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Summary:  Two central points to take away.......Summary:  Two central points to take away.......

Shock ignition offers the potential for high gain* 
cryo targets on NIF at ~0.5MJ drive energy in 

the near(ish)-term

1D gains ~50+ at ~0.5MJ
(*And modest gains ~1 in non-cryo metal/gas targets?)

Proof-of-principal experiments of polar drive 
symmetry, shock drive efficiency and LPI at 

medium-high convergence ratio may be 
fieldable in the immediate term with cryo- 

equivalent, room-temp CH targets and 
present laser hardware
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Time

Laser
power

~350TW

~90TW

Day-1 phase-plates, 
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.....(beam 
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Candidate NIF shock ignition targetsCandidate NIF shock ignition targets

Non-Cryo
Hydro-Equiv. CH

Non-Cryo 
Pushered Single 

Shell

High Gain Cryo

• Immediate term (~1-3yr) 
tests of polar drive 
symmetry, shock 
coupling, late-time LPI 
with day-1 hardware

• Diagnostic yields only at 
~0.5MJ drive

• Near term (~3yr) tests of 
room-temp volumetric 
ignition at ~4keV

• Gain/yield ~1/1MJ @ 
~1.5MJ drive

• Req’d NIF hardware?

• Medium term (~4+yr) 
tests of high gain shock 
ignition @ <1MJ

• Gain/yield ~60/30MJ @ 
0.5MJ drive

• Req’d NIF hardware?

• Longer term (≥6yr) tests 
of high yield shock 
ignition

• Gain/yield ≥100/100MJ 
@ ≥1MJ drive

Graded 
ablator- 
pusher

DT gas ~25- 
45atm

Be anti-mix 
layer

Be

Au

CH

Diagnostic 
gas, Ar,  D2 , 

D-3He

~500Å Au

DT gas
~0.3mg/cc

~500Å

 

Au 
IR refl. 

Solid DT 
wicked into 

CH foam

CH seal 
coat

All-DT fuel 
and ablator

Solid CH 
ablator

~to scale
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Shock Ignition: Preliminary yield and gain curves for NIFShock Ignition: Preliminary yield and gain curves for NIF

NIF Shock Ignition Gain Curve
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* L.J.Perkins,et al.,  Phys. Rev. Lett., 103, 045004 (2009)
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Shock Ignition: Preliminary yield and gain curves for NIFShock Ignition: Preliminary yield and gain curves for NIF

NIF Shock Ignition Gain Curve
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Can we trade the high-gain inherent in (cryo) shock ignition for:
(1) Modest gains ~1 in room-temp metal/gas targets?

(2) Modest gains ~1 in highly robust igniting cryo targets?
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NIF laser operational space and performance limitsNIF laser operational space and performance limits

3ω
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Optics Impact Metric: Number of high value optics that 
are “touched” per shot for maintenance purposes at 3ω

3ω
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NIF Laser Performance and 
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Full implementation of NIF polar drive will require five Full implementation of NIF polar drive will require five 
hardware upgrades for a (cryo) ignition demonstrationhardware upgrades for a (cryo) ignition demonstration

R.McCrory, D.Meyerhofer, National Academy ICF 
Target Panel, Washington DC 2/16/11
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Full implementation of NIF polar drive will require five Full implementation of NIF polar drive will require five 
hardware upgrades for a (cryo) ignition demonstrationhardware upgrades for a (cryo) ignition demonstration

McCrory, D.Meyerhofer, National Academy ICF 
Target Panel, Washington DC 2/16/11

What definitive shock ignition experiments can we do in the 
immediate term with day-1 hardware?



9

A paramount issue: Optimization of NIF polar drive symmetry and A paramount issue: Optimization of NIF polar drive symmetry and shock shock 
coupling efficiency at high convergence ratiocoupling efficiency at high convergence ratio

• 96-beams (main+shock) at r0 at t = 0;   96-beams (shock) zoomed at rshock at t = tshock
• Optimize pointing, focal spots and power phasing on each of 2x4/8 sets of quad/beam rings 

All-DT or CH/DT
~0.5MJ-drive, 

gain-60,  30MJ 
yield

(A) (B)

Example of split quad 
pointing for optimum 

beam uniformity
4 rings of quads split into 

2x4 rings of beams

(C)

Necessary for 
beam 

uniformity?
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NIF Polar Drive: With ~24 independent variables, optimization NIF Polar Drive: With ~24 independent variables, optimization 
formalism will exercise LLNL computation facilities to their limformalism will exercise LLNL computation facilities to their limitit

Hydro Codes: 
LASNEX 2D

(HYDRA 2D/3D)

Variables
-Beam pointings
- Beam focusings

- Initial powers
(e.g, ~2x4 =8 each 

pointings, focusings, 
powers)

Objective functions
- Deposition uniformity 
~rms{el(k)}/av{el(k)}
- Implosion uniformity 
~rms{cm(k)}/av{cm(k)}

Time-dependent 
polar-power control 

- PID controller

DAKOTA OPTIMATION CONTROL SHELL*

outer iteration

inner 
iteration

* DAKOTA –

 

Sandia National Laboratory, http://www.cs.sandia.gov/DAKOTA/index.html

 

(= “UQ Pipeline” at LLNL)

http://www.cs.sandia.gov/DAKOTA/index.html
http://www.cs.sandia.gov/DAKOTA/index.html


Can we achieve timeCan we achieve time--dependent polar power optimization via an dependent polar power optimization via an 
onon--thethe--fly PID controller in one forward run of the hydro code?fly PID controller in one forward run of the hydro code?

Error = K1e(θ ) + K2de(θ) /dt + K3 e(θ)dt∫
e(θ) ~ f [datum r1D(t) − r(t,θ )]......
Minimize Error through control of 2x4 
ring powers at time step t+Δt 
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The simple target mounts to the modified cryoTARPOS cold plate The simple target mounts to the modified cryoTARPOS cold plate 
via its fill tube.  A new He gasvia its fill tube.  A new He gas--tight cryoshroud will be requiredtight cryoshroud will be required

Arm ringdown time is ~3- 
5s.

Can we get by without an 
opposed-port cryoshroud?

0.5MJ S.I. Target: Beta heat temp rise

Time (s)

Te
m
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ra

tu
re

 (K
)

ρgas ~0.3mg/cc

From R. Cook April 2010

(100% I.R reflection)

0.55-MJ 
gain-60 
all-DT

1mmCH
All-DT

Au
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A NIF fillA NIF fill--tube target has been demonstrated at LLE that will be tube target has been demonstrated at LLE that will be 
optimized to meet polaroptimized to meet polar--drive ice specificationsdrive ice specifications

R.McCrory, D.Meyerhofer, National Academy ICF 
Target Panel, Washington DC 2/16/11



The focalThe focal--spot conditioning strategy for polarspot conditioning strategy for polar--drive ignition drive ignition 
includes phase and polarization platesincludes phase and polarization plates

R.McCrory, D.Meyerhofer, National Academy ICF 
Target Panel, Washington DC 2/16/11



A MultiA Multi--FM SSD beam smoothing demo on OMEGA EP will FM SSD beam smoothing demo on OMEGA EP will 
validate laser imprint performancevalidate laser imprint performance

R.McCrory, D.Meyerhofer, National Academy ICF 
Target Panel, Washington DC 2/16/11



A MultiA Multi--FM SSD beam smoothing demo on OMEGA EP will FM SSD beam smoothing demo on OMEGA EP will 
validate laser imprint performancevalidate laser imprint performance

R.McCrory, D.Meyerhofer, National Academy ICF 
Target Panel, Washington DC 2/16/11

Simulations of multi-FM 1D SSD beam smoothing on a candidate NIF 
1.5MJ-drive CH foam/DT target (J. Marozas  Bull. APS 2008) 

Late time imprint at end of acceleration phase reduces to ~2D SSD levels



A central question for shock ignition: Is stability more forgiviA central question for shock ignition: Is stability more forgiving ng 
relative to conventional (fast compression) hotspot ignition?relative to conventional (fast compression) hotspot ignition?

Shock ignition has low velocity 
thick shells – more robust to 

inflight breakup
NIF NIC 

V~3.9e7cm/s
NIF SI 

V~2.9e7cm/s

RT during acceleration:
- Inflight breakup RT during stagnation:

- Ignition quench by mix

Conventional PdV hotspot 
ignition with high velocity 

thin shells:

Does the late-time shock 
mitigate RT growth and HS 

mix?

RT instability 
at stagnation

Compression 
only

Compression 
plus shock

R.Betti,
G. Schurtz , 
S.Atzeni et al.



HiPER allHiPER all--DT shock ignition target suggests shock mitigation of DT shock ignition target suggests shock mitigation of 
hotspot Rhotspot R--T growth.  Has OMEGA observed this T growth.  Has OMEGA observed this 
experimentally?experimentally?

HiPER all-DT target
-

 

Compression beams: radial rays with 
multimode perturbation. Shock beams: 
symmetric radial rays

- RT mitigation from: (a) shock R-M reversal 
of compression RT (b) ablation stabliz. of 
igniting HS

Compression only
At stagnation

YOC ~0

Compression + shock
At ignition 

YOC ~80%

G. Schurtz , S.Atzeni et al.

Is this experimental evidence of 
shock RT mitigation?

-

 

OMEGA shock driven target
- D2 gas with CH shell
- Same total energy: shock, no 

shock
W. Theobald et al. et al.
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Laser Plasma Interactions: Late time SRS generated by the shock Laser Plasma Interactions: Late time SRS generated by the shock 
is probably benign and may be beneficial to the shock driveis probably benign and may be beneficial to the shock drive

- Early time 2ωp hot electrons are main concern (near-term experiments?)
- SRS/2ωp hot electrons generated by high intensity shock may:

•

 

(will) be absorbed in outside of dense converging shell
•

 

improve the ablation process?
•

 

provide good ablative stabilization ?
•

 

contribute to symmetric shock drive by long mfp smoothing?
•

 

permit effective drive at 2� (green)?
- Efficiency, symmetry and stability of shock coupling is a paramount 
research issue (near-term experiments?)

Hot 
electron 
range

160keV

300keV
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The small, 0.5MJThe small, 0.5MJ--class target can withstand shockclass target can withstand shock--laserlaser--induced induced 
hot electrons up to ~100keVhot electrons up to ~100keV

• Take 0 to 80% fraction of shock laser energy as converted 
into LPI and parameterize as a function of hot electron energy

• Transport hot electron population by LASNEX suprathermal 
electron package

Gain

Ehot =40keV

Fraction of laser shock energy lost to LPI

Ehot =100keV

Ehot =
150keV

No conversion 
to hots

Gain drops here because 
hot e drive is superior. 
Target is overdriven and 
ignites at lower rhoR
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Shock ignition on NIF:  Where to from here in the near term?Shock ignition on NIF:  Where to from here in the near term?

Integrated 0.5MJIntegrated 0.5MJ--Class Target Designs in Polar Drive GeometryClass Target Designs in Polar Drive Geometry
-

 

2/3D simulations; optimize polar drive symmetry
-

 

Robustness of ignition window to shock coupling symmetry and stability
Laser Plasma InstabilitiesLaser Plasma Instabilities
-

 

TPD(early time)…. SRS, SBS(later time) -

 

beneficial for shock coupling 
and smoothing?  � Near term experiments

Target Fabrication and FieldingTarget Fabrication and Fielding
-

 

Targets: Non-cryo: CH, Au/Be; Cryo: all-DT, CH/DT, fill-tube, Au/Al IR layer…
-

 

Cryostat and cryoshield design and fab (horizontally opposed cryoshield?)

NIF Laser HardwareNIF Laser Hardware
-

 

Optimized polar drive geometries with beam balance
-

 

Phase plates and polarization smoothing
-

 

1-D multi-FM SSD
ImmediateImmediate--near term tests of polar drive symmetry on NIF near term tests of polar drive symmetry on NIF 
-

 

AWG pulse shape programming –

 

Shoot the desired pulse shape!
-

 

PDD symmetry and shock coupling efficiency at high CR with characterization 
of LPI  (room-temp hydro-equiv. CH targets with diagnostic fill gases)

(-Immediate term precursor shock-”ignition”

 

shots on OMEGA in PDD)
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ShockShock--IgnitionIgnition*:  Implode at low velocity and ignite separately*:  Implode at low velocity and ignite separately

Time

Laser
Power

Conventional hotspot 
(fast compression) drive

Does double duty: 
fuel assembly and

 

high 
velocity(≥3.5e7cm/s) for ignition

Shock ignition – Compression
Drive pulse assembles fuel at low 
velocity (≤2e7cm/s)

⇒ No ignition

Shock ignition - shock pulse
Spike launches late-time shock 
timed to reach fuel at stagnation

⇒ Ignition Elaser

 

→ Efuel, max KE

~1/2

 

mfuel

 

V2

lowhigh

� Higher gain/yield for a given laser drive energy in a 
more robust capsule

� Relative to “fast-ignition” : 
–

 

Time/spatial requirements less stringent (~ x10)
–

 

Uses same laser (no separate short pulse laser req’d) 
–

 

Process modeling is (more or less) standard hydro
–

 

But conventional symmetry/stability constraints apply 

* R. Betti , C.D. Zhou , K.S. Anderson , L.J Perkins, A.A. Solodov,
Phys. Rev. Lett., 98, 155001 (2007)

Are these more forgiving 
relative to a conventional 
hotspot ignition target?

Compression 
only

Compression 
plus shock

RT instability at 
stagnation / ignition

Schurtz, Atzeni, et al
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From a regulatory view, NIF should be able to accommodate From a regulatory view, NIF should be able to accommodate 
yields of >200MJyields of >200MJ

LLNL Site-Wide EIS 2005
•

 

Shot budget =  1200MJ/yr
•

 

1.3MJ Indr-drive ign target, nom.yield = 
20MJ
•

 

Indr-drive ign target, max cred. yield = 45MJ
•

 

0.5rem/yr LLNL limit*

Equivalent NIF Dose Limits
•

 

~19 person-rems/yr over all personnel**
•

 

30mrem/yr  individual av. (⇒ ~600 people)
•

 

0.5rem/yr LLNL limit* (⇒ target bay workers)
( *NRC worker limit = 5rem/yr;  DOE limit = 1rem/yr )

“Less than Category-3” Facility requires:
Sum [partial releasable inventories] <  1.0

( ⇒ <10rem@30m )

Category Example
1

 

Nuclear reactor,Hanford tanks
2

 

LLNL Pu bldg,
3

 

LLNL tritium bldg (≤30g T2

 

)
<3

 

Radiological facility (e.g NIF)

⇒ Changes to EIS to increase yield limits are probably just “paperwork” 
until we cross the threshold to a ‘Category-3 Nuclear Facility’ :

NIF direct-drive target yield (MJ)

S
um

 [i
nv

en
to

rie
s]

Limit for “less than Cat-3” is 1.0
1.0

Uncertainty in 
<1hr nuclides 
(16N…)

?



Recent references and reportsRecent references and reports



LLNL LC Closed Side Machines for LASNEX OptimizationLLNL LC Closed Side Machines for LASNEX Optimization

Machine Available 
Nodes per 

Job

Processors/ 
Node

Comments

Inca 25 (per 
user)

12 200hr job limit

Rhea 64 8 Extendable to ~128 on my 
request (max 
machine=512)
(Same arch as Minos)

Minos 128 8 500 total nodes
Juno 128 16 1000 total nodes;

DAT 500 job limit*
(Same arch. as Eos)

Eos 32 16 12/24hr(?) job limit

* DAT = Dedicated Application Time; with permission, can 
schedule 500 jobs over, say, a weekend or at other 
slack(er) time
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