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THE ANTARES FACILITY FOR INERTIAL-FUSION EXPERIMENTS

- STATUS AND PLANS

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

Los Alarnos National Laboratory
Los Alar’noS, NP 87545

INTRODUCTION

In the last decade several increasingly powerful short pulse
C02 lasers have been constructed at Los Alamns National
Laboratory to investigate the feasibility of C07 as al
inertial fusion driver. The advantage of CO~, a qas laser
with hich rep-rate capability, electrical efficienc.v as high as
10::, and scalability to larae enerqies, must outwelqh important
difficulties in target physics due to the copious production of
suprathermal electrons if C(I2 is to be considered a viable
driver option.

Since 1978, Los Alamos has used the 10-kJ, eight beam Helios
laserl to perform a variety of exp~riments aimed ~t
elucidating basic lasw-matt.er interaction mechanisms and
heqinrlinq to determine the scalability of (X)?-ririven tarqet.s
to high driver energies. Antares, currcmtly uncler construction,
will b~ th~ next CO? laser usecl tn further the experimental
ICI-”pronrnm. Schf?duled for op[’ratiotl ccirlj) in FY-(14, ttlP
Antflrf?slaser is deslqnerl t.~ provide 30-40” k,] in ~ nominal 0.7
ns Dulscq :Iti 1izinq 24 indrp~ndrntly pnintable hcarns. Sincr
ll~linq is n[lrl~rallylimit,rd tfi - 5 k,] operation irlmost. t.~rqrt
cxpm-immts, this will prnvid~ a significant incrrase in ttl[’
~n(’rnv ,lVPi”lill)lP fnr t,lrrletcxpct.imcnls, ~nl~hlinq us to stud,y
ttl~orl~~r(lmyscdlinq 01” I,lrarl int.~rdclinn phrnnmrnd ds wrll as t.u
p~’rt’ormoxpcrimr’tll.$which ilpl) [Irlf’r!l.y-lilnil.(?(lilf. llf~lios.



THE ANTARES LASER SYSTEM

Arrtares is a master oscillator-power amplifier system,
consisting of a short Pulse oscillator similar to that used in
the Helios laser,l preamplifiers, intermediate driver ampli-
fiers, and a pdir of large electron-beam-controlled discharq~
power amplifiers. A multlline oscillator for pulse lengtherrinq
and shaping is being developed.

F.ach 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
patterv. A schematic of the facility beam path is shown in Fig.
1. The optical systcm is designed to fucus 802 of the energy of
each sector into a 300 Mm diameter spot with a pointinq error of
* 25 ~m at the target (each sector is an offectivc t/6 hc+wn).
The final turrrinq and focusinq mirrors are mounted on a large
space frame within the U-m diamet~r tar.qet chamber. in order to
eliminate parasitic oscillations? which extract rnerqy huforc
short pulse amplification can take plac~, the Antar,?s ~mplifiers
arc punrpwl to a qain of rrL = 7 in 1.5 US and thr! power
~mplifiers are separated from the tarqet by 6(Imc?tcrs to reduce
the rrumhf:rof avdilnblc round trips for pardsitics during the
pump time. (There is also the provision for a saturahlc
~bsorh~r gas cell in th[’ power amplili(?r.) The sect ions be low
will discuss the det~ils and status of mn.jor components ot’ thu
Antarcs Iflscrsystem.

FRONT END SIHISYSTEM
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nature of heavily saturated dmplificrs to tailor the pulse
shapeon tdrget. Both driver amplifier discharges are
electrically operational and, on one beamline, more than 500
shots have he~n fired extracting - 100 J. This exceeds
specifications and is sufficient to drive the power amplifier

r enerqy extraction tests. The repetition rate of the front
I system is approximately 3 n]in/shot, limitecl by charqino

I Ies for the driver amplil-ier; total dliqnment time from a dead
S, “t is 2 hours. Overall reliability of the fr~lt end is
cut Pntly !35%and is improving toward the specified S19Z.
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discharge regions. The electron gun is qridded tc provide
volta e-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.

f
The gun is fed

triaxially. TG imlt magnetic field effects, the discharge
region is divided into four sections along its lenqth providing,
in effect, 48 discharge chamber~ per power amplifier module.
Each pGwer amplifier section (four per module) contains one
continuous cylindrical anode for all 12 disrharge regions and is
enerqized by a 10-staqe marx qenerator with an open-circuit
voltage of 1.2 i4V, an energy storage of 300 KJ, and an
inductance of 2.5 IIH to match the qas discharge impedance. A
cutaway drawing of a section of d power amplifier module is
shown in Fig. 5.
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,4 ANTARES POWERAMP1.lFIER OPTICAL SCHEMATIC
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which are mountrxl i!O turninq mirrors and 24 f/6 focusing
p,lrabnloids. Tilrg(jt irradiation is six sided with hems
arr~lnqud in clusturs of fnur, as shown in Fig. 0. As tire Jll
ldrq~ mirrors in t.hr?Ant.drrs ‘;ystmn, th~ t,urnirrg[111(1foc’lsinq
mirrnr’; Ilr-l?sirlqlc?-poillkIIiillll(llld I.llrnt?dcoppt!r pldted orl
dluminlml :;ul)str(lt.rsmTh(? kmv?t (:hilml)~r ut.iliz(ls cryoqr?nic and
t.l)rhnlll[llccllt,lrIIIIIIIP% 111 d(:hi(!V(! d h,~s[lIlrl?ssur(?of Y x I(W;
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Final hem pointing and focusino optics.
Tarqet il”lumit]ationis six-sided.



TARGET DIAGNOSTICS

Experiments on ~ntares will assess the efficiency with which
10 ~m light 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 energy scali q of
important features of the laser-target interaction: absorption
and energy balance (includirrg fast ion generation), hot electron
deposition, and target heating.

In order to achieve these goals we are fielding the following
initial set of diagnostics: (1) A pair of x-ray pinhole cameras
for verification of beam alignment on target. These cameras are
inserted into the chamber throuqh an air-lock mechanism to enable
retrieval of film and changes of pinholes and filters hctween
each shot, Pinhole imaging is also used to determine the
spa’iiil distribution of hot electron deposition in the target.
The pinhole cameras will view ttre target from the ends of the
chamber near the beam transport tubes.

(2) An array of 26 plwna calorimeters to determine the
absorbed eneray by measuring :he enerqy in the ion expansion
(time-integrated). Several calorimeters will be filtered, ~.q.
with 0.5 Pm Ni, to determine the eneray invested in the fast ion
expansion (0.5 ~m Ni stops 103 keV protons). These calorimeters
will be distributed in an arrangement ,~hich provides roughly
uniform sampling of the ion anaular ciistribution.

(3) A 10-chanrel filter/scintillator/photoclirtd~ hard x-ray
spectrometer known by the acronym APACIIE.4 Filters and
scintillatorc; provide broadband channel rt?sponse in the ranqe
30-500 keV. A fit to the sianals from individual channels
(assuming a Maxwellian ~rrwsstrahlung spectrum) dct~rmin~s 1:11(-?
hot electron temperature and the amount of hot elt?ctron ellerqy
colllsionally depnsit~ci ir] the tilrq~t. The dc?tectnr system
provides 10 ns resolution ml is th[?r[?for~time-inte[:rfilcrlon
the time scale of thr laser interaction, illt.huuqhtimt’rt?sctlved
compared to electrical noise hnckqro(lnd.

(4) A 7-channel filtrr~d x-ray diodt? ,~rrav (MIH.TIFLEX]h
with - p~~ Ps s~<tf.nlrirr=timf’. Th[! ]Illnt.nf?l[’(:t.tic t-pspons[?sof
:.I1(?al~mlinum photoc[lthod(~s ,Ifl[lI-il[.fyrt.rdnsmissinn ch,lrl~c-
tcrist.ics f’llilhl[? rnvcrarrr (If I,hfl sprct.riim Ilrt.wwn - 20 cV ,Illd-
~ kcV. Mill.rlF[.l:X[~n,ll]lesus 10 sllidv I.dru(?tSllrltlct}lmmrr,ll.ur~!.,
dnd detvrmitw I:tlntl(~l~l.inqfllif~ 10 hot (~lwtrnn d(”:pn% itinrlm

(5) A ~(~tt x-r-flycnllim,llor cimpri:;(?(l of ,Irl ilrr,ly ol”
primdr.y pillholcs (- i5[l 11:11 fliiunf~l[lr) ,111(1d cl[~tln[lp C( Ilimlllur
7 rwondllr,y pirlh[)l(’s(- !1(10Ilm flitwl[’lcur).“lhis (:01Iim,l’
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(assuming a Maxwellian bremsstrahlung spectrum) determines the
hot electron temperature and the amount of hot electron energy
collisionally deposited in the taroet. The detector system
provides 10 ns resolution and is thwefore time-integrated U,;
the time scale of the laser interaction, aithouqh time-resolved
compared to electrical noise background.

(4) A 7<hannel filtered x-ray diode array (MULTIFLEX)5
with - 250 ps system riseuime. 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 deposltioll.

(5) A soft x-ray CO11 imatar comprised of an array of 7
primary pinholes (- 150 IImdiameter) and a cleanup collimator of
7 secondary pinholes (- 500 ~m diameter). This collimator
serves to limit the field of view of the MULTIFLEX diodes to a
common 400 urn diameter spot in the tarqet plane, enablinq a
determination of the brightness temperature of the target
surface tinaffected by con’:iderations of source size. The
collimator pinholes arc locat.1’d10 and 20 cm from the tarqet and
are optically aligned with the MULTIFLEX diodes to a positioning
accllracy of 25 um. Both WLTIFLEX and APACHE view the target
from the “equator” of the target chamber.

All of these diagnostics are modifications of tested
instrumentation currently in use at Helios, but represent oniy ~
fraction of the tested diagnostics llsed at that facility, which
inclllri~d Variety of specl;rouraphs, Faraday t:[Jpsand l“hcmson
par,lbolas, and o~tical diaqr?nstir:;. Yany of Lhi?se diaqnc’stlcs
will be (laded durincr the operational phase of Antares. “~k?s~qn$

For the pinhol~? cameras ~re complete, ,Y1d f,~bricatinn of th[:
p]asmir calnrimetprs is Well under V,tt,,. Mndificdtionz of
MULTIFLEX md APACIIE are underqoil 1 engineering design. The
i!’rstrmm?ntatinnis scheduled for insl.dllaticn and checkout prior
Lo Ant,lrcs turnon in edrly FY-WI.

CONCLIISIONS
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simple spheres. We also expect to continue experiments, now
planned for Helios, to determine whether Ci32-produced ions are
appropriate for driving inertial fusion targets with acceptable
efficiency (Helios experiments have ciemonstrat.edthat as much (1s
40” of the incident light can be converted to fast ions).
Details of these cxperimencs, as well as pl~ns for further
experiments, are still being defined.
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