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What is P1 and how is it related to fusion yield?

= P1 develops during the coating process and
is a wall thickness non-uniformity with a
wavelength equal to the capsule
circumference

= Per Hurricane et. al, pR nonuniformities lead
to asymmetric drives and residual kinetic
energy of the hotspot
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We only want to field the capsules with the lowest P1 on NIF, but other features (pits, inclusions) can narrow the

batch yield significantly
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How does P1 arise in the coating process?

coating coating

= During the CVD process, coating is added
asymmetrically to the mandrel

= Reorientation to a random axis adds another
Ad in a random direction

e Can be modeled as a random walk

« P, « VvDAd Scaling of P1 vs At
D = Thickness _5
@]
Ad =r x At S4
LL
= 3
c
T2
®
!
%o
0 5 10 15 20
At (s)

. q G
Lawrence Livermore National Laboratory N " cf_é 3
LLNL'PRES'867227 Natforral Nuelear Security Administration



Modeling P1 as a 2D Vector with Uncorrelated Components

Generates a Rayleigh Distribution 215 Capsules from HyE Batches

= The Rayleigh distribution is defined 12
only by the significance factor o

= |Improving P1 by a factor of 1.6 would
lead to a relative yield increase of more
than 100%
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= P1 is statistical — requires whole batch
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Higher batch yields greatly enhances the number of experimental campaigns that can be supported — bespoke

high-quality capsules are the primary bottleneck from a target fabrication perspective
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The Simple Model Suggests Increasing Agitation Speed Will
Reduce P1, but Voids form a Boundary Condition

025 M1 vs Agitation Speed Factor
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Exploring this parameter space is challenging, 0 ! 2 ° ‘ °
. ) Agitation Speed Factor
slow, and resource intensive
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Monte Carlo Modeling Provides a Powerful Tool to Understand
drivers of M1 and Optimization Pz
= Gathering basic data about HDC

coatings in the current reactor can 1y
provide inputs for a simulated coater 05

= Monte Carlo modeling is extremely fast
relative to current experimental
workflow (coat > polish > Filmetrics/IR b o
>Leach > CT) ol s

Simulation of a single coating event on an
invisible spherical mandrel
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The Key Inputs for MC Simulations are Basic Instantaneous
Coating Non-Uniformity (ICNU) Data

(o]
o

Bi-Gaussian Width

60
40
20

0

0 45 90 135
Azimuthal Angle (¢)

Stationary shells are characterized by Filmetrics NIR Characteristic ensembles (Coordination numbers) are
measurements with control of both 6 and ¢ analyzed to understand ICNU in a batch process

Knowing the ICNU for every coordination number and the distribution of coordination
numbers allows for the Monte Carlo simulation of batch coatings
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Bi-Gaussian Curve Fits to ICNU Generate One of Two Primary

Inputs to Monte Carlo Simulations

= Fitting the data to a bi-gaussian curve to
extract the full width at half maximum

(FWHM)

= Allows us to describe the shape of the HDC

coating independent of thickness

= By setting a “rate” in the simulations and
adjusting At the P1 can be tracked over time
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Motion Tracking Provides the Second Key Input

= The second input to the Monte Carlo
simulation is the distribution of coordination
numbers in a batch

= A novel method utilizing motion tracking
and machine learning allows for the
extraction of coordination number of each
shell over every frame

»

= Distribution of coordination numbers
provides the dice weighting for each
mandrel in MC simulation
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See poster from JB Forien for more details on this
technique
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Simulations show that M1 is sensitive to both At and Coating
FWHM

10 m50s
= |nitial results from Monte Carlo simulations show yz_lﬁif;;giﬁ_m *25s
that increasing the FWHM of the coating _ | ' i””‘
(decreasing the coordination number of shells) has £ . ¢« o " m X 1:
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= Studies on single shell vs batch processes have :ﬁﬁt—\ﬁ\-ﬂ.
shown that voids are a result of shell/shell 01 o 20 100 120 140 160
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= Simulations of azimuthal asymmetry e .::::g = 02109 ’
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Adjusting the FWHM to Study P1 Relationship

= Studying the relationship between P1
and FWHM is difficult, as we cannot
tune FWHM in-situ

= FWHM can only be characterized by Reducing batch size
one set of coating parameters at a time reduces CN by
— changing pressure, temperature, reducing number of
geometry, etc requires recalibration of shells in the bulk

ICNU
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Simulations suggest that the FWHM effect is convoluted by
changes in At
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Simulations allow us to estimate the relative contribution of FWHM and At

on overall P1 —
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Future Work

= Develop techniques to quantify the collision intensity of shells from motion tracking
analysis

= Determine energy threshold for void generation

= |terate on agitation schemes that minimize shell collisions and maximize shell
randomization

= Cross reference with Monte Carlo Simulations to maximize impact of high cost
experiments

Understanding the basic parameters and boundary conditions has the ability to reduce

development time by orders of magnitude
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