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The NIF uses modular cassettes that plug into a fixed 
mechanical structure









NEL has fired over 300 full systems shots so far
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NIF Project completion criteria:
Laser Performance















The first physics experiments on NIF measured 
laser-plasma interactions

16 kJ
UV

• Understanding LPI is important for indirect drive ignition 
and laser performance

• These measurements could not be performed on any 
other laser system





















NIF Indirect Drive target schematic

Typical Pulse Shape

Ablator 
(CH or Be)

DT Ice

DT gas fill
(0.3mg/cm3@18°K)
(0.5mg/cm3@19°K)Hohlraum Wall: 

– Au or High-z 
mixture (cocktail) 

– Full density 
or foam

Capsule

Laser Beams 
in 2 rings

Laser Entrance Hole 
with window



Ignition requires optimization of the energetics, symmetry, 
implosion dynamics, target design and fabrication

• Drive Symmetry
— Measurement
— Control 

(uniformity to 1% or
1 degree pointing)

•  Implosion Dynamics
— Accurate measurement

techniques for shock timing
— Material studies (EOS, ablation

rate, etc. (Shock timing to 100 ps)

• Target Design and Fabrication

— Ablator choice (Be, CH)
— Capsules (smooth to  10’s -
100’s of nanometers)
— Cryogenic fuel layer 

(smooth to ~ 1 - 5 µm)

• Hohlraum Energetics
— Laser absorption

— Stimulated scattering
— Conversion efficiency 

to x-rays 
— Albedo/X-ray 

wall loss



Research over the last 7 years has substantially 
increased confidence in ignition
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Improved ignition designs with substantially increased margin

Very smooth capsule mandrels

X-ray measurement of DT layer in opaque capsule!

Enhancements (energetics, DT layer roughness, . .)
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Detailed design calculations are being performed on LLNL’s
ASC systems

Ignition time140 ps before 
ignition time

Plastic/DT
interface

Hohlraum
axis

Stagnation
shock

400 g/cc density
isosurface 
(different scale)

60 g/cc density 
isosurface

Gave 21 MJ (90% of 1D 
calculation)
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The graded doped Be capsule can
tolerate 60x the NIF standard

Be Capsule designs using graded dopants for pre-
heat shielding have the best calculated performance

Optimized 
Uniform 
Dopant 
Be(Cu) 
Design

Tolerance to ice roughness is also better (5 µm compared to 1 µm)





The DT fuel layer in optically opaque beryllium has been 
recently characterized with x-ray refraction

• Rays tangent to surface are   
slightly deflected

• Other rays are very nearly 
un-deflected

• This method is many times 
more sensitive than absorption

Point projection 
radiograph image

DT liquid 
meniscus

Be(Cu) 
shell

Fill tube

~ 1 hour

Point projection 
radiograph image

DT β
layer

Ice
shell

x-rays



Our new approach fills the target through a micro fill-tube 
using a self-contained fuel reservoir

View of 2mm shell through 
laser entrance hole

View of 2mm shell 
through side hole

ShellLaser 
entrance hole

Cooling 
rings

Hohlraum
Fill tube Cooling 

rods

Fuel 
chamber

• Fuel pressure 2-3 atm
• ~ 4 - 5 Ci DT

• Capsule filled in target positioner
by temperature control on fuel 
reservoir and hohlraum

Fill tube
8 µm ID



Decoupling the tritium fill system from the
cryogenic positioner allows simple target handling



















NIF Energy Availability
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