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ABSTRACT

Progress in the development of high-energy short-pulse COZ laser systems for fusion
research is reported. Improvements in the Los Alamos National Laboratory eight-beam
Helios system are descriid. These improvements increased the reliabtity of the laser
and permitted the firing of 290 shots, most of which delivered energies of approximately
8 kJ to the target. Modifications to Gemini are outlined, including the installation of a
new target-insertion mechanism. The redirection of the Antares program is discussed in
detail, which will achieve a total energy of approximately 40 kJ with two beams. This
redirection will bring Antares on-line almost two years earlier than was possible with the
full six-beam system, although at a lower energy.

Experiments with isentropically ‘hnploded Sirius-B targets are discussed, and x-ray
radiation-loss data from gold microballoons are presented, which show that these
results are essentially identical with those obtained at glass-laser wavelengths.

Signitlcant progress in charactetimg laser fusion targets is reported. New processes
for fabricating glass microballoon x-ray diagnostic targets, the application of high-
quality metallic coatings, and the deposition of thick plastic coatings are descriied.

Results in the development of x-ray diagnostics are reported, and research in the Los
Alamos heavy-ion fusion program is summarized.

Results of investigations of phase-conjugation research of gaseous saturable
absorbers and of the use of alkali-halide crystals in a new class of saturable absorbers
are summarized.

New containment-vessel concepts for Inertial Confhement Fusion reactors are
discussed, and results of a scoping study of four fusion-fission hybrid concepts are
presented.



SUMMARY
(Inertial Fusion St@

INTRODUCTION

The Inertial Fusion Program at the Los Alarnos
National Laboratory is supporting the Department of
Energy (DOE) in its quest for a solution to the nations’s
long-term energy problems, as well as providing support
for the nuclear weapons program. The fwst objective for
both of these areas is to demonstrate that the fusion fuel
contained in a target pellet can be ignited. To achieve this
objective, we are pursuing a broadly based program
involving the development of suitable high-power drivers,
the design and fabrication of suitable fuel pellets, ex-
perimental studies of target phenomenology to provide
feedback to the design process, development of suitable
diagnostics for such experiments, the pursuit of weapons
applications studies, and studies of concepts for the
eventual use of inertial fusion for power production.

Three medium-sized COZ laser systems are now being
used for experiments, while the 40-kJ Antares COZ laser
is being readied for future tests. This report describes the
progress made in unclassified parts of the program.

OPERATING CO, LASER SYSTEMS

Helios Laser System

This eight-beam, high-energy, short-pulse C02 laser is
operating routinely as the principal research facility to
investigate laser plasma interaction phenomena. Helios
was fued 290 times, with 200 shots in support of main
target experiments. The on-target energies with pulse
widths of 600 ps provided -8 TW on target. Important
accomplishments include

● development and incorporation of an on-line Beam
Simultaneity System (BSS) that allows us to meas-
ure and adjust the beam path lengths to within + 1
cm (33 ps);

● development and installation of composite cap-

ton/metal electron-beam foil windows, which have
greatly improved the reliability of the electron gun;

● improvements in the alignment and optical

diagnostic systems, which have led to better charac-
terization of the laser output;

● further &VelOpment of the Helios control system

and software; and
● installation of power-supply oil purifiers of higher

capacity to reduce downtime for maintenance.
Significant target experimental results are summarized

in another section.

Gemini

The Gemini laser

physics experiments
system is devoted mainly to target
and diagnostics development; 467

shots were fwed in support of this program. On-target
energies of up to 500 J in 1.O-ns pulses are attained
routinely. Important achievements include the following
items.

● The internal saturable-absorber gas cell was in-
stalled on the north beam to suppress parasitic and
to increase the energy delivered to the target.

● A new target-insertion mechanism was installed that
replaces the old target wheel and allows changing of
targets through an airlock without breaking the
vacuum.

● The new oscillator preamplifier front end was

completed and is undergoing electrical and optical
checkout. Installation is scheduled for early 1980.

● A control system upgrade to improve the reliability

and operational aspects of Gemini was begun and
will be completed early in 1980.

ANTARES-HIGH ENERGY GAS LASER FACIL-
ITY

Redirection of Program and General Progress

The Antares system was designed as a six-beam, 200-
TW COZ laser with associated target-irradiation facil-
ities. Recent theoretical calculations indicate that on-
target energies for breakeven are significantly higher
than those thought necessary previously. Uncertainties in
theoretical modeling have also pointed up a lack of
significant experimental target data. To achieve useful
system energies and to provide critical experimental data
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in as short a time as possible, the Antares effort has been
redirected with DOE concurrence. The goal of this
action is to build two power arnplitiers as soon as
possible with total on-target energies of -40 kJ. This
phase will provide needed target experimental data.

The Antares control system, the target vacuum sys-
tem, and the target optical system are most heavily
affected by the redirection and are being revised to
accommodate the new requirements. Joint occupancy of
the Antares Laser Hall by the Laboratory and the
building contractor, which has been agreed upon to
minimize the effect on the program of a signiilcant
construction-schedule slippage, has permitted installation
of the first power-amplifier control stand and shielded
main control room. Installation of the target vacuum
system is proceeding under a similar joint-occupancy
agreement.

We have received, assembled, and successfully tested
many significant components such as the fwst electron
gun, the electron-gun and gas pulsers, the fwst high-
voltage power supply, and the front-end power amplifier.
In addition, large-mirror positioners are being fabricated.
Prototype parabolic mirrors have been single-point
diamond-turned to exceed optical quality requirements.
We have almost completed our optical beam-alignment
studies and will then select one of the two types under
consideration.

Progress in major areas is summarized in the follow-
ing sections.

Optical System

A single-sector beamline mockup is being tested. An
optical-beam ray-tracing code has been applied to the
Antares optical train to verify position and tolerance
requirements of all optical elements. The optical design
of the power amplMer is frozen. Prototypes of alternative
alignment schemes (flip-in and see-through) are under-
going tests. The Laser Hall and the Target Building were
surveyed, and the f~st power-amplMer support stand
was aligned.

Large Optical Components

Harshaw Chemical Co. (HCC) has improved the
yields of the salt windows significantly (from 24 to 50%).
The quality of the fwst full-size parabolic focusing mirror

is excellent. The final mirror-positioner prototype was

tested and met specflcations successfully.

Front End

Performance tests on the driver amplitier showed that
the unit purchased from Systems, Science and Software,
Inc., met or exceeded all our requirements. Specifically, a
gain uniformity of +7% and a maximum gain-length
product (gOL)of 8.5 were achieved. ,/

Power Amplifier

We installed and aligned the fwst support stand. The
design of the entire pressure vessel is complete. The
pumping-chamber sections have been received, and the
end domes are being manufactured. The In/Out 0/0)
optical sections have been designed and are being
fabricated. Prototypes of the anode bushing and dielec-
tric divider were tested successfully.

The electron-beam gun was assembled and vacuum-
tested. After lengthy development, the titanium electron-
beam window foils were bonded successfully to a
stainless steel support grid. The high-voltage coaxial
cable was received, and cable termination and assembly
hardware is being fabricated.

Energy Storage

The gas pulser, manufactured by Maxwell Labora-
tories, Inc., passed a 2000-shot performance test. A

prototype gun pulser was built and tested at Los Alamos.
The fust high-voltage power supply, manufactured by
Universal Voltronics, met our specifications. A pro-
totype fault-diverter gap is being tested.

Control System

The design of the control system was revised to meet
the Antares redirection requirements. The UNIX operat-
ing system for the Antares computer network replaced
the previous DECNET 11 system. The shielded main
control room was installed. The standard fiber-optic
modules are being produced.
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Target System

Pittsburgh-Des Moines Steel Co. (PDM), under con-
tract to DOE, completed the design of the target vacuum
system. System installation began under a joint-occupan-
cy arrangement with the building contractor. Six 1.9-m-
diam beam tubes, connecting the Laser Hall and Target
Building, and three beam-turning chambers in the target
building were instaUed. PDM began the design of the
target-chamber space frame. Alternative target optical
system designs under study will convefi the six-beam
geometry into the two-beam geometry, while retaining
the six-sided target illumination.

Building Construction

There has been a significant schedule slippage in the
construction of the Laser Hall and the Target Building.
To minimize the impact on Antares, joint occupancy of
the Laser Hall by the contractor (Allen M. Campbell
Co.) and the Laboratory, and of the Target Building by
Campbell and PDM was begun in October 1979.

ADVANCED LASER TECHNOLOGY

The advanced laser technology program aims at
improving the performance of current operating systems
as well as at satisfying future program requirements by
concentrating on (1) phase conjugation, which has a
potential for improving the optical performance of future
laser systems and for being applied diagnostically; (2)
gaseous saturable absorbers, which have provided sub-
stantial performance improvements to Helios and can
provide similar improvements to Antares; and (3) in-
vestigations of a new class of saturable absorbers based
on doped alkali-halide crystals. The investigations of
phase conjugation and gaseous saturable absorbers have
been extremely successful in advancing the under-
standing of the processes involved.

TARGET EXPERIMENTS AND MILITARY AP-
PLICATIONS

In our COZ laser fusion experiments, we try to develop
and verify the calculational models used to extrapolate
from target designs to the ignition and high-gain regimes.
Ultimate laser and target requirements for pellet ignition
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will be determined in a carefully planned sequence of
experiments. Single-shell, DT-gas-filled targets were isen-
tropically imploded in our Sirius-B experiments. Spec-
troscopic analysis of x-ray line emissions from argon
dopants in the fuel provided accurate determination of
compressed fuel densities, whereas continuum radiation
yielded the electron temperature. These data demon-
strated that earlier density measurements, made with
other diagnostic techniques, were correct within their
experimental uncertainty and that the electrons and ions
in the compressed fuel were in thermal equilibrium.

Gold microballoon targets, irradiated at intensities
from 1014 to 5 x 1016 W/cm2, have shown x-ray
radiation losses of greater than 50°A (of absorbed laser
light) at 1014 W/cm2 decreasing to 10% at 5 X 1016
W/cmz. These results are essentially identical with those
obtained with 1.06-~m laser light and l-ns pulselengths.

Spectral fits and continuum spectra demonstrated the
nearly blackbody nature of the gold emitter.

Lateral transport of absorbed laser energy away from
the laser focal spot along the surface of a target
proceeded at a velocity of 2 x 10s Cm/Sif hydrogen was
present in the target. This velocity is consistent with

lateral energy flow velocities estimated in Nd:glass laser
irradiation experiments. Our studies have shown a strong
dependence of lateral energy flow on the presence or
absence of hydrogen in the target; thus, some control of

lateral flow is possible with the addition or exclusion of
hydrogen from the target.

Experiments that display the characteristic K= x rays
generated deep within a target by the laser-excited hot
electrons have shown that electron energy has a Max-
wellian distribution up to an energy level several times
that of hot electrons. More sensitive detection schemes
are being developed to determine whether a cutoff occurs
in the high-energy portion of the electron distribution.

TARGET DESIGN AND FUSION THEORY

Studies continued to increase our understanding of
basic plasma processes crucial to target design. We
concentrated on the characteristics of the electron spec-
trum produced by the resonance absorption process and
the motion of the absorbing surface, which critically
atTect the overall hydrodynamic efficiency of the target
and have not been adequately treated by our target
design code.

Our research in target design has been expanded to
include heavy-ion drivers; we prepared a single-sheU



design driven by several megajoules of heavy ions. The
Rayleigh-Taylor (R-T) instability, which remains an
important problem in reactor-scale targets, has been
further analyzed both linearly and nonlinearly. The
inclusion of compressible-fluid effects in the code has
altered the character of the instability, substantially
reducing the growth rate in some cases and increasing it
in others.

LASER FUSION TARGET FABRICATION

Significant progress has been made in characterizing
laser fusion targets. We are developing laser Raman
spectroscopy for nondestructive analysis of the contents
of glass microballoons (GMBs), as well as for analysis of
the gases trapped in the glass itself and of the chemical
composition of surface coatings on GMBs.

By microradiography, we can now determine wall-
thickness variations of 100 A caused by nonconcentrici-
ty in a 120-~diam GMB having a l-~m-thick wall.
Detection is possible (with 99940confidence) of a 0.05-
mm-high irregularity (bump) on the surface over a 5.6-
by 5.6-~m area. We are completing the development of a
computer-interfaced microradiographic analysis system
(MIRAS).

A dye-laser hole-drilling technique was developed
successfully for fabricating GMB targets with

holes drilled with 1- to 5-~m diam. The GMBs are
fdled with the desired gases, and the holes are then
sealed by melting and curing preplaced epoxy plugs
while the GMBs are under pressure. Glass plugs are
being developed.

We have continued our development of high-quality
metallic coatings on selected GMBs. The deposition
processes being studied are electroplating, electroless
plating, physical vapor deposition (PVD), and chemical
vapor deposition (CVD).

Smooth, thick plastic coatings can now be applied to
microballoons. The Low Pressure Plasma (LPP) process
routinely yields a surface roughness of -30 nm with
concentricities much better than 19’oat 20-~m thickness.
These results are also obtained when multiple layers are
applied to achieve thicker coatings; a change in the
polymer has yielded a 40-~m-thick coating in one step,
the thickness being limited only by the supply of
polymer. The Vapor Phase Pyrolysis (VPP) process can

keep the surface roughness to 10 nm and concentricities
to 1YO at thicknesses up to 60 ym on stalk-mounted
GMBs. We have increased the high-Z metal content of
codeposited LPP coatings to as much as 56% lead and
have extended our work to include bismuth and mercury.

Extremely low-density, small-cell-size plastic foams
for use as cushions between pushers in advanced targets
are being developed in our laboratories. We have demon-
strated the ability to produce foams at a density of 0.10
g/cm3 with cell sizes of 1 to 2 ~m. This is only 50%
higher than the specified density, which we should be
able to achieve soon. Techniques for fabricating such
foams into shells need to be developed.

The design of the cryogenic target-insertion mecha-
nism for Helios is 85V0complete.

We are continuing the development of gas-levitation
techniques to support GMBs without mechanical contact
during PVD coating. This method has great promise for
producing coatings of extremely high quality on pre-
viously characterized GMB substrates.

DIAGNOSTICS DEVELOPMENT

X-ray diagnostics continue to be of primary im-
portance because they provide much information on
temperatures, densities, energy deposition and flow, and
hydrodynamic quantities. Significant advances have
been made in the development of fast-response x-ray
diodes (XRDS) and the analysis of their data, in
intensitkd imaging techniques, and in low-energy high-
resolution spectrography.

Ion diagnostics, particularly the Thomson parabol~
have been improved significantly to extend their ranges
to both lower and higher ion energies. Analysis of such
data is close to yielding suilicient understanding of
coronal blowoff to provide an answer to the discrepancy
between calculated and inferred hydrodynamic com-
pression efficiencies. LASNEX calculaticms have con-
sistently overestimated blowoff velocities and under-
estimated hydrodynamic etliciencies in spherical im-
plosion calculations.

The first direct use of fiber optics for the transmittal of
signals from an instrument close to the target to a
recording apparatus outside the target chamber holds
promise for direct readout of data from an exceedingly
high-noise background environment.
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HEAVY-ION FUSION DRIVER DEVELOPMENT

Heavy ions provide a promising new approach to
inertial fusion. Particle accelerators generate intense
beams of heavy ions (for example, uranium), which can
be used to heat a pellet target. Our role in heavy-ion
fusion research includes programs in accelerator de-
velopment, target design, beam transport theory, and
system studies. DOE has designated Los Alamos as the
lead laboratory in the technical management of the
national heavy-ion program,

I

SYSTEMS AND APPLICATIONS STUDIES OF IN-
ERTIAL FUSION

In Inertial Confinement Fusion (ICF) reactor studies,
we have made significant progress in the development of
a new containment-vessel concept, in calculation of
reactor cavity and first-wall phenomena, and in neu-
tronic analyses. We also report results of a preliminary
examination of compatibility of heavy-ion beam drivers
with available reactor cavity concepts. And fiially, we
summarize results of a preliminary scoping analysis of
four fusion-fission hybrid concepts, which we conducted
as part of our tissile-fuel production studies.



I. OPERATING CO, LASER SYSTEMS
(J. P. Carpenter, J. F. Figueira)

Three high-energy, short-pulse COZ laser systems are operating routinely at Los.
Ahunos in support of the target experimental program: Helios, which fust demonstrated
a 10-kJ, 1-ns output in June 1978, is operating at -10 TW on target in subnanosecond
pulses; Gemini, a two-beam system that served as a prototype for Helios, operates at
300 Jon target in a nanosecond pulse; and a smaller system, the Gigawatt Test Facility
(GWTF), comprising two lasers, operates at outputs on target in the 1-2 GW range with
nanosecond pulses.

A fourth system, Antares, is being constructed. This system, descrii separately in
Sec. II, is being built to advance the understanding of ICF physics so that scaling to
ignition conditions can be pursued with greater cotildence.

HELIOS LASER SYSTEM

Introduction (E. L. Jolly)

The eight-beam, high-energy, short-pulse COZ laser
system, Helios, is now an operational facility capable of
irradiating targets on a routine basis. The system was
tired at energies in the range of 6 kJ with pulse lengths of
600 to 800 ps; most of these shots were in direct support
of target experiments, and the remaining shots were used
for further system development and/or maintenance.
Important accomplishments during this reporting period
include

. measurement ~d adjustment of beam path lengths

to + 1 cm (*33 ps simultaneity),
● use of compositemet~-plastic foil windows for the

electron-gun foil,
● development of Helios operating software, and
● inst~ation of a higher capacity oil puritler in the

pulse-forming-network (PFN) power supplies.
Significant target results obtained on Helios are

discussed separately in the section on target experiments.
The 2:1 ratio of target shots to development shots

underscores the transition of Helios to an operating
facility. A major factor that increased the time available
for target experiments is the increased reliability and
operational efficiency during this reporting period. This
report lists major improvements; however, there are
numerous minor improvements whose cumulative effect
upon reliability and efficiency is comparable to that of
the major items. We are emphasizing reliable operation.
Helios has become the most important instrument for
assessing empirically the viability of the COZ laser for
ICF, and it will remain so for the next few years. Its

improving operational reliability and etliciency will be a
continuing asset to the program.

Operations (E. L. Jolly)

During the second half of 1979, Helios was fued 290
times, 197 times in support of the target experimental
program (a 130% increase over the fwst half of 1979)
and 93 times in system development and/or maintenance
tests. As in the fwst half of 1979, about two out of every
five workdays were target shooting days; the remaining
three days were used for target diagnostics installation,
modification of system hardware and software, and
routine maintenance. The system is currently capable of
routinely delivering a maximum energy of 6 kJ in a 0.8-
ns pulse (FWHM) to a target, at a system shot rate of
about one per half-hour.

During the next 6 months, the primary operational
objectives are to increase system reliability and the time
that the system is available for target experiments.

Front End (R. Carlson, M. Weber, R. Pretzel)

The accuracy of the Helios BSS was improved. We
installed a reference beam path with the proper optical
attenuation and path length (multiple of a wavelength at
41.7 MHz) to simulate the signal returned by any of the
eight beam paths. Using this system, the path length of a
beam can be determined to within +3 mm (10 ps). This
accuracy, which is three times the BSS resolution (+3.3
ps), is limited by vibration and turbulence along the 200-
m round-trip optical path. The reference beam does not
degrade the BSS resolution.
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To maintain the simultaneity of the eight beams within
a prescribed tolerance, the alignment system must not be
allowed to change the path length appreciably by
walking or steering the beam. We met this requirement
by allowing the automatic alignment system to align the
beam-path mirrors from an out-of-tolerance condition to
an aligned condition and by measuring the indicated path
change caused by alignment. The change in path length
from realigning the system was less than +3 mm. The
system has been used routinely to adjust all beam paths
to within the Helios goal of+ 1 cm (33 PS).

As part of the continuing effort to improve the front-
end system and the long-term reliability of Helios, we
also accomplished the following.

● We fabricated an improved switchout assembly of

modular construction including transport optics and
a mode-matching telescope.

● We instwed improved vacuum pumping stations for

the plasma tube and the saturable-absorber gas cell.
● We began designing a computer-based control sys-

tem that provides stand-alone capability and easier
operation.

● We started the construction of a prototype oscillator

to demonstrate the feasibility of producing and time-
stacking two lines. This prototype should lead to an
oscillator with an output composed of four lines in
the 10-~m band and two lines in the 9-Km band.
Such an oscillator could be used to time-shape the
Helios triple-pass amplifier (TPA) output.

● We began the construction from spare parts of an

oscillator preamplfler system, which will provide
-1 J of energy in a l-ns pulse, to be used for
calibration, repair, and diagnostic checkout of
Helios equipment.

Controls (E. L. Jolly, R. J. Johnson, M. D. Thomason,
K. M. Spencer)

The control tasks fall into two categories, program-
ming and control hardware, as summarized below.

Programming. A new Helios operating program,

HELIOS II, was designed, coded, and tested. This
program is used routinely for storage and review of beam
diagnostic and front-end dat% and for comprehensive
shot summary.

Control Hardware. Complete major accomplish-
ments included the following items.

● Installation and checkout of optical encoders on all

target-chamber mirror mounts. The system is in
operation.

● Repackaging of the two beam-positioner units in the

control room into a single chassis. Optical isolator
circuits were installed; the units are completely
ground-isolated from the circuits they control. The
instruction manual for this equipment was written.

● Construction and bench-scale testing of a micro-

processor-based control system to control the
Helios oil transport system to be installed after the
oil transport system is completed.

● Construction and installation of shutters to block

the four beamlines leaving the front-end room. A
control panel indicating their position and interfac-
ing to the building safety system was installed.

● Completion and bench-scale testing of a micro-
processor-based automatic gas-mixing station to
facilitate the mixing of up to 10 different saturable-
absorber gases.

Laser Physics (G. Schappert, I. Bigio, D. Gasperson,
Gibson, R. Haglund, E. Salesky, J. Busse, R. Jones)

R.

Most of our efforts were directed toward character-
izing, understanding, and improving the operations of
Helios. Our major accomplishments are summarized
below.

Energy Extraction Code Development. The standard
rate-equation energy-extraction code used at the Labora-
tory is basically a single-line code, although it can be
extended to treat both multiline and two-band operation.
Pulse shapes can be controlled by operating with lines of
substantially difTerent gain. The two bands also have
significantly different gains. In anticipation of having a
two-line oscillator available in a few months, a code
package to deal with energy extraction and pulse-shape
propagation of two distinct lines was developed, which is
nearly complete.

Laser Performance Study. In a one-beam experimen~
we measured the reproducibility of energy output on a
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Helios TPA. Energy measurements were taken with a
40.6-cm (16-in.) calorimeter placed at the output of the
TPA. To test the possible loss of energy caused by
breakdown at the spatial falter in the TPA sidearm, five
shots were taken with the spatial falter in place and the
sidearm pumped down to the nominal operating pressure
of 2 torr of air; then five shots were taken with the
spatial falter removed and the sidearm evacuated. The
results, shown as Cases 1 and 2 in Table I-I, indicate no
loss of energy at our operating point.

The next experiment involved a change in the timing
of the l-ns oscillator pulse relative to the peak gain of the
TPA. If the oscillator pulse passes through the amplifier
at a time other than peak gain and if there is jitter in the
peak gain caused by spark-gap jitter or other factors,
then the energy output will not be reproducible. This is
borne out by the shots taken in Cases 1,3, and 4 (Table
I-I). Energy was increased 20!40 by advancing the
oscillator pulse 0.5 KSfrom the setting that should have
been optimal based on earlier small-signal gain measure-
ments. This part of the experiment suggests that further
work in TPA gain-timing is necessary.

Lme Content and Dkpersive Pulse Propagation Stud-
ies. A spectrometer was constructed that uses a high-
dispersion grating in Litrow configuration. The resulting
dispersion in a fairly compact device allows the use of
Gen Tec Corp. ED-1OO detectors to measure the energy
in each line conveniently. These detectors are read by the
computer-controlled CAMAC system in Gallery West
(our optics diagnostic system) in the same way that the
main energy detectors are read. The data are trans-

mitted, along with the other diagnostic data, to the
central Hel.ios computer.

We accumulated data from several shots for which
both the front-end (TPA input) line content and the TPA
output-line content were measured. The ratios appear to
track and correlate well. With the relatively low gains at
which the system has been operated lately, the saturation
effects are visible but relatively mild, as we expected.

We designed and built fast pyroelectric detectors,
which would tit in the place of the energy detectors at the
focal plane of the line-constant spectrometer in Gallery
West. Thus, it is now possible to measure the temporal
pulse shape and relative propagation times of the individ-
ual lines that compose the total energy output of the
ampliiler.

Very preliminary measurements suggest that pulse
widths of individual lines are shorter (-60%) than the
total spectral envelope. This dispersive propagation may
cause the “bump on the tail” seen in several envelope
pulse shapes.

Dogleg ModMcation. Design was completed and
parts were manufactured for modifying the Helios triple-
pass optical system to eliminate the dogleg [that is, the
two 10-cm (4-in.) windows, the Mylar transporter, the
SF4 pinhole, and the convex mirror] and replace it with a
single convex mirror.

Laser Gas Deterioration Studies. Carbon dioxide
dissociates into CO and Oz in electrical discharge lasers.
The dissociation rate haa never been measured in
electron-beam-controlled lasers; a method was therefore

TABLE I-I

ENERGY OUTPUT FROM AMPLIFIER 2B FOR
FOUR DIFFERENT SHOOTING CONDITIONS”

Output Energy
Case Shot Conditions (J)

1 Five shota, Ptiole SF4 in place, sidearm at 2 torr 600 + 45
2 Five shots, Pinhole SF4 out, sidearm evacuated 607 + 22

3 Three shots, oscillator puke advanced 0.5 w 720 + 31
4 Three shots, oscillator puke advanced 1.0 w 495 * 50

“The amp~ler was tired at 52 kV/stage PFN and at 55 kV/stage electron beam for all
shots. The saturable absorber was set at 11 torr of Mix 907 for all shots.



developed to measure CO concentrations with the exist-
ing gas chromatography. Preliminary results from Gemini
and Helios TPAs indicate that the dissociation rate is
low enough to be of no concern in present systems.
Accurate quantitative results are expected shortly.

Saturable-Absorber Studies. An automated absorber-
gas mixing station for Helios was completed, which
greatly simplifies the problem of mixing absorber gases
reproducibly. Also, the gas chromatography now being
used for routine analyses of the absorber-gas mixtures
(rather than the infrared spectrophotometer) is proving
to be a simple and flexible instrument.

Considerable effort was devoted to finding a
chromatographic technique suitable for analyzing
He:Nz:COz mixtures; a method was finally found that
was simple to set up, reproducible, and accurate (com-
pared to mass spectrographic methods). We can now
routinely analyze COZ laser-gas mixes to an accuracy of
1’34owith a setup time of <1.0 h and an analysis time of
-7 min. The technique has already been used in
resolving calibration problems with flowmeters in the
GWTF.

Our continuing interest in multiline saturation proper-
ties of Mix 907 and its constituent absorber gases has
motivated the construction of a saturable-absorber test
bench for use in the Helios front end. Experiments for
this setup include further transmission studies and pulse-
shaping measurements.

We installed new half-length beam tubes through the
saturable-absorber cells at the entrance to each TPA.
This new design represents a tradeoff between the old
full-length beam tubes, which contributed to a low
parasitic threshold on target, and no beam tubes, which
led to a degradation of the output pulse width from poor
transmission of the oscillator pulse through the full
length of the saturable-absorber cell. Preliminary data
show that the output pulse width with the new design is
narrower than with no beam tubes, and the parasitic
threshold on a bare GMB is higher than with full-length
beam tubes.

Gain Uniformity. We measured the spatial uniformity
of small-signal gain in a Helios TPA. The gOL was
measured in a three by three array (Fig. I-1) encompass-
ing the 35-cm aperture of TPA 4B. Full arrays were
obtained for three different pumping conditions in the
amplitier.

Pumtim Condition GoeratirrECondition

(1) Electron beam at 55 kV/stage, ,,pmwnt,~ Opmatig conditions

PFN at 52 kV/stage

(2) El@rmr beam at 60 kV/stage, Fwst full-powertest conditions
PFN at 55 kV/stage (FIST I, APd 1978)

(3) Electron beans at 50 kV/stage, Second full-powertest conditions
PFN at 55 kV/stage (FIST II, June 1978)

The gOL values are displayed in Fig. I-1. Two
nonuniformities are evident.

● An up-down asymmetry exists under all three fting
conditions. The two most likely causes for this
asymmetry are (1) magnetic-field effects caused by
currents in the electron-beam cables that enter from
the top of the amplifier, and (2) an imbalance in
electron emission from the top and bottom tantalum
blades of the electron-beam gun. Further investiga-
tion will be required to distinguish between these
two causes.

AA. A
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gOL for P(22)
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Operating Conditions EB (kV) PFN (kV)

Fist I 60 55

Fist II 50 55

Present Operatian 55 52

Fig. I-1.
Gain uniformity across the 35-cm aperture of Helios TPA 4B.
Tbe numbers represent the single-pass gOLat P(22) for three
dHerent pumping conditions: FIST I, FIST II, and “present”
operating conditions.
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● An anode-cathode asymmetry exists for all three
conditions, but is enhanced for the FIST-II ftig
conditions. Under these conditions the electron-
beam voltage and therefore the range is reduced,
and the gain is higher at the anode. Because the
target-induced parasitic must be quenched with a
saturable-absorber pressure sufilciently high to
stand off this gain along the anode, the lower gain
regions near the cathode will be less effective in
bleaching the absorber. The result is enhanced
nonuniformity in energy output and perhaps even a
net loss in total energy output. It is recommended,
therefore, that the amplitlers be operated at the
higher electron-beam voltages, for example, during
FIST I to reduce this asymmetry.

Optics (J. HanIon, I. Liberman, V. K. Viswanathan, P.
Bolen)

We concentrated on finishing and improving the
alignment system and the optical beam train for Helios.
Major accomplishments are listed below.

● Laser operations were improved significantly.
● Beam quality measurements were performed, as

summarized in Table I-II. As a result of these
measurements, corrective steps were taken to bring
Beamlines 2A, lB, and 3A to the same level of
performance as the other beams.

● Twenty-four antireflection-coated
were installed.

● New beam
stalled.

tubes were designed,

TABLE I-II

salt windows

tested, and in-

HELIOS BEAM QUALITY DATA

Diameter
Bearnliie (w) Strehl Ratio

2B 65 0.60
1A 77 0.58
4B 90 0.54
4A 110 0.46
3B 120 0.43
2A 150 0.28
lB 160 0.28
3A 250 0.23

● We demonstrated that fringe patterns at the Helios

target-chamber focal plane could be obtained with a
Smartt interferometer.

● By lowering the gtin on all data-acquisition units

and raising the alignment laser power to com-
pensate, we determined that the major source of
noise on detectors in the alignment system was
thermally induced. We significantly improved the
stability, repeatability, and alignment time of the
alignment system.

. The target-chamber encoder systems were installed,
and each of the 48 mirror-mount drive motors was
checked out.

● Most interferograms of the optical-train compo-
nents as mounted (from the front end through the
salt windows to the target chamber) have been
completed.

● The preliminary design was initiated for an optical

system to be used for aligning cryogenic targets and
vaporizing the fuel.

● Alignment procedwes for the Helios optical-system

beam train were documented.
● Testing of the Rocketdyne adaptive optics was

completed.
By using interferometric techniques for experiments as

well as computer codes, we evaluated the Rocketdyne
deformable mirror for applicability to our COZ laser
fusion systems. The evaluation was made at 10.6 w
with a Smartt interferometer that we developed for the
purpose. One of the Helios beamlines was duplicated
optically for this experiment, and the collimating mirror
in the TPA was replaced with the deformable mirror.
The evaluation shows that the deformable mirror was
able to correct the types of aberrations believed to exist
in Helios beams. The inability of the mirror to raise the
Strehl ratio above 0.6 was traced to the mirror edge-
mounting constraints.

GEMINI LASER SYSTEM (J. P. Carpenter)

Introduction

The following target experiments were performed
using the Gemini Laser System during the past 6
months:

(1) an x-ray diagnostics and shadowgraph experi-
ment,

(2) calorimeter calibration,
(3) impulse measurements using pendulum targets,



(4) Mira-11 target stability tests,
(5) dfiuse-reflector experiments,
(6) free-surface velocity measurements, and
(7) x-ray channel-plate diagnostic development.

Significant results are discussed elsewhere in this report.
Of the 467 shots fued in support of these experiments,
92% produced the desired energy with no measurable
prelasing or prepulsing.

Laser Performance and Diagnostics (J. J. Hayden, J.
McLeod)

The Gemini laser was fwed at energies ranging from 5
to 295 J for the calorimeter calibration experiment. The
low energies were attained by injecting the oscillator-
preamplifier pulse before the final amplifier gain rose
very high. The pulser was then quickly diverted to
prevent subsequent repumping.

The saturated-absorber gas-cell retrofit was installed
on the north beam. This major mod~lcation removed the
saturable-absorber cell from the target-chamber entrance
window and placed it between Passes 2 and 3 inside the
TPA. This modified amplifier is being tested.

The airlock single-target insertion mechanism was
installed on the Gemini target chamber. This system
permits experiments to shoot as many targets as desired
before breaking vacuum on the chamber.

Oscillator-Preamplifier System (V. Romero, E. Coffelt)

The smoothing-tube and switched-out oscillator as-
sembly and two preamplifiers were tested electrically for
use in the new Gemini front end. The optical quality of
the output beam is being analyzed, and the system will be
installed in Gemini during the summer of 1980.

In addition to actual target shots, the present Gemini
front end fired 5125 shots during the past 6 months for
diagnostic trigger tests and system alignment.

Computer and Control System (S. Hackenberry, P.
Castine)

All Gemini logging and display programs were mod-
ified to permit the addition of another CAMAC crate for
the control-system retrofit. The control-system monitor-
ing plans call for the addition of six transient recorders

and enough event timers to monitor an additional 24
eventa.

GIGAWATT TEST FACILITY (J. F. Figueira, S. J.
Czuchlewski, A. V. Nowak)

Introduction

The upgrade of the GWTF has been completed; the
GWTF comprises two short-pulse COZ lasers, the Sys-
tem 1 and the RIO/Lumonics device. Both laser systems
are fully functional, routinely supporting a wide variety
of laser and plasma physics experiments. The design and
performance of both lasers is discussed in more detail
below.

Obtaining Unconditional Stability in System 1

For many applications, ranging from laser-plasma
interaction studies to phase conjugation using degenerate
four-wave mixing (DFWM), it is necessary to arrange a
laser-amplifier illuminating system in such a way that the
output from the laser system is fed directly back into
itself. For a COZ amplifier, the optical inversion in the
C02 molecule is typically maintained for several micro-
seconds, which is long enough for unwanted parasitic
modes to develop and to cause a loss of energy stored in
the amplifier. To eliminate such problems completely, we
designed and built the laser oscillator/amplitier system
shown in Fig. I-2.

A conventional transversely excited atmospheric pres-
sure (TEA) oscillator operating at 600 torr is used in
conjunction with a low-pressure discharge tube to pro-
duce a single longitudinal model at a frequency con-
trolled by an intercavity grating. The 70-ns output from
this system is then sent to a two-stage Pockels-cell
systemz where a 2-ns pulse with a 200-Ps (10 to 90Yo)
risetime is selected. The two-stage Pockels cell has an
extinction ratio in excess of 10s and completely de-
couples any external feedback from the oscillator to the
amplifier.

The selected pulse is sent to a two-pass amplitier
operating at 600 torr with a small-signal gain gOL*of 4.8
and a 10-cm2 cross-sectional area. To stabilize the

__— ——
●The smaU-signalgoLis related to the single-passgain G by G

#L.
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Fig. I-2.
Mukipass amplitler system. P 1, P2, and P3 are stacked-plate
Ge or ZnSe polarizers; PC 1 and PC2 are l-cm-diam CdTe
Pockels cells; L1 and L2 are lens systems; M 10 and M2 are
concave mirrors. (All other mirrors are flat.) A laser-triggered
spark gap (LTSG) provides high-voltage switching pulse to the
Pockels cells.

amplifier against parasitic oscillations, a 3.95-cm-long
gas-isolator cell is placed at the end of the fwst pass. The
beam from the oscillator is focused through a small hole
in the flat input mirror (M9 in Fig. I-2) and makes an
expanding pass through the a.mplitier and gas-isolator
cell to the 4-m-radius recollirnating mirror (M 10 in Fig.
I-2). The beam then makes a collimated pass along the
main axis of the amplitier and is extracted by mirror M9.
The fust pass through the amplifier is partially saturated
and produces a fluence of about 10 rnJ/cm2 at the gas-
isolator cell. In the absence of the gas isolator, the two-
pass amplifier system is unstable against 1.5’?40reflections
from a CaFz disk inserted at the amplifier output.

To stabilize the two-pass system, the isolator cell is
ffled with Mix 804 (a standard gas isolator).* The
measured transmission characteristics of the isolator gas
at 10 ~m P(20) in a 77.5-cm-long cell** are shown in
Fig. I-3.

This figure shows that input intensities >1.0 MW/cm2
are required for etlicient operation. Mixtures correspond-
ing to a small-signal absorption-length product of aL =
O, 2.4, and 4.8 at 10.59 m were introduced into the

*Mix 804 is composed of five gases in the followingpropor-
tion: SFC,1.5VO;C4FB,4.04’70;Freon 115, 12.2%;Freon 1113,
19.85VO;and Freon 12, 62.3Y0.

**The trmsmission characteristics of Mix 804 at a higher
pressure in a shorter cell are similar, but the saturation
threshold is shifted to a slightlyhigher energy.

,..4 I I 1 I I 1 1 1 ! I
,~.4 ,~.2 I 102

Peak Incident Intensity (MW cm-z)

Fig. I-3.
Measured transmission curves for gas-isolator MU 804, using
two values of aL, aL = 4.2 (6.5 torr) smd aL = 8.2 (13.1 torr)
with 1.2-ns, 10.6-Ism pulses.

isolator cell. Figure I-4 shows the measured output
energy in a 1.8-ns pulse for these conditions. When the
system was fully stabilized (gain equals loss for small
signals) at aL = 4.8, the output power decreased by 60V0
to a value of-200 MW for an input energy of 1 mJ. As
the input flux is reduced, the output power for the fully
stabilized case drops dramatically because of the in-
complete bleaching of the gas isolator by the fwst pass of
the beam through the system, as predicted in Fig. I-3.
Further increases in the input energy in excess of 1 mJ
would reduce the 60V0 loss encountered in the filly
stabilized case. The pulse shape was measured with a

I .0 1

./:/;

/7 /’- /
Y

/

o

; 0.1
0

5 uL=O /“ A ❑

R

t- //
2 A
+30,01

/
❑ 2- PASS AMPLIFIER

o aL = 2,4

/

goL = 4.8
X = P(20) at 10.6pm

rp=l.8ne
P = 600torr

“’’’’’’”y;
aL =4.8

0.001 , I 1 , I t , I
,0-6 ,0-5 ,0-4 ,.-3

INPUT ENERGY (J)

Fig.1-4.
Measured arnplitier output for severallevels of stabtiation.
The curve for aL = 4.8 represents the “zero gain” cofilgura-
tion.
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Fig. 1-5.
Outputpulseshape.Horizontalscale,1 ns/div;verticalscaleuncah%rated.

high-speed pyroelectric detector and a 5-GHz os-
ciUoscope.3 Figure I-5 shows the output-pulse waveform,
which has a 10-90?40risetime of 200 ps with a duration of
1.8 ns. No variation in pulse shape was observed for
variations in the gas-isolator falling pressure over the aL
range from O to 4.8.

Enhancing the Performance of the RIO/Lumonics Sys-
tem

The RIO/Lumonics system is the second GWTF
laser. It employs a reinfection oscillator (RIO) that drives
a muh.ipassed Lumonics-601 amp]ifier.”s The system is
capable of producing 1.1-ns pulses with a 5-J multi-
frequency output. When configured for plasma physics
experiments, it can produce focused powers approaching
1014W/cm*.

The output energy of this system was increased from
3 to 6 J by carefdly adjusting the timing signals to the
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oscillator and the amplifier so that both units operate at Prepukeandmainprdseener-&fromtbe RIO/Lumonicslaser
peak gain. The contrast ratio was improved significantly
by inserting a saturable-absorber cell containing SF6
buffered with helium (see Sec. III) between the RIO and
the Lumonics amplifer. In this manner, prepulse energy
was reduced by a factor of 105to a level of 3 ~, whereas
the main pulse energy decreased only slightly to 4.8 J
(Fig. I-6). By varying the SF, concentration in the
absorber cell, we should be able to vary the prepulse

as a functionof the SF6partial pressurein the saturabk-
absorbercell.Thecellis 19cm long,andthe SF6is buffered
with50 torrof He.

energy systematically, a capability that should be useful
for many experiments,

The temporal pulse shape has remained very repro-
ducible. The pulse width is 1.1 ns with a 10-90% risetime
of 350 ps. Peak intensity for a 5-J pulse is 4.4 GW.
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The diameter of the beam at the focal plane of a well-
designed f/2 optical system was measured several times
with an ir vidicon. The measured diameter at I/e of the
peak on-axis fluence is 96 + 10 I.UII.These measurements
are summarized in Table I-III.

We have also been able to generate subnanosecond
pulses by adding a third stage to the electro-optical
switch. This assembly yields an output pulse with a 710-
ps FWHM pulse duration and a 340-ps risetime. Output
energy is 1.8 J with a peak intensity of 2.1 GW.

Both laser sytems of the GWTF are fully operational.
System 1 is being used to support the COZ laser

TABLE I-III

SPECIFICATIONS FOR GWTF
RIO/LUMONICS LASER AND

f/2 FOCUSING SYSTEM

Output energy, J 5
Prepulse energy, p.1 <10
Pulse width, ns 1.1
Risetime, ps 350
Beam diameter (l/e), pm 96
Peak intensity, W/cm2 >5 x 10’3

development effort, whereas the RIO/Lumonics system
supports both the laser development experiments and,
more recently, a variety of plasma physics experiments.

The addition of target irradiation work to the GWTF
schedule has required extending conventional solutions
to the prepulse attenuation problem into new
performance regions.
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II. ANTARES—HIGH ENERGY GAS LASER FACILITY
(H. Jansen)

The High Energy Gas Laser Facility (HEGLF) will house the high-power, short-
pulse, COZ laser, Antares, which is being designed to investigate laser fusion
phenomena. The Antares project has been redirected, as a result of funding delays, to
provide 40 kJ on-target energy approximately 1 yr earlier than the full design (100 kJ)
schedule.

INTRODUCTION (H. Jansen)

Antares is a DOE line-item construction project
designed to investigate the feasibility of ICF near the
breakeven point. As originally planned, it was a six-
amplitier, 100-kJ ( l-ns) COZ laser system. However,
recent theoretical calculations indicate that the break-
even energy requirements are much higher than 100 kJ
and point out the lack of target data required for realistic
modeling. To achieve significant experimental target data
in as short a time as possible, the Antares program, with
the concurrence of DOE, was redirected. The goal of the
redirection is to build two power amplifiers (iistead of
six) as soon as possible with total on-target energies of
35 to 40 kJ. Based on projected funding, this will be
completed at the end of FY 1983, almost 1 yr earlier
than the presently scheduled full design (100 kJ) date.

The Antares effort is currently focused on the con-
struction and installation of major components. Al-
though Laser Hall construction is behind schedule, joint

occupancy by the Laboratory and the contractor has
permitted the installation of the frst power-amplifier
support stand and the shielded main control room. Joint
occupancy of the Target Building by the building
contractor and the vacuum system contractor has per-
mitted the installation of major vacuum system compo-
nents.

Our first electron-beam gun has been assembled and
vacuum tested. The electron-gun and gas pulsers have
been built and tested. The first high-voltage power supply
has been built and meets specifications. The Systems,
Science and Sotlware, Inc., front-end driver amplifier has
undergone checkout and has passed pxformance tests.

Fabrication of large optical components is on or
ahead of schedule. High-quality prototype parabolic
mirrors that exceed our requirements were successfully
diamond-point machined. Prototype tests of large-mirror
positioners were successful; production quantities of
these units are being procured. Two optical alignment
systems, the flip-in and see-through, are in the final
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stages of evaluation; final selection of one is expected
early in the next reporting period.

The controls system, the target vacuum system, and
the target optical system, which were most heavily
afTected by the redirection, are under revision to accom-
modate the required changes.

OPTICAL SYSTEM (A. C. Saxman, Q. Appert, C.
Bjork, J. Munroe, W. Reichelt, C. Silvernail, E. Sklar, J.
Sollid, T. Swarm, W. Sweatt, P. Wolfe)

Introduction

Our main efforts in the development of optical sys-
tems for beam alignment and diagnostics focused on

● the completion of the Antares single-sector beamline
mockup and evaluation of the beam-alignment tech-
niques,

● the completion of the Antares prototype calorimeter

designs and testing of calorimeter components,
● the surveying and layout of a master grid of primary

manual-alignment reference points and lines
throughout the Laser Hall Target Building, and

● the positioning of Power Amplifier Stands 2 and 5

and of target system Beam Tubes 1 through 3.
All these major tasks were completed on schedule.

Optical System Code

Two new ray-trace computer programs were estab-
lished for the entire Antares optical beam path. These
programs can predict accurately the geometric beam-
energy distribution throughout the beam path and also
verify the height and angles of incidence for each ray at
each optical element. In addition to calculating the
energy distribution at each optical element, these pro-
grams have been used to verify the ACCOS optical
design code for various subsystems. Current use of these



codes has provided information on component position,
radius of curvature, and tip-tilt tolerance requirements
for the entire Antares optical train.

has been designed, breadboarded, debugged, and is being
built.

Optical System Engineering
Beam Diagnostics Design Efforts and Evaluations

The power-amplitier vacuum-input-window cell, and
the vacuum-input-window calorimeter and its supporting
structure were designed to the layout stage. The
calorimeter was drawn in more detail for evaluation.

We also designed the full-power calorimeter assembly
and developed a method for supporting it in the
diagnostic spool. An individual calorimeter for a single
sector was drawn in more detail, again for evaluation.

We completed the design for the input-sector
calorimeter and a layout drawing for its position in the
power amplifier. A prototype is being fabricated.

We completed the layout of the 50-cm-diam disk
calorimeter and support structure for the turning-mirror
chamber, including four photon-drag detectors, two fast
pyroelectric detectors, and one mercury-doped german-
ium detector.

A vacuum test fwture (chamber and mounting plate)
was designed to evaluate various calorimeter contlgura-
tions under vacuum. In addition, the design of a test
stand for the new Lumonics- 103 oscillator was begun.
This stand wiUincorporate continuously variable crossed
polarizers for attenuating the beam from the oscillator.
The test assembly will be used to align the turning mirror
for the input-sector calorimeter prior to installation.

A test and calibration station for use with tie
Lumonics- 103 oscillator is being designed for the input-
sector calorimeters. Multilayer dielectric polarizers will
be used for this application because these polarizers
appear to offer a modest extinction ratio (85:1) with
higher damage threshold and larger beam aperture than
ZnSe or germanium stacked-slab polarizers.

The effect of surface loading by multiple
thermocouples was tested. The effect of detector-system
sensitivity on the complexity and fabrication of the total
system is being evaluated. To verify our calorimeter
design criteria, we determined the minimum detectable
10.6-~m flux that can be measured with type-E
thermocouples and thermoelectric modules. Our current
designs are five times more sensitive than required.

An initial analog design for a *0.2% repeatable
electrical energy measurement was agreed upon. A
pulser, which will deliver the requisite electrical pulses in
times that are short compared to thermal response times,

Power Amplifier. Various power-amplifier tasks were
completed as summarized below.

Spe@7cations. Revision A for purchase of 45-
cm-diam salt windows was written; also, revisions were
written to HCC’S proposed acceptance-testing pro-
cedure. Revised blueprints were drawn for mounting the
45-cm-diam salt windows, including changes to the
retaining ring and cover plates, and the design of a
lithium-fluoride-coated diaphragm. A wedge angle was
added to the 45-cm-diam salt window, and the blueprints
were brought up to date, as were the beam profile
drawings for these windows. Final specifications for the
optical design of the power ampliiler were completed
(Specification No. 89Y-224832) following a design re-
view meeting. The specifications contain all current
optical design parameters for the power amp]iflers; the
entire power-ampMler optical design has been frozen.

Cakuhztions, Effects of moving Power Amplitlers 2,
3, 4, and 5 on the power-amplifier optical design were
calculated by AC COS-V simulation of the power-
amp~ler optical train. Mounting requirements for the
power-amplifier back reflectors were calculated, includ-
ing new tolerances for the relay mirrors. Calculations for
the spatial falter, including the motion of focusing and
relay mirrors, and aberration-balancing, were performed.
A complete ray trace through the trombone and other
input optics was completed.

Target System. A fust-order design for the beam-
alignment see-through telescope was developed. A low-
cost prototype model will be fabricated for laboratory
verification of the important ,design parameters. The
design, and prototype will be used for guidance in the
design and fabrication of an Antares beam-alignment
telescope.

Based on the new two-beam target optics design, the
power-amplifier/target system beam convergence in-
terface requirements were defined.

The engineering design for a new beam-alignment
target f~ture is 90V0 complete, and prototype parts are
being fabricated and procured. This f~ture will allow a
number of beam characterization subsystems to be

17



pointed accurately at each beam-focusing parabolic
mirror sector. Measurements of beam quality, pointing
and centering, focusing, encircled energy, and pulse
synchronization can be performed in the target position
with this future.

Beam Alignment

Manual Alignment. A survey of the Antares facility
(Laser Hall and Target Building) and of all beam-related
penetrations (manholes and portholes) has been coxu-
pleted. The as-built dimensions were generally well
within specifkd tolerances. Permanent benchmarks and
reference markers for the identification of beamlines and
equipment locations were established. The alignment
layout uses the target position as the basic reference
point.

Power AmplKer Stands 2 and 5 were bore sighted
into their designated final positions. The beam tubes
between the Laser Hall and the Target Building were
bore sighted and Tubes 1 through 3 were permanently
positioned. In addition, the positioning of the beam-
tuming chambers and the target chamber was also
verified. These cooperative tasks between the Laboratory
and the target-system contractor, PDM, have been
completed successfully.

Automatic Alignment. Major gains were realized on
the Antares single-sector mockup in the Optical Eval-
uation Laboratory (OEL) test bed. In this subsystem, we
used Antares full-size prototype apertures, mirrors and
mirror positioners, and full-length beam paths. The beam
path is completed from the front-end-room alignment
station to the focusing parabola. The tlip-indetector and
see-through beam-alignment techniques are being eval-
uated. The flip-in-detector sensors and their signal-
condhioning packages were interfaced with their respec-
tive mirror positioners. A minicomputer (DEC 11/03),
integrated with a Laboratory-designed stepper motor
driver, and soflware were used to perform closed-loop
control of the mirror positioners throughout the optical
train. The pointing and centering requirements, which
were determined analytically, were easily met with the
flip-in alignment technique.

Verification testing of the requirements for the see-
through alignment system was also completed suc-
cessfully on the optical test bed. The specifications for
the alignment telescope for the see-through alignment
technique were generated, and a request for quotation

(RFQ) was issued. Initial vendor comments were favor-
able; final bids are due in mid-February 1980. Currently,
we are using a commercial telescope for the see-through
tests to validate the analytically determined requirements
for illumination sources at the mirror, spatial-fdter, and
target positions. A television image-centroid autotracker
was ordered and will be delivered in late February 1980.
This unit will be integrated with the current came-
ra/telescope system, and closed-loop control tests, simi-
lar to those completed with the flip-in system, will begin.

The see-through technique has been tentatively
selected for the Antares fllgnment system. Recent veri-
fication tests indicate that the signal-to-noise, image
resolution, field-of-view, and procedural alignment re-
quirements can be satisfied in a cost-effective manner.
No major technical problems are foreseen once a new
telescope is procured and tested. The see-through tech-
nique also can verify the beam position throughout the
optical train, check for obscurations, and perhaps most
importantly, provide a means for direct observation of
the target.

In preparation for Beamline 5 (the Laser Hall optical
test bed), a basic design for the front-end-room alignment
station was completed, which can support either the see-
through or flip-in alignment technique. Basic common
components and hardware have been procured. Addi-
tionally, a design for the periscope/carousel assembly
was completed, checked, and sent out for fabrication
bids.

LARGE OPTICAL COMPONENTS (W. H. Reichelt,
D. Blevins, J. L. Munroe, R. Cutler, G. Woodfm)

Salt Windows

HCC has done an outstanding job in the salt-window
program. Windows are being fabricated; the fwst is due
at Los Alarnos in early 1980. Yield results indicate that
the decision to build a new production facility was
correct. New furnace designs have resulted in better
crystal boules as indicated below.

Yield
(%)

Area Projected Actual

Crystal growth 42 75
Forging 68 78
Polishing 85 94
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Twice as many windows as expected have been made

(>50 vs 24). The improved growth process is reflected in
consistent absorption coefficients (a) of <0.002 cm-l.

Mirrors

Production of substrates for the Antares system was
completed. Copper plating has been a continuing prob-
lem and the Laboratory, rather than Union Carbide
Corporation’s Y-12 Plant, has assumed direct responsi-
bility for this process; Y-12 will only single-point
diamond-turn (SPDT) the mirror surfaces. The target
system mirrors are not yet in fabrication, because the
requirements have not been fully defined.

Mirror production at Y-12 has been delayed because
of the substrate plating problems, but there is enough
slack time in the schedule to prevent problems. An off-
axis paraboloid, representative of the paraboloids that
will be used on Antares, was received from Y-12. This
paraboloid was cut on the Excello SPDT machine using
the futures already manufactured for the production run.
The only substantive ditTerence is that this paraboloid is
solid aluminum, lacking the copper plating. Evaluation of
this paraboloid leads to two major conclusions.

● The optical figure on the paraboloid is within one

visible fringe peak-to-valley (p-v), which means that
the optical performance at the Antares wavelength
will be excellent and cause little degradation, and
that the parabola can be aligned very closely by
mechanical means.

● Surface finish was between 0.02 and 0.05 m.

Production of such mirrors indicates that no addi-
tional polishing is required. Indeed, this accomplish-
ment represents a technological breakthrough in the
fabrication of aspheric optical components.

Positioners

The mirror is connected to the positioner by three
posts, which are, in fact, a kinematic mount. The posts
are flexures that permit mirror support without optical
distortion, as was demonstrated interferometrically in a
test case on the Zygo intefierometer at the OEL.
Prototype mirror mounts were used to demonstrate the
reliability and repeatability of the mirror positioners. The
sensitivityy of the positioners is 3.85 ~ad/step. Starting
from a null position, each positioner was stepped 10000
times and returned. Afler return, the positioner was

within a half step of null. The position is linear within a
half step over 1000 steps, which is well within require-
ments. Source selection and production RFQs have been
idiated. Initial tests of the prototype actuators for the
focusing mirrors in the target system revealed some
roughness in the linear ball bearings and self-locking in
the direct-driver ball screw. The redesign lowered overall
cost and made procurement easier and faster.

Optical Evaluation Laboratory

The OEL, in cooperation with the Y-12 Plant and
HCC, is coordinating optical evaluation activities for the
production of Antwes components. In addition, a small-
mirror vendor qualit3cation program designed and run by
the OEL provided reliable sources of metal mirrors for
the entire Laser Program. Evaluation requirements,
particularly those of the Helios system, were met.

Lithium Fluoride Absorbing Surfaces

Lithium-fluoride surfaces can be used as “optical
blacks” to prevent parasitic oscillations in the high-gain
COZ systems. Early attempts at plasma-spraying sur-
faces with lithium fluoride were supported at Battelle
Institute. The program indicated that large particles (50
to 200 ~) were required for a reliable process. In a
Laboratory-supported program, TAPCO, Inc., de-
veloped such powders successfully for use in a flame-
spraying coating process, Flame-spraying is preferable to
plasma-spraying because lower temperatures are used
and the process is safer. Production of parts coated with
flame-sprayed lithium fluoride was initiated.

FRONT-END SYSTEM (W. T. bland, E. Foley, D.
Gutscher, M. Kircher, C. Knapp, E. Yavornik, G. York)

The driver amplifier was performance tested satisfac-
torily. The manufacturer demonstrated 500 full-power
operations without failure, although the unit did not
reach gun-current uniformity specifications. Gain-uni-
formity tests performed after delivery of the unit to the
Laboratory showed that gain uniformity was within
+7?40 as specilied. Nonuniformities in the gun current
were confined to a small region where they do not
materially tiect gain uniformity. We achieved gOLs of
8.5 at 1500 torr; this result exceeds the design minimum
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of 7.5. The driver gun uses a single-blade cold cathode
coupled to its power supply by a peaking gap and 30.5 m
(-100 ft) of coaxial cable. The peaking gap increases the
voltage rise rate at turn-on and improves ignition uni-
formity.

A spark cathode was used for tests of gun
performance. This variant of a cold cathode provides a
preselected array of spark-emission sites. The spark
cathode did not require the peaking gap for good
ignition, gave a slightly better grid-to-cathode current
ratio, but provided poorer current uniformity.

The preamplifier was controlled by prototype com-
puter programs. All communication between the pre-
amplifier and associated equipment is by fiber-optic
cables.

POWER-AMPLIFIER SYSTEM (R. Stine, G. Allen,
W. Bartlett, J. Bickford, W. Gaskill, W. Miller, G. Ross,
R. Scarlett, W. Turner, B. Weinstein, N. Wilson)

Primary achievements were the start of power-
amplifier installation in the Laser Hall and assembly of
the electron gun.

The support stands for the fwst two power amplifiers
were received and installation is under way (Figs. II-1
and H-2). These stands are 3 m high, 4 m wide, and 12 m
long. Assembly was delayed from August to October
1979 because the Laser Hall was not available.

The 3.5-mdiam pumping-chamber shells were fabri-
cated and delivered to the Laboratory. They are ready
for installation on the support stands.

The 1.5-mdiam by 7.3-m-long electron-gun vacuum
shell (Fig. II-3) was received, together with all cathode
components; assembly of the electron gun has begun
(Fig. II-4).

Pumping Chamber

Electrical Design and Testing. A double-tapered
anode-bushing prototype was fabricated and tested to
over 1 MV (Fig. II-5). The double taper and soil
polyurethane center drive all the air out of the interface
when the bushing is assembled. This prototype is a value-
engineered version of the initial solid bushing, which was
tested to 900 kV during the fust half of 1979. The
double-tapered design is out for fabrication bid.

A prototype dielectric divider fabricated at the Labo-
ratory was tested in the prototype power amplifier with
satisfactory results. An initial set of production units will
be obtained from industry.

The anode drawing package was completed and a
RFQ sent out.

Mechanical. All detailed engineering design and draft-
ing for the outside shell were completed.
assembly drawings remain to be ftished.

Only the top-
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Fig. 13-2.
Power-amplifier support stand.

F%. II-3.
Electron-gun vacuum vessel.

The 8 pumping chambers, 2 spacer spools, and 10 rail and the units
support plates for the first 2 power amplifiers were machining.

were sent to the machine shop for final

delivered to the Laboratory (Fig. II-6). The electron-gun An order for the 1/0 optic sections was placed and
rails will be delivered early in 1980. Fabrication of the fabrication has started.
weldment portion of the pressure domes was completed,
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Fig. II-4.
Assemblyof electrongun.
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F~. n-5.
Double-tapered anode bushing.
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Fig. II-6.
Pumpiogchambersarrivingat the Laboratory.

Electron Gun

Electrical Design and Testing. The Electron-Gun Test
Facility (EGTF) became operational, and assembly of
the first electron gun was started.

The electron-gun windows were fabricated successful-
ly by the Laboratory and by an outside vendor. Both
succeeded in bonding the titanium foil to the stainless
steel back-up grid. Production units were ordered from
both sources. Also, a Kapton-aluminum laminate fdm
shows promise for replacing the titanium foil and
providing a more reliable window.

Mechanical. The engineering design and drafting for
the electron gun were completed, and all parts except the
grid have been received, Assembly of the gun has started.

A process for punching the stainless steel material for
the grid was developed by an industrial source. Punched
material has been sent to the grid vendor for use in the
grid assembly.

Gas and Vacuum Subsystem

The prototype electron-gun vacuum system was used
during inspection and assembly of the gun in the EGTF.

The same type of turbomolecular vacuum pump, me-
chanical backing pumps, and gate valve will be used in
Antares. Based on overall system performance, compo-
nents were ordered for the fwst power amp~ler.

The main roughing pump for the Laser Hall was
received and stored in the warehouse until the Hall is
available.

Handling Equipment

The handling equipment for the electron gun was
received, including the low-boy ftie to move the shell
on air bearings and the cathode carrier fixture to insert
the cathode into the shell (Fig. II-7). The low boy permits
rotation of the electron gun for window installation and
moves the unit on the floor. The cathode-grid assembly is
inserted into the shell with the long, cantilevered arm of
the cathode carrier fwture. Also, the air compressor
required to operate the air bearings was received. All of
these units were used during assembly of the gun.

The Laser Hall electron-gun insertion f~ure used to
load the gun into the power amplifiers was sent out for
bid.

Hydraulic man-lift platforms were received and used
in the initial operations in the Laser Hall,
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Fig. II-7.
Low-boy and cathode carrier fixtures during assembly of the electron gun.

Design of the anode-bushing assembly fwture was
started.

Optical Support Structures

The purchase order for the back reflector, relay, and

I/o optical support structures was placed. The
aluminum ordered previously for these structures was
sent to the vendor and fabrication is under way.

SUppOrt Stand

The support stands for the fwst two power amplifiers
were received in August and September 1979. Installa-
tion of these stands began in October 1979 when access
to the Laser Hall was obtained.

High-Voltage Cable

The fwst shipment of high-voltage cable from Sweden
to connect the power amplifier with the Marx generators

was received in New York. The cable-assembly area was
prepared for the hardware used to terminate the cables,

including cable-straightening futures to prepare the ends
of the cable for the termination, cable-handling equip-
ment for the 3-m-diam spools, and cable-trimming jigs.
EG&G will design and fabricate all the cable-terminating
equipment.

ENERGY STORAGE SYSTEM (G. Allen, F. Van
Haaften, W. Reichelt, K. Andrews)

Gas Pulser

The Antares prototype gas-pulser performance tests
were completed. These tests consisted of 2000 shots at
600 kV into a matched dummy load to simulate normal
operation, with a peak load current of 250 kA; of 10
short-circuit shots after 500 and 1500 normal shots to
simulate fault conditions, with a peak current of 400 kA;
and of 10 shots at 750 kV after 1000 normal shots to
establish voltage integrity. These tests clearly established
that the following key specifications were met or sur-
passed.
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Specification Performance

Jitter, ns S20 ( 1%) <10 (l%)
Inductance, H <3 <2.4
Prefire rate, Hz SO.o 1 <0.01

Although the prototype pulser met the required prefre
rate specification of <1 Yo,all future units are expected to
have a significantly reduced prefire rate caused by a
change in Laboratory-tested spark-gap electrode materi-
al and better control of the gap-purging air system.

The prototype gas pulser should be delivered to us by
mid-March 1980, which will allow tests of the pulser
computer control system to begirt during April. Con-
struction of four production pulsers is in progress.

Gun Marx-Antares

A preliminary engineering design of the Antares gun
Marx, which used 4-vF, 60-kV capacitors in a compact
arrangement, was dropped in favor of the existing
contlguration used in the TSL-85 Marx (see discussion
below). This decision eliminates a sizable drafting/design
effort and takes advantage of existing hardware @imari-
ly capacitors) and operating experience. The original
TSL-85 Marx drawings are being updated to reflect the
as-built changes. The design of service and assembly
f~tures, and of a construction and test facility is under
way.

Power Supplies

Power supplies for both the gas pulsers and gun Marx
for Beamline 2 were installed and successfully completed
proof-of-performance tests. The rigorous performance
tests required a transformer/rectitier overvoltage of 30Y0,
repeated output short circuits while under full load, and
precise constant-current control into a variable load.

After initial control problems, the power supplies
performed satisfactorily. These power supplies are de-
signed to operate either by hand or under complete
computer control. Delivery of these fwst two supplies is
expected by mid-March 1980.

Fault Protection

If the laser gas volume is not ionized when the gas
pulser fres because of, for example, gas-pulser pretire,
gun-Marx misfwe, or improper timing, the gas pulser will
have an extremely high load impedance, which will cause
the pulser output voltage to attempt to ring up to 2.4
MV, twice its open-circuit voltage. A dielelectric failure
would consequently occur in a cable, bushing, dielectric
divider, or elsewhere in the system. To channel the pulser
energy into a nondestructive path during such a fault, an
overvoltage gap has been designed into the system. The
design goal of the overvoltage gap is to hold off the
normal operating voltage of 600 kV reliably and to break
down reliably under overvoltage conditions near 700 kV.
Other system components were designed and tested to
hold off voltages of 900 to 1000 kV.

Development of a suitable overvoltage gap is in
progress, centering around a self-irradiated near-uniform
field gap. The typical configuration is shown in Fig. II-8
[an adaptation of a design suggested by C. Martin of
Atomic Weapons Research Establishment (AWRE)].

GAP

fl

HOUSING

Tu-CU INSERTS

HIGH-VOLTAGE
ELECTRODE
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\

Fig. II-8.
overvoltageprotectiongap.
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Basically in this gap, interelectrode capacitances cause
the floating electrode to arc to the high-voltage electrode,
thereby causing irradiation of the main gap. This irradia-
tion is expected to reduce the spread in the main-gap
breakdown-voltage characteristics.

Preliminary test results of initial contlgurations are
encouraging. However, the breakdown spread is still too
wide to provide reliable overvoltage protection. Our
effort to optimize the interelectrode capacitance and the
irradiation gap spacing should provide a suitable voltage
breakdown spread.

Gun Marx-TSL85

A Marx generator for the EGTF was designed,
constructed, and tested. The generator has an open-
circuit voltage of 600 kV and a stored energy of 72 kJ.
The design incorporates a dummy load to allow opera-
tion in the range of 400 to 600 kV. It also contains the
electron-gun grid resistor and a 600-kV switch that
converts the Marx configuration from a normal operat-
ing mode to a “grid-conditioning” mode in which the grid
is shorted to the cathode and a series current-limiting
resistor is inserted in the output.

The Marx was fued into an open circuit to test its
voltage integrity and into a 10-S2 dummy load to
approximate normal operating current requirements.
Several short-circuit shots were made to simulate fault
conditions. The ringing frequency measured during the
short-ciruit shots gave a calculated Marx inductance of
1.3 wH. The open-circuit shots gave a risetime of 100 ns
to 600 kV. This dV/dt should provide adequate cold-
cathode blade ignition.

In 50 dummy-load shots, the total jitter spread was
only 100 ns. Overlaid oscillograms of the erection
voltage suggest the possibility of dual erection modes,
each with a jitter of-20 ns. The cause of these apparent
dual erection modes will be investigated.

The Marx is expected to be operated into an actual
electron-beam gun load beginning mid-February 1980.
During these tests, the value of the balancing inductor
used to equalize the gun return currents will be establish-
ed.

TARGET SYSTEM (P. N. Wolfe, J. Allen, C. Cum-
mings, R. Day, W. Dorns, P. Soran, W. Sweatt, B.
Thompson, N. Wilson, V. Zeigner)

General Activities

Highlights. The Antares Target Building became
available for installation of the target vacuum system by
PDM. By December 1979, the six 1.9-m-diam beam
tubes connecting the Laser Hall and the Target Building
had been installed and three of the six turning-mirror
chambers were in place. A contract supplement was
issued to PDM for final design and fabrication of the
target-chamber space frame. We began evaluating alter-
native target optical system designs that would permit
target experiments to begin when Antares is completed in
1983.

Target Neutron Effects. Although nucleonic calcu-
lations were carried out several years ago for the
shielding design of the Target Building, we have realized
that a more detailed treatment including components in
and near the target chamber is now needed to manage
both prompt effects on electronics and postshot actua-
tion problems. We are using continuous-energy Monte
Carlo techniques consisting of two stages: fwst, an
analysis of components within and including the target
chamber; and second, an analysis of the environment
outside the target chamber, but within the envelope of the
Target Building including the exterior walls, roof, and
floor.

The primary concern within the target chamber is the
neutron activation of the target chamber itself and of
various components including the target-insertion mech-
anism, mirrors, control motors, wiring, and space frame.
Figure II-9 illustrates a portion of the nucleonic model
with a plane cut perpendicular to the y-axis, which shows
the target-insertion mechanism, some of the mirrors and
motors, the space frame, and the target chamber, Using
the Laboratory’s Monte Carlo code for neutron and
photon transport (MCNP) and the target-chamber mod-
el, we are calculating the timedependent transport of
neutrons and photons from the source, of photons
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Fii. II-9.

Computer-modeled trsnsver& section of target chamber,

produced by neutron interaction, and of neutrons mod-
erated in the system. We can then study activation
resulting from the time- and energy-dependent neutrons.

In addition to neutron activation within the target
chamber, neutron and photon leakage out of the target
chamber is also of concern. Such leakage can activate
equipment in the Target Building and cause radiation
damage to electronic gear. Of particular concern is the
neutron and photon flux in the electronics room shortly
after a target burst. Figure II-10 shows the Target
Building model with a cut perpendicular to the z-axis at
the source center. Not shown in Fig. 11-10, but also
present in the model, is the electronics room. Using the
Target Building model, we are preparing prompt-neutron
and photon mappings and are performing an activation
analysis.

Target Vacuum System

PDM Contract. The gauging and electrical designs
were reviewed at PDM in July 1979. A final design
review was held in Los Alamos in August for DOE. The
system configuration developed by PDM appears to
meet the principal requirements as defined in the target
vacuum system specifications. There is some disagree-
ment about the calculation package provided by PDM to
support their pumping system design. However, our
calculations show that the several discrepancies tend to
cancel each other out, resulting in predicted performance
that does meet the specification. Because PDM is

I

Fig. 11-10.
Computer-modeled Iongitudmsl section of Tsrget BuiIdmg.

building the target vacuum system to meet a
performance specification, we are mainly concerned that
the calculations provide proper guidance for future
integration of equipment to be installed within the target
vacuum system.

PDM persomel and equipment arrived on site in
August and began leak testing beam-tube sections while
the Target Building was not available. Beginning in
October 1979, beam-tube culverts between the Laser
Hall and the Target Building were prepared and in-
stalled; by year-end the six beam tubes had been installed
and fitted up, and in-place leak testing had begun. The
three turning-mirror chambers at the west end of the
Target Building were also installed. Progress in the
installation of the target vacuum system is shown in Fig.
11-11.

Special isolation valves for the 1.6-m-diam beam tubes
and a turbomolecular pump for the target chamber are
major items subcontracted by PDM. Perfor-
mance/acceptance tests of these items were witnessed by
Laboratory staff. The valves, manufactured by GNB
Corp., were functionally operated and leak tested at the
factory, accepted by PDM, and delivered to the Antares
site. Test observers were very pleased with the operation
of these very large valves. The pump manufacturer,
Sargent-Welch, demonstrated it for PDM and Labora-
tory observers late in November. No Spt?-C~C

performance tests were conducted, but the pump had
been in operation for almost 200 h and was exhibiting a
blank-off inlet pressure of 6 x 10-E torr. Several
features of the turbomolecular pump and its controller
will still require attention by PDM before they are
integrated into the system.

Component Qualification Program. Outgassing rates
in vacuum were measured for materials to be used in the
target vacuum system. Tests of connectors and feed-
throughs from five manufacturers indicated that metal,
ceramic, and glass have acceptable outgassing rates,
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Fig. II- 11.
Installation in Target Building.

usually less than 1 x 10-s torr t’/s per unit. In contrast,
rubbers, phenolics, and other polymeric generally have
unacceptably high outgassing rates. The principal gas is
water vapor, with varying amounts of higher-molecular-
weight materials, some of which can condense on optical
components in the vacuum system at room temperature.
Measurements were also carried out on lithium fluoride
(an optical antireflection coating material), on selected
anodizing surface fiiishes, and on motors and clutches
for the target-insertion mechanism. Usable components
have been identified in all cases.

Target-Chamber Space Frame

After placing an order for the final design and
fabrication of the space frame with PDM, we cross-
checked their design with ours in a cooperative effort, as
insurance against interference between the space-frame
structure and optical beams and mirror supports. As a
result of this effort, minor changes in the design were
made to relieve crowding at critical points; other refin-
ementsincreased the resonant frequency of the structure,
which had dropped to an unacceptably low 12.5 Hz
when the mirror support structures were added.

We further modified the PDM contract to include a
l/5th scale model of the space frame with mirror
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templates. We will use this model to study space
assignments withii the space-frame region for optical
and target diagnostics and alignment hardware to verify
beam-hardware clearances, and to wire harness layouts.

Target Optical System

Image aberration caused by the parabolic focusing
mirrors was reduced significantly by tilting the mirrors
slightly to orient the parabolic axis parallel to the
incoming beam, and then shitling the mirror position
slightly to correct for focal-point shift produced by
convergence of the incoming beam. Substrate drawings
for the focusing mirrors were completed and released for
bid,

We began a study to adapt the large optics design for
target experiments based on the two-beam system. Two
ground rules are being followed: fust, impact on the
design of the target-chamber space frame should be
minimal, because mechanical stability requirements
make this a long leadtime item; second, the pseudo-cubic
target-illumination symmetry plamed for the final six-
beam Antares should be preserved, Two approaches
were considered. One requires path-length compensation
for one-third of the sectors in the turning-mirror



chamber, which needs 32 extra mirrors and positioners
for the two-beam system. The other requires that the
folding mirrors be relocated in the space frame and that
the beam tubes to the target chamber be installed in
positions different from those for the six-beam configura-
tion. For schedule, cost, and technical reasons, we chose
the second scheme; appropriate design work is proceed-
ing accordingly.

Target-Insertion System

Work was begun on the design of the airlock target-
transfer mechanism. Because of the size of the target-
chamber vessel, greater misalignment between members
mounted to the vessel and members mounted to the
space frame must be accommodated in the Antares
design than in that of Helios. The design also provides
for adjustments to accommodate lack of repeatability in
the positions of the target-chamber end dome and space
frame, and in space-frame orientation; positional and
angular dislocations caused by chamber deflection on
pumpdown will be accommodated without adjustments.

A special holder was designed to accommodate op-
tical alignment devices such as a Smartt interferometer
system. This holder incorporates a double-gimbal mount,
which can be used to orient the primary optical element
of the alignment device toward any focusing mirror.

CONTROL SYSTEM (M. Thuot, J. Hong, D. Call, D.
Carstensen, D. Gutscher, A. Kozubal, F. McGti)

Control-System Architecture

The control-system architecture was motiled to
eliminate some complexity and cost. The modified design
fits the reduction from six beams to two. The lowest level
of control, the machine interface (MI), remains un-
changed: -29 LSI- 11 microprocessors serve as data
multiplexer and directly control valves, relays, and data
collection devices, for example. Four subsystem-control
computers (SCC), PDP 11/60s, control the major sub-
systems: optics and target, front end, Beamline 2, and
Beamline 5. Most of the feedback control resides at this
level. These computers also support a man/MI; there-
fore, each subsystem can be operated separately and
concurrently. A DEC 11/70 computer provides overall
system control by coordinating the operation of all
subsystem computers and providing the operator/MI for

the entire system. A block diagram of the revised system
is shown in Fig. II-12.

The temporarily installed computers are operating
under the UNIX system on a network we designed called
TENNET. This change was required when the previous
network, DECNET II, failed several parts of its accep-
tance test.

Front-End, Energy-System, Power-Amplifier, and Op-
tics-Controls Projects

A standard format for subsystem interface-data
documentation was established, which lists all the func-
tional 1/0s of each subsystem, defines normal and fault
operation procedures, and defines every physical 1/0
control or data channel. An updated list of all the data
and control channels for the Antares front-end, power-
ampliller, and energy systems is available on the com-
puter. This information forms the basis for our wire-run
listing and data dictionary.

The interfacedata documents for the front-end and
energy systems are nearly finished. The power ampl~ler
lacks definition in the laser-gas and electrical-diagnostic
areas. The optics and target data documents have not
been started.

Antares Controls Hardware Team

Electromagnetic Interference (EMI) Protection. In-
stallation of the radio frequency interference shielding for
the central control room was completed. The shielding

f
PDP11/60 POP11/80 POP11/60 PDP11160

LS1-11 (. S1-11 LSI-11 LSI-11

ICC - INTE6RATE0CONTROLC[ilTfR
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Fig. II- 12.
Control-system implementation.
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will be tested soon and the interior finishes added. l%e
computers are scheduled to be moved to the control
room in March 1980.

About half of the standard fiber-optic modules are
being produced. This fwst beam-related production will
generate approximately 80 of each type of module. These
units will be installed in the front-end room and the Laser
Hall starting in March 1980.

MI Computer Design. A standard set of circuit
modules was selected for use in all MIs. We have written
test software programs for these modules. An incoming
inspection and maintenance test station has been set up
and is now operating.

A preliminary design of the analog monitor interface
was completed. Several suggested design changes are
being implemented.

A prototype of the motor driver was built and sent to
OEL for alignment system development

Antares Controls Software Team

Operating System. An interprocessor communica-
tions facility was added to the UNIX operating system.
This software was installed on one 11/70 and four 11/60
computers and is behg tested.

Program transfer from a SCC to a MI was ac-
complished by a support software package that uses the
fiber-optic serial communication lines. Whh this facility,
we will initiate and change application programs for the
LSI-I 1 MIs.

MI Manager. We have implemented and tested part
of the MI software that performs laser device-dependent
input and output. This software package will control
data flow through the MI and provide some low-level
feedback control.

SITE AND STRUCTURES (J. Allen)

Construction Package I

As of 31 December 1979, Construction Package I
was 96.3V0complete. This is a net gain of 31.3 YOfor this
reporting period. Complete occupancy is now scheduled
for June 1980. Joint occupancy of the Laser Hall began
1 October 1979. The warehouse was occupied in late
September. The ofiice building will be ready for occupan-
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cy on 17 January 1980. The Laboratory began installa-
tion of the controls shielded room in late December.
Landscaping, as well as testing and balancing of the air-
conditioning systems, will not be ftished until June
1980.

All installation is complete except for electrical work,
which is affecting the completion of all areas and is
delaying the startup of the functional equipment.

A modification was issued to upgrade the air-
conditioning fdtration for all areas that require strin-
gent cleanliness. Testing and balancing will be performed
after this modification.

Construction Package II

This package was 93.8V0 complete on 31 December
1979. All effort is essentially complete except for elec-
trical work. Beneficial possession of the fwe-protection
water tank and associated systems was assumed by
DOE on 4 December 1979. The Target Building has
been jointly occupied by the building contractor and the
target vacuum system contractor since mid-October. The
scheduled completion date for the Target Buildhg is
June 1980.

OTHER—PARTICULATE CONTROL (P. N. Wolfe,
J. Allen, W. Bartlett, W. Reichelt, J. Sollid)

Although the design of the buildings that house the
Antares facility incorporates reasonable measures for
controlling average levels of particulate contamination,
the specific local needs of the laser system and the target
experiments require additional attention. Two items of
concern are contamination of large optical windows and
mirrors, which can lower their damage thresholds, and
contamination of targets, which can spoil experiments.
Earlier in 1979, a rational basis for contamination limits
on targets was worked out with the help of A. Gutacker,
a consultant from Kodak who has experience with
similar problems in the Omega Facility at Rochester,
New York. With the start of assembly operations, we
have engaged Mr. Gutacker to assist in developing
surface contamination limits for Antares optical sur-
faces. Tentative goals have been set, and practical
models of contamination flow are being developed. These
steps will enable us to specify economical procedures
and minimal facility additions to meet our needs.



III. ADVANCED LASER TECHNOLOGY

(J. F. Figueira)

The advanced laser technology program aims at improving the performance of
current operating systems and at satisfying future program requirements by concentrat-
ing on: (1) phase conjugation, which can improve the optical performance of future
systems and can have diagnostics applications; (2) gaseous saturable absorbers, which
can substantially improve performance in both Helios and Antares; and (3) investiga-
tion of a new class of saturable absorbers based on doped alkali-halide crystals. The
investigations of phase conjugation and gaseous saturable absorbers have been
extremely successful in advancing the understanding of the processes involved.
Improved saturable absorbers have allowed an increase of on-target energy in Helios.

GENERAL

The results of earlier advanced technology programs
have allowed Helios to approach the on-target operating
point, primarily by incorporating improvements achieved
in our investigation of gaseous saturable absorbers.
Because these gaseous saturable absorbers are not
completely understood and because identilcation of new
candidates could lead to further improvement in our
operating systems, some emphasis has been placed on
this program. In addition, we investigated the potential of
solid-state absorbers based upon doping and saturable-
gas-absorber entrainment, an effort aimed at longer
range applications. Continuing phase-conjugation stud-
ies offer the promise of self-correcting and self-aligning
laser systems with essentially diffraction-limited
performance. Phase conjugation has been demonstrated
experimentally; further anal ysis has led to understanding
it; and its engineering application to larger laser systems
is being studied.

PHASE CONJUGATION

Phase Conjugation and Nonlinear Optics (C. R. Phipps,
D. E. Watkins, S. J. Thomas, W. W. Rigrod, R. A.
Fisher, B. R. Suydam, B. J. Feldman)

Introduction. Phase conjugation is unique because it
provides reflections that reverse not only the propagation
vector but also the phase distortion of an aberrated
wave. The reconstruction properties of phase conjuga-
tion are illustrated in Fig. III-1, which shows the
qualitative difference between the twice-aberrated re-

flection returned by a conventional mirror and that
returned by a phase-conjugate reflector.

In a double-pass, static optical conilguration such as
that already existing in our ICF power amplifiers, f~ed
wave-front distortions are removed, in principle, and, if
the optical wave arises from a point source, the wave
would be returned to that point.

The application of phase conjugation in novel laser
resonators and in more conventional technologies to
shape laser pulses may prove very useful.

We have concentrated on degenerate four-wave mix-
ing (DFWM) as the means for obtaining phase-conjugate
reflections for two reasons. First, few suitable materials
exist for obtaining such reflections by other means at
C02 wavelengths. Second, there are relative disadvan-
tages discussed by Lysiakl and others with respect to its
implementation by stimulated Brillouin scattering or
stimulated Raman scattering.

In the l-yr period since we reported the fust observa-
tion of phase-conjugate reflections in the 10-~ region,z
substantial progress has been made both theoretically
and experimentally. At Los Alamos, reflectivit.ies as high
as 409’0 have been observed in germanium, 20 times
higher than first reported. Equally high reflectivities were
seen in the gas SFCat Hughes Research Laboratories,3 in
work performed under a DOE-Los Alamos National
Laboratory contract. It is encouraging that 10-~
DFWM has now been observed in over 10 dfierent
materials, both gaseous and solid state, several with
acceptable reflectivities. Inhomogeneous and
homogeneous resonant absorbers are represented, as are
the nonresonan~ Kerr-like media that were the fwst to be
treated theoretically.’ Our interest in these materials
induced us to extend the theory for DFWM in resonan~
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homogeneous absorbers5 to include resonant in-
homogeneous absorbers such as p-type germanium.b

‘1’’ hissect ionalsosummarizesrecent measurements of
DFWM reflectivity at COZ wavelengths in KRe04-
doped KC1, p-type germanium, and intrinsic german-
ium, materials which represent, respectively, resonant
homogeneous, resonant inhomogeneous, and Kerr-like
or nonresonant DFWM media. The experimental param-
eters were chosen to emphasize the areas of agreement
between experiment and theory, as well as the areas of
obvious disagreement, relating primarily to pump
absorption and multiphoton contributions to the re-
flectivity.

We have also continued the work concerning transient
effects for laser pulses that are short compared to their
propagation time in the DFWM material?’s

This section concludes with a discussion of outstand-
ing problems that must be solved before DFWM can be
applied to ICF-class lasers, including a summary of
experimental results at Los Alarnos National Laboratory
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besun provided by a normal and a

and elsewhere that specifically affect the ICF application
at C02 wavelengths.

Experimental Arrangement for DFWM Measure-
ments. In our initial work with 1O-W phase conjuga-
tion,9 involving essentially transparent Kerr-like media, it
was convenient to test the material within a laser cavity.
The advantages to this approach were (1) pump-beam
retroalignment was an automatic consequence of osci.Ua-
tion, and (2) no provisions for isolation of the laser from
the test setup were required. However, this arrangement
lacked the flexibility required for the second generation
of measurements reported here. When the pump source
is decoupled from the experiment (Fig. III-2), the dif-
ficulties associated with isolation and alignment veri-
fication are more than offset by the following advan-
tages.

● Pump intensity and beam propagation parameters
can be adjusted over a range well beyond that
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Fig. III-2.
Optical layout of the extracavity arrangement for measuring
phase<onjugate reflectivity. Oscillator (0) and two-pass

~P~er (A) me isolatd from retrorefleetions by spark-type
falters (FJ and (FJ, which are gas%lkd and evacuated,
respectively. ZnSe splitter (S,) provides small beam samples
for the input detection system (IDS) and for the probe beam,
whereas germanium splitter (SJ provides equsd, coun-
terpropagating pump beams for the phase-conjugation medi-
um (PC). Lens (L) assists in collecting the phase-wnjugate
reflection and directs it, through splitter (S,), to the phase-
conjugate deteetion system (PCDS). Calibrated CaFz at-
tenuators (A,) and (AJ regulate the intensity of the pump and
probe besuns.

possible within a laser cavity, permitting com-
prehensive studies of the dependence of DFWM
reflectivity on pump intensity, pump misalignment
and polarization, for example.

● Absorbing media, which would quench oscillation in

an intracavity experirnen~ can be tested. Most of the
useful parameter space for resonant DFWM materi-
als (for example, p-type germanium) is in this
category.

● Even in highly transparent Kerr-type media, it can

be shown10 that substantial phase distortion of a
Gaussian-mode pump occurs for intensities suffi-
cient to produce substantial DFWM reflectivity,
constituting a fundamental limit to the reflectivities
that can be observed in an intracavity experiment.

Two diiTerent types of optically initiated, plasma
isolators 11 are required for adequate protection of the
diffraction-limited oscillator-arnplifler system.12 Spatial
falter F2 (Fig. III-2) has an evacuated focal region to
provide a small delay between passage of the forward-
going optical pulse and achievement of ‘full reverse
isolation; this delay avoids any wave-front distortion of

the forward pulse. The mode-locked oscillator is, in turn,
protected by a smaller, gas-ffled isolator that breaks
down only when the amplitled reverse transmission o~F2
exceeds safe levels. The combination of isolators renders
the laser system stable against a 100VOreflection.

The wedged ZnSe splitter SI provides a beam sample
for the input detection system and the probe beam,
which, in the present experiments, is always weak
relative to the counterpropagating pump beams gener-
ated by the 50% splitter SZand controlled by attenuator
A,. The geometry used for the pump beams is reminis-
cent of Siegman’s antiresonant ring: 13although the 2-ns
pulse duration is insufficient to fdl the resonator consist-
ing of S2 and the two mirrors, accurate retroalignment of
the pumps in the DFWM test sample is easily veritied at
the focal-plane iris of F2 Splitter Sz transmits the
reflected DFWM signal to the phase-conjugate detection
system which, in conjunction with the input detection
system and the calibrated attenuators A, and Az, permits
temporally resolved determination of the pump, probe,
and reflected signal intensity. Pump intensities up to 100
MW/cm2 are possible with this setup at any wavelength
in the C02 spectrum accessible by the grating-controlled
oscillator-ampMler system. Pulse durations of 1.5 to 2.0
ns were used in all measurements reported hereto permit
higher intensities than in the earlier 50-ns work. In
addition, these pulse durations show the effects of finite
interaction and coherence lengths for pulses more similar
to those that will be present in the actual application of
phase-conjugate devices to ICF systems.

Phase Conjugation in Intrinsic and P-Type German-
ium. Although differing only in type and density of
doped impurities, intrinsic (pure) and p-type (gallium-
doped) germanium behave quite dfierently in the in-
frared region. Intrinsic germanium is a Kerr-type
DFWM material at COZ wavelengths; the reflectivity is
given by

R = tan2(KL) x (KL)2 , (III-1)

where the product of the coupling coefficient K and the
sample length L is equal to the intensity-dependent phase
shift produced by the third-order nonlinear susceptibility
of the material (-2.5 x 10-11 esu in germanium). 14

P-type germanium, on the other hand, is a resonant,
inhomogeneously broadened absorber in which the
DFWM responses is due to scattering off gratings
produced by spatially modulated absorption rather than
to the modulated refractive index. As might be expected,
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the response in this case is usually somewhat less
pronounced than for the homogeneously broadened case
discussed below, but shares the advantage of being large
compared to the Kerr-type response at moderate in-
tensities well below the optical damage threshold. In
addition, as shown in Fig. III-3, the theory predicts an
order-of-magnitude range of pump intensities within
which the reflectivity is nearly intensitydependent. This
circumstance suggests that multiline reflectivity (crucial
to the COZ ICF application) may be as good as the
reflectivity for a single-line spectrum in this material.
This expectation is not present for Kerr-type media; Eq.
@I-1) or Fig. III-3 suggests that reflectivity for a
spectrum consisting of six equal, independent compo-
nents may be reduced by a factor of 6 relative to that
obtained with a single line. However, it is possible that
either or both of these predictions may not be valid
because of our inadequate current theoretical under-
standing of the effects of crosstalk between spectral
components in DFWM.

Thin samples of intrinsic germanium give DFWM
reflections that closely agree with the predictions of
Yariv and Pepper’s theory4 for Kerr-type mediz except
at very high intensities (Fig. III-4). At 100 MW/cm2,
reflectivities as high as 30 to 40!40are observed, some-

,o—~
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Fig. IrI-3.
Computed reflectivity vs 10.6-Iun intensity for (A) p-type
germanium, with small-signal absorption-length product ~L =
4; (B) p-type germanium, r@= 1; and (C) intrinsic german-
ium, with l-m sample length. In the p-type germanium
calculations, the Kerr-type contribution has bear included.

what in excess of model predictions. The source of this
discrepancy has not been identified. However, this result,
in a sample only 6 mm thick, is the highest reflectivity
yet observed in any material at the P(20), 10-#m
wavelength, and is equal to that obtained in SFb at P(8).3
The value for the nonlinear susceptibility in intrinsic
germanium, resulting from the fit of theory to experiment
in this plot, is exactly equal to the value we found earlier
in separate measurements by the technique of polariza-
tion ellipse rotational’

However, as shown in Fig. III-5, reflectivity drops
rapidly when longer samples are used to enhance the
reflection coefficient. No more than 15% reflection could
be obtained in a 4-cm-long germanium sample for
intensities up to the surface damage threshold. Further,
at all intensities used, the observed reflection was two
orders of magnitude below theoretical predictions. This
result specifically highlights the reduced transient re-
sponse of phase-conjugate reflectors when the physical
length of the laser pulse is made as short as the sample
length.6 This effect is not considered in the time-
independent model for Kerr-like media.’ At the highest
intensity used (200 MW/cm~, additional attenuation of
the pumps and the reflected wave because of plasma
formation is evident.ls

,o.L----_J
10’ ,.2 ,.3

INTENSITY (MW cm-2)

Fig. III-4.
Experimental data for a 1-cm-thick, polycrystalline nearly
intrinsic germanium sample are compared to the predictions of
Yariv and Pepper’s thco& using S3= 3 )( 10-’* esu to obtain
the agreement shown. This value agrees with that obtabred by
different means by Watkins, Phipps, and Thomas.*’

These curves fall below the intrinsic germanium calculation at
high intensity because of absorption of the probe and reflected
waves.
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Fig. In-5.
A relatively thick sample (L = 4 cm) shows a two-
order-of-magnitude dkagreement betwea Yariv and Pepper’s
theory’ (with the same X3 value used in Fig. UI-4) and actual
experimental results, illustrating the effects of pump attenuat-
ion.

In p-type germanium, preliminary data indicate 5 to
6’%0reflectivity, but less than ideal agreement with our
model, which includes both the resonant inhomogeneous
and Kerr-like components of the DFWM reflectivity
(Fig. III-6). We are primarily interested in the tenfold
improvement in the reflection coefllcient obtained at an
intensity of only 20 MW/cm2 with p-type germanium
compared to the Fig. III-5 results for samples of similar
thickness. This improvement is an important feature,
which would allow us to avoid the germanium optical
damage threshold by more than an order of magnitude,
while maintaining useful reflectivityy for systems work.

Phase Conjugation in KRe04-Doped KC1. KC1
doped with KRe04 belongs to a family of materials
originally developed as solid-state saturable-absorber
isolators for high-intensity COZ lasers. A discussion of
our recent progress in preparing this material, which has
highly predictable optical properties, appears below. It
behaves in transmission as a classical, two-level,
homogeneously broadened system with a P(28), 10-~
absorption resonance peak at room temperature, a
linewidth of -1.5 cm-’, and an enharmonic shift of -4
cm–l toward the red in the excited-state absorption.ls
Although its spectrum is inappropriate for 10.6-wn
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Fig. III-6.
For p-type germanium with Q = 0.36, preliminary data do
not agree very well with our model. However, the 5%
reflectivity obtained at 20 MW/cm2 greatly exceeds the
reflectivity that we could obtain with intrimsic germanium at
the same intensi~.

isolation application, this absorber offers an excellent
opportunity to test the Abrams and Lind theory for
resonant homogeneous absorbers,s both on- and off-
resonance.

We fmd exceUent agreement in samples on-resonance,
bu~ as shown in Fig. III-7, results off-resonance at the
P(20), 10-pm line fall both above and below predictions.
Just as in the germanium work reported above, the on-
resonance discrepancy is mainly due to pump attenua-
tion in the optically thick sample we used. The off-
resonance results can probably be explained either by
imprecise knowledge of the line shape for a detuning
parameter 15 linewidths offline center, or by two-photon
contributions to the DFWM signal, which are expected
to be present in this absorber. This possibility is being
explored.

Transient Phase-Conjugation Studies. Theoretical
studies’ of transient effects in phase conjugation by
DFWM have continued. We are interested in the
DFWM response when the duration of the pulse to be
conjugated is on the order of the puke transit time in the
conjugate material.

We fmd that the temporal response of a nonlinear
resonant or nonresonant phase conjugator subjected to a
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Fig. III-7.
On-resonancedata(P-28,lo-~mwavelength)andoff-rcsonsm-
ce data (P-20,10-~m)are compared to the Abrssms and IJmd
modelss for ass optically thick sample of KRc04doped KC1
(%L = 3). In off-resonance da@ substantially more reponse
than expected is found, whereas in on-resonance data, the
reverse is true. The latter result is due to pump attenuation.

quasi-cw nondepleted pump can be obtained from a
linear Fourier transform technique, using the steady-
state frequency transfer function for the material under
study.

In Fig. III-8, we plot the intensity of the reflected
phase-conjugate signal from a four-wave mixer for which
IKIL = 7t/4, corresponding to a reflectivity of unity in the
steady state. A Gaussian input pulse with 0.5-ns
(FWHM) duration is used. The reflected pulse is reduced
in intensity and broadens in time as the interaction length
is increased.

Survey of Present Performance of COZ DFWM
Materials. Table II I-I lists the reported
performances3’G’9’17 and the primary advantages and
disadvantages of several materials that might be con-
sidered for DF WM application in CO~ICF lasers. Six
materials exhibit reflectivities higher than 5V0,and five of
these (excluding intrinsic germanium) operate at in-
tensities well below optical damage thresholds.

Despite its high damage threshold, KCl:KRe04 has
not demonstrated sutlicient off-resonant reflectivity to
make it the material of choice for COZ lasers. Another
material, HgXCdl_XTe,with x = 0.8 has been shownl’ to
have the highest nonlinear susceptibility yet reported for
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Fig. III-8.
Predicted reflected-pulse shapes for various lengths of german-
ium (refractive index is 4) when ~L = 450 and the input pulse
has 0.5-ns duration (FWHM).

material at COZ wavelengths, but this performance
depends on intern~ plasma formation, which also causes
transient pump absorption. Therefore, further material
development is required in this case. Cadmium telhmide
(CdTe) and gallium arsenic (GaAs) have shown ade-
quate reflectivity, but they offer no apparent advantages
over germanium. LAe germanium, they are costly and
not always available in the appropriate dimensions. As
discussed above, intrinsic germanium has shown the
highest single-line reflectivity by far, but it operates at
relatively high intensities and would therefore be ex-
pected to offer lower etliciency with multiline spectra.

Considering these facts, we would have to conclude
that p-type germanium is probably the best overall
material for this application now. SF6 is our second
choice because it has coherent propagation effects and
relatively low fluences producing good reflectivity, which
implies large apertures for significant levels of phase-
conjugate energy.

Outstanding Issues for the Application of Phase-
Conjugate Reflectors. The practical issues that remain
to be resolved before we can use phase-conjugate
reflectors in our large laser systems are summarized as
follows :

● impact of constraints on available solid angle in

practical laser systems,
● effect of pump wave-front distortions arising from

static aberrations and intensity dependent distor-
tions in laser and conjugation media,



TABLE III-I

COMPARISON OF 10.6 w DFWM CANDIDATES

DFWM R 1 Primary
Material

Primary
Type (10.6 ~m) (MW/cm~) Reference Advantages Disadvantages

KCl:KRe04 R’ 0.003 35 6 H~h damage threshold
Hg.8Cd,2Te Nb 0.10 0.2 17 Good reflectivity

CdTe Nb 0.05 100

GaAs ~b 0.15 100
6 Good reflectivity

SF, R“ 0.07 0.3 3 Doubles as isolator

Ge(i) Nb 0.3-0.4 120 6 Large apertures (40 cm)

9 No further development

Gc(p) R’ 0.05 20 6 Good fluence
Large apertures (40 cm)

No further development

No obvious muttihse
penalty

Inappropriate spectmm
Further development

required
Depends on internal

plasma information
L4JWfluence
No apparent advarrtagea

relative to Gc
Possl%lecoherent effects
Low fluence
ERiciencypenaky with

mukilisrespectrum
Intensities close to those for
plasma formation damage
Opaque, fragile
Pump attenuation

“R,Resonant,homogeneousor inlmmogenmus.
bN,NonresonsnCKerrmedium.

. effect on parasitic stability with targets,

. pump alignment and intensity matching constraints,

. tradeoffs with other technologies, for example, de-
formable optics and conventional target alignment
schemes,

● impact on target fabrication, and
● cost and engineering constraints.

Figure III-9 illustrates the frst of these approaches by
demonstrating how a limited solid angle in typical system
designs cart lead to vignetting. A limited solid angle also
tiects the maximum transverse spatial frequencies that
can be reconstructed by phase conjugation. Pump wave-
front distortion also requires attention, as does the
parasitic stability of the overall design in cases where
unsaturated gOLsare implied by certain kinds of applica-
tions. Better quantitative assessments of the implied
constraints on pump beam quality, alignment, and
intensity-matching are needed, as are cost comparisons
with more conventional means of reaching the same
goals. It appears likely that many unique applications for
phase-conjugate reflectors will be found.

f-l

vIGNETTING

Fig. III-9,
Vignetting, in which a 500-pm motion of a focal-plane object
corresponds to 5-cm-motion of the etttraxm beam pupil its the
configuration studied, with a demafitcation ratio M = 10.
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Short Wavelength Laser Technology (R. A. Fisher, B. J.
Feldman)

Saturable-absorber and phase-conjugate reflector
studies in the 2500-~ spectral region require an intense,
uniform, focusing optical beam with various bandwidths.
To this end, we are developing a master-oscillator,
power-amplifier system (MOPA) consisting of two 60-
cm-long, 1.5- by 3.5-cm-cross-section, Lumonics-620
doubledischarge amplifiers. The fwst amplifier serves as
a low-energy, narrow-band oscillator that produces a
nearly diKraction-limited beam, whereas the second unit
amp~les this beam to high intensities.

Several experimental arrangements have been con-
sidered. In the oscillator, we have achieved narrow-band
output by operating with an internal grating at high
incidence angles (800). With appropriate apertures, a
narrow bandwidth (AA ~ 0.01 A) has been achieved with
output energies of 5 @ in a 10-ns pulse.

A single pass of this pulse through the amplifier leads
to a narrow-band pulse of 2 mJ superimposed on a 5-mJ,
broadband background. This background originates
from amplified spontaneous emission (ASE) in the
oscillator and can be reduced by spatial fiitering between
the oscillator and the ampli.tier. Attempts to use two
amplifying passes led to intense ASE, originating in the
amplitler, as a result of incomplete saturation with less
than twofold amplification of the pulse on the second
pass. In this arrangement, the ASE is intense enough to
almost completely deplete the gain.

An alternative arrangement consisted of replacing the
grating in the oscillator with a highly reflective mirror
and placing an etalon in the cavity to obtain the required
wavelength selectivity. By using a 25-~m, air-spaced
etalon with 900A-reflecting coatings, we achieved a laser
output of 5 mJ with a bandwidth of 0.5 A. Passing this
pulse through the amplifier once resulted in a 50-mJ, 10-
ns output pulse with less than 209’0of the total energy in
broadband background.

Studies are in progress to doublepass this pulse by
using an additional 250-~m, air-spaced etalon, with 90%
reflectivity on both surfaces, in the oscillator. Expected
values are 200 @ in 10 ns with A k ~ 0.05 A.

SATURABLE-ABSORBER DEVELOPMENT

Studies of Optical Saturation of Hot COZ Absorption (S.
J. Czuchlewski, A. V. Nowak)

Introduction. To suppress parasitic oscillations in our
high-power COZ lasers, we developedls broadband gas
isolators, which are used successfully in the Gemini and
Helios lasers and in the Antares front end. These
isolators consist of muhicomponent gas mixtures, which
employ SFC as the optically saturable absorbing compo-
nent. Because heavy polyatomic molecules (such as SF~
have high density of states, they undergo multiphoton
absorption processes and do not saturate completely.
Consequently, some output energy is sacrificed with all
saturable absorbers: triatomics may reduce this loss.

Figure III- 10 illustrates the measured transmission of
pure SFC together with that predicted for a simple two-
Ievel absorber19 (solid curve). SF6 saturates more slowly
and less completely than the two-level system. No choice
of saturation energy improves the fit of the theoretical
curve to the dat% demonstrating that SFC does not
behave as a two-level molecule. Because we thought that
simpler molecules (for example, triatomics) might serve
as more efficient isolators, we investigated the saturation
of hot COZ, a typical triatomic.

1.0

= 0.8
0

0

THEORY=

QLX 3.2
E,= 0.1 mJ/cm2

,4
/

A= 10pm P(22)

0.01 0.1 I .0 10 100
E,n ( mJ lcm2 )

Fig. III-lo.
SF6 transmission for l-ns pulses. The solid curve illustrates the
Frantz-Nodvik theory’9 using the vsdue of aL that yields the
observed small-signal transmission. Changing the value of the
saturation energy (E,) merely shi!ts the theoretical curve
horizontally without changing its shape.
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Experiment, In this experiment, the transmission of
hot C02 was measured as a function of input fluence,
using single-line, 1.7-ns, 10-~m laser pulses. COZ at a
pressure of 200 torr was heated to 673 + 3 Kin a -100-
cm-long cell. Data for 10-~m P(20) and P(18)
wavelengths are shown in Fig. III-11. The solid curves
are the predictions of the two-level Frantz-Nodvik theo-

rY.19 Excellent fits are obtained by using saturation-
energy parameters of 7.8 and 6.5 mJ/cm2 for P(20) and
P( 18), respectively.

Because the behavior of triatomic COZ is fundamen-
tally different from that of polyatomic SF~, triatomics, as
a class, may saturate more effectively than polyatomic

molecules. We have identified several triatomic
molecules that might make practical isolators and are
studying their transmission characteristics. However, the
high temperature required for COZ absorption makes
these triatomics practically infeasible for the intended
application.

Our data represent the fiist saturation measurements
of hot COZ absorption with 1-ns COZ laser pulses and
also present interesting information pertaining to C Oz
kinetic processes. The measured saturation energies are
in good agreement with the value (6.1 mJ/cm2) predicted
by a simple phenomenological COZ model.zo The ob-
served ratio of the small-signal COZ absorption coeffi-
cients (1.26) is in excellent agreement with the theoretical
value (1.24), which includes the P(20) hot-band contribu-
tion. The fact that the P(20) absorption appears slightly
harder to saturate than the P( 18) may also be a hot-band
effect. A detailed comparison of the experimental data

10

0.8
:

THEO RY-P(20)
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Fig.III- I 1.
Hot COZ tramsrnission for 1.7-ns pulses. The data were

obtained for pulses of uniform spatial intensity. The solid
curves are the predictions of the Frantz-Nodvik theory.’y

with the more exact predictions of a fully coherent
modelzl for pulse propagation in C02 is under way;

results will be described in a subsequent report.

Fabrication and Testing of Perrhenate-Doped A&li-
Halide CrystalG (J, F, Figueira)

Introduction. Previous collaborative work between
Los Alamos and Cornell University identified a new
class of nonlinear materials that have multiple potential
apphcations in C 02 lasers.’ These materi~s are created
by the selective introduction of impurity ions into
normally transparent alkali halides. The ions are optical-
ly active in the ir, producing absorption in the 10-Lm
region. The fwst successful demonstration of this concept

was made with a KC1 host doped with the perrhenate
ion, Re04–. 16 This system of Re04-:KCl has little
practical value for isolation of multiline C02 ICF lasers
because of its narrow absorption resonance at room
temperature (1.5 cm–l) and the location of its room-
temperature resonant frequency (936.5 cm-l). Work is
continuing at Cornell University to fmd more ap-
propriate dopant materials that would alter the
bandwidth and resonant frequency to values more ap-
propriate for the isolation application. Other promising
applications for this material, including phase conjuga-
tion, are being explored separately.

Concurrently with the Cornell University program, a
material fabrication study was begun at HCC in 1979 to
identify fabrication problems for large-scale crystals of
the impuritydoped alkali halides. The program produces
large single crystals of KC1 and NaCl doped with
KReO& Also, hot-forged crystalline samples will be
prepared to test the techniques currently employed for
the fabrication of Antares windows.

The following section presents the test results on KCl-
based single-crystal material. Attempts to produce meas-
urable concentrations of the Re04– ion in NaCl crystals
have proved unsuccessful. The NaCl work continues and
will be discussed in a future report.

Single-Crystal Fabrication of KCl:Ke04-. The ori-
ginal KC1 crystals produced by Cornell University were
grown by the Czochralski method and showed large
residual strains. Also, control of the Re04- concentra-
tion in the final crystal was not demonstrated. Control of
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residual strain and ReOi– concentration has been im-
proved substantially by the HCC materials development
program. The fwst phase of this work, reported in Ref. 7,
included studies of dopant ion concentrations, density
gradients of ion deposition, strain fields, and the effect of
the impurity on the damage level of the host material.

Using the Bridgeman-Stockbarger*2 technique of
crystal growth, HCC produced a series of samples for
testing and evaluation by Los Alamos. The samples were
tested for strain by examining them with a white-light
polarimeter. A comparison of Czochralski and Stock-
barger material (Fig. III-12) showed that the Stockbarger
technique completely removes the strain pattern present
in the Czochralski-grown crystals and allows the fabri-
cation of 5-cmdiam by 15-cm-long samples of strain-
free material.

To determine the ability to control the dopant concen-
tration in the finished crystal selectively, we prepared a
series of samples in which the starting KReOd concentra-
tion was varied between 102 and 105ppm by weight and
the resulting ReOd- ion concentration was measured by
conventional neutron-activation analysis. This technique

(which actually measured the rhenium concentration in
the sample) can be used to assess the Re04- ion
concentration, assuming that aUthe rhenium present is in
the ReOA- ion.

Figure 111-13shows the results of these measurements
where the starting concentration has been increased to
10’?40KReOd by weight. Samples were taken from the
“heel” end of the boule to standardize the testing
procedure because a longitudinal gradient in the ReO~-
concentration was observed. Controllable dopant con-
centrations can be achieved, with maximum Re04-
concentrations approaching 1017cm-3.

It is characteristic of the Stockbarger technique that
ReOd- impurities not trapped by the KC1 lattice tend to
rise to the top of the boule, causing a higher concentra-
tion of the ReOd- ion at the upper (or last-grown) part of
the bou[e. In a 17-cm-long boule, we determined the
magnitude of this impurity concentration gradient. Fig-
ure III- 14 shows the result of this measurement for a
sample in which the starting impurity concentration was
104ppm. Dopant concentrations differing by factors of 6
are seen in this sample. HCC is evaluating the impact of

Fig. 111-12.
Visual comparison of strain-fields of the ComeU University and HCC crystal samples, obtained with a white
pohuimeter.

light
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Fig. MI-13.
Density of Re04- ions in HCC samples, by neutron activation
analysis, vs the starting concentration in the melt prior to
CfYStd growth.

this nonuniform concentration on the construction of
hot-forged polycrystalline samples.

Optical Properties. The optical absorption coefX-
cients of each sample were measured separately on a
Fast Fourier Transform Spectrometer with a resolution
of less than 0.2 cm-l. Figure 411-15 shows a typical
absorption spectrum.* From these measurements and
those previously described, a value for the optical cross
section at 936.45 cm–l of (0.46 + 0.02) X 10–ls cm2 was
calculated. The positions of the absorption resonance
and the bandwidth were independent of dopant concen-
tration throughout the range studied.

Optical Damage Thresholds. A series of damage
measurements were performed on the doped material in
the GWTF.n As a control, undoped NaCl and KC1 were
tested under identical conditions. All measurements were
made with 1.7-ns (FWHM) pulses at the P(20), 10-~
wavelength. Table III-II presents the results.

The damage threshold of pure KC1 is 50’% that of
pure NaC1. The addition of the KReOd impurity to KCI
—.———
*Transmissionis given by T = e+L.
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Density of Re04- ions vs length in a single HCC sample in
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Fig.III-15.
Absorption spectrum of KRe04doped KCI material at 293 K,
obtained by a Fast Fourier Transform instrument.

causes a 24% reduction in the damage threshold for the
host material. Thus, the choice of the host material
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TABLE III-II [00, I 1

DAMAGE THRESHOLDS—SINGLE
CRYSTAL HCC MATERIAL

Observed Damaee Threshold

Absolute Relative
Material Dopant (J/cm2) (%)

INCIDENT ENERGY (mJ)
NaCl None 7.2 + 0.1 100
KC1 None 3.7 + 0.6 51
KC1 Re04- 2.8 + 0.5 38

appears to be the dominant factor in determining optical
damage resistance in this class of materials.

Conclusion. The work to date on impurity-doped
alkali-halide saturable absorbers has demonstrated that
the concept shows promise as a solid-state replacement
for the currently employed gas-phase saturable absorb-
ers. We still need to develop a system based on NaCl
that has the necessary spectroscopic properties for COZ
ICF lasers. Having resolved most of the material fabri-
cation problems, we will now emphasize obtaining a
better understanding of the spectroscopic properties of
these materials. This work will continue at Cornell
University under the direction of Dr. A. J. Sievers.

Pulse Transmission Through SF, (A. V. Nowak)

Introduction. We have initiated a study of long- and
short-pulse transmission of 10-I.UIICOZ laser radiation
through SF~ and SFCbutTered by helium. The purpose of
this work was to determine whether the saturation
behavior of SFe depended on laser fluence or power.
Figure 111-16presents the results.

Experiment. The incident beam had a Gaussian pro-
fde of 7-mm diam (0.40 cmz) at the l/e intensity level for
both the long and short pulses. The short pulse had a
FWHM of 1.7 ns, with a risetime about three times faster
than the fall time. The long pulse had a FWHM of 80 +
5 m, with a risetime about twice as fast as the fall time.

The SFCwas contained in an aluminum cell, sealed off
at the ends by NaCl windows at the Brewster angle. The
center-to-center window distance was 19 + 0.5 cm. The

Fig. 111-16.
Energy transmission in SF6 vs input energy, with and without
helium brdFering. The SF6 pressure was 1 torr; the cell length,
19 cm; and the beam area, 0.4 cm2 (at l/e of peak on-axis
fluence). Measurements were performed at the 10-~m P(20)
wavelength.

cell was ffled and emptied in place from a diffusion-
pump-controlled filling station.

The incident energy was monitored by splitting off a
portion of the incident beam with a NaCl wedge. A
Laser Precision Corp. pyroelectric radiometer was used
to measure the energy of the incident and transmitted
beams and to take their ratio automatically.

The entire experiment was carried out inside a screen
room to shield the instruments from the electrical
interference generated by the laser system. Transmission
could be measured with a precision of + l/2%.

Discussion. Referring to Fig. III-16, we note that, at
incident energies below 1 mJ/cm2, the saturation of pure
SFC at 1.0 torr is very similar for both long and short
pulses. This suggests that in this low-energy domain, the
saturation behavior is fluence dependent.

For fluences above 1 mJ/cm2, we note a significant
decrease in the transmission of the short pulse relative to
the long pulse. The only obvious explanation for this
observation is bandwidth effects. From our studies of hot
COZ, we have determined that the 1.7-ns pulse has a
bandwidth of -1 GHz, whereas the long pulse has a
much narrower bandwidth. Therefore, the short pulse
interacts with many more SFC molecules than the long
pulse. We can explain the lower transmission of the short
pulse at higher energy by postulating that this pulse is
pumping a greater fraction of SFt molecules than the
long pulse and that, therefore, the threshold for satura-
tion is higher.

The addition of 50 torr of He to the SF~ reverses the
result: much more of the long pulse is absorbed than of
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