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Summary 

Antares is designed to focus 24 1 aser beams of 
1.7-TW each onto a target of submillimeter size. 
Two grid-controlled electron guns and 96 laser 
cavities nave to De energized by 10 powerful Marx 
generators in microseconds. During automatic 
al igrunent, 168 mirrors nave to be moved. Laser 
energy is extracted in one nanosecond. 

This paper presents a concise review of the 
basic design parameters of the laser fusion machine 
and the present status of tne assembly and test 
activities. Up-to-date test results of tne sub­
systems and of the first integrated beaml ine (12 
Deams) are discussed. 

Introduction 

Antares, a laser fusion facility was planned in 
tne early 70's as part of tne Nation a 1 Inertia 1 
Fusion Program. It was designed to demonstrate 
wnetner or not scientific breakeven cou 1 d be 
acnieved witn a 100-kJ, C02 laser. 

During tne Antares design phase, theoretical 
modeling and tne results of Helios target experi­
ments snowed that not electrons reduced tne effec­
tiveness of 10.6-pm lignt and, worse, preneated tne 
fuel. As a resu 1 t, in 1980, Antares was changed 
from a 100-kJ /72-beam machine to a 40-kJ I 24-1 aser 
Deam macnine. This facility (Fig. 1) has now been 
fully assembled. Almost all subsystems nave been 
tested, and integration tests have been in progress 
since November, 1982. Completion of tne facility 
is anticipated in October, 1983. 
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Fig. 1. Antares facility schematic. 

Key Design Features 

Although it is not the intent of this paper to 
discuss tne deta i 1 s of tne Antares design, it may 
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De of interest to summarize the basic design 
features and constraints. 

Uniform energy deposition on tne surface of 
submillimeter targets requ1res a certain minimum 
number of 1 aser beams, for ex amp 1 e, ei gnt for tne 
He 1 i os fac i 1 i ty. Larger De am numbers may be re­
quired as result of equipment or materials limi~a­
tions. For Antares, the number of beams was dlc­
tated Dy tne constraints of existing salt-window 
technology. One transmissive optical element _is 
required to separate tne nign-pressure laser cav1ty 
of tne power amplifier from the low-pressure target 
cnamDer. Tne best material suited for this pur­
pose, wnich is optically compatible with 10.6-pm 
lignt, is sodium chloride. State-of-the-art tech­
no 1 ogy and experience at the time of the Antares 
design limited tne window size to 45 em for ~ pre~­
sure difference of 3 atm. From damage stud1es, 1t 
was known tnat hundreds of shots 

witn a fluence of less tnan 3 J/cm2 would not 
damage the salt windows. Taking into account 
safety factors, non-uniformities of spatial beam 
distribution, and the trapezoidal beam footprint, 

24 Deams witn a size of about 1000-cm2 each were 
cnosen. 

As a consequence of tnis choice, 24 laser 
cavities were required, 12 in each amplifier. The 
design of each cavity was based upon tne choice of 
an optimum E/p = 10 V/cm torr for a laser gas mix 
of C02:N2 4:1 to acnieve a good pumping 

efficiency and provide a good safety margin rela­
tive to Townsend breakdown. A nominal pressure of 
1800 torr was chosen to permit a reasonab 1 e pres­
sure vessel design including the salt windows. Tne 
resulting required discharge voltage of 550 kV and 
electron-gun voltage of 525 kV were considered to 
be manageable. 

A pump time to peak gain of about 3 pS was 
selected as a compromise between desirable nigh 
pumping efficiency (short pu 1 se), 1 ow current den­
sity (long pulse), and large circuit inductance 
(long pulse). The time constant of the relaxation 
of tne upper laser level of 4.5 pS makes short pump 
times more efficient. Lower current densities pro­
duce lower magnetic fields and thereby less unde­
sirable electron-beam deflection. Large circuit 
inductances are easier and less costly to achieve. 

A discnarge-current density of 7A/cm2 was 
chosen. It required an electron-beam-current 

density of 50 mA/cm2 for primary gas ionization. 

The design cavity gain is 2.7 m-1, requiring a 
length of the active gain medium of 3 m to achieve 
a single-pass gain length in tne power amplifier of 
8.0. To limit the azimuthal magnetic field to 
about 200 gauss (acceptable electron-beam deflec­
tion), each of tne 12 power amplifier cavities is 
subdivided into four axial sections. A central 
electron-beam gun provides laser gas ionization 
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through 46 Kapton-Alumihum, 50-~m foil windows. 

The design of the driver amplifier followed 
essentially the proven design of the dual-beam 
Hel ios module. The two discharges of the driver 
amplifier are controlled by two large-area electron 
beams produced by a double-sided, cold-cathode 
electron gun. Discharge and gun voltages are about 
200 kV and 250 kV, respectively. Pumping time, 
current densities, E/p and gain are similar to 
those of the power amplifier. The cavity has a 
length of 200 em and a diameter of 17 em. 

There are four different types of Marx gen­
erators to power the electron guns and discharges 
for the power amplifier and the driver amplifier. 
Their key design parameters are summarized in 
Table I. 

Operational Experience 

The assembly and installation of the Antares 
equipment began in 1g80 and continued unti 1 May, 
1g83. Testing of subsystems began in 1981, fol­
lowed by integrated testing and check-out in 
1982-83. To date,. a reasonable operating expe­
rience has been obtained by running the driver amp­
lifier and the power amplifier with their energy 
storage units. Many integration problems had to be 
overcome, particularly in the area of computer con­
trols and diagnostics. Many high-voltage breakdown 
problems had to be solved, especially in the main 
electron-beam gun. 

The following is a brief description of the 
equipment and of its operational performance. 

Driver Amplifier. The driver amplifier is an 
on-axis, Cassegrain optical system where the beam 
passes three times through the gain medium 
(Fig. 2). A saturable-absorber gas cell at the 
input optically stabilizes the laser in spite of 
its high 3-pass gain of 18. The circular input 
beam of 2.5-cm diameter, 1-Joule, is amplified to 
an annular output beam of 15 em O.D. x 9 em I.D. 
with an energy of 100 Joules (Fig. 3). 

AMPLIFIERS 

Fig. 2. Optical train of Antares Front-End. 

TABLE I 

KEY PARAMETERS OF THE ENERGY STORAGE SYSTEM 

Driver Cavity 

Driver Gun 

Power Amplifier 
Cavity 

Power Amplifier 
Gun 

V
0

(kV) VL(kV) 

400/600* 200/3DD 

450/600 250/350 

1000/1200 450/550 

525/600 475/550 

V
0 

Open circuit voltage 

VL Peak load voltage 
I Peak load current 

I (kA) 

30/40 

1.5/6.0 

150/200 

20/25 

* The first number indicates typical operating points. 
The second number indicates maximum design values. 
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Q(C) L (~H) 

.06/.09 6.5 

.06/.09 11 

- 1 - 2.4 

- 0.1 - 3.5 

Q = Charge transfer 

L = Marx inductance 

C = Marx capacitance 

C (~F) 

.14 

.14 

.420 

.375 



Fig. 3. Burn pattern produced by tne driver-ampli­
fier beam on photographic paper. 

Both 200 x 17 x 17 em cavities are pumped by 
1>1arx generators in a matched impedance (R =...[i]C) mode. Typical voltage and current traces are shown in Figure 4. Tne two-sided electron gun employs two longitudinal blades as cold-catnode emitters. Tne catnode structure is surrounded oy a puncned-metal sheet grid, wnich is biased through a grid resistor to control the gun current. The gun is driven by a Marx generator in an RC decay mode. Voltage and current traces are also shown In Figure 4. 
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The operational experience with the dual-beam driver amplifier has been excellent (Fig. 5). A total of 4000 shots at a discharge voltage of about ZOO kV and a gun voltage of 250 kV nave been fired witr1out significant problems. There have been only two major equipment breakdowns. 

Fig. 5. View of tne dual-beam driver amp lifi er wi~ 
one discnarge section removed. 

Power Amplifier. Tne power amplifier is an off-axis, Cassegra in system where the beam passes twice througn the gain medium (Fig. 6). A saturable-absorber gas cell provides for optical stability internal to the power amplifier and ex­ternal between amplifier and target. The annular input beam of 100 Joules is split into 12 trape­zoidal Deamlets. Each ueamlet of 2-cm-diameter enters the gain medium with an energy of 8.5 Joules and 1 eaves it after the second pass with a trape­zoidal cross-section of 36 x 33 em and an energy of 1700 Joules. 
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4 TURNING MIRROR 
5 TROMBONE MIRRORS 
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16·17 PERISCOPE MIRRORS 

Fig. 6. Antares power amplifier optical scnematic. 



Tnere are 48 cavities of 75 x 36 x 33 em 
(Fig •• ?). Tney are grouped in four axial sections 
witn twe I ve annular sectors, eacn section fed by 
une Marx generator. Tne circuit is impedance 
;:Jatcned, and typical voltage and current traces are 
snown in Figure 8. Tne power amplifier (Fig. 9) 
nas been electrically tested at a pressure of 1700 
torr witn an anode voltage of 475 kV and current of 
175 kA. 

Fi Si· 7. 

F 19. Cl. 

Fig. 9. 

View of 48 power amplifier cavities. Tne 
cavities are bounded by four circular 
anodes, 48 dielectric separators and (not 
snown) tne central electron gun. Tne sep­
arator confines tne di scnarge and prevents 
peripneral parasitic oscillations. 

--- MARX VOLTAGE (kVl 

---ANODE VOLTAGE (k Vl 

------ANODE CURRENT(kA) 

----GAIN 

Typical voltage and current curves of 12 
annular discnarges fed by one Marx gen­
erator tnrougn one common circular anode. 
Tne resulting gain is superimposed. 

Tne first power amplifier, fully operational, 
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Tne resulting gain was 2.7 m-1, witn a gain 
lengtn product of g0 L = 8.2. Tne gain uniformity 
over tne beam cross-section (Fig. 10) was excel­
lent. Under tnese conditions, an energy output of 
1.4 kJ is expected for one sector (Fig. 11). 
Extrapolating tnis output to full pressure and 
voltage predicts a power amplifier output of 36 kJ, 
witnin tne oriqinal specifications of 35-40 kJ. 

F1g. 10. Spatial gain distribution. 

Fig. 11. Tne first single-beam energy snot. Tne 
trapezoidal snape of tne pnotograpn i c burn 
paper is clipped by a temporary round ex it 
window frame. Tne contours of tne input 
mirror are visible at tne bottom. 



Tnere were significant problems with tne cen­
tral electron gun (Fig. 12). Tne original grid 
design of puncned-meta l sneet limited reliable gun 
operation to about 400 kV at an average field 
strength between grid and anode of 25 kV/cm. Tne 
estimated ennanced field at tne grid surface was 
75 kV/cm. A new grid design permits us to operate 
tne gun routinely at voltages above 500 kV witn an 
enhanced field of approximately 62 kV/cm at the 
grid. 

Fig. 12. View of tne electron beam gun prior to 
insertion into tne power amplifier. Tne 
gun is cryogenically pumped. 

Tne gun and its Marx generator nave operated at 
90% of full voltage for more tnan 500 shots. 

Typical problems were grid resistor mechanical 
failures and a few (1~ of snots or less) fast 
rise-time current runaways wnicn are attributed to 
bushing flashover or emission site development on 
tne grid wnicn can cause grid-anode or grid-cathode 
closure. 

Tne power amplifier and its four Marx gene­
rators nave operated at 80 of full voltage for 
over 3000 snots. Typical problems were cable 
failures resulting from electron-gun dropout and 
overvoltage gap breakdown. 

Target Chamber. Once tne 24 beams leave tne 
two nigh-pressure power amplifiers, they enter a 
vacuum system which contains all large mirrors 
necessary to guide the beams and focus them on the 
target. Large, 1.50-m-diameter tubes connect the 
power amplifiers to an 3-m-diameter x 7-m-long tar­
get chamber. A space frame holds 24 flat-folding 
and 24 parabolic focusing mirrors (Fig. 13). The 
target is irradiated from six sides by six beam 
clusters of four. A beam pointing and focusing 
accuracy at the target of 25 ~m is re- quired, 
quite an optical- achievement. The size 

of the focal spot is 300 ~m. The 1000-m3-target 
vacuum system is cryogenically pumped down to a 

pressure of 2 x 10-6 torr in about eight hours. 
Targets are inserted through an airlock and trans­
ported on an inclined track to their central posi­
tion (Fig. 14) . Final positioning of a target is 
performed through two large reference telescopes 
wnich have a resolution of 10 ~m. 
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Fig. 13. Six sets of four folding mirrors, each sur­
rounding the target position in the center, 
deflect the twenty-four beams onto six sets 
of parabolic focusing mirrors. Two are 
visible in the upper corner. 

Fig. 14. Trte target is inserted through a vacuum 
lock into the target chamber. It is tnen 
transported on a cart and track to its 
central position. Arrays of folding 
mirrors surround tne target. There are 
only mirror positioners mounted on the 
rignt array. These positioners are 
manipulated by stepping motors as part of 
the alignment system. 



Instrumentation and Controls. The design of 
tne instrumentation and control system is based on 
four premises: 

1. Tnere is no nard-wired logic. All logic 
dec1s1ons are made in software. 

2. There are no traditional control panels. 
Tne interface between tne operator and tne 
macnine is established via 
pressure-sensitive display screens. Tne 
displays are created and can be changed 
tnrough software programming. 

3. The control system is based on a network of 
distributed computers, witn micros at the 
bottom of tne nierarcny and minis at the 
top. Tne workhorse of the network is the 
LSI-11, wnicn is located at tne point of 
control. Tnis means that a fully snielded 
microcomputer is mounted directly on top of 
a Marx generator enclosure. Programs are 
downloaded from tne PDP-11/60s. Communi­
cation between tne LSI-11 computers is 
handled by tne minicomputers. 

4. All data are digitized and transmitted over 
fiber-optic cables throughout the computer 
network (a total of 40 km of fibers). Data 
are displayed on screens and can be printed 
on naro copy. 

Our operational experience with the control 
system relates only to the difficult startup period 
and not to f ina 1 macn i ne operation. As witn any 
large control system, "debugging" has become a 
nousenold word. In tne "old days", electronics 
tecnn i ci ans or engineers cou 1 d discover the prob-
1 ems and so 1 ve tnem. Now we need the services of 
several disciplines: people who understand 
analog-digital converters and micro-computers, 
peop 1 e wno understand the frequently erratic be­
nav i or of tne mini computers and the network, and 
people who wrote and/or understand the software. 

There is no doubt that for as large a facility 
as Antares, a computer control system is consider­
ably better and more versatile than the old 
nard-wired-logic-cum-panel/oscilloscope-display 
system once it is fully operational. In the mean­
time, however, teamwork and patience are required. 

Conclusion 

During the testing of the Antares subsystems 
and tneir integration, most design goals nave been 
attained. Not enough experience has been obtained 
to verify advertised lifetimes or meantimes between 
failures of the equipment. Some redesign was 
necessary, particularly to attain the voltage 
nold-off of tne electron gun and to eliminate 
gain-limiting parasitic oscillations in the power 
amplifier. Based on limited gain and energy 
measurements in tne driver and power amplifiers, we 
now believe that Antares will attain its goal, 
namely to deliver 35-40 terawatt pulses to 
inertial-fusion targets. 

The autnor wi snes to acknowledge the hard work 
and dedication of the entire Antares Team which 
made it possible to bring this facility into 
existence. 
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