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Scaling laws relating stagnation and in-flight 
hydrodynamic variables are derived for the 
design of direct-drive ICF targets

TC7920

•	 Such	scaling	laws	can	be	used	to	optimize	direct-drive	target	design.

•	 Scaling	laws	relating	stagnation	and	in-flight	variables	are	derived	for	
hydrodynamic variables relevant to conventional and fast-ignition ICF

  – hydrodynamic efficiency and target gain

  – stagnation aspect ratio, shell density, and areal density

  – hot-spot areal density, temperature, and pressure

•	 Based	on	such	scaling	laws,	fast-ignition	targets	require	low-velocity,	
low-adiabat implosions

Summary

FSC



The simple rocket model yields the scaling of the 
hydrodynamic efficiency to be used in the gain formula

TC7933

•	 Hydro-efficiency	derived	
from the rocket model

•	 For	Ma < 0.7 M0

  ~ I VL i L
theory 0.5h m-0.25- .0 75

 – IL = laser intensity 

 – Vi = implosion velocity

 – mL = laser wavelength
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Energy gain increases for low-implosion velocity, 
high areal density, and shorter laser wavelength

TC7934

•	 Higher	tR " longer burn time

•	 Lower	Vi " more fuel mass for the same kinetic/laser energy
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In	fast	ignition,	small	hot	spots	require	low-implosion	
velocity; the stagnation aspect ratio decreases with 
lower-implosion velocity

TC7936
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The shell areal density depends on adiabat and driver 
energy and is almost independent of implosion velocity

TC7937
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The shell density depends on adiabat and implosion 
velocity and is independent of driver energy

TC7938
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Stagnation hydro-properties derived from the hot-spot 
energy	balance,	the	thin-shell	equation	of	motion,	and	
the hot-spot mass conservation

TC7939

•	 Hot-spot	energy	equation
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The stagnation hot-spot pressure depends 
on implosion velocity and adiabat
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Pressure averaged 
over hot-spot 
volume
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The hot-spot temperature decreases 
with lower-implosion velocity

TC8029

Ion temperature 
averaged over 
hot-spot volume
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The stagnation hot-spot areal density depends 
on adiabat, driver energy, and implosion velocity
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Optimized	fast-ignition	cryo	targets	are	thick	shells	
of wetted foam with an initial aspect ratio of ~2
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These targets have high areal densities and low IFAR

TC7586

FSC

Maximum  
tR 3 g/cm2

a 0.7

Vi 1.7 × 107 cm/s

IFAR 18

Maximum  
tR 1.9 g/cm2

a 0.7

Vi 1.7 × 107 cm/s

IFAR 18

Maximum  
tR 0.78 g/cm2

a 1.0

Vi 2.6 × 107 cm/s

IFAR 30

Low-adiabat implosions are driven by RX laser pulses.
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Summary/Conclusions

Scaling laws relating stagnation and in-flight 
hydrodynamic variables are derived for the 
design of direct-drive ICF targets

•	 Such	scaling	laws	can	be	used	to	optimize	direct-drive	target	design.

•	 Scaling	laws	relating	stagnation	and	in-flight	variables	are	derived	for	
hydrodynamic variables relevant to conventional and fast-ignition ICF

  – hydrodynamic efficiency and target gain

  – stagnation aspect ratio, shell density, and areal density

  – hot-spot areal density, temperature, and pressure

•	 Based	on	such	scaling	laws,	fast-ignition	targets	require	low-velocity,	
low-adiabat implosions
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