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THE ANTARES FACILITY FOR INERTIAL-FUSION EXPERIMENTS
~ STATUS AND PLANS

P. D. Goldstone, G. Allen, H. Jansen,
A. Saxman, S. Singer, and M. Thuot

Los Alamos Mational Laboratory
Los Alamos, MM 87545

INTRODUCTION

In the last decade several increasingly powerful short pulse
COp lasers have been constructed at Los Alamos National
Laboratory to investiqate the feasibility of C(C0» as an
inertial fusion driver. The advantage of (02, a qas laser
with hiah rep-rate capability, electrical efficiency as high as
105, and scalability to larae energies, must ovutweiah important
difficulties in taroet physics due to the copious production of
suprathermal electrons if (02 is to be considered a viable
driver option.

Since 1978, Los Alamos has used the 10-kdJ, eight beam Helios
laser to perform a variety of experiments aimed at
elucidating basic laser-matter interaction echanisms and
beginning to determine the scalability of (0p-~driven targets
to high driver cnergies. Antares, currently under construztion,
will be the next (O, laser used to further Lhe experimental

ICF program.  Scheduled for oncration early in FY-84, the
Antares laser is desianed te provide 30-40 kJ in a nominal Q.7

ns pulse, utilizing 24 independently pointable bheams.  Since
Ilelios is acnerally limited to ~ 5 kd aperation in most tarqet
experiments, Lhis will provide a siqgnificant increase in the
encrav aveilable for taraet experiments, enabling us to study
the enorqy scaling ot taraet interaction phenomena a$ well as to
perform experiments which are eneray=limited at llelios.



THE ANTARES LASER SYSTEM

Antares is a master oscillator-power amplifier system,
consisting of a short pulse oscillator similar to that used in
the Helios 1aser,1 preamplifiers, intermediate driver ampli--
fiers, and a pair of large electron-beam-controlled discharqge
power amplifiers. A multiline oscillator for pulse lengthening
and shaping is being developed.

Fach power amplifier is double-passed for efficient enerqy
extraction and produces an annular array of 12 trapezoidal beams
(sectors) for a total of 24 beams, which are independently
pointed and focused on target in a six-sided~ illumination
pattern. A schematic of the facility heam path is shown in Fig.
1. The optical system is designed to fucus 80% of the eneray of
epach sector into a 300 um diameter spot with a pointing error of
+ 25 uym at the target (each sector is an cffective f/6 bean).
The final tucning and focusing mirrors are mounted on a large
space frame within the 8-m diameter tarjet chamber. [In order to
eliminate parasitic oscillations? which extract cnerqy before
short pulse amplification can take place, the Antares amplifiers
arc pumped to a gqain of aL = 7 in 1.5 s and the power
amplifiers are senarated from the tarqet by 60 meters to reduce
the number of available round lrips for parasitics during Lhe
pump time. (There is also the provision for a saturable
absorber qas cell in the power amplifier.) The scctions bhelow
will discuss the details and status of major components of the
Antares laser systenm.

FRONT END StBSYSTEM

The Antares frent end, shawn  schematicaily in Fig. 2,
oriaginates with a single longitudinal  mode gain-switchel
oscillator with three pockels cells in series Lo provide an
enerqy contrast rabio of approximately 1010 a4t the output of
the front end; Lhis contrast ratio is sufficient to provide
neqgliqihle prepulse en target for the hiaghest anticipated system
small siagnal qain. A triple—passed  Lumonivs  double=discharge
TEA laser amplifies the nominal 1 ns pulse; the heam is  Lhen
split and injected into o dual:heam ce-boam-controlled driver
amplifier module,  Tach gain vegion ot the dual beam module iy
triplo—paised nsing an an axis cassedarain systom tor etlicient
extraction.  The outpul ot the driver awplificrs is a 90
annbar heam wilth 9 cm T and Ih cm 0N,

At Lhe presont o time,  the  <hort  pulse  oscillalbor s
opral ional anil a e Fine malLiple.cavikty  aolLiline
osctllator i neder consbrnction,  The maltiline ascillatar will
exbrach  oneray o lines  widely  separaled  in b rotalional
manilaid, cnabling nn o overcome The  inherolly  shorl ke
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nature of heavily saturated amplifiers to tailor the pulse

shapeor  target. Both  driver amplifier discharges are
electrically operational and, on one beamline, more than 500
shots have been fired extracting - 100 J. This exceeds

specifications and 1is sufficient to drive the power amplifier
r energy extraction tests. The repitition rate of the front
| system 1is approximately 3 min/shot, limited by charqgina
' es for the driver ampli/ier; total alignment time from a dead
si ~t is 2 hours. Overall reliahility of the front end is
cuw ently 95% and is improving toward the specified 99%,
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the two amarter becans teom Yhe Dol end aere divectdd into
the two  larac power amp bt ier modates (Uia, §) whoere they qee
vaclt ptit iuto B beapesoidal beaas, bach poszer amp Litier
aelters  in doeeler and 18 mebers lona,  wearghing I tone.,
conswinty ol e centreal AW KV ebectron qun (Whown hetore
inerbion into the power ampbitier in bia, 4) arvonnded by 1
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discharge regions. The electron gun 1is gridded tc provide
voltage-independent current control and produce the required 50
mA/cm¢ beam density appropriate for optimal preionization of
the 1800 torr CO :N2/4:1 amplifier gas mix. The qun is fed
triaxially. To ?im1t magnetic field effects, the discharge
region is divided into four sections along its length providing,
in effect, 48 discharge chambers per power amplifier wodule.
Each power amplifier section (four per module) contains one
continuous cylindrical anode for all 12 discharge regions and is
enerqgized by a 10-stage marx generator with an open-circuit
voltage of 1.2 #V, an energy storage of 300 KJ, and an
inductance of 2.5 uH to match the gas discharge impedance. A
cutaway drawing of a section of a power amplifier module is
shown in Fig, 5, )

ANODE
HV. BUSHINGS
RS /
OUTER : e
PRESSURE PLASTIC
VESSEL™ g _ DIVIDERS
_
\ )
\ —

P¥'T:f; - ::T\ L Whe — T —
= - ,/ t =

GAS

DI SCHARGE

ELECTRON-CUN VOL UME

CONTROL GRID

ia.
Solawiy View ol o osectioon of The power ampiitior.

the optical patt theouah thee power aapbitier is ~hown i
Fig. 1. Lech obf the 1Y sec2ors donble peases the gain veaion ol
the  ypower  amplitior: these  wectors e then compiessed by
perisenpes into an o anam b "heam™ (1.7 meters 0000 x 1.0 aeters,
1.0,) which paneaes threoagh bacge NaCh window. inlto an evaciat ed
Feen beaneaport tabe towarrds the tarael chamber. A vacnnm
spalial bbb within the  power aplorior provides  passive
protect ion aaaiast retvopntee sbaae Ta the tronl emd optics,
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At the presenl. Eime one power amplifier s electrically
operaliomel aui has  undergone  esheasive s Lesting, Bl o b |
sianal  qain ay 1 - G4 has already  heen  demmestrated,  in
aqroement. with predictions for rhe  carrvent operation ot the
cloctran aqun ab 400 kv, Operation ol the olectron qunoal foll
cesian voltage sheald, based on Lhese tests, enoble the Antares
amplitiers Lo apprasch  Lhe waxima desian point oakpul ot 40
Fal. tmpravements  on the  electron g desigqus have  heen
imy lementod in order Lo reach this qoal.  As ob Lhis wriling,
tud b beam aptics, tarr the virst beambine are beivg readied or
et ion and initial aligoment in the pawer amplitior The
clectron ann tar the wecond heambine incorporat g che alove
went ieneil dhecian improvement s s muteraooe pre bty tests al
470 KV,

PARGE D CHAMELR AMD EOCITESENG DI LT

the Antares taeget chamber i o dwm vadias o/ meter long
cylindirical vacmm veso' (Lia. /7)) containing a space brane on
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Fia. 7.
The Antares tarqet chamber and evacuated bean tube.

which are mounted 24 turning wirrors and 24 f/6 focusing
paraboloids.  Target irradiation is six sided with heams
arranqed  in clusters of Four, as shown in Fig. 8. As are all
larqe mirrors in the Antarcs s-yston, the turning and focusina
mirrors  are  single-point  diamond  turned copper plated on
dluminum substrates.  The taract chamber utilizes cryogenic and
turbomo lecular pumps Lo achiceve o base pressure of 2 x  10-6
Lorr with a jump down Lime of 8 hours. In order to avoid
ventina the taraet chamber hetween shats, targets are inserted
through an airlock mechanism which enahles Larget replacement in
10 minubes wilh a placement preciston ot b an. Alignment. of  Lhe
targels is perfarmed using o pair of large roterence Ltelescopes,
which have o resolution (tarael placement crror) ot 6 g and a
fiold o view of | cm diameter,




Fig. 8

Final beam pointing and focusina optics.
Target illumination is six—sided,

Alionment of the laser beaws to the target is accompiished
by a computer-controlind automatic alionment system which can
perform a comnlcte realigoment of all 24 beams in 2 hours with a
pointing precision of 25 m (comparcd to a 300 yon heam spot
size). Ream cenc.-ing along the optical paths is accomplishod
by obgervina light sources located at the center of important
optical elements: pointing to the taraet js achioved by ohserving
A movable fiber-cotic light ~ource at the taraet position which
is aimhaled to ppant ab all 24 fequsing miveors in turn,

At the present time, rhe taract chamber vessel aud vacinm
systom are complete, and installation apd aligmnent of suppart.
structures for the nplical camponentls i underway,  The Sarget
imsertian wmechanism,  which is o wmoditication ol o destan
previously  tested and now nsed  at o telios, 3 is hoing
Fabricaoted, as are the Targe oplical reierence telescapes,



TARGET DIAGMOSTICS

Experiments on Antares wiil assess the efficiency with which
10 um Tlight can be utilized to drive hydrodynamic implosions
with appropriate levels of preheat, as an extension of current
Helios experiments. The initial operation of the facility in
early FY-84 will be aimed at verifying the cnergy scali 3 of
important features of the laser-target interaction: absorption
and enarqy balance (including fast ion generation), hot electron
deposition, and target heating.

In order to achieve these qoals we are fielding the following
initial set of diaanostics: (1) A pecir of x-ray pinhole cameras
for verification of beam alignment on target. These cameras are
inserted into the chamber through an air-lock mechanism to enable
retrieval of film and changes of pinholes and filters between
each shot. ['inhole imaging is alsn used to determine the
spa’ial distribution of hot electron deposition in the taraet.
The pinhole cameras will view the tarqget from the ends of the
chamber near the beam transport tubes.

(2) An array of 26 plasma calorimeters to determine the
absorbed eneragy by measuring the enerqy in the ion expansion
(time~inteqrated). Several cuilorimeter; will be filtered, e.a.
with 0.5 um Ni, to determine the eneray invested in the fast ion
expansion (0.5 uym Ni stops 107 keV protors). These caiorimeters
will be distributed in an arrangement s~hich provides roughly
uniform sampling of the ion anaular cistribution,

(3) A 10-chanrel filter/scintillator/photodinde hard x-ray
spectrometer known by the acronym APACHE.*  Filters and
scintillators provide hroadband channel response in the ranqe
30-500 kev. A fit to the sianals from individual channels
(assumina a Maxwellian oremsstrahlung spectrum) determines Lhe
hot electron temperature and the amount of hot electron euerqy
coliisionally depnsited in the tarqet. The detector system
provides 10 ns resolution and is therefore time-inteqgrated on
the time scale of the laser interaction, althouqh time resolved
compared to electrical noise backqround,

(4) A 7-channel filtered x-ray diode array (MINTIFLEX)S
with =~ ?80 ps systom risetiwe. The pbotoelectric responses of
the  alwminum  photocathodes  amd  filler transmission charac-
teristics cnable coveraae ot the spectrum hetween = 20 oV oand =
2 keV. MULTIFLEX enables us to stndy turgel surface temperalure
and deteraine the heating due Lo hot electron deposition,

(5) A sott x-ray collimetor comprised of an array ot 7

primary pinholes (~ 150 yn diawmeter) and a cleanup ol iwator of
7 secondary  pinhales (= S0 ym diemeter),  This  col limalor



(assuming a Maxwellian bremsstrahlung spectrum) determines the
hot electrcn temperature and the amount of hot electron enerqy
collisionally deposited in the taraet. The detector system
provides 10 ns resolution and is therefore time-integrated ..
the time scale of the laser interaction, aithough time-resolved
compared to electrical noise background.

(4) A 7-channel filtered x-ray diode array (MULTIFLEX)S
with ~ 250 ps system risevime. The photoelectric responses of
the aluminum photocathodes and filter transmission charac-~
teristics enable coverage of the spectrum between ~ 30 eV and -
2 keV. MULTIFLEX enables us to study target surface temperature
and determine the heating due to hot electron deposition.

(5) A soft x-ray collimator comprised of an array of 7
primary pinholes (~ 150 wm diameter) and a cleanup collimator of
7 secondary pinholes (— 500 um diameter). This collimator
serves to limit the field of view of the MULTIFLEX diodes to a
common 400 wm diameter spot in the target plane, enabling a
determination of the brightness temperature of the target
surface unaffected hLy conviderations of source size. The
collimator pinholes are locatrd 10 and 20 cm from the target and
are optically aligned with the MULTIFLEX diodes tv a positioning
acciracy of 25 um. Both MULTIFLEX and APACHE view the target
fiom the "eguator" of the target chamber.

A1l of these diagnostics are modifications of tested
instrumentation currently in use at Helios, but represent oniy a
fraction of the tested diagnostics used at that facility, which
include a variety of speclroagraphs, [Faraday cups and Thomson
parabolas, and ontical diagrostici. Many of these diagnestics
will be caded durina the operational phase of Antares. Desqns
for the pinhole cameras are complete, 27t fabrication of rLhe
piasma calorimeters is well under wv.,. Modifications of
MULTIFLEX and APACIIE are underaoii 1 engineering design. The
instrumentation is scheduled for installaticn ancd checkout prior
.o Antarec turnon in early FY-84.

CONCLUSTONS

Mntares is a larae, 30-40 kJ C0» laser system which will
provide a hase for experiwents to determine Lhe efficicncy with
which 10 yn Tiaht can be used to drive tarnet implosions while
maintainina an acceptable level of prehoct,  Construction of the

Facility is in the tinal <tages and diaguostics for initial
experiments ere heina desigoed and constructod with operathons
scheduled to begin varly in i'Y-84, Atter an initial shakedown

period, we expect Lo pertorm a series  of  weasurements Lo
determine  the cnevay swealing atf hot electran Cemperature  and
Larget coupling elficiency in seleclod seb of Largets inelnding



simple spheres. He also expect to continue experiments, now
planned for Helios, to determine whether C0p-produced ions are
appropriate for driving inertial fusion tirqets with acceptable
efficiency (Helios experiments have demonstrated that as much as
40+ of the incident 1light can be converted to fast ions).
Details of these experimencs, as well as plans for further
experiments, are still being defined.
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