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Fusion can be accomplished in three different ways
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This talk describes our progress in inertial confinement
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NIF was designed to
address ignition
physics at full scale
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Ignition on NIF requires extremes in density
and temperature

Deuterium-Tritium (DT) fuel

DT is ~ 100X more reactive than any
other fusion reaction

~ 0.1 mm
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Ignition on NIF requires extremes in density
and temperature

Deuterium-Tritium (DT) fuel

DT is ~ 100X more reactive than any
other fusion reaction

~ 0.1 mm
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There are two principal approaches to

compression in Inertial Confinement Fusion
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Indirect Drive
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This talk focuses on Indirect Drive
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Indirect drive on the NIF is within a factor of 2-3 of
the conditions required for ignition
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Story of NIF and Ignition
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The National Ignition Campaign (NIC) has made strong progress towards ignition
and initiated operation of NIF as the world’s premier HED science facility
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The ignition point design drove demanding technical

requirements

NIF Laser

Doped plastic cryogenic
layered point design
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We have met these requirements
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Increase in energy roughly 10kJ/week,
now exceeding the original NIF
specifications (1.8 MJ / 500TW)

NIF operational capabilities — laser energy/power

* NIF laser is steadily increasing
NIF has now achieved its 1.8 MJ
milestone, with a power of 522
TW in an ignition pulse format
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July 5, 2012

March 15, 2012
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Number of target diagnostics

60 target diagnostics enable cutting
edge science on the NIF
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Target is the “fusion system” which can be modified on every shot
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We can now build capsules that meet ignition target -l

specifications

CH 1mm

Si dopant layers

b Solid DT layer

~ 0.1mm thick

20nm surface
finish
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Indirect drive on the NIF is within a factor of 2-3 of

the conditions required for ignition
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Shots in 2010-2011, with low laser drive and less
compression, moved toward point design
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In 2012, higher compression and more laser drive

resulted in CH mix into the hotspot

2013-047661s2.ppt

Pt (atm-s)

100

NIF Ignition
Increasing mix

Point design

. High mix

First layered shot . Intermediate mix

9/29/10
. Low mix

10
Hotspot temperature (keV)

Callahan — AAAS, February 14-18, 2013 21



We believe some of the pressure deficit is due to
nonspherical compression

ICF capsules shrink
in volume by greater
than 40,000x
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Hohlraum axis: NIF hohlraums irradiate ignition
capsules with symmetry similar to that of a basketball
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High convergence can lead to instability growth that
“mixes” plastic into the fuel

ICF capsules shrink
in volume by greater
than 40,000x
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Hohlraum axis: NIF hohlraums irradiate ignition
capsules with symmetry similar to that of a basketball
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We have begun measuring fuel layer asymmetry
inflight with backlit radiography

i Gated images of imploding
: 10 keV .'_> capsule on framing camera
Xrays
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The capsule starts at 2mm diameter

1.1 mm

215
MM

~2 mm
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Images inflight show Legendre mode 4 “diamond”
shape to fuel layer

NI21004

Bang time — 600ps 215

Mm

Legendre mode 4 asymmetry is corrected by 5-10% change in hohlraum length
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215
Mm

300 ps later, we can see the hotspot begin to form
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Early hot spot
formation
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Despite cold fuel asymmetry the hot spot looks quite

round at peak emission

DT shot N120716
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Most recent data (Oct-Dec 2012) probes fuel shape at
stagnation
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2-D simulation at bang time 3-D simulation at bang time
<100 resolution { < 50 resolution

2-d and 3-d capsule simulations are used to study
the capsule implosion
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NIF laser, targets, and diagnostics are in place and

significant progress has been made toward ignition

 Full-scale fusion facility is now operational,
working to ignition specifications
— Full energy, high availability laser
— Wide diagnostics suite
— Broad set of experimental platforms

» After 18 months of cryogenic layered,

implosion experiments, now within a factor @ENERGY
of 2-3 in pressure from ignition
— This corresponds to a factor of 5-10 in National Nuclear Security
yield Administration’s Path

Forward to Achieving
Ignition in the Inertial

» Focus now is on understanding the gﬁ;‘;‘r':;;“e"t ="
remaining gap
— Near term focus will be on the becambar
interaction of gross asymmetry with
fuel mix
— Approach outlined in NNSA report to e ngion o 20583

Congress (Dec 2012)
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