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KrF LASER PATH TO HIGH GAIN ICF LABORATORY MICROFUSION FACILITY

Dawvid B. HARRIS, J Al SULLIVAN, Joseph F FIGUEIRA, Navid C CARTWRIGHT. T iomas E
McDonald, Allan A HAUER, Stephen V. COGGCSHALL, and Stephen M. YOUNGER

Los Alamos National Laboratory, Los Alamcs, New Mexaco 87545 USA

The krypton-fluoride laser has man, desirable features for inertial confinement fusion. Because it i1s a
gas laser capable of operation with high efficiency, it 1s the only known laser candidate capable of meet-
ing the driver requirsments for inertial fusion energy (IFE) production. Los Alamos National
Laboratory has defined a program plan to develop KrF lasers for IFE preduction This plan develops the
KrF laser and demonstrates the target performance in single-pulse facilities. A 100-kJ Laser Target
Test Facility (LTTF:1s proposed as the next step, W be followed by a 3 to 10-MJ Laboratory Microfusior:
Faality (LMF.. The LTTF will resolve many target physics i1ssues and accurately define the dnver
energy required for the LMF. It s also proposed that the technology development required for 1IFE, such
as the high-efficienc', high-reliability, repetitively pulsed driver, the reactor, mass production of
targets, and the mechanism of injecting targets be developed in parallel wath the single-pulse facilities

1. INTRODUCTION

Inertial confinemert fusion (ICF: 13 a
technique where a small fue! capsule containing
deuterium and tritium :s compressed to fusion
conditions througn the use of a laser or particle
beam dri.er Applications of ICF include the
study of high-energy -density matter, studies of x-
ray interactiors with metter. and in the long
term, energy production The energy production
apphcation 15 the only one that requires a high-
efliciency, 1epetitively pulsed driver The drivers
being developed in the U'S include Krf lasers,
Ndglass lasers, and hight- and heavy-ion
accelerators The Nd glass lascr 1s not considered
a cand.date for energ} preduct.nn

The KrF laser 1s be:ng developed for ICF
research throughout the world Los Alamos
Nationa! Laboratory 1s the lead laboratory for KrF
laser fusion in *he US Asvco Research
Laboratory has constructed severnl major KrF
and other excimer lasers. and the Nasvail Rescarch
Laboratory 18 also construct:ng a KrF laser-fus. -n
system Other major KrF laser progrnma can be
found in the United Kingdum. Canndu. Japnn,
and the Soviet Union

The KrF laser has several significant
advantages for ICF aprlications 1.2 The
nondamaging gaseous lasing medium aliowa fur
repetitive laser pulming and provides fur smontk
beams
allows the KrF lager to couple efficiently th the

Direct operntion at short wavelength

target 3 alluwn bruad bandwidtl cpernatosr. and
flexibie and mccurate high dynamsc rung pulse
shaping  Brond bandwidtk appears to he an
effective solutinn to control of lnser plaamn

instabilities 4 and recent analyses indicate that

accurate, high-dynamic-range fpuise shaping
appears Lo be the best approach for achieving high
gain 3 Both of these techniques necd to be tested
further Additionally, recent advances such as
echelon-free induced spatial incoherence6 allow
the KrF laser 1o be suitable for both direct and
ind;rert drive approaches.

This paper will descnibe the strategy propose]
by Los Alamos for the de:elopment of KrF laserc
for both single-pulse applications and energy
produrtion We will then descnbe the two singie.
pulse facilities that are on the path tc energ:
production in more detail

2 KrF DEVELOPMENT STRATEGY

The Los Alamos proposed develspment path
for KrF lasers for both single-pulsc and energ
applications 18 sho:-n in Fig 1 Aurorn is the KrF
laser at Los Alamos that is currently operstinnal
at the ~2-kJ level We propose that the next mayr
US KrF laser-fusion facility be in the 100-k.!
class We call this facility the Laser Target Test
Facility, or LTTF After successful operation of
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FIGURE 1
Iraponed program plar that develops KrF lusers
for single pulse applicat:ona in pnarallel witi
develnpment of IFE technalogis



the LTTF, it is appropriate to make a decision for

illumination time, thus th: need fur pulse

construciion of the Laboratory Microfusion stacking), and

Facility, or LMF. e The time delay is removed in =&
In parallel with the single-pulse development demultiplexer, and the pulses are

of KrF lasers, we propose to develop the individually delivered simultaneously to the

technologies needed for ICF energy applications. target.

This includes the high-efTiciency, high-reliability,
repetitively pulsed, low-cost KrF laser, IFE
reactor technology, and the technology of mass
production of ICF targets at low cost. After
demonstration of high target gains in the LMF
and development of the IFE reactor technology, it
is appropriate to proceed to an engineering Lest
facility

3. AURORA
Auro-a is the KrF 'aser system currently
operating at los Alamos National Laboratory.
The Aurora laser is currently configured to
deliver 48 beams to target with a maximum
energy of 5 kJ in 5 ns. An upgrade of the facility
could put all 96 benm=s on target. It has recantly
become operationnl, and is currently performing
target coupling and laser experiments. Aurora
and the expenmental plans are described in more
detail in a compnnion paper?.
Aurora is representative of future KRrF laser-
fusion systems:
¢ A front end genernies a single shaped
pulse,
¢ The pulee is multiply split and delayed to
form ar end-to-end train of pulses,
¢ The pilees are sent through a series of
amplifiers (for high efTici~ncy, KrF lnser
amplifiera need to be pumped nnd extructed
over times long compared to the target

The layout of Aurora is shown in Fig. 2. A
low-energy pulse ia generated with the desired
pulse shape and bandwidth in the front end. This
pulse is then divided into 12 beams (in the 12-fold
encoder), and passed through the Smali
Amplifier Module (SAM). The beams are then
each sent through the B-fold encoder, making a
total of 96 beams. These beams are then passed
through the Preamplifier (PA) and Intermediate
Amplifier (IA) and are directed to the LAM feed
array. The SAM, PA, and ]A are all single-pass
e-beam.pumped amplifiers. The 96 beams are
directed from the LAM feed array to the LAM and
are expanded en route to completely fill the 1 x 1
meter LAM aperture. The LAM is a double-pass,
double-sided e-beam.pumped amplifier with a
long-radius-of-curvature spherical mirror in the
back that compresses the beams as they travel to
the recollimator array. At the recolimator array,
48 of the beams are terminated, and the other 48
beams are directed to the decoder optics, which
re nove the time delay imposed by the encoder.
The beams are then directed to the finnl target
optics and individunlly delivered simultaneously
to the target.

The Aurora target chumber has diagnoatics to
mensure the perfcrrrance of both the laser and
target. Laser mens.- ¢menta include the energy,
pulse shape, spot size, and bandwidth. Current
target experiments include mensurement of x-ra)
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FIGURE 2
Layout of the Aururu luser system shawing the locations of the amplifisra, the decoderbenm tunnel, i
ithe target chnmber, where the 4R bennis arrive simullancously.



conversion efficiency and shock breakout timing
from shaped pulses. Future experiments will
include measurement of laser-plasma instability
thresholds as a function of laser intensity,
bandwidth, and beam smoothness. Additional
diagnostice and laser performance improvements
wi!l occur over the next 2 years to bring the laser
to the 5-kJ level with 48 beams delivered to target.

4. LASER TARGET TEST FACILITY

The Laser Target Test Facility (LTTF) is
proposed to be the next major KrF ICF facility in
the U.S. The LTTF will accomplish several tasks:

¢ Demonstration of the laser performance

(bandwidth, pulse shaping, beam quality,
alignment, etc.) needed for the LMF,

¢ Further the understanding of both direct

and indirect drive target physics in order to
more accurately specify the driver
requirements of the LMF, and

¢ Perform experiments in high-energy-

density physics.
The LTTF was submitted to the U.S. Department
of Energy for consideration as a budget line it\m
in 1990. If funding is made available soon. the
LTTF could come on line as early as 1997,

The LTTF 1s designed to deliver 100-kJ of
energy to the target with uniform balanced pulses
of variable bandwidth up to 0.5% with a wide
variety of pulse shapes. The LTTF is also
designed Lo be upgradable to the LMF.

The LTTF, shown in Fig. 3, uscs two 60-kJ
amplifier modules as the final gain stage of the
laser system. The pump volume of these
amplifiers is 1.2 x 2.6 x 3.1 meters, roughly five
times the volume of the LAM with the main
difference being a factor of 2.6 scaling in the
vertical direction. The two main amplifiers have
an aperture of about 2:1 in order tu aperture
combine the output beams to forin a square benm
consisting of two beamlets. The other iaser
amplifiers in the system are similar to those
demonstrat~d on Aurora.

The optical system for the LTTF is somewhat
different than that demonstrated on Aurora, and
is more similar to the syatem incorporated in the
Nike laser under constructinn at the U.S Naval
Research Laboratory. One mnjor difference in the
une of interstnge temporal encoding. where the
benmr are aplit between the early guin stages to
reduce prepulae on target  Delaying the encoding
of beams maken it possible to run earlier
amplifiern at shorter pump pulae lenyths and

FIGURE 3
Artists depiction of the 100-kJ Laser Target Test
Facility, showing the location of the two 50.-kJ
amplifier modules, the demultiplexer area, and
the target area with capability for both direct and
indirect drive exper.ments.

higher stage gains. This is unlike Aurora where
the beams are split early in the amplifier chain
and then passed through the amplifiers. A
complete description of the LTTF can be found in
Reference B.

The target area, s shown in Fig. 3, shows two
different target areas for performing
experiments. One chamber is optimized for usc
with direct-drive target experiments, and the
other is for indirect drive. Resolution of the
optimum method for imploding ICF targets is one
of the most important tasks for the LTTF.

Torget performance with direct-drive is
expected o be near ignition. This is an
interesting regime for target experiments beci use
1t allows new inveatigntio*.s of charged particle
coupling and fusion product hurn propagat.-.n. It
is also expected that thia facility will open up new
regimes of interest for the study of high-energy-
density physics.

5. LABORATORY MICROFUSION FACILITY

The Laboratory Microfusion Facility (LMF) in
the principle goal of the U.S. ICF program for
severul reasonn.? Upon achievement of high
target gain, it will demonstrate the scientifiv
fensibility of ICF. With high pain, it will open up
yet another interesting regime of high-energy-
denmity phynics. Also, a high-gain target will be u
useful avurce of x rays to allow the atudy of x.ray
interactivhs with matter.

The Los Alumon demgn of the LMF in buned on:



an upgrade of the LTTF. As shown in Fig. 4., the
LMF consists of the LTTF target building, the
laser building, and three additional laser arms.
A new, larger target chamber will replace the two
target chambers used in the LTTF. The laser
system will for the most part be replaced, though
some parts, such as the control room equipment,
front end, rmall amplifiers, and oil and water
systems, will be reused.

The LMF has similar output spectra
requirements as the LTTF, except at higher
energy. The broad bandwidth, accurate and
flexible pulse shaping, and good beam balance is
needed for achievement of high gain. The driver
energy needed for the LMF currently has great
uncertainty, possibly in the range of 3-10 MJ. We
are optimistically working with the lower value
until the results of the LTTF target experiments
indicate a more accurate value.

The 3-MJ LMF uses three 250.kJ amplifier
modules in eacl- arm of the laser building. These
amphfiers have dimensions of 1.3 x 3.9 x 3.75
meters. The three amplifiers have an aperture
with ratio 3:1 in order to aperture combine the
output beams to form a square herm. As with the
LTTF main amplifiers, the major scaling is with
the height of the .mplifier. Tl.e desigr basis for
the LMF amplifiers will be venfied by the LTTF
amplifier performance.

The LMF optics layout will be nearly identical
to the LTTF layout. The design of the early gnin

stages and optics design uses interstage temporal
encoding similar to that used i, the LTTF. The
optics downstream of the main amplifiers will be
significantly larger than those used in the LTTF,
but the number of beams will only be
approximately a factor of two greater than the
LTTF due to the longer pulse durations required
by the target.

The experimental area of the LMF presents
some difTicult challenges because cf the high laser
energies and high target gains. Final optics have
to be protected from x rays, charged particles, and
hypervelocity projectiles emitted from the target
and any surrounding material.10 This may
require puffing of gas into the target chamber and
fast closing shutters. Neutron activation is a
sericus concern that places strict requirements on
the choice of materials and shielding used in the
experimental area.ll Diagnostics for the target
performance will also be a challenge in this
environment.

The target gains predicted by Los Alamos
range from 30.200 for the LMF. Much theoretical
work and experiments on the LTTF are required
to reduce the uncertainties in the target
performance for the LMF.

6. SUMMARY

The KrF laser appears to be an attractive
candidate for the driver of an IFE electric power
plant, and is currently the only laser (¢xcept for

FIGURE 4
Artiats depiction of w 3.-M.J Luborutory Mierofusinn Fueility, showing the ceniral target aren surrounded by
vour amplifier and demultyplexing hurtdings The amphifiers for the LMF are four tnplet clusters of 260 k.l
maodulen



other excimers, which KrF appears optimum)
that has the potential to meet all of the driver
requirements. Because the KrF lascr uses a
gaseous medium, cooling will not be a problem at
the required 5-10 Hz operation needed for an IFE
plant. The short wavelength, broad bandwidth,
good beam quality, and accurate pulse shaping
assures high coupling efTiciency to the target.

A KrF development strategy has been
described. Single-pulse facilities to demonstrate
target physics and laser performance should be
developed in parallel with the technologies needed
specifically for IFE. After demonstration of high
gain in the LMF, an engineering test facility can
be built.

Los Alamos proposes a 100-kJ Laser Taryget
Test Facility to be the next major step after
Aurora. The LTTF will provide needed driver
development and understanding of turget physics.
Following .he LTTF, an LMF could be built to
demonstrete high target gaii. and perform high-
energy-dersity physics expernments.
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