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Summary:

Our theoretical/computational group is based in the Physics Department of the University of
Texas at Austin. The PI and his team are also affiliated (and physically located) at the Institute
for Fusion Studies (IFS). The focus of our work during the duration of this grant was on the
following areas: (a) the fundamental plasma physics of intense laser-plasma interactions,
including the nonlinear excitation of plasma waves for accelerator applications, as well as the
recently discovered by us phenomenon of the relativistic bi-stability of relativistic plasma waves
driven by a laser beatwave; (b) interaction of high power microwave beams with magnetized
plasma, including some of the recently discovered by us phenomena such as the Undulator
Induced Transparency (UIT) as well as the new approaches to dynamic manipulation of
microwave pulses; (c) investigations of the multi-color laser pulse interactions in the plasma,
including the recently discovered by us phenomenon of Electromagnetic Cascading (EC) and the
effect of the EC of three-dimensional dynamics of laser pulses (enhanced/suppressed self-
focusing etc.); (d) interaction of high-current electron beams with the ambient plasma in the
context of Fast Ignitor (FI) physics, with the emphasis on the nonlinear dynamics of the Weibel
instability and beam filamentation.

How did the Junior Investigator in Plasma Physics Grant Enhance My Carrer?

(a) Promotion to Associate Professor (with tenure) in September 2006

(b) Election to APS Fellowship through the Division of Plasma Physics (2008)

(c) Award of three additional grants in the field of plasma physics (2005-08: DOE-HEP
grant titled “Theoretical Investigations of the plasma-based particle accelerators’; 2005-
2007: DOE-FES grant titled “Research In Innovative approaches to high energy density
physics in fusion sciences”; 2007-2010 DOE-FES grant titled “Collective high-current
beam effects relevant to fast ignition of fusion targets”.

Besides the PI, the group included (at various stages of this project) three postdoctoral fellows
(Sergey Kalmykov, Oleg Polomarov, and Yoav Avitzour), graduate students (Michael
Tushentsov, Austin Yi, Carl Siemon), and undergraduate students (Jakub Otwienowski and Jae
Park). A short-term visitor, Professor Michael Tokman, from the Nizhny Novgorod Institute of
Applied Physics, has also worked closely with our group. While pursuing basic research, we pay
special attention to possible applications: plasma-based accelerators, laser energy compressors,
microwave pulse compressors, etc. Most important advances have been made in the following
areas: (i) theory of laser pulse compression in the plasma using Electromagnetic Cascading; (ii)
electromagnetic wave propagation and manipulation in magnetized plasma in the presence of
static magnetic fields, (iii) relativistic bi-stability of relativistic plasma waves driven by a laser
pulse, (iv) Weibel instability of relativistic beams in the plasma. Members of our group have
attended several plasma physics meetings and made a number of contributed and invited
presentations. The meetings are: CLEO/QELS’05 in Baltimore, MD; Frontiers in
Optics/Division of Laser Science Meeting in Tucson, AZ (Fi0’05); Division of Plasma Physics
APS meetings in Denver CO (2004-2007), Advanced Accelerator Concepts Workshops (in 2004



and 2006), and the Scientific Discussion Meeting of the Royal Society of London. Several
invited talks by the group members were given at the annual APS/DPP meetings (Shvets in 2004,
Kalmykov in 2005, Polomarov in 2006).

Our recent work on generation of a femtosecond pulse train was recently highlighted in the
journal Nature (vol.436, 14 July 2005) under the Nature Research Highlights headline (see
below). We have published the results of our work supported by this grant in the leading
international journals, including Physical Review Letters, Nature Physics, Physics of Plasmas,
and Physical Review E.
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