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Summary: The energy density level, which is required to achieve in the MAGO/MTF approach, can
be characterized by the pressure of tens of megabars. The progress of that approach must rely on the
research results in the field of high energy density (HED) physics and the investigations in the
frames of this system contribute to different fields of HED physics.

Introduction

The MAGO/MTF (MAGO is Russian abbreviation for MAGnetic Compression and MTF is Magnetized
Target Fusion) approach [1, 2] consists of two phases:

First, magnetized plasma suitable for further compression (with the closed-field-line magnetic field
~0.1 MG, the density ~10" cm?, the temperature ~300 eV, and low impurity percentage, since impurities
increase radiation losses) is generated.

Then, the plasma is quasi-adiabatically compressed by liners (at velocities ~10 km/s) using powerful drivers
[e.g. explosive magnetic generators (EMG’s)] and its parameters are brought to the ones meeting the Lawson
criterion.

The DT plasma obtained in MAGO experiments in the volumes of ~1-3 | had density ~10"cm” and
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temperature ~300 eV and the obtained neutron yield was up to 4-5x10 . The simulations of MAGO plasma
compression with a solid liner, which parameters were characteristic for yet achieved in experiments (energy
~25 MJ, velocity ~8 km/s), gave the following plasma characteristics at compression:

DT plasma density 3.9x10” cm”,
Energy density 2 MJ/cm3, and
Neutron yield 3x10™.

Other MTF approach uses Field Reversed Configuration (FRC) and its compression by a solid liner [3]. FRC
has closed configuration of poloidal magnetic field inside plasma. The FRC obtained in the experiment has

the density ~0.5 1017cm'3, temperature 200-300 eV, and size ~2 cm. The Al liner proposed for plasma
compression was also experimentally studied. In these experiments the liner gained the velocity of 4 km/s.

Application of the MAGO/MTF Researches for the Studies in the Field of HED Physics.

HED’s are typical for MAGO/MTF systems. This allows using the methods and various elements developed
in these systems for different HED problems. Among these problems we can name the study of material
dynamic properties [4] [equations of state (EOS’s), dynamical strength, damage phenomena, etc.], the study
of surface discharges in strong magnetic fields [5] (including study of interaction of strong magnetic fields
with the metal surface [6, 7], which paved the way for the study of warm dense matter properties [4, 8]), the
study of hydrodynamic and MHD instabilities [9, 10], the study of different hydrodynamic and MHD flows
behavior for the calibration of numerical techniques, as well as the investigation of new fields of HED
physics such as mechanisms of plasma heating with collisionless shock waves, anomalous heating in the
near-electrode plasma flows, 2D turbulent viscous heating, etc. An example of such a problem:

TPa scale EOS experiments based on imploding liner. Powerful EMGs and energetic liners developed for
the MAGO system can be used for the EOS study in the HED area. Now LANL and VNIIEF are
collaborating [11] in designing a TPa scale EOS experiment based on imploding liner driven by the DEMG
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current of 60 MA. The experiment relies on strong (~6 MG) magnetic fields to produce implosions in
condensed matter liners at velocities of ~20 km/s above those achievable by gas guns or direct HE.

Conclusions

- The progress of the MAGO/MTF systems relies on the results of the investigations of HED physics.
These are the data on the EOS’s and the radiation/matter interaction, kinetic coefficients, the data on
shock waves and their structure, the data on the interaction of ultrahigh magnetic fields with matter and
surface discharges in such fields, the research results for different hydrodynamic and MHD-
instabilities, etc.

- The methods, as well as multiple elements, developed in the MAGO/MTF systems can be used for
solving different HED physics problems. Among such problems we can list the study of material
dynamic properties the study of surface discharges in strong magnetic fields, the study of
hydrodynamic and MHD-instabilities, the study of behavior of different hydrodynamic and MHD
flows for the calibration of numerical techniques, as well as new fields of HED physics, such as
mechanism of plasma heating using collisionless shock waves, 2D turbulent viscous heating, etc.
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