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NIF opens new windows in HED science

As well an important role for OMEGA is to
develop techniques / diagnostics for NIF




Advances in High Energy Density Physics Require:

Drivers

Theory

Targets

Diagnostics

Given a driver innovation in targets and diagnostics drive new science




The HED diagnostic effort on NIF is international
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Most of the NIF diagnostics were
developed on Nova or OMEGA
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UGT experience, development
on OMEGA




Installing 39 NIF Diagnostics up to 2011,
most of them developed/tested on OMEGA

Installed

And there will
be more




15t NIF back-
lighting 11/09



Complex multi-target area back-lighter assemblies
are routinely fielded on OMEGA
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U of M: Supernova Radiatively Reduced Hydrodynamic
Growth Experiment on NIF based on OMEGA experience

Detector 3.55mm ID, 6.4 mm long

\ / gas-filled hohlraum

Point
projection
pinhole

'\ backlighter

LEH
shields

Possible because of technique
development with OMEGA shots
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On Nova gated x-ray imaging demonstrated control
of symmetry by changing beam pointing



The NIF Gated X-ray Detectors (GXD) are smart
versions of detectors developed on OMEGA and Nova
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Computer
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NIF gated x-ray imagers allow drive symmetry
to be tuned by measuring the shape of the
Imploded targets

Oblate
(P,=-0.6,P,=0.4)

) Less oblate
Core shape: (P, =-0.36
Gated x-ray P,=0.14) to
Imager
~Round
(P, =-0.04
P, =0.13)

Success of GXD due to OMEGA development
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First NIF backlit in-flight capsule experiment was
performed on Scale 4.6 mm, 660 kJ hohlraum drive

4.6 mm Hohlraum + Backlighter

Compilation of 1D-resolved 70

ps gated 8 keV radiographs

600 ps

134 ym-thick CH(Ge) capsule

Radius (um)

4/28/10 Landen
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Simulations that match measured peak drive
calculate 12% mass fraction vs 4% measured

Data versus post simulations that match measured peak drive to <7%
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First backlit shell reached ignition design 380 pym/ns
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The Wedge Range Filter ( WRF) were used on
NIF fall 2009 after major OMEGA/MIT development

NIF WRF proton spectrometer used in 2009,
improvements for 2010

In NIF 2009 campaign, MIT students
used their accelerator 16 hr/day for
calibration




Inferred pr from energy downshift of the escaping

D3He protons is also less than predicted

Yield

(1e8/MeV)
2

D +3He > 4He +p (14.7 MeV)

Measured Expected
Total <pr>~ AE = 110 £ 5 mg/cm? 260 mg/cm?
Shock <pr> =41 + 5 mg/cm? 65 mg/cm?
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 Compression '
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OMEGA

&€ Similar trend for proton spectrum increases confidence in radiography result
€ Next step is confirming sensitivity to initial capsule thickness as we did at

4/28/10

Landen, November 4, 2009, APS DPP
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The NIF magnetic recoil was developed
on OMEGA by MIT and LLE

e MRS has measured rr on OMEGA

e Action items were focused on transfer
of instrument technology to NIF



Summary

 Advances in HED requires innovative targets
 New diagnostics require a significant number of development
shots

« OMEGA is playing a major role in development of NIF
diagnostics
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Diagnostics can be categorized by the attributes
of the implosion they measure
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Cold Fuel
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iew, December 9-11, 2009




Gated x-ray imaging measures mix,

presumably seeded by surface perturbations

NO90904
X-ray Image

s

Good implosion

N091204 Gated
X-ray Image

NIF-1209-17998.ppt

Bad implosion

N091118

Ugly implosion
&
ugly simulation

Simulated X-ray
Image

Ignition tuning will use n hardened gated imager to monitor mix

Kilkenny—NIC Review, December 9-11, 2009




Diagnostics work in emission, absorption or scattering

Back-lighter Photons

beam or ....
Emission
or
HEDP |
plasma Absorption
Scattering

Probing techniques on large ICF facilities take time and shots to develop




