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Personnel and Facilities

YEARS 
OF

SERVICE

119
STAFF

La Jolla: 76
LLNL: 36
SNL: 7
LLE: 2 

77
DEGREES EARNED

18 PhD
14 MS

33 BS/BA
12 Assoc.

Energy Group

! ~300,000 sq. ft.
! ~400 personnel

! Q Cleared: 75

IFT Division

<5yrs

>20yrs

5-20yrs

! Class100 cleanroom! Classified work areas ! Beryllium & uranium labs
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! Lower costs thru less redundancy
! Critical mass of specialized skill set
! Nexus of technical capability
! Agility to support NIF, Z, & OMEGA
! Academics participants benefit from 

national lab quality capabilities
! Significant private investment

GA is a centralized target fab resource for NNSA 
Science-Based Stockpile Stewardship

Annually, GA provides 90% of the targets (~14,000 components), used for 
the nominal 2,600 experiments on NIF, Z, & Omega, 

Innovative multi-disciplinary 
materials research coupled 
with operations excellence
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Key Research for Science-Based Stockpile Stewardship 
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Effects
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Precision targets are at the center of each experiment
that require capabilities from multiple disciplines

Precision Engineering & 
design

Diamond turning & 
laser machining

Precision assembly Metrology

Chemistry & Materials
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Capsules “Hohlraums” Aerogels Complex Planar
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subassembly

Multiple capabilities are often needed to make a single target

Various coatings
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GA provides most components for high-yield science at NIF

Ignition Target

10m
m
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At the center of all ICF assemblies is an ablator capsule
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Capsule zoology: Many different materials, dopants and densities

Foam

Foam

NIC DS Revolver PSS

Wetted Foam

5mm

2mm

Exploding pusher
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Metal alloys, grading and bilayers needed for alternative ignition paths 

Look alike? All different!

Bi-layers Uniform alloy

Be-Al
Be-Cr

Graded alloy

Bi-
layers

Uniform Graded

W/Cr Be-B Cr-Be
W/Mo Be-Al W-Be
W/Ti Be-Ta W-Ti
W/Zr Be-W W-Cr
W/Ta Cu-B W-Zr

Structural modification and dopant profile measurement
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Bulk synthesis, combined w. micro- or laser machining, produce new possibilities

Helical Be
Rippled Be for HGR

Solid Keyhole

2 !m drill holes 
thru HDC

Ripple inside shell
Dimpled 
pattern

Penumbral
Arrays 

Laser-cut
foam liner

Laser-cut hemis

Bulk-produced metal-doped plastics

1 g/cc Cu foam

ABEX capsule
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Capsule Metrology Vision:  From single instrument to data fusion

From five instruments:
! Interference Microscope => 

Surface defects
! FTIR => Wall thickness
! Xradia => Voids
! AFM => Surface shape
! Nikon => Optical image

The same coordinate system
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Shell flipper enables 4! access
(",#) rotation
(x,y,z) wobble/focus

Conceptualizing a 4Pi “aircraft carrier” with many instruments:
Sharing common (!, " ) is critical to benchmarking & efficiency

Long stage with four orthogonal 
short stages to carry instruments

Vacuum chuck

2Pi + shell flipper
equals 4Pi

The “4Pi” 
example
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4pi capsule manipulation4pi capsule manipulation

Interference microscope 
(surface height)
Interference microscope 

MIR (wall thickness)

Darkfield (interior defects)

Today: Full capsule data fusion and surface engineering

Confocal (surface defects)

NIR (wall thickness)

Laser
Machining

Capsule

Laser Machining (surface engineering)

“4Pi”
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Today:  Actual 4Pi hardware

4pi capsule manipulation

light on

Interference
Microscope

Laser
Machining

Two story optical table

Capsule

“4Pi”
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! 1:1 C/H ratio
! 1 to 250 mg/cc
! Pore size <1 #m
! Bulk or sphere
! Nano-doping

Class-leading GACH / GACD foams combine low density with small cell size

Aerogels made or in progress (nanoparticle doped CH)

Supplies on hand. Experiments planned

Nanopowders commercially available

Aerogel via  GACHX polymer series (non nanoparticle)

8 mg/cc 22 mg/cc

Droplet formed

Au nano-particle loaded

Nano-particle dopant choices

CH2 and CD2 foams
also available

Rep-rated target arrays
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Pure-metal-foam printing capabilities are being developed

8 mg/cc 22 mg/cc

Droplet formed

Copper and tungsten have been demonstrated, but 
most sputterable metals are possible.
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Polystyrene nanowire targets in deuterated form 
or with embedded nanoparticles have been demonstrated
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37
 m

m

Polystyrene nanowire targets in deuterated form 
or with embedded nanoparticles have been demonstrated
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2PP fabrication of foam shells shows promise for wetted-foam IFE designs

Low oxygen deuterated polymer 
(needs more R&D)

Deuterated polymerCHO polymer, BCC lattice

CHO polymer, Stochastic gradient lattice
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2PP techniques are being developed for radiation source development

!
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We are presently collaborating with ELI-Beamlines 
to develop complex target deployment using a tape-drive system

!"#$%&'($)*+,-.+/0+102034

Replica system for testing and development will be available in 2023 
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Apertured targets significantly reduce target mass 
for rep-rated HED experiments

1 mm diameter, 5um Cu1 mm diameter, 5um Cu

Apertu
re ra

dius ~
5mm

Apertu
re ra

dius ~
5mm
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GA aperture-tape holds complex and rigid 3D structures, mitigates ablation 
debris, and can be flexed, rolled, and transported

First demonstration shots using L4n executed in November 2022
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We have demonstrated the ability to print 2PP structures 
on ~30um-thick plastic ribbon for rep-rated HED experiments
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Commissioning of the General Atomics Laboratory for Developing Rep-rated 
Instrumentation and Experiments with Lasers (GALADRIEL)

Our goal is to develop technologies necessary to utilize rep-rated (~0.1-10Hz) 
capabilities of present and next-generation High-Energy-Density science 

facilities located in the US and abroad. 

2! conversion

2! out

1! in
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GALADRIEL commissioning experiments began in July 2022

TCC 

150!m diameter 
Nozzle

300 
PSIG 

200 
PSIG 

100 
PSIG 

50 
PSIG 25

0 
µm

 

400 
PSIG 

500 
PSIG 

! Pulsed gas-jet capable of 10Hz operation
! ~500!s valve-open time, ~40ms hold time

! Remote control of nozzle position and gas pressure
! Presently using N2 or He

! Shadowgraphy using 400nm or 800nm probe
! Data show channel formation and differences in 

evolution after ~200ps of expansion
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Rep-rated technology development on GALADRIEL

Electron Spectrometer

Rapid analysis of probe beam diagnostics ML-algorithm development for compressed-pulse shaping
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Target Fabrication at General Atomics

Questions?

Mario Manuel
manuelm@fusion.gat.com
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