernst, Molecular Physics 102, 2123 (2005); cond-mat/0401635. 

“Kinetic Theory for Metallic Clusters II, Klimontovich Equation Approach”, James Dufty 
and Michael Bonitz in Kinetic Theory of Nonideal Plasmas", Michael Bonitz and Wolf-
Dietrich Kraeft, Eds., Journal of Physics: Conference Series 11 (2005). 

“Charge-Charge Coupling Effects on Dipole Emitter Relaxation within a Classical Electron-
Ion Plasma Description”, E. Dufour, A. Calisti, B.Talin, M. Gigosos, M. Gonzalez, T. 
del Rio Gaztelurrutia, and J. Dufty, Phys. Rev. E 71, 066409 (2005). 

“Spectral Line Shape Modeling and Ion Temperature Fluctuations in Edge Plasmas”, Y. 
Marandet and J. W. Dufty, Contribution  to Plasma Physics, 46(7-9), 197-202 (2006). 

“Hydrodynamic Modes for a Granular Gas from Kinetic Theory”, J. Javier Brey and James 
Dufty, Phys. Rev. E 72, 011303 (2005). 

“Doppler Line Shapes, Turbulence, and Neutral Transport in Tokamak Edge Plasmas”, Y. 
Marandet, P. Borner, S. Brezinsek, J. W. Dufty, Ph. Mertens, D. Reiter, G. Sergienko, 
and U. Samm, (special AIP Conf. Proc. issue Spectral Line Shapes 2006). 

"Quantum kinetic theory of trapped particles in a strong electromagnetic field" A. Fromm, 
M. Bonitz and J.W. Dufty, (submitted to Phys. Rev. E) 

 
Partial support acknowledged (grains) 

"Linearized Boltzmann Equation and Hydrodynamics for Granular Gases", J. Javier Brey, 
James W. Dufty, and Maria Jose Ruiz-Montero in Granular Gases, T. Poeschel and N. 
Brilliantov, ed. (Springer, 2003); cond-mat/0302180. 

“Hydrodynamic Equations for Granular Mixtures – A Review”, V. Garzo and J. Dufty in 
Horizons in Physics Research, (Nova Pubs., Hauppauge, NY, 2003). 

“Inherent Rheology of a Granular Fluid in Uniform Shear Flow”, A. Santos, V. Garzo, and 
J. Dufty, Phys. Rev. E 69, 061303 (2004), cond-mat/0309320. 

“Gaussian kinetic model for granular gases”, J. Dufty, A. Baskaran, and L. Zogaib, Phys. 
Rev. E 69, 051301 (2004), cond-mat/0312113. 

“Some Aspects of the Boltzmann Equation for Granular Gases”, James Dufty, in Rarefied 
Gas Dynamics, M. Capitelli, editor (AIP Conf. Prod. 762, NY, 2005). 

“Hard Sphere Dynamics for Normal and Granular Fluids”,  J. W. Dufty and A. Baskaran, in 
Nonlinear Dynamics in Astronomy and Physics, S. Gottesman editor (NY Academy of 
Sciences, NY, 2005), Annals of the New York Academy of Sciences 1045, 93 (2005); 
cond-mat./0503180 



“Origins of Hydrodynamics for a Granular Gas”, James Dufty and Javier Brey, in Modelling 
and Numerics of Kinetic Dissipative Systems, editors L.Pareschi, G.Russo, G.Toscani, (Nova 
Science, NY, 2005); cond-mat. /0410133.  

“Hydrodynamics from an Exactly Solvable Kinetic Model for a Granular Gas”, Aparna 
Baskaran and James Dufty, in Modelling and Numerics of Kinetic Dissipative Systems, editors 
L. Pareschi, G. Russo, G. Toscani, (Nova Science, NY, 2005); cond-mat. /0410084. 

 “Brownian Motion in a Granular Fluid”, James Dufty and Javier Brey, New J. Phys. 7, 20  
(2005); cond-mat. /0410133. 

 
Poster presentations 

 
"A practical kinetic theory for granular gases", A. Baskaran, J. Dufty, and L. Zogaib, 
American Physical Society meeting, Montreal, Canada, March 2004. 
 
“Some comments on regularized classical Coulomb potentials”, Wayne Bomstad, Aparna 
Baskaran, John Klauder, and James Dufty, South Eastern Section of the American Physical 
Society  meeting, November 2005. 
 
"Spectral function of externally confined electrons in a strong time-dependent  field", A. 
Fromm, M. Bonitz and J.W. Dufty, presented at German Physical Society Meeting 
(Condensed Matter Division), Dresden, March 27-31 2006, Verhandlungen der DPG, 
1/2006, p. 253 
 
"Quantum potential of confined charged particles in nonequilibrium", A. Fromm, M. Bonitz 
and J. W. Dufty, poster presented at German Physical Society Meeting (atomic physics and 
plasma physics Divisions), Duesseldorf, March 19-23 2007, Verhandlungen der DPG, 
3/2007, p. 144 
 
"Quantum potential of confined charged particles in nonequilibrium", A. Fromm, M. Bonitz 
and J. W. Dufty, poster presented at German Physical Society Meeting (Condensed Matter 
Division), Regensburg, March 26-30. 2007. 
 
"Quantum potential of confined charged particles in nonequilibrium", A. Fromm, M. Bonitz 
and J.W. Dufty, poster presented at the American Physical Society March Meeting, Denver 
2007. 
 

Theses 
 
Aparna Baskaran, “Statistical Mechanics and Linear Response for a Granular Fluid”, Ph. D 
thesis, University of Florida, May 2006, advisor: J. Dufty 
 
Andrea Fromm, "Nonequilibrium Green function approach to weakly inhomogeneous 
many-body systems in strong electric fields" (in German), Diploma thesis (master thesis), 
University Kiel, December 2006, advisor: Prof. M. Bonitz 
 
 
 


