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Soviet Laser Weapons

Technology: A Collecti
Guide (u‘;gy o

Introduction

Laser weapons constitute & major new form of weapon
system capable of delivering sufficient energy to
destroy a variety of targets of military significance.
The applications of such weapons could be as broad as
those of missiles or guns. The five major characteris-
tics of laser weapons that combine to define their
promise are the near instantaneous delivery of energy,
the potential for a large magazine, a wide field of fire
within which the laser can switch rapidly from target
1o target, rapid growth of kill margin as the range to
the target decreases, and a potential for selectively
delivering energy at the optimum Jocation on the
target. These characteristics combined to make laser
weapon systems highly responsive, Major disadvan-
tages are atmospheric propagation problems and the
requirements for extremely accurate pointing and
tracking and line of sight to the target. YL

Because even low-power lasers are highly intense
compared with natural-light levels with which sensors
operate, lasers have tremendous potential for a num-
ber of countermeasure applications. Lasers can dis-
turb the siming accuracy of threa: weapon systems by
temporarily saturating or permanently damaging or
destroying electro-optics and human eyes or by creat-
ing false guidance signals or false targets for laser
guided weapons. The application of lasers in space
makes even greater use of the five characteristics
cited :bove.-

Lasers which are efTectively fielded as weapons sys-
tems will have the potential in a high-density threat
eavironment, to methodically move from target to
target over their all-azimuth coverage, focus their
beam on the target, hold the selected aim point
despite the target's speed and maneuverability, and to
destroy a vital component or the structural integrity
of tae target or to igniting the fuel or warhead in
seconds or less.-

H
Ahsamponsystemiscompﬁsedof.hsinxsoume,
the optics that perform the focusing, beam control,
pointing and tracking, and all the other associated
electronics which assist in the proper functioning of
the system. This guide will focus primarily on these
laser types and their associated component technol-
ogies. Some insight will be provided as to how the
technologies come together for various weapons appli-
cations, and finally, coilection targets, facilities, per-
sonalities and key questions will be addressed. Jll

T e m— ai i —— e




RECRL 2 T PP




Laser Technologies

General

Laser devices are generally categorized by the lasing
medium (for example, carbon dioxide (CO,), iodine (N,
hydrogen fluaride (HF), deuterium fluoride (DF), and
so forth) and pumping technique (for example, gas-
dynamic, chemical, electric discharge, photoioniza-
tion/dissociation, and so forth) used to achieve an
excited state. Release of the stored energy through
stimulated emission produces an intense, well-col-
limated, monochromatic beam of light. The Soviets
sometimes call these devices optical quantum genera-
tors (OKGs) since they operate because of the discrete
energy levels associated with qQuantum mechanics.
Table 1 lists laser devices with several associated
general parametcrs.l

. In general, 2 laser device can be divided into two
subsystems, the gain generator and the optical resona-
tor, each performing unique functions. The gain gen-
erator is primarily the material that has been pumped
to an excited state. When the gain generator is
enclosed in an optical resonator assembly, which
consists of parallel mirrors, randomly emitted photons
are reflected back and forth stimulating the emission
of additional photons and the amplitude of the light
beam increases. There are two basic configurations
for optical resonators: stable and unstable. Stable
resonators are most applicable to devices with small
gain regions and unstable resonators are most applica-
ble to laser devices with large gain regions. The stable
resonator employs a partially transparent mirror to
split the beam allowing part of the beam to exit the
resonator. Unstable devices employ spatially separat-
ed mirrors that allow fully reflective optics to be used
with the beam being reflected out of the optical
resonator. Recause the unstable resonator allows fully
reflective optics, it is most applicable to high-energy
lasers (HELL-

Gesdynamic Lasers (GDL)

The GDL was the first high-energy HEL developed
capable of producing a multimegawatt power output.
The device itself is composed of three subsystems:
combustion or electrical heating chamber, nozzles,
and optical cavity (see figure 1). The chamber pro-
duces a hot flowing gas with molecules generally
occupying an excited energy state. The excited gas
then passes through a set of expansion nozzles ex-
panding and cooling the gas resulting in a population
inversion of the lasing medium. As the gas flows past
the optical resonator, photons are reflected back and
forth between the parallel mirrors resulting in the
laser beam. The diffuser then allows the exhaust gas
to decrease in Xinetic energy (velocity) and increase in
potenmtial energy (pressure) to be exhausted (open-cycle
operation) or cooled, compressed, and reinjected into
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the heating shamber (closed-cycle operation). The Key Intelligence Questions:

mcst common GDL employs CO, as a Iasant medinm

combined with nitrogen in a cumbustion chamber to 1. The most important parameters for o GDL are the
excite the gas, whicbthenﬂmthmghthemm beam quality, weight, size, type of fuel (solid or

ic mozzles creating the population inversion and re- liquid), fuel-mixture ratios, flow rate as a function
sulting in lasing. The resulting beam is in the 10.6 xm of output power, and the types and design (includ-
wavelength and normally is operated in the conting- ing materials used) of supersonic flow nozzies.

ous wave mode. -
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Figure 1
Gasdynamic Laser Device

2. For combustion-driven GDLs it is important to
know fuel types and mixture ratios.

3. For electrically driven GDLs it is important to
know electrical cfﬁciency.-

Chemical Lasers

Ir chemical lasers, as the name implies, two or more
chemicals are combined in the cavity of the laser
device to form excited molecules of a new compound.
This continuously operating device is similar in opera-
tion to the gasdynamic laser with the addition of

injector nozzles in the cavity to permit the introduc-
tion and mixing of the second chemical into the
rapidly flowing medium. In general, the device con-
sists of four primary regions: precombustion chamber
(dissociation chamber), nozzles, cavity region, and
diffuser. There are 3 sumbcr of variations of this
general design, some employing subsonic. flow within
the laser cavity (therefore the absence of supersonic
nozzles) and different methods used 10 create the
initial dissociation of the reactant chemical species for
the production of active chemical cemcrs..
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Figurc 2
HF Chemical Laser

2 G‘é’:‘@;&i

=

Edmgned]

I8 2

Hydrogen flucride (HF) lasers (sce figure 2) represent
the most advanced technology being pursued in the
United States today that is capable of producing the
multimegawatt power outputs necessary for weaponi-
zation. The device itself operates by combining free
atoms of fluorine with hydrogen molecules or atoms
iesulting in vibrationally excited molecales of HF. l

Two unique aspects of HF laser operations are the
toxicity of the lacing medium and the requirement for
water-[ree coatings in the optical resonator. HF is
toxic in concentrations of only three parts per million,
thus large devices require scrubber systems to prevent

environment damage. HF attacks most materials and
can critically degrade an unprotected surface. Most
hydrogen fluorid- laser emission lines are strongly
absorbed by water. Thus, water trapped in optical
coatings will absorb HF emission and destroy the
coatings and even the optical components as well as
decrease the laser beam quality and power flux. .

The HF laser emits at a number of infrared wave-

lengths between 2.5 and 3 um which isin a region of
the spectrum that is subject to strong stmospheric

. POOR QUALTTY PAGE




absorption. Deuterium fluoride (DF) lasers emit at a
spectral region of 3.5 t0 4.2 um, which is more readily
transmitted through the earth’s atmospbae.-

The iodine chemical (1) laser emits 2 beam at the
1.315 um wavelength, which means that levels of
about four and nine times the brightness of HF and
DF lasers respectively can be achieved with equivalent
apeortures and equal power devices. In addition, it is
expected that jodime lasers will achieve similar mass
flow efficiencies a3 HF and DF devices allowing
trade-offs in aperture size, in-orbit weight, and lethal-
ity to be made for space-based applications. .

An attractive aspect of iodine lasing is that, unlike DF
lasers which exhibit multiline lasing, the iodine laser
can be made to lase at a single narrow band at 1.315
#m. As a result, laser transition fluctuations, which
can affect beam quality and beam contraol system
problems associated with multiple wavelength propa-
gation, are avoided. -

Argon-loo Lasers

For over a decade, researchers at the Nowvosibirsk
Science City have been experimentally and theoreti-
cally investigating and developing argoa-ioa lasers.
Their goal has been to0 develop high-power argon-ion
lasers with a long Efe. Their investigations bave
included laser-mode contro! and emission <pectrs of
ionic lasants in an accelerating field. Their develop-
ments have centered on special cathodes and optical
systeras for these lasers. Outputs from these lasers are
the visible spectrum (Ar 11, 488 nm) and in the 100 10
1.,000-watt range. New investigations and develop-
ments have been on an argon-ion laser with supersouic

)—(

Two protatype argon-ion lasers have been built:
MIL-1 and MIL-1-01. The former is 2 300-W laser
with a service life of 1,000 hours. Its dimensions
(including power supply) are 40 x | 10x 310 cm. The
latter operates in the single-frequency regime via
mode selection. Y

Applications of these lasers have m'duded nonlinecar
effects, dye laser pumping, photochemical reactions,
and single—crystal semiconductor restoration. -

Key Intelligence Questions:

1. What are the new increases in service life, power
outputs, and mode selection?

Metal Vapor Lasers
Amﬂnporhsernsanmaﬂiminvaporformas
the medizm for the lasing action. The metal ion is
excited by an external source such as another laser.
The Soviets continue to dominate in the literature
pubdlished on metal vapor lasers. Ia the last year, the
previonslislorlsmulhmminamedbyso
pemem.-

The Scvicts are conceatrating on the following tech-
miques for the development of powerful metal vapor
lasers:

* Transverse discharges.

¢ Extremely powerful pumping circuits.

* High-pulse repetition rates.




» Multiple-laser output summing.
» Oscillator-amplifier configurations.
o Mectal particles in a high-prassare buffer gas.‘

Ruby Lasers

Ruby (AL, O, C, '*), emits lassr emergy in the visible
(red) region. The Sovietls continue 30 use ruby lasers in
the field for military-related applcations. For exam-
ple, the Soviets have been ranging enoperative «atel-
lites (corner-reflector equipped) simee 1970. In addi-
tion, Soviet laser rangefinders employed by ficld
artillery forward observers, appear so use a ruby !aser.
Ruby lasers also might be uscd in other military
application such as blinding and sensor degradation.

Soviet equipment described in open source literature
is primarily for educational, scientific, or industrial
applications. As far back as the mid-to-late 1960s,
several units were described as having performance
ratings suitatde for military applications, (for exam-
ple, against people) but these units were not miniatur-
ized and packaged for field use. JJJf

Key Intelligence Questions:

1. Whati is the status of R&D in ruby lasers? What
are current applications? Describe dimensions ob-
served in packaging.

2. What specific military applications use ruby lasers?

- '

Dosbled Neodymium Lasers

The output of neodymimm lasers (where either giass or
YAG is the lasing medimm) can be frequency doubled,
and, as a result, the output is converted to the visible
€0.53 um) wavelength. Soviet research groups com-
monly use this technique and the nonlinear optical
materials required are readily available. -

«Electrie-Discharge Lasers

Carbon diox'de (CO,) electric-discharge lasers (EDL)
operate at the 10.6-um wavelength, which falls mto
ooe of the atmosphere’s high-transparency windows.
Energy is transferred cither directly to the CO,
medium by a UV preionizer, an clectron gun, or
through an intermediary gas (usually nitrogen) and
dijutent. The device structure parallels that described
in the gas dynamic section with little variation from
the gencral device description (see figure 3).-

Carbon monoside (CO) EDLs operate at a number of
wavelengths near $ um. Carbon monoxide continunes
10 be of strong interest for development of endoatmos-
pheric laser weapons, especially if operation can be
restricied 10 wavelengths under § um. CO ‘asers may
abso form the basis for sear-term airborne or spece-
tased wespon systems. CO, lasers have achieved
efficiencics 15 high as 60 percent for pulsed operation
and SO pescent in continuous-wave operation out of &
theoretical maximum of 80-percert efﬁeiency..




Figure 3
Electric Discharge Laser
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The advantage of wsimg an external source of jonizing

radiation allows the imdependent control of both the
concentration and energy of the electrons in the
discharge. This makes possible the generation of

stable volume discharpes suitable for pumping various

lasants, such as CO, and CO. These lasers sare called
combined pumped electric-discharge lasers (CPEDL)
in reference to the combined action of the lonizing
radiation and the edectric discharge. JJIli}

Personnel associated with one of the Soviet EDL
efforts published first on combined discharges in
1966. Further, the Soviets were the first to publish on
the three principal combined pumped schemes: pro-
ton-neutron beams as jonizing radiation (1968), elec-
tron beams as ionizing radiation (1969), and UV
radistion (photons) as ionizing radiation (19691-

The weaponization of CO, and CO CPEDLs devel-
oped in the carly and mid-1970s is believed to be in
the hands of the desigmert at classified defense indus-
trial design bureauns. These designers publish unc): ssi-
fied aspects of their research in open literature. A
special effort should be exerted to collect less readily
available literature, sech »s preprints, reprints, and
proceedings of institutes and internal institute publi-
ati'ms.-

Soviet interest in atmospheric pressure CO, combined
pumped electric-discharge lasers (CPEDLs) was
strongly evident as early as 1968. By the early 19703
Soviet literature for the most part discussed quasi-
CW (100-1,000 s polse lengths) and CW outputs.
Further, the combined discharges were discussed as
useful for pumping large volumes at high pressures at
energy-density deposition rates of 1 to 4 kW /em (1
MW per liter). Varioes fast-flow (subsonic) gas-dis-
churge studies relative to lasers were conducted as
early as 1970.

e m— i v

Key Inteiigence Questions:

1.Provide details on the following criteria associated
with the design and operating parameters of the
electric-discharge lasers’ cavity: its discharge arc-
ing, cavity-clearing time, turbulence management,
boundary-layer control, gas mixing and flow condi-
tioning, high-voltage connectors, acoustic atienua-
tion, beam quality, and resonstor design.

2.What military applications are evident using EDLs?

3.What types of external sources are being used to
produce the jonization radiation used to excite the
laser cavity? -

Excimer Lasers

An excaimer laser is one that uscs s rare gas halide as
the lasing medium and that is then pumped by one of
several types of excitation sources. (See table 2.) Since
the mid-1970s the Soviets have frequently published
results of theoretical and experimental work on rare
gas balide lasers. Half of the cight pumping sources
listed in table 2 have received mast of the attention:
¢lectron-beam pumped, photc-preionized discharges,
clectron-beam-stabilized discharge, and electric pho-
toionizstion.

The large aumber of groups working on rare gas
halide lasers will continue to be supported because of
the diverse requirements for the numerous possible
applications for these lasers. The amount of experi-
mental work reported will probably be considerable
and detailed. Emphasis will continue on engineering
data relstive to these types of lasers. The interest in
these lasers shor'n by ministerial facilities is indica-
tive of engineering development in response to both
industrial and military customer interest..

10
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Table 2
Sovkthncuflﬁiehmhmphsghm

XeF AsF XeBr Krie KrCl

Electron-beam pumped

Owicaily pumped

Seif-sustained discharge

Blectrically preiosized discharge

Photopreionized discharge

Electron-beam-sta bidired discharge
- Capacitive discharge

Blectric photoioniration R X

toelf-laser-radiation-

sastained discharpe)
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Key Intelligence Questions: states of the molecules in a similar manner as the
1.What rare &as habdes are receiving special empha-  EDL. This is the predominant transder mechanism in
sis in the excimer haser programs? Provide wave- most nuclear pumped lasers, bowever, some nuclear

lengths, outpat levels, and beam quality. pumped lasers rely on a secondary mechanism for
2 What applications are evidenced in the excimer energy tnnsfcr.-
haser R&D programs?

3.What design burcaws are involved in the vork‘!- The secondary mechanism, dominant in nuclear

~ pumped carbon monoxide lasers, refies on indirect
Nuclear Pumped Lasers transfer of vibrationa! energy o the CO medium
'Direct nuclear pumping of the lasing medium kas through other excited CO species produced by fission
been proposed for a sumber of different media includ- fragments. This is an extremely complex transfer e e
ing argon, argon-befium-3, and carbon monoxide mechanism, as well as a very wmusual mechanism for
(CO).DevicesanﬁoyingCOastbehsammeﬁnm nudarwmpedlasm.andva'ylitﬂeisknownabout
have received the most attention because of the the kinetics of this transfer mechanism. -
relatively long Lifetime (30 millisec to several seconds)
of excited carbon maomoxide. While nuciear pumping  The device itself has three primary subsystems:; fluid
of lasers is expensive, in applications involving large supply system, gain generator, and optical resonator.
power requirements (for example, tens of mecgawatts),  The fluid-supply system functions as the primary
meclear reactors do have potential advantages beczuse  system for maintaining and storing the coolant and
of the ability to redwce reactant storage requirements  lasant. It maintains cryogeaic storage (when required)
and therefore total system weight- of the lasing medium and reactor coolant and converts
’ °  them to gases before entering the gain gcnmtor.

Nuclear reactors excite the molecules of the lasing
modium in two ways. First, as the molecules of the
lasing medium flow through the reactor they are
bombarded by fission fragments causing the gas -
molecules to release secondary electrons during the

jonization process. Thus, energy is transferred t0 the

molecules of the lasing medium raising the vibration




X-Ray Lasers

Five main spproaches to X-ray lasers are being
considered by the Soviets in the Hterature: electron
collisional excitation, electron attachment, photoab-.
sorption, Compton scattering, and relativistic charged
particle channeling. Most of the Sov:iet effort, as
indicated in the open literature, is concentrated in
only two of the general approaches, those of clectron
attachment and stimulated emissiom from relativistic
beams in a crystal. However, the effort in the pho-
toabsorption approach may be larger than it appears
because development of a laser plasma X-fay source
could be directed toward providing the pump source
for an X-ray laser based on photcabsorption. The use
of nuclear explosions has been proposed a3 & method
of creating conditions for X-ray lasers. There is a
sizable laser plasma X-ray program in the USSR. -

Free-Electroa Lasers

Free-clectron lasers (FEL) operate om the principle of
free electrons radiating in a periodic magnetic field
rather than oo induced transitions between quantum
states of bound electrons (for exampie, population
inversions). The primary principle behind its operation
is that a laser beam can be extracted from 2 beam of
free clectrons passing through a spetially varying
magnetic field by placing mirrors at each end. The
physics of the device operation is based on stimulated
Compton scattering. A unique aspect of its operation
is that it can be tuned to operate fram the millimeter-
wave region to the ultraviolet regioa of the spectrum.

i

-

Laser beam wavelength s depeadent on electron-
beam energy (for exampee, high-energy short-wave-
leagth, low-energy long-wavelength) and magnetic
fiedd period (spatial variation) wsed in the FEL- §ilif

The device operates simikar 10 8 radiofrequency Enear
sccederator (rf linac) except that the clectron beam

" gives up energy to the electromagnetic field and the rf

cavities are replaced by a static magnetic field. The
primzry electron beam is generated by sn sccelerator
and steered into the laser cavity where it traverses the
periodic magnetic field (see figure 4) generating and
amplifying the laser beam. The electrons can be
forced to radiate coherently (all in phase) at 3 prede-
termined wavelength by comtrolling the relative
phases of the electrons and the laser pump ﬁeld.-

12




Free FElectrom Laser

Figure 4
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The bardware required cicsely parallels thet regaired
for HF/DF chemical lasery. The iodine laser dis-
cxssed previously has beea considered s TCL.Ig

Key Intelligence Question-
* Provide all information on the status of and techni-
cal parameters of this work. ||

Plasma Recombination Lasers

The main attraction for development of these Iasers is
the potential for generating short wavelength lsser
radiation (X-ray). The principle of this laser i the
combining of an electron deficient plasma (H+) with
aa clectron beam (c—) The resulting reaction H+)
+ e— produces photons which provide laser radia-

tion. . Key Intelligence Question:
D Whatistbesumoftlﬁswork?-
Key Intelligence Question-
* What is the status of this work? Dye Lasers
The laser medium for dye lasers is an organic dye
Photodissociation Lasers dissolved in a solvent, vaporized, or embedded in a

Pbotodissociation lasas are based on the development  solid (for exampile, plastic). The pumping mechanism
of an energy population imversion produced by'the - -=js usually a flashlamp or another laser. and the output
pbotodissociation of some molecular species. The old- s tunable over & sumber of wavelength regions

est and best developed photodissociation laser is the between 0.2 and 1.2 um. The tunability of sach
atomic jodine photodissociation laser. The develop- devices makes them potentially usefu] as rangefinders
ment and improvement of high energy photodissocia- or target designator with a counter-countermeasurc
tion lasers is intimately tied to the development of capability. The greatest disadvantage of dyes as laser |
high intensity light sources emitting in specific spec- sources is their lifetune-

tral regions.
- Key Intelligence Question:
Key Inteiligence Question: * Provide information on which organic dye is being
.» What s the status of this vork?. used, the kind of solvent, the pumping mechanism,
the wavelength tunability region, and the energy
Explosively Pumped Lasers density required for dye breakdown. -

Explosive Pumping can involve exploding wires, ex-
ploding thin metal foils, explosively pumped optical
sources, or direct pumping of the laser medium by
kigh expicsives or by using an explosive laser mixtere,
Explosively pumped lasers are of interest because the
exdocionprovidesahmamntofenergyina_m'y
short time to pump an HEL weapon. i

Key Intellig:nce Question:
* What is the current status of this work?




Related Technalogies

Optics

Generation of the beam by the laser device is only the
first step in delivering the required fluence on the
target. To maximize the amount of energy defivered
to the target, the beam must be undistoried and
focused on the target. Therefore, deformable marrors
may be used to belp correct phase aberrations. As the
beam exits the optical resonator it is steered towzrd
the telescope by a series of steering mirroes. J

At the telescope, usually & Cassegrain (figure S). the
beam strikes the secondary mirror and is expanded to
fill the primary mirror area. The primary mirror then
focuses the beam to the desired spot size at the wrget
plane. The larger the mirror, the smaller the spot size
and the higher the energy density on the target.
Several types of apparatus can be used to point the
beam at the target. One method involves a coelostat
(figure 6), which is a fixed telescope pointed st 3 large
flat mirror, fixed abowat two or more axes, esed %o
reflect the beam toward the target. Another method
of pointing the beam at the target uses 2 grmbal
mounted telescope, which is physically pointed a1 the
target. Each method bhas unique advantages and
KEmitations; tbe selection of one method ower another
depends upon the mission of the laser. Y|

Beam Control

To describe the beam control system, 2 generic model
will be identified, which outlines the general subsys-
tem. Although there are a number of variations
possible, this generic system identifies most of the
major functions invotved in beam control. The beam
control system can be envisioned as a series of feed-
back loops that function simultaneously. These in-
cionde the device deanpp Joop and the beam train Joop.

The cleanup loop corrects phase errors which arise in
the HEL beam during beam generatioa by the laser

Laser beam wavefront sensors are used to control the
amount of correction applica by the feedback loops.
The bandwidths of these sensors must be in the 200~
to S00-Hz range. -

15

Mirror Technology

The basic types of mi-rors used in HEL beam control
systems inctude primary mirrors, secondary mirrors.
and steering mirrors, usually the primary and second-
ary mirrors are concave but the steering mirrors are
usually flat (planar). Other mirrors are necessarily
used within the laser device to form a resonator. I}

Highly reflective, accurate mirrors are important
compooents of the beam control system. The mirrors
for laser weapons must survive lagh radiation density
for long periods while retaining their high reflectivity
and shape. To sustain the high flux density, the
mirrors must have reflectivities greater than 99 per-
cent and have very accurate, smooth sarfaces. It is in
the area of mitror technology that a3 great uncertainty
exists concerning the feasibility of devedoping high-
power laser systems.‘

The highly reflective mirror blaaks may be produced
by highlv accurate application of coatings to the
mirror’s sarface. Two different types of coatings are
used: metallic coatings and dielectric coatings. Selec-
tion of a coating material depends upos the operating
wavelength of the laser; 2 coating may be highly
reflective at one wavelength (A) but poortly reflective st
another. Aluminum, couper, beryllium, stainless steel,
silicon, and molybdenum are prowed metallic coating
materials. Dielectric coatings conld be the most re-
flective—over 99.99 percent—but reqaire a higher
technology than the metallic coatings. Dielectric coat-
ings consist of alternating layers of materials that
have high and low indices of refraction. Coatings of
either type rely on very-high-purity materials; materi-
als containing impuritics cause damage or sometimes
complete destruction of mirrors when they are ex-
posed to HEL ndiation.-_

To establish a high-quality laser beam, the shape of
the mirror and the surface roughness of the mirror
must be within fractions of 2 wavelength of a theoreti-
cal limit. A root-mean-square (RMS) surface figure—
which is a figure of merit of 2 mirror—is usually




Figure §
Typical Beam Caontrol Subsystess Schematic

given as a fraction of the wavelength. Proceeding
beyond A/15 or A/20 is very costly and provides only
slight gains in beam quality, but some projected
requirements (US) lie in the A/100 regime. The actual
surface quality seems to vary as a function of laser
wavelength; for example, the actual surface for a
carbon dioxide laser mirror can be 10 times “as bad™
as one for a neodymium YAG laser and still maintain
the same beam quality il

One of the major effects that detracts from optical
quality is thermally induced expansion of the mirror
resulting from irradiance by the beam Large thermal

gradients may cause destruction of a mirror subsirate
or its coatings. Two techniques are used to compen-
sate for this: cooled mirrors and deformable mirrors.
Cooled mirrors have cooling channels within the
mirror blank through which circulates coolant to
dissipate the mirror's heat. Deformable mirrors have
actuators behind the mirror faceplate that physically
deform the mirror—usually by fractions of a wave-
length—to compensate for phase errors of the beam
ard thermal expansion of the mirror surface.-
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Figure ¢ _ same reflectivity and surTace figure as the primary
Coelosta and secondary mirrors. !z addition, their control

Systems must possess higs bandwidth and provide
large mirror displacemear while remaining vibration
free. One problem assoczted with the mirrors is
achieving the needed larg=-angle, 10\V~frequ@cy co. -

Reflectivity and surface figures are the major consid-
eratjonsfortbeweondarymirror'h':i is used to
exmndthebamintotheprimryuirmr.Aconcem
is that tarbalent coolant flow can camse mirror sur-
faces to vibrate, which in turn causes wavefront
distortion ar fitter. -

The heart of the beam control system mvolves steer-

ing mirrors to spatially stabilizcnndmeaphase
crmrsinthebam.ﬂ:mnﬁrmmposscsthe
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[ he development of HELs has caused the deveiop-
ment of new manufacturing and test methods so that
the stringent requirements posed by HELs can be
met. For example, materials have been developed for
mirror substrates that have high thermal stability as
well as a high degree of mechanical stiffness. Coating
materials have been developed-—especially dielectric
coatings—that allow very high reflectance mirrors to
be produced. Diamond cutting and grinding technol-
ogy has been highly developed so mirror surfaces
could be formed by using optical lathes having un-
precedented accuracy. Techniques and equipment for
testing mirror shapes, surface roughness, and reflec-
tivity were developed to new levels of precision—
usually through laser interferometry. To coat the
surfaces of mirrors, large vacuum chambers are re-
quired. Deposition techniques based on E-beam evap-
oration and sputtering were developed to provide
reflective coatings that adhere tightly to the mirror
surface

Considering the requirements of deployed HEL weap-
ons and supporting optical systems, the production
requirements of a large quantity of precision mirrors
would almost certainly exceed the present
capability of any nation.

‘The acguisition, tracking, and pomunz (ATP) system

Acquisition, Tracking, and Polnting

includes the on-board target detection sensors, preci-
sion tracking sensors, and pointer assembly of the
high-energy laser. These systems combined provide
the necessary targeting and beam control functions
needed to identify and Kill the targets selected. [

Once targets are identified by the surveillance seasors
(cither on board or off board), their location and state
vector are handed over to the acquisition sensor. Upon
receiving the handover signal, the acquisition sensor
slews to the indicated target position and identifies
(detects) the target within the sensor field of view.
Once the target is identified, its track is established
and maiptai until handover to the precision track
sensor.

The precision sensor accepts bandover from the coarse
tracker and provides pointing error information and
image resolution sufficient for aimpoint selection and
boresight error determination. In addition, the fine
track sensor provides spatial and spectral inf tion
to the fire-control system for kill assessmen

The pointing subsystem receives the pointing error
information from the tracking subsystcm and slews
the HEL telescope to the desired position. In addition,
boresight error, between the precision track sensor
and HEL beam, is received from the precision track
sensor and corrected by the pointing subsystem. Fur-
thermore, the pointing system must maintain the
selected aimpoint based on inputs from the precision
tracker. Specific requirements for each of the

are identified in the following j
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Acquisitiox Technology. The acquisition sensor is
presumed to be, in most systems, & passive optical
system that receives the target coordinate and state
vector from & surveillance sensor. The surveillance
sensor could be passive optical or laser-radar but
probably it will be & radar system. The acquisition
sensor must have 2 tota! field of view that is consistent
with the target location uncertainty of the surveil-
lance sensor. The acquisition sensor must have detec-
tors and optics that provide the sensitivity necessary
for timely handofT of the target to the precision
tracker. The acquisition seasor must have sufficient
spatial resolution and signal processing to assure s

high probability of detection and target identification,

but with an extremely low false alarm rate. (U)

The nature and capability of the acquisition system-
necessarily depends 1o 2 great extenat on the location
of the weapon system and the engagement scenarios
for which the weapon is intended. For example, an

acquisition sensor for a ground-based HEL weapon

may need to provide & hemisphere of coverage ageinst
gircraft or satellites; a spaceborne system may need to
provide complete coverage—spherical coverage—an
painst 8 variety of other satellites. (U)

The most important parameter for the precision
tracker is the angle equivaleat SNR, which is 2
function of target range, background, target signature
across the spectral band, detectivity of the sensors.
and collector aperture. Becguse of the various targer
parameters present in different missions, the precision
tracking system probably will employ multiple track-
ing sensors 1 achieve the required SNR for all
missions. The two primary sénsors that probably will
be used in 2 dual tracking mode are passive IR and
active visible tracking. Dual tracking allows some
redundancy and is less susceptible to counter-

Soiating Tecknology. The pointing system is used for
pointing and focusing the laser beam at targets and
the maintenance of the laser beam spot. To achieve
the necessary accuracy, the pointing system uses o

'~ pumber of complex and interrelated subsysterms.

These include beam expander/telescope, boresight

 alignment and stabilization system, and beam control

system. The complex interaction of these systems may

ybe envisioned by outlining the operations that occur in
f, pointing the laser beam. The precision tracking sys-
#'-tem tracks the target and drives the pointer's gimbals

Tracking Tecknology. Tue precision tracking sabsys-
tem provides pointing information to the pointing
subsystem, target imaging for aimpoint selection and
maintenance, boresight error detection, and kill as-
sessment for the fire-contro! subsystem. The precision
tracker receives handover from the acquisition sensor.
The precision tracker necessarily is an imaging system
that images the target with sufficient signal-to-noise-
ratio (SNR) to perform the above functions and uses
suitable tracking alzorithms.-

so that the high-energy laser beam is placed on the
sclected aimpoint of the target. The precision tracker
generates error signals (based oa the difference be-
tween telescope line-of-sight and desired aimpoint)
that are used to drive the laser beam to the desired
aimpoint. A wavefront sensor detects beam displace-
ment errors in the optical train and causes the beam




steering mirrors to correct the beam misalignment.
The telescope gimbals operate in a follow-up mode to
correct the tilt in the steering mirrors. As the tele-
scope is guided toward the desired aimpoint, the ]
magnitude of the error signal becomes increasingly
smaller until the desired aimpoint is achieved. The
process should be scen as & feedback loop in that

continuous error inputs are produced by the pncinou .

tracker until the desired aimpoint accuracy is
achicved. NI

As can be seen by the generic pointing discussion, the
operation of all three subsystems is critical to the
overall pointing sccuracy. The limitations of each
individual subsystem degrade the overall performance
of the pointing system. For example, the primary
contributor to pointing error from the beam expand-
er/telescope is jitter.

Jitter in the telescope results from device operation,
mirror cooling, and servomechanism response. The
operation of the laser device and the resulting multi-

megawatt beam can cause vibrations in the beam _ ..«

expander optics and supporting structure that pro-
duces beam jitter. Jitter is also introduced into the
beam by turbulent coolant flow through mirrors. A
third source of beam jitter results from rapidly slew-
mg the beam pomt:ng telescope ensuring target acqun-

platform is ste the inertial beam
must be stabilized relative to the platform itself,
through the steering ‘mirrors of the beam control
system. Thus, beam contro! integration into the point-
ing system is the final critical task in achieving the
desired pointing acenncy.-‘

Key Intelligence Question:

* Provide the following parametric data: the pointing
jitter (usually expressed in microradians), the iner-
tial reference unit (IRU) performance (in microre-
dians), the retarget time including slew velocity
(degrees/seconds) and settle time, and the boresight
error (in microradians).

:_I;z::les, Ejectors, Scrubbers, Diffusers, Mixing, and
Chemical and gas-dynamic lasers require large flow
rates of the lasant medium to establish and sustain the
high laser power output over the time for which the
laser must operate. The gas flow system will provide
for feeding the gaseous components of the lasant into
& combustor (or reactor) where the conditions are
established to produce laser energy. The flow prucess-
es involved in creating the inverted population of
excited particles for lasing, in creating the necessary
laser cavity conditions, and in providing steady flow
through the system (sometimes for a very short time)
are established with nozzies, diffusers, and jet ejec-
tors. For lasers that operate in a closed loop, &
compressor is necessary o provide the pressure ro-
quired to establish and maintain circulation.An open-
loop type of laser system receives its gaseous compo-
nents from pressure tanks or bottles and exhausts the
used medium to the atmosphere or into a large

cuum tank or tank fu'm.‘

Nozzles. Mixing of gascous components is important
to the operation of all flowing gas lasers. Since large
mass flow quantities are involved, the conditions for
mixing are usuzlly established by accelerating the

gases to high velocity in nozzles arranged to provide
maximum interactive contact of the gases. This is

pecessary to keep the apparatos small and minimize
the distance required for complete and uniform mix-

ing. Y -
In addition to mixing gases, the nozzle provides for

expansion of & kigh-pressure medivm with very low
velocity to a low pressure and substantially higher
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velocity. The high velocity is required for two reasons
mhxzh-pomhm‘ropmdueeahuhpoweroum
nlotofhsammnstpas!hroughthehsaam
quickly, The other feason applies to the pamping of

GDL: i

D{o‘mAdxffusahnsedtondncethevdoatyof
2 gas in such 2 way that the gas pressure in increased.
ltkappbedincasawhmanmmseotmmns
neededmchasfornhserwithcnmymmh
than the ambient § prasure. Diffuser design varies
depending on whether cavity and ambieat pressure
areverylov(axforspaee-basedhsmawhetber
cavity pressure is high and ambient is atmo-
spheric as with ground-based lasers,

Ejector. An ejector pump uses a high-velocity primary
gas flow to induce a secondary flow (the laser exhaust
produm)mtwoﬂwmmmsaremowedmm
and.uarmlt.thcdxschargemureanbeub—
stantially higher than the pressure where the second-
mﬂowenthjectmcanpumparelahvelyhm
qumutyormondarynwwuhamallmmnm
pressure. However, whennlargeprmcnhoforthe
secondary flow s required (as often is the case for a
laserapplmuon).thcmmryﬂowmuuedmbe
scveral times the mass flow rate of the secondary.

which is being pumped, Mechtnialpumpshavelho )

beeansedtoperformthufnm‘

Ckm‘ul Smbber ln luer applications for which
thcahawprodpcumtoxic,umbbahuedto
mnmthetoxicmhstmccby'mhmzwithaliqmd
thaubsorl:sthatmbsunec.'l'hebqnid with dissolved
wxiemtmalmaybecoﬂeaedinahddmgfaﬂiv

and disposed of appropriately. Scrubbing can also be
achieved by using solid material that absorbs or reacts
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The obvious naval warfare applications of high-energy
lasers is in response to the antiship missile (ASM)
threat. Ship-based escort/self-defense lasers could
provide part of a defense where a mix of ship- and
gircraft-based missiles and lasers are employed in
roles that maximize their individual capabilities.
ser weapons on amphibious ships could be used to
attack ground targets. [

HEL weapons may be employed in an air-to-air
engagement. In one-on-many encounters, a fighter
aircraflt could instantaneously attack the enemy fight
ers at the edge of visual range (about 7 to 10 km).
Proceeding rapidly rom target to target, the laser-
equipped fighter could attack before air-to-air mis-
silcs are launched or attack any missiles the cocmy
fighters were able to launch. Furtbermore, sirborne
laser weapons permit attacks at large angles off the 4
nose of the sircraft, a major potential advantage in

dog ﬁghting.’«

Space-based laser weapons could be employed to
suppress or shoot down enemy bombers or AWACS.
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Targets for Laser Weapon Collection

Institutions and Production Plants

This section gives a general overview of the Soviet
weapon development cycle along with the specific
institutes, individuals, design bureaus, and test facili-
ties that might be part of a HEL development pro-
gram. -

There arc essentially three stages in the Soviet weap-

on development cycle:

¢ Scientific research.

s Experimental design/prototype fabrication/
development test.

+ Production. -

The production stage is outside the scope of this

collection guide and will not be addressed. Scientific

research (NIR) is the research and development phase

and bas the following goals:

« Demonstration of the feasibility of a proposed weap-
on concept.

* Design and construction af devices to prove that the
required level of technology may be accomplished.

» Testing a variety of devices to determine their
advantages and disadvantages.

» Development of a preliminary design with major
subsystem trade-o!'fs.-

During the latter phases of NIR, the military custom-
er sets forth specifications for the proposed weapon
system in a2 document known as & Tactical Technical
Requirement (TTT) for experimental design. The
TTT is approved by the Military Industrial Commis-
sion (VPK). At this point a national-level commitment
to develop a weapon is made. The VPK coordinatss
scheduling, support, funding, and assigns a system
integration design bureau (KB) or scientific produc-
tion association (NPO) to oversee experimental design
(OKR). The OKR is normally performed by an
independent KB, which is subordinate to one of the
defense industrial ministries, but NPO or research
institutes may also be involved. Depending upon the
scale and complexity of the weapon system, there may
be 2 KB for individual subsystems or components.

Each step of OKR is reviewed by committee and
approved or disapproved. The latter may mean termi-
pation of the program or a return to the KB with
instructions for additional work. The integrating KB
is also responsible for the fabrication of a prototype
weapon system and the demonstration of its capabili-
ties al a test facility. T} : initial phases of NIR,
dealing with fundamental research, are concentrated
in Academy of Sciences (AN) facilities, whereas
exploratory research is performed mostly within insti-
tutes of the higher educational and industrial sectors.
Table 3 lists those organizations, facilities, and per-
sonalities likely to be involved in the research and
development of laser weapoas.‘
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Appendix A
Teéfinolozical Intelligence
lndigqtors .

This appendix describes those technological areas that
are likely to be inves igated as part of a Soviet laser
weapon program. " :

Prime power requirements for a laser weapon may
range from a few kilowatts of average power (for
tactical systems) to several gigawatts (for a strategic

system). For the space-based HEL, a lightweight and .

compact power source is important. Prime power and

power conditioning indicators would therefore include

development of: - s

* Large conventional power sources (turbogenerators,
fuel cells, batteries, and fossile fuel or fission power
plants).. R )

* Large magnetohydrodynamic or magnetocumula-
tive generators. - - -

¢ Gaseous-core or high-temperature solid-core nucle-
ar reactors (with MHD for conversion to clectric
power). _ i

* Large (10-MJ) capacitive, inductive, or rotational
encrgy stores. - PR

* Switching equipment (high-power opening switches,
or in general high repetition rate, high-power fast-
rise time switches).

* Scrubbers, steam injectors. |

Target vulnerability studies is another major area

providing technological indicators of a laser weapon

program. This would include: _

* Investigation of material responses to laser
irradiation. |

* Exploration of possible countermeasures to laser

* Determination of deposition levels needed for
soft/hard kills. jig

Acquisition, pointing and tracking systems develop-
ment alsp provides indicators of & HEL program. For
the laser system to be an effective weapon, it must be
capable of rapidly acquiring and disposing of its
intended target (fire control). Supporting R&D counld

include:. LT K o
e Investigation of radar acquisition systems for laser

35

* Passive electro-optic target acquisition.
* Possible development of high-speed, compact, spe-
cialized computers. i

Large optical mirrors capable of withstanding the
deposition of energy from a HEL cavity for a sus-
tained period without thermal failure and cooled
mirrors are other technological indicators of an HEL
weapons program. Jif

This list of laser-related technologies is not intended
to be inclusive; however, it is expected that the most
visible aspects of any laser weapon effort in the USSR
would be among these arca.s-
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Appendix E
Glossary
ALMAZ Design Bureau
AMP Ampere
km Kilometer
m Meter
C0o2 Carbon dioxide
Cco Carbon monoxide
HF Hydrogen fluoride
DF Deuterium fluoride
1 lodine
am Micremeter
GDL Gasdynamic laser
CL Chemical laser
Kg/s Kilogram per second
W/cm2 Watts per square centimeter
w Watts
kg Kilogram
s Second
am Nanometer
MOPA Master Oscillator Power Amplifier
YAG Ytterium Aluminum Garnet
EDL Electric Discharge Laser
CPEDL Combined Pumped Electric Discharge Laser
uv Ultraviolet
PRF Pulse Repition Frequency
us Microsecond
MW Megawatt
kW Kilowatt
KB Design Bureau
NPO Scientific Production Association
OKR Experimental Design Work
AN Academy of Sciences
MVL Metal Vapor Laser
NPL Nuclear Pumped Laser
SAM . Surface-to-Air Missile
MTC Missile Test Center
GOT State Optical Institute
IAEh Institute of Atomic Energy
LOMO Leningrad Optical Mechanical Association
LFT1 Leningrad Physico Technical Institute
IVTAN * Institute of High Temperatures
ITMP Institute of Heat and Mass Transfer
IKhF Institute of Chemical Physics .
TAO Institute of Atmospheric Optics :
TsNIRTI Central Scientific Research of Radio-technical Research
VNIIOFI All-Union Scientific Research Institute of Optical-Physical Measurements i

TsNIIMASH Central Scientific Research Institute of Machine Building




ASAT

ASTROFIZIKA

KOMETA
LUCh
OPTICA
RADUGA
FIAEh
MNIIP
SAROVA
NIFKh -
MFTI1
FIAN
MVTU

Moscow State University
ISEk SOAN

IPFAN
IAER
C
LASINT
SIGINT

MHD
VNIELEKTROMASH
NIIPOLYUS )

All-Union Scientific Research Institute of Monocrystals, Scintillating Materisls

and Ultrapore Chemicals
Scientific Research Center for Industrial Lasers of the Academy of Sciences
Krypton Fluoride

Free Electron Laser

Million Electrgn Volt

Radio Frequency .
Transfer Chemical Laser

Lincar Accelerator
Coatinuous Wave

Hertz Wavelength

Root Mcan Square

Acquisition, Tracking, Pointing
High Energy Laser
Signal-to-Noise-Ratio

Infrared ,

Inertial Reference Unit
Microradian

Degree Per Second

Meters Per Second

Ballistic Missile Defense
Antisatelljte

Antiship Missile

Forward Edge of the Battle Area
Reentry Vehicle

Scientific Research Work
Tactical Technical Requirement
Military Industrial Commission
Design Burcau

Design Bureau

Design Bureau

Design Bureau

Design Bureau

Branch of the Instituts of Atomic Energy

Moscow Physical Techrica] Institute
Physics InsﬁmteaftheAadqnyodem :
Moscow Higher Technical SchoolMGU

Insﬁmuo(PowerfulE!ewom'acﬂthibahn Depanmto!Aeadmyof
Sciences

Institate of Applied Phy:iaofthcAadanyodeenou
Institnzeo{AtomicEnergy

Commnd,ConmLandOOmmuniaﬁon:

Laser Intellig

ence
ﬁmklmellizence

All Union Scientific Research Institute of Electrical Machine Building
Scientific Research Institute “POLYUS™ .
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