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We have a clearly defined path forward to
achievement of ignition on NIF NIC

The National Ignition Campaign

*An extensive scientific data base forms the foundation for the
NIF ignition point design target and experimental campaign

‘We have requirements in place for the first ignition attempt in
2010

A margin formalism allows us to evaluate the performance of
the targets, and to assess and manage risk

A copper-doped Be capsule driven at 285 eV is sufficiently
robust to achieve yields>1 MJ (an ignition margin >1) with the
expected precision of target experiments, laser performance,
and target fabrication

A simulated ignition campaign has verified our ability to
achieve the required precision in the presence of physics
uncertainties

After the first ignition campaign, we have several paths
forward to develop a robust ignition platform



The NIF point design has a graded-doped, beryllium
capsule in a U hohlraum driven at 285 eV by 1.22 MJ NIC

The National Ignition Campaign
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We have developed detailed specifications for
the point design hohlraum and capsule

NIC
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Au LEH insert

Alignment
nub

CH liner on LEH
Dimensions in
“Corner Detail”

ling rings shown

Gas fill trative purposes
80:20 at% H:He only; details are not part of
CH 0.7 mgicc requirements

Be 0.9 mgicc

Starburst slots for of 4), 500 ym + 25 um

Except as
indicated,
dimensions
are +/- 10 ym

LEH diameter
50% of hohlraum diameter
LEH window thickness
05+/-0.05 um

Windows for HEXRI image (2

DT layer di.amett_ar, covered with 7 ym-
characterization. thick High-Z.

Central hole

SOFIOISE Hin oroidal deformation to ensure fit to end-
diameter.




We have begun productions of targets for the
National Ignition Campaign (NIC)




We have selected a copper doped Be capsule

driven at 285 eV for the first ignition experiments

NIC
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(Cu doped Be shell for 285eV, 1.22 MJ)

Tube 10 pm Si02
or polyimide
Hole 5 um

Be + Cu
1180 pm 0.00%
"~ — __""--1% 0.5%
1077 - 1.0%
1067 — = 0.5%
10337 ="  —h\
I A /N, T 0.00%
10287/ AN
1023 " DT solid at
948 18.3 K
Be impurities / Assumed to
_(at %) / lincl. 0.75 at% H
0 04 G
Ar 0.25 / DT gas 0.3 mg/cc
c om \ Expected atom-%
g' o H D T °He|
i 0.01 v
Mn 0.0003 \f 1.0 57.8 38.6 2.6
Fe 0.01 Inner 0.75 ym of Be contains
Ni 0.002 two layers of 12-at%: Be(B)

Details in boxes are point-design specifics,

not requirements

Efficient ablator results in 1/3 more
capsule absorbed energy than for an
equivalent CH capsule

-Ablation front instability substantially
reduced compared to CH

Crystalline structure effects mitigated
by melting with the first shock

‘We predict an ignition margin >1 at
the point design laser energy




A CH capsule at 300eV is the principal
alternate to Be at 285 eV

NIC
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Ge doped CH capsule for 300 eV
Outer 0-10 pm of
Tube 10 pm SiO, CH has 3'1"":%_ ‘Hohlraum simulations at
Holespum| |OX9em density 300 eV indicate LPI
1092pm —____{__ §£+Ge equivalent to Be at 285eV
935 - 'III‘-- 3 = N
971 —~ S 3*2‘;"; -Amorphous material with
7= By AN no crystal structure issues
57 ///\ /N 0%
927 '/ | / DT solid Large data base from Nova
852 ! | Assumed to and Omega
— I.-" include
S eI e I e ./ | o75at%H, ‘Less efficient ablator and
C41.9at% [Ge%i3) | N | <0.1at% *He higher ablation front
n -'I ™ - mgm - -
g ﬁﬁa:& (26e%3) |/ or gas 0.3 mglcc instability result in margin
No other nominal Expected atom-% <lati1.22MJ
impurities, Net 'H D T “He
impurity presence 1.0 57.8 386 2.6
constrained by
radiography.
Details in boxes are point design specifics,
not requirements




A Uranium hohlraum and Be capsule are chosen toNI C

optimize capsule absorbed energy

LP\ So“g 10-20% of
Hol & the laser
> energy to
Laser . capsule

Energy
Into
the

Hohlraum
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Au with Be U with Be U with CH

Capsule (285) Capsule (285) Capsule (300)
Laser light (MJ) 1.31 1.22 1.22
Absorbed 1.23 1.15 1.15
Xrays 1.05 0.98 0.98
wall loss 0.61 0.54 0.58
hole loss 0.24 0.24 0.25
capsule 0.2 0.2 0.15
efficiency (%) 15.3% 16.4% 12.3%



Ignition point design optimization must balance
LPI effects, laser performance impacts, and

capsule robustness

NIC
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Success of ignition is crucially dependent on Mix,

Velocity, Entropy and Shape (“MVSS”)

Th tional Igniti i

Campai
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Achieving ignition requires constraining or adjusting
multiple lower level parameters that
roll up to set the ignition conditions NIC

The National Ignition Campaign

~150 lower

parameters Higher level quantities >

1D quantities,

e.g: .
Peak Laser Power Mix

Foot Laser Power

p RTotal

Velocity of 15t shock
Velocity

T Ignition

3D gquantities,
e.g: Entropy
Ice Perturbations
Capsule Roughness PRpot spot
Intrinsic Asymmetry

Laser Power Balance

Shape

We can adjust or constrain the lower level parameters to affect the higher level
parameters

Multivariable Sensitivity Studies of the 1D and 3D quantities allow us to specify
acceptable values and reproducibility




We can define a Margin based on Mix Velocity Entropy
Shape that correlates with the likelihood of ignition NIC

- The Margin formula is based i
on a fit to a data-base of 1D 50—

and 2D calculations
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Success of ignition is crucially dependent on Mix,
Velocity, Entropy and Shape (“MVSS”)

NIC
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S Entropy

Shock pressures
Shock timing
Hot electrons

a<l1.5

Velocity
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TR
Laser power
Backscatter
Hohlraum efficiency
Ablator thickness

Ablator-fuel interface roughnes
Photon preheat
Ablator dopant

AR

mix
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Ice surface perturbations
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Targets must be made to tight tolerances so MVSS
requirements can be met reproducibly NIC
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S Entropy Ablator thickness Ablator thickness Velocity \/
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reproducibility
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0.001

0.0001
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The laser must perform reproducibly
to meet requirements NIC

S Entropy Velocity
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To compensate for physics uncertainties the laser
and target parameters must be experimentally tuned NIC
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MVSS is adjusted using an array of measurement
techniques using 6 surrogate targets and different NIC

diagnostics
S Entropy GXD FABS/ NBI Velocity V
(shock sphericity) (laser coupling) DANTE
(Tr)
VISAR ‘
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(shocks) '

FFLEX
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Our ignition campaign is focused towards
DT implosions in 2010 NIC
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2009 2010

J|F|M|A|M|J|J|A|S|O|N|D J|F|M|A|M|J|J|A|S|O|N|D

Drive Drive temperature T, 4

Symmetry, shock timing and
ablation rate technique valn

Learning

100 shot Tritium-free

: : Tuning
tuning campaign

Layered THD implosions
with dudded capsules

Validation

DT Ignition Implosions Yield




The National Ignition Campaign must bring together
all of the components for the first ignition experimentsNIC

User Cryogenic
Optics Refrigerator
Physics
The ]
NIF Laser
. Target
Operations Fab

Diagnostics

We are using simulated campaigns to test our strategy




Ignition experiments require management
and coordination of complex processes | NIC
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To test our experimental strategy and to

improve our readiness, we carried out a
simulated campaign (SimCam)

__NIC
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The SimCam exercises the real preparation & decision
making processes but simulates the facility & targeNI C

performance

The National Ignition Campaign
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The Red Team developed an alternate 2D target

physics reality based on model uncertainties NIC
Red Team Physics Blue Team
wall opacity Model
ablator EOS Be opacity

] DT EOS
ablator contaminant lect
opacity _ geectron
Cu opacijty - flux limit

Non-LTE collisona

bound-bound Non-LTE collisional
\ { bound-free
Liner EOS\-' / Wall EOS
¢ A roll of the dice

determined the model
“off-set” compared to the

| A standard (blue team)
-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

_ _ model
Units of 10 uncertainty
Red Team + Typical model uncertainties
Model are 10-20%
* Non-LTE collision rates &
NIF-0608-14787.ppt NIF DRC_John Edwards, 060908 electron flux limiter are ictor 2




The target failed to ignite after the red team
physics was introduced & before retuning NIC

Blue team physics Red team physics
(nominal pt design) (before tuning)

The National Ignition Campaign
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NIF-0608-14787.ppt NIF DRC_John Edwards, 060908 24



The red team was able to re-optimize the ignition
target performance using the new physics model
using about 10% higher inner cone power NIC
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Laser Power Required with Alternate Model

N W e
o o o
o o o

192 Beam Power (TW)
o
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Changes in plasma conditions resulting from the red team
model would imply a few percent more scatter



Add errors to

Simulate the shot with
red team physics model

Shot request
Laser pulse
Target ID
Diagnostig

Data Analysis

Decision making

Target errors
Laser power imbalance
Random backscatter
Cross beam transfer

. nt Tool

NIF-0608-14787.ppt NIF DRC_John Edwards, 060908 26



The Blue Team achieved the required precision using its
scaling predictions and expected diagnostics without
knowledge of the source of observed discrepancies NIC

DANTE to
measure

@~
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Experiment to “measure” X-ray drive
vs laser power in first 2 ns
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The blue team succeeded in “tuning”
symmetry and shock timing in a similar way



The goal for 2011-12 is to achieve a “robust” ignition
platform

Yield (MJ)

NIC
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Several paths can take us to a

robust ignition platform:

Improve the precision of
the experimental campaign

Reduce the statistical
variability of the targets
and laser performance

Increase the capsule
absorbed energy using:
- more laser energy

- optimized coupling
efficiency, e.g larger
capsule in a fixed
hohlraum



We have a clearly defined path forward to
achievement of ignition on NIF NIC

The National Ignition Campaign

*An extensive scientific data base forms the foundation for the
NIF ignition point design target and experimental campaign

‘We have requirements in place for the first ignition attempt in
2010

A margin formalism allows us to evaluate the performance of
the targets, and to assess and manage risk

A copper-doped Be capsule driven at 285 eV is sufficiently
robust to achieve yields>1 MJ (an ignition margin >1) with the
expected precision of target experiments, laser performance,
and target fabrication

A simulated ignition campaign has verified our ability to
achieve the required precision in the presence of physics
uncertainties

After the first ignition campaign, we have several paths
forward to develop a robust ignition platform
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