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outline

• A brief introduction to Inertial Confinement Fusion

• Improvement neutron yield by the use of diamond ablator

• into the burning plasma regime
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Fusion combines light nuclei into a heavier nucleus and
releases huge amounts of energy
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The Coulomb barrier makes high temperatures
necessary for DT thermonuclear fusion



There are at least three ways to achieve nuclear 
fusion
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The idea of ICF is to compress fuel to thermonuclear
conditions



The most efficient compression is spherical
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The most efficient compression is isentropic
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The most efficient implosion is fast
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There are at least three ways to achieve nuclear 
fusion
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~600 MJ of electricity is used to generate 1.8MJ/480TW

- 192 Beams

- Energy:  1.8 MJ

- Power:  500 TW

(1000x the power in the 

US electrical grid) 

- Frequency Tripled Nd Glass

- Wavelength:  351 nm

- Pulselength: ~25 ns



~1.3MJ of X-rays is generated by the interaction of the 
laser with a high Z cavity
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Major challenge: laser beam pointing and energy repartition in the hohlraum must 

be designed to symmetrically drive the capsule



~150 KJ of energy is absorbed by the 2 mm 
diameter low Z capsule

X-ray self-emission image from 

a DT implosion at peak 

compression

Diameter ≈ 50 μm

2 mm



~20 KJ of kinetic energy is reached at peak velocity 
of the capsule 

Major challenge: The capsule must be designed and driven to withstand hydro 

instabilities
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outline

• A brief introduction to the Inertial Confinement Fusion program at LLNL 

• Improvement neutron yield by the use of diamond ablator

• Into the burning plasma regime
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Having found an optimum in term ablator and hohlraum, 
we can now tune the implosion symmetry
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Radiographs of imploding shell diagnose symmetry 
through convergence ~5x

 Lasers heat external material to form 

backlit radiographed image

 Measures symmetry of shell as 

implosion progresses

 First view of shell symmetry 

N160119

P2: -5 µm

P4: +7 µm

 Symmetry requirement (±5 µm P2) 

maintained in multiple experiments

2D X ray radiography of the convergent 

ablator

Measured shell shape



X-ray emission from final hotspot in gas-filled capsule 

demonstrates symmetry control at convergence ~12x 

N160221

P2: -1%

P4: 0.4%

keyhole
P0 850 µm
CR 1

2DconA
P0 200 µm
CR 4.2

DD Symcap
P0 72 µm
CR 12
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Symmetry control resulted in high neutron yield at ~ half of 
the laser energy of previous platforms
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Where does the energy go?

Fuel energy
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*ρρρρR = areal density
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Is the Bremsstrahlung loss term

Is the electron conduction term

Energy balance in the hot spot
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Energy balance in the hot spot

• Kinetic energy of the shell : 21 KJ

• Hot spot energy : 
%

&
'()*+,-./01 = 4.7 ± 1.17 kJ

• Alpha deposited energy : 8.7 ± 1.36 kJ

• Bremsstrahlung loss: 7 ± 2 kJ

• Electron conduction loss: 3.4 ± 1 kJ

• Fusion energy : 57 KJ
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Symmetry control with low gas-fill hohlraums has extended 

implosion efficiency and performance in all hot-spot metrics

Experiments are making progresses, what about the simulations? 26



Further improvement of the yield was achieved

By reducing mix in the hot spot 



The latest experiment in August has reached the 
burning plasma regime close to ignition
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