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Magneto-Inertial Fusion and Magnetized High Energy Density
Laboratory Plasma

MK IE %3 (Professor Y. C. Francis Thio)
I3 R T L Y E R LN

#HEAEAN: B IE Z T is presently the Deputy Director and Chief Scientist of the
Center for Ultimate Energy (CUE, %4 #% f¢ J& ¥ ) of ShanghaiTech
University. Prior to joining ShanghaiTech in December 2019, Professor
Zhao been a Program Manager at the U.S. Department of Energy Office
of Fusion Energy Sciences, the Leader for Advanced Plasma and Fusion
Propulsion at the U.S. NASA Marshall Space Flight Center, Associate
Professor of Physics at the University of Miami, Florida, Scientific
Affiliate at the U.S. Los Alamos National Laboratory, Senior Research
Engineer at the U.S. Westinghouse R&D Center, and Research Scientist
at the Australian Defence Science and Technology Materials Research
Laboratory. He was the originator of the Plasma-Jet driven Magneto-
Inertial Fusion approach (PJMIF). As the Chief Scientist of CUE, he is
leading the development of six major laboratories devoted to the pursuit
of PIMIF. Previously, he has led the development of five megajoule-
class pulsed power laboratories for research for various applications of
magnetized high energy density laboratory plasma. He was the first
scientist who demonstrated the acceleration of a solid projectile with a
mass of 1 gram to the orbital velocity of 8.2 km/s using a dense plasma
in a railgun. He was the Senior Scientific Advisor to the U.S. NavAir
Engineering in Lakehurst, New Jersey during the early phase of the
development of EMALS (Electromagnetic Aircraft Launch System) for
launching aircrafts from aircraft carriers. While at NASA, he led a
NASA-wide system design of a fusion propulsion system to propel a
human mission to Callisto, a moon of Jupiter. At the U.S. DOE, he
played a major role in the U.S. program in innovative fusion approaches
including magneto-inertial fusion, fast ignition and shock ignition for
inertial fusion energy application.

LW E . The successful attainment of ignition at the National Ignition Facility

at the U.S. Lawrence Livermore National Laboratory draws attention to
the question how to package inertial fusion energy (IFE) for commercial
generation of electricity. Substantial scientific and technological challenges
remain to be overcome. Economically practical targets and drivers remain to be
developed. Targets must be fabricated at high repetition rate on the fly and must
produce sufficiently high fusion gain to overcome the low wall-plug
efficiency of conventional inertial fusion drivers. They must be injected
from a sufficiently large distance from the center of the fusion reactor
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and placed at the center of the reactor with sufficiently high precision at
several hertz. The drivers must be rep-ratable and of reasonable cost.
Magneto-inertial fusion (MIF) provides an additional knob in
addressing all these challenges.
The essential ideas behind MIF have existed for a long time since the
1980’s. The concept involves freezing magnetic flux in the hot spot of
an inertial fusion target or embedding magnetic flux in a target plasma
bounded by a conducting shell serving as a magnetic flux conserver. In
a manner similar to conventional inertial fusion, the hot spot or the
conducting shell is imploded. As the shell or the hot spot implodes, the
magnetic flux is compressed with it, increasing the intensity of the
magnetic field. The intense magnetic field suppresses cross-field
thermal diffusivity in the plasma during the compression, and thus
facilitates the compressional heating of the plasma to thermonuclear
fusion temperatures. The extremely high magnetic field created in the
hot spot or the target plasma enhances alpha energy deposition in the
fusing plasma, further enhances self-heating of the target plasma.
There are two main classes of MIF, the class of high gain MIF and the
class of low-to-intermediate gain MIF. Both attempt to make use of a
strong magnetic field in the target to suppress electron thermal transport
in the target and thus rely upon the same scientific knowledge base of
the underlying plasma physics. However, their strategies for addressing
the above challenges of IFE, suitable targets and drivers, are different.
Exceedingly strong magnetic fields are also present in astrophysical
situations, and present theories suggest that their interactions with
plasmas play an important role in many astrophysical processes
including gamma ray bursts (GRBs), accretion disks, and astrophysical
jets. Experimental facilities, theoretical and computational capabilities
developed for Magneto-inertial fusion (MIF) also provide opportunities
to create and study dense plasmas in ultrahigh magnetic fields of interest
to astrophysics.
In this lecture, we begin by discussing the research opportunities in
high-gain MIF which is an evolution from conventional inertial
confinement fusion (ICF). This is followed by a discussion of the
extension of the MIF concept to the low and intermediate gain regime
using pulsed power drivers with far higher driver wall-plug efficiency
than conventional ICF drivers based on lasers or particle beams. In these
approaches, the target plasmas may be produced on the fly economically.
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