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Turbulent plasma flow can be amplified during a compression, if the compression is fast

compared to the viscous dissipation time of the turbulent eddies. A sudden viscous dissipation

mechanism is demonstrated, whereby this amplified turbulent kinetic energy is rapidly con-

verted into thermal energy, suggesting a new paradigm for fast ignition inertial fusion [1]. The

compression is used to store energy in the plasma flow, which does not radiate or fuse, until it

is suddenly dissipated after substantial compression into heat, igniting the fuel.

This effect relies on the temperature dependence of the plasma viscosity, µ ⇠ T

5/2

. The

plasma viscosity’s other strong dependence is the plasma ionization state. While fusion ex-

periments compress deuterium and tritium, which have Z=1, so that their viscosity behavior

is dominated by the temperature, X-ray producing experiments compress higher Z materials

where ionization can play a role. We show that the growth and dissipation of turbulence is

highly sensitive to the amount of ionization [2]. This sensitivity suggests two things. First, that

the timing of a sudden dissipation event leading to a burst of X-ray emission could be tuned

by changing plasma ion constituents. Second, that even modest contamination of Z=1 fuel by

higher Z material could substantially affect the amount of turbulence generated in the fuel dur-

ing compression.

This work can be used to give a simple condition, in terms of the initial rR, T , and compres-

sion velocity, for avoiding turbulence growth in mechanically heated inertial fusion hot-spots,

such as those at the National Ignition Facility.

Similar considerations to those presented here can be used to give a lower bound on the

amount of turbulent growth during astrophysical compressions, such as the gravitational con-

traction of supersonic turbulence in molecular clouds [3].

Experimental results on gas-puff Z-pinches at the Weizmann Institute, finding large quantities

of non-radial hydrodynamic motion at stagnation [4, 5], inspired these investigations.
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