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1.0 (U) INTRODUCTION Date:

JUL 23

(U) The Senate Armed Services Committee (SASC) requested that the Secretary
of Defense provide to' the House and Senate Armed Services Committees: (1) an
"analysis of the technical, schedule, and cost risks of accelerating the
development of space laser weapons," and (2) a "detailed program plan for the
earliest feasible on-orbit deployment of such a wespon."

1.1 (U) Charge of the Senate Armed Services Committee

(U) This report responds to that request by addressing the specific questions
raised by the Congress. In addition, the report examines the military utility
of different space laser weapon performance levels and the resulting desira-
bility of accelerating space-based laser efforts.

1.2 (U) Background

(U) The question posed by Congress to the Secretary of Defense was asked in
the context of defense against strategic attack on the United States. There
are, in addition, several potential applications of lasers in space including
antisatellite, satellite defense, and antiaircraft. Of all these applications,
ballistic missile defense against major attacks is the most demanding.

(U) Conceptually, a space-based laser weapon platform consists of several
components. The laser itself can be compared to a rocket engine, since it
derives its power from the burning of chemical fuels stored as liquids. A set
of mirrors is used to extract the laser radiation from this gas flow which is
analogous to the exhaust of the rocket. To provide a capability to destroy
targets rapidly, the laser device must generate millions of watts of power.
Another set of mirrors is used to point this laser beam accurately at the
target. These pointing mirrors also hold the beam to a small spot on the
target. At the long (several thousand kilometers) ranges of space-based
lasers, this focus requires the final or primary mirror in the optical train
to be of large diameter (many meters).

(U) The weapon platform must also contain a tracking device., Receiving
handover instructions from a surveillance and warning system, the tracker
commands the primary mirror to point the laser beam at the target. Extreme
accuracy is required. A one meter diameter target at a range of 1000 kilo-
meters subtends an angle of one microradian, about a thousand times smaller
than the angle that can be resolved by the unaided human eye. ~Boresight
between the tracking and pointing systems must be held to microradian or
better tolerance to obtain an initial "hit" on the target. Some means must
then be provided for sensing any miss distance and providing adequate correc~
tiom.

(U) A space-based laser weapon system would then be composed of many such
long range weapon platforms orbiting the earth and the required surveillance
systems also consisting of orbiting satellites. Command and control facil-
ities must be provided to support a commander in his management of the battle.
In the more demanding applications, these facilities must be highly automated

to react to a rapidly developing threat.
DRAFT
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The current space laser program is part of a broad-based laser technology
program (approximately $100 million of the total $200 million per year). The
overall program is structured to evaluate potential applications of high
energy lasers in the tactical as well as strategic missions. All baging modes
(satellite, aircraft, ship and ground vehicles) are included. Applications
other than space-based have substantially less potential global impact and can
be achieved with substantially lower system performance. The programs address-
ing them will yield some system integration and countermeasures data relevant
to space -applications in the near term. For example, field experiments at
vhite Sands Missile Range against real targets will occur in 1984.
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2.0 (U) EXECUTIVE SUMMARY | JUL 23 20“

(U) At least four aspects of space laser weapons should be addressed before

decisions are made with respect to the rate of investment in their develop-
ment. These aspects are:

= (U) The potential utility of space-based laser weapons;

=~ (U) The current state of technology and projected rate of attainment of
required technology levels, together with associated costs and risks;

= (U) The possible weapon deployment options, together with their schedules
and costs, and comparison with alternate means to accomplish military
missions; and,

- (U) The impact of the development and deployment on national policy.
2.1 (U) Overview

(U) A network of high energy lasers operating from space could provide
instantaneous global projection of force. Destructive energy could be
delivered to several thousand kilometers range at the speed of light
against targets on the ground, in the air, and in space. Development
of an effective and survivable space-based laser force could have a
decigive impact on the character of warfare and on the strategic balance
of power while representing a revolutionary change in types of weapons
used in warfare,

(U) There are, however, areas of major uncertainty in our ability to

realize this potential. Substantial advancement beyond current technology

is reguired, not only in lasers but also in surveillance, command and control,
and launch vehicle capabilities. The ability of the laser weapon system to
survive against the many potential threats and levels of attack which might
be anticipated, consistent with the prospective military impact of the lasers,
is a concern and must be also examined in detail. Finally, the costs will

be high, although the cost estimates are very uncertain because of the degree
of extrapolation required to estimate the technologies and system designs.

j‘f‘ The earliest time frame such weapons could make a contribution to

U.8., military posture is in the mid 1990s. There is a need now, however,
to understand their potential so we can plan an intelligent response in the
event that an adversary should deploy such wespons. Thus, the primary
questions to be addressed are whether the future military potential of
such weapons, as judged today, warrant acceleration of the space laser
program and if so, to what degree.

2.2 (U) Soviet Space-Based Lasers

The same potentials and issues for application of space-based lasers
to antisatellite, antiaircraft and ballistic missile defense apply to the
Soviets. How they might be applied and their utility relative to other
weapon systems will differ due to asymmetries in the Soviet vs. U.S.
force structure. For example, a Soviet space laser weapon system used

s v
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in conjunction with a massive first strike against the U.S. land-based
ICBM force might be effective in limiting the U.8. retaliatory strike
capability while requiring a substantially less capable laser force size
than needed for most U.8. ballistic missile defense scenarios.

ASTREY™ Intelligence estimates indicate that the total Soviet laser develop~
ment program is perhaps 3 to 5 times the size of the U.S. program. Evidence
within the past year reinforces the Scientific and Technical Intelligence Com-
mittee's belief that the Soviets have been ducting research and develo

for at least one space-based laser weapon.

ever, it canno state

velopment is not occurrirge DA a4 ( J) 0SD 3.3(b) ¢ )

(U) It is important that active monitoring of these indicators of a Soviet
decision to develop or deploy a system be maintained. The potential impact
on the U.8. defense posture requires such monitoring regardless of decisions
made on the pace of the U.S. program and it would be prudent to develop
counterneasures technology.

2.3 (U) Potential Utility of Space-Based Lasers

(U) This section summarizes the potential utility of space-based laser weapons
based on nominal target hardness levels, assumed adequate survivability of the
laser weapon systems, and the best cost estimates which could be made. The
subsequent section discusses the significant uncertainties in these areas.

The least demanding potential mission for space-based lasers is the
antisatellite mission. Offensive antisatellite operations against a few key
satellites can be accomplished with a 1a i
stem brightness* that is on rde

USAF \.4(a)(e),(g); 3.3(b)(4\,[8) 0SD 3.3(b)

¥(U) Brightness is a measure of the capability of a laser Gystem to concentrate
its power onto a small spot at ranges of interests, i.e., a measure of system
radiant intensity. Three brightness levels of chemical lasers are frequently
cited in the report:

Aperture
Brightness Diameter

Beam Spread
microxadians

=7
npA 2.3(p(4) |
OSD 3.3(b)( &) . DRAFT
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a capability to ensaae.mﬂ‘m“ satellites
whos: n:i-b:t.a are below 4000 kilometers. Cost effectiveness 8 ould, however, be
exsmined in comparison with other antisatellite weapon system concepts.
0SB 53003 4 ), (4)

Another military application of space-based lasers appears to be against
aircraft targets. A space~based laser force conuld provide the potential for
rapid global projection of U.S. power into conflicts of limited nature. It could
provide gimultaneous continental United States and fleet air defense and could be
used to attack airlift lines of supply and airborne warning and control aircraft.
This ability is considered unique since no other system has potentially instan~
taneous, global, antiasircraft coverage. It estimated that this capability

would be provided against hardened targets by a configur

eight satellites* each with a brightness level of a mximutely*
steradian Hmﬂ a total cost of approxi-
mately $50 billion.* Such a system also has an erent rapid antimatellite

capability against all low altitude (up to 5000 km) satellites and some capability
agains ited numbers of ballistic missiles. A system of lesser capability
“ would provide the antisatellite
capability alone but would have limited capability against hardened aircraft and
almost no potential for significant ballistic missjile defense.

UIAF Ly (ol (e); 7.904) DA 1-4(d) 0SD 3.3(b)( 4 ),(4)

In the most d&und(ng application, ballistic missile defense, space-

based lasers, in conjunction with conventional ballistic missile defense systems,
might be able to provide an effective ballistic missile defense. The magnitude
of -8 system for this purpose is quite uncertain, largely because of uncertainty
in the hardness achievable in future Boviet ballistic missilgs in response to
U.8, developpent of space~based lager weapons.

DIAL.4(d) MPA 3.3(p)(Y 0SD 3.3(bX 9 )
ja’)‘ Redundancy required for reliability and to compensate for attrition and
any additional target hardening womld increase the number and required capability
of individual satellites. Even the most modest of these ballistic missile defense
systems would have an instantaneous and global capability against very large
numbers of aircraft and satellites. Since the potential hardness of future
Soviet ballistic missiles is uncertain, the development of very high brightness
laser systems based on short wavelength devices may be preferred.

*(U) Full equatorial coverage without exploitable gaps may require additional
satellites.

*k(U) All costs herein are given in FY 81 dollars and are highly uncertain.

Cost estimates are 10-year life cycle costs. They assume a 3~year on-orbit life~
time for space-based laser satellites with replacement at end of life. All

costs for resesrch and development, surveillance, comsand and control, communi-
cations, launch vehicles, operations and support, and program management related
items are included. Costs could be reduced if the satellite lifetime is increased
and/oxr if costs for required support systems are shared with other programs.

ARET
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2.4 (U) Uncertainties in Achieving Space Laser Weapons JUL 23 20 14
(U) Vhile the oversll impact of a successful space laser system development
on the strategic balance is potentially extreme, major uncertainties remain in

areas such as survivability, weapon lethality, technology availability, and

systems engineering. -These must be resolved through analysis, design, develop-~
ment, and measurements.

(U) There are basic issues about the survivability of a space-based laser
weapon system. For example, a space-based laser system would be deployed only
if it provided a major military advantage and, therefore, would represent a
high value target. A potential enemy could be expected to commit significant
resources to negate the effectiveness of such a system. There are many poten-
tial countermeasures to the space-based laser system and these require analysis
in depth.

(U) The uncertainty in target hardness reflects on all conclusions with
respect to mission utility. The development and deployment of a space-based
laser system would be a major and visible undertaking and, clearly, any poten~
tial enemy will develop countermeasures in parallel. Laser weapon systems,
therefore, must be designed against responsive targets, not those which exist
today. The degrees of hardening which can be achieved in 15 to 30 years are
uncertain. In this report, examples have been given which reflect estimates
of hardening using experimental data and reasonable weight penalties for
existing boosters and aircraft. The uncertainties for new materials or new
target vehicles of the future are large. Since system sizing (i.e., number of
laser weapons required) is directly related to the target's hardness level, an
increase over the hardening assumed in these examples would commensurately
increase the required numbers of laser weapons for the same level of force
capability,

M Uncertainties in future technology availability result from the relative
! ager systems technology. No high power

ser Laboratory (ALL) has demonstrated a system brightness of
early thid year. The highest s htness demonstrated
rior to the Airborne Laser Laboratory waa“in the Unified Navy
Field Test Program in March 1978. A major limitation on achievable brightness
for these ground applications is atmospheric turbulence.  In space applications
the lack of atmospheric turbulence may allow effective use of large mirror

apertures to achieve very small laser beam spread and thus commensurately
increase the brightness, if the difficult vibration environment of large lasers

can be neutralized. yf A F |, 4 (CL\/ (C)/‘ 3. 3(b)C L]) ‘v{DMH\ 0osD 3-3(b)(4 )

(U) Finally, there are significant issues to be addressed in engineering a
space laser weapon system. Such issues involve the overall system of sur-
veillance, control, support, logistics, etc., that the weapon needs to perform
effectively and those associated with integrating the major laser subsystems
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in a space qualified vehicle. No operational high energy laser weapons have

ever been produced or deployed, and experience in integrating the major sub-~

systems of a laser weapon is limited. Many functions required for weapon
effectiveness sre not well characterized.

2.5 (U) State of Technology and Developments Needed

a),(e); T3((4) Wpsand 0SD3. (b)( 4)

(U) Since brightness is inversely proportional to laser wavelength, lasers
with wavelength shorter than those of HF or DF lasers become increasingly more
attractive to fulfill the requirements of more stressing potential missions
(i.e., ballistic missile defense against large numbers of hardened missiles).
The technology of short wavelength laser systems is even less mature than that

of the HF or DF systems.

te)- 3.3(5) () M D Aond 0SD3.3(b)(¢)

SAFE V-Hla
(83 Advanced space'-ba{ed sfrveillance systemg, not currently planned, would
be necessary to detect and track large numbers of targets for significant
space-based laser missions. The separate surveillance systems required for
aircraft or ballistic missile targets would be major systems developments in
their own right. Wwhile the technology for such surveillance is under develop~
ment, there are no current plans to deploy such systems.

(U) An advanced”launch system such as the proposed shuttle derivative launch
vehicle (SDLV) or heavy lift launch vehicle (HLV) would be required to place
space~based laser systems in orbit in a single launch, Otherwise, multiple
shuttle launches and in~space assembly would be necessary.

,(6( An essential but expensive element of any program to develop space-based
laser weapons is an on-orbit experiment which integrates a high power laser,
large optics, precise pointing and tracking, and the appropriate surveillance.
At some stage in system development, integrated system level testing in space
is essential to (1) verify beam control performance in the presence of high
power laser operation with attendant vibration, exhaust effluents and thermal

v
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loads, (2) verify weapon platform end-to-end thermal management and laser
exhaust control, (3) provide a credible basis for cost estimates, and (4)
uncover unrecognized system level problems. The experiment could logically be
carried out with a system that, with reasonable technical risk, can be launched
in a single shuttle load. The objective would be to provide the best oppor-
tunity for realistic scalable data at a performance level which approximates
that useful to potential missions applications.

jﬁf The earliest date by which an on-orbit feasibility demonstration could be
accomplished is around the end of this decade. This assumes an aggressive
program with funding on the order of §5 billion for the demonstration and
supporting technology development, but not including the surveillance systems.

2.6 (U) Possible Accelerated Development

(U) The current technology program could be accelerated to seek a resolution
by the mid 1980s of the major uncertainties cited previously prior to any
comnitment to on-orbit demonstration or deployment. The cost of such an accel-
erated technology effort would be $1 to $2 billion for FY 82 through FY 86,
depending on the depth of the effort.

.on~orbit demonstration at approximately the-

level, coupled with an accelerated technology effort, could be accom-

plished by the end of the decade. Advanced space-based chemical laser tech-
nology would be developed and ground-based, space-relayed laser systems of

shorter wavelength would be demonstrated. This would provide a basis for weapon

system commitments. The total cost is on the order of $5 billion.

(ﬁ')/ The test but highest risk path to a weapon prototype demonstration at
the would by-pass the feasibility demonstration and permit
a launch at E !e!nn!lg of the 1990s. To moderxate the technical risk, the
prototype development would be supported by a technology limited effort address-
ing all known technical issues. Such a program, including the prototype

d tration, would cost imately $10 billion. . )t
emonstration, would cost approximately $ on MTAF 1.46431&7)717“

2.7 (U) Earliest Possible Deployment 0SD 3.3(b)( g/)

A plan which provides the earliest possible on-orbit deployment of a
space-based la 8 based on ‘development of a system with brightness
the order ofW It
implicitly accepts the very high risk of attempting to initiate immediately
a prototype space laser satellite. Included in the plan is an enhanced tech-
nology development program (pertinent only to the hclau
system) in an attempt to limit the development risk. e projected earliest
dates for the prototype test and subsequent initial operational capability are
1990 and 1994, respectively. Innovative procurement methods would be required
to accomplish an initial operational capability so soon after prototype demon-
stration. The cost through prototype demonstration would be approximately $4
billion. The prototype demonstration would not include the surveillance, command
and control systems. The capability of such a system would be largely limited

to antisatellite missions and would have no growth potential to satisfy the more
demanding missions such as antiaircraft or ballistic missile defense.

DRAEY
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2,8 (U) Earliest Deployment of a More Capable System

[ :
including lau:'ch costs for this eight
laser battle station system designated for an antiaircraft mission, assuming a
10~year life cycle, are estimated to be §$25 to §55 billion. Such costs can
only be estimated at the present time with subatantial uncertainty.

(U) A considerable effort is required to further investigate such items as
mission effectiveness, survivability, hardness and lethality, system level
performance of surveillance, and command and control, in addition to laser
technology, in order to determine the military usefulness of such a system.
The risk in cost and schedule involved in developing such a apace-based laser
weapon system on the specified schedule is very high. A program with morxe

moderate risk would delay full operational capability until well after the
year 2000.

2.9 (U) Policy Issues

The potential contribution of space-based laser weapons to ballistic
missile defense, air defense, and antisatellite capabilities must be viewed in
the light of existing U.8. policies governing the employment and deployment of
strategic offensive and defensive forces., The early stages of space-based laser
technology development precludes a precise assessment of these weapons with
respect to existing strategic policies and make it difficult to predict the
substances of future policy issues in this area. The development of these
capabilities-~consistent with existing treaty obligations~-augments and con-
tributes to our general national policy objective of deterrence. Such capa~
bilities would support our objective of heing able to respond at any level of
aggression that an opponent elects to initiate, and to deny him victory,
however he defines it. Specifically, the development of space~based laser
capabilities has the potential of contributing to-our goals of assuring the
survivability of strategic offensive retaliatory forces, defending continential
United States based assets against a precursor and/or follow-on bomber attack,
protecting key U.8. satellites, and providing the options of selectively
degrading hostile space-based assets. Furthermore, pursuit of permitted research
and development in this area would contribute to our arms control policy objec-
tives by imcreasing the incentives for the USSR to comply with the ABM Treaty,

T
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by providing a necessary hedge against a Soviet withdrawal or breakout from the
Treaty, and by providing a corresponding U.S. antisatellite capability which
could prove useful in realizing a stabilizing agreement in this area.

(U) The ABM Treaty constrains deployment, and to a lesser extent development,
of space-based laser weapons. High energy laser research programs are not
constrained by existing arms control agreements, The ABM Treaty does ban the
development, testing, and deployment of all ABM systems and components that
are sea~based, air-based, space-based, or mobile land-based. The Treaty
permits the development and testing of fixed, land~based ABM systems and
components based on other physical principles (such as lasers and particle
beams), and including components capsble of substituting for ABM interceptor
nissiles, ABM launchers, or ABM radars, However, the Treaty prohibits the
deployment of such land-based systems and components unless the Parties con-
sult and amend the Treaty.

(U) Only the actual use of space-based laser weapon systems to interfere with
Soviet satellites used to verify compliance with strategic arms control agree~
nents--as opposed to development, testing, or deployment of systems that could
be used in such roles--is prohibited under the provisions of the ABM Treaty
(Article XIX), and the SALT I Interim Agreement (Article V), and the SALT 11
Agreement (Article XV).

(U) Several provisions of the Quter Space Treaty are representative of the
image the U.8. has maintained on the use of space but do not prohibit the
deployment of laser weapons in space. In Article III, the signatories agree
to the use of outer space for activities which are "in the interest of main-
taining international peace and security and promoting international coopera-
tion and understanding." In Article IV, the Parties undertake not to place in
space "any objects carrying nuclear weapons, or any other kinds of weapons of
mass destruction." Article IX requires interxpationsl consultations prior to
any planned activity or experiment, if the sponmor of such activity or exper-
iment has reason to believe it would cause potentially harmful interference
with the peaceful apace activities of others.

2.10 (U) Discussion of Options

(U) Four options were considered to illustrate a range of levels of effort.
They are not meant to be exclusive, that is intermediate or mixtures of these
options are equally credible. In particular, if the option to accelerate tech-
nology development were selected, the one presented below (Optiom 2) could be
decreased in scope to reduce costs with a corresponding delay in achieving a
given level of technical capability, or could be increased in scope to address
a wider variety of possible technological innovations. The particular effort
described in Option 2 is based on resolving the technical uncertainties with
respect to the utility of space-based laser weapons in the shortest time con~
sistent with an orderly program.

1. (U) Continue with the currently planned level of effort to develop
technology. .

M This program will result in a space demonstration of pointing and track-
ing and ground demonstration of the technology to support a brightness of

UWSRF Ld(a) @) 3.305X4)  oop 3300 H)
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_by 1987. It includes limited technology work on advanced laser devices

eading to higher brightness. It is not intended or structured to resolve issues
associated with development of space-based laser weapons. Decision on an on-orbit
demonstration or space~based weapon system development, based on successful
completion of current efforts, could not occur before 1987,

(U) This is a conservative approach which concentrates on development of tech-
nology for future decisions on weapon systems. It is not structured to support

a weapon systems development and the additional technology effort required is not
consistent with a space-based laser weapon system initial operational capability
before 2000. It does meintain technical competence and awareness to permit evalua~-
tion of Soviet progress.

2. (U) Accelerate technology development.

{xf This option is directed towards resolving rapidly the currently known
major technical deficiencies/uncertainties. It provides a better basis for a
decision in a timely fashion for an on-orbit demonstration of a space-based
weapon system. It addresses the technology issues in surveillance, target
vulnerability, lethality, countermeasures, space-based laser survivability, and
command and control as well as parallel development of advanced laser devices.
An important element of the effort is development of technology for U.S8. response
to & Soviet space-based laser including hardening and countermeasures. The
program defined addresses on a technology~limited schedule only those isaues
essential to reducing the risk and technical uncertainties associated with a
decision to proceed with a demonstration or weapon system.

(,s‘f This option, as deascribed, permits & decision for weapon system development
based on technology demonstration and therefore reduced risk to be made two or
three years earlier than Option 1. Feasible initial operational capability of

a space-based laser weapon counld be as early as the late 1990's. It requires

a rate of expenditure (approximately $250 million per year) for four or five
years which is higher than any other technology effort underway in the Department
of Defense. Lower levels of effort would stretch out the decision date and/or
increase the risks associated with such a decision.

3. (V) Perform an on-orbit demonstration of a space laser integrated
with its optics and pointing and tracking system in addition to an
accelerated technology program.

[8‘)/ A decision now to perform an on-orbit demonstration could result in a
launch as early as 1988 at a cost of $2 billion for the demonstration with gig~
nificant risk in achieving that schedule at that cost. The technology effort
described in Option 2 is required to support the on-orbit demonstration. The
total cost for this option is approximately $5 billion at annual rates between
$400 million and $800 million. This option reduces by five or six years the
time required to do the on-orbit demonstration from Option 2, and the time for
eventual deployment of a space~based laser weapon system by six to ten years.
This is a high risk program with substantial costs.
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M Under this option, a weapon system initial operational capability in the

mid 1990s may be possible. It permit demonstration of U.S. technical capabilities
in an advanced technology area, provides sn early focus for the technology effort
deacribed in Option 2, and forces near-term attention to “real-world" engineering
and integration issues. Without a commitment to eventual development and deploy-
ment of a space-based laser weapon system, the effort could be dead-ended.

4. (U) Develop the earliest, feasible space-based laser weapon system.

" This is the highest risk option. It could produce, at the earliest, a
space~based laser weapon capability by 1994 to perform antisatellite missions.
It will not produce a system with, or technology foundation for, significant
growth capability to accomplish antiaircraft or ballistic missile defense missions.
Because of the very high levels of technical risk associsted with this option,
the costs and schedules associated with prototype development and a subsequent
weapon deployment must be considered even more uncertain than those given in
other options. The cost through prototype demonstration will be no less than
$4 billion and it can occur no earlier than 1990.
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(U) With the potential to project destructive energy levels over great ranges
at the speed of light, laser weapons offer unique capabilities. If these high
energy lasers can be based in space, their capabilities are freed from many of.
the constraints imposed by the earth's atmosphere and, additionally, the
veapons could be brought to bear over almost any geographic ares very quickly.

(U) The attractiveness of these powerful potentials to the weapon system
designer is clear. However, the actual value of a space-based laser in any
specific military mission depends on a variety of factors. These include the
expected vulnerability of the targets, geometric comsiderations of range and
coverage, the ability to combine the space-based laser with surveillance and
other system components to accomplish the whole job, comparison with alternate
means of accomplishing the same mission, and the ability of the space-based
laser system to survive to the extent necessary to accomplish its purpose,
Given all these factors, the following discussion addresses which of the

possible applications of space-based laser weapons asppear promising and which
do not.

The low altitude space-based laser has considerable potential against
satellites whose orbit brings them below about 5000 km. The space-based laser
is particularly attractive where very rapid negation of large numbers of such
r llites is required. A space-based laser system with brightness of.
w: higher could provide this antisatellite potential. However, it
is not clear that a space-based laser is a cost effective solution for this in
comparison with other methods of achieving antisatellite capability unless the
vexy rapid response is needed. A space~based laser system built for other mis-
sions will inherently hav tis lity.

y (eg) this anti atelthe capability 0SD 3.3(b)( ‘()

Urap LygCeal(e), 7.3 (L)(H
(U) A promising military application ‘of space-~based lasers appears to be
against aircraft targets. This could provide a rapid projection of U.8. power
and could, for example, simultaneously provide for defense of the continental
U.8., fleet defense, and a capability for attack on airlift lines of supply and
airborne warning and control aixcraft systems. The capability is unique in

that these are missions we are not able to accomplish now except by using
forward~based intexceptor aircraft.

M In addition to a worldwide capsbility against sircraft and satellite
targets, the space-based laser has potential for ballistic missile defense
with very advanced technology. Several of the major reasons are:

- (U) The laser can engage the ballistic missile in the boost or
bus phases where multiple weapons csn be killed as a single target.
In addition, in the bus or boost phase the migsile is more easily
tracked, is more vulnerable, and is not located over U.S8. territory.

- (V) The space~based laser could defend a diverse set of targets
against attacks by both ICBMs and SLBMs.
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(U) However, the space-based laser (or for that matter any single weapon system)
cannot provide s stand~alone capsbility to limit damage to the U.8. to levels
tliat could motivate a major strategy change., Coupled with midcourse and ter-
minal phase ballistic missile defense and supplemented by civil and industrial
defense planning, it could offer an eventual potential for damage limiting.

(U) The survivability of the space-based laser system against a concerted
enenmy attack is a matter of concern. There is little doubt that a laser
battle station could be destroyed by dedicated attackers. A space-based laser
system would cause a msjor shift in the military balance if not countered, so
it is clear that the Soviets would work toward negation of the system during
the period it would take to develop and deploy. More work must be done in this
area before space~based laser system survivability is well understood.

ite Application

pdiitager has considerable potential against gatellites in an
antisatellite: ».‘the following apply.

- The vﬁla.enb!.uty of current Soviet satellite

0 it and ellipt bit targets can be me
Even a aiongle space-base
can prov partial, erformance.

»
- (U).. The principal benefit of a space-based laser antisstellite weapon
is the very rapid negation rate and the relative insensitivity to
the numbers of targets to be negated and the number requiring near-

Y sA F"C“Z“f' 3‘:'{:)?3,3[5)(4) 0sD 3.3(b)( 4 ),(¢) E) 1.4 (d}

#*(U) This ignores specific weak points such as sensors, antennas, and the
like so a given satellite might be much softer than the values given.
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(U) Thus, the space-based laser would provide an effective antisatellite capa-
bility although the cost effectiveness of a stand-alone space-based laser for
this role should be further compared with other methods of achieving the same
capability. If a space-based laser system is deployed for any other purpose,
it would inherently have a powerful antisatellite capability.

3.3 (U) The Antiaircraft Application

(U) It is obvious that an ability to destroy aircraft worldwide would provide
a powerful military capability. The characteristics of a space-~based laser
weapon system suggest that it might be well matched to this role.

(U) A typical space-based laser deployment will provide worldwide coverage,
perhaps with some gaps in the instantaneous geographic coverage which are
filled in time as the constellation moves. If one laser battle station
fails or is destroyed, this creates oxr increases the gaps, but the effect
is similar. The laser kill mechanism is rapid and non~nuclear, implying,
for example, that it could be used in conventional as well as nuclear
conflicts and that it could engage more quickly than forces not already
based in the area. The total system size and cost for the range of
niasions considered is driven by the requirements for peak kill rate,
implying a preferential role in extended time (e.g., antiaircraft)

rather than short time (e.g., antimissile) engagements.

(U) The gaps mentioned are more than a minor factor since a single laser battle
station may not survive a dedicated attack, especially in a nuclear engagement.
1£f, for example, the space~based laser role is killing meny closely spaced tar~
gets in a short period (as it would be in a damage limiting ballistic missile
defense), the removal of a small fraction of the stations could reduce the
effectiveness of the laser system at the crucial time. If, on the other hand,
the role is one of attacking an airlift which takes place over several hours or
even days, even a few laser battle stations could kill the aircraft involved
over time and the battle station survivability is a less critical issue,

(U) These are some of the factors which make the antiaircraft mission
attractive. The following additional comments apply:

- (U) Potential antisircraft missions include defense of the conti~
nental U.8., fleet defense, suppression of Soviet airborne warning

and control aircraft, destruction of any airborne command posts,
ajirlift interdiction.*

- (U) Most of the missions listed are characterized by loung flight
paths, repeated flights over extended periods, or both. -In either
case, the existence of short (compared with sircraft exposure times)
time gaps for any geographic ares is unimportant and its likely that
a large fraction of the total laser battle station constellation
could take part in the battle.

*(UJ) Since the U.S. relies more heavily than the Soviets on aircraft in most
of these roles, there may also be strong motivation for the Soviets to consider
space~based lasers for this mission as well as to consider counter-measures to

space~based laser weapon systems.

3-3
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TABLE 3.1

EXAMPLE SPACEﬁPASED LASER FORCES
FOR WORLDWIDE™ AIR DEFENSE (U)

J

i

umber station! 8
Estimated cost $25 to 55 billion

woms; DTA & (4 0SD 3.3(b)( ), ( ©)

1. Full equatorial coverage without exploitable gaps may require some
additional laser satellites.

2. Cost estimates include RDTS&E and procurement. Upper value includes
developing and using a new space launch capability and a new
surveillance system and assumes three-year replacement for laser
satellites. Lower value does not imclude development of launch
and surveillance and assumes five-year life satellites.

- (U) The antiaircraft role for space-based lasers would impose a
corollary need for surveillance and target identification which can-
not be met by any existing or programmed systems. There are technol-
ogy efforts addressing both radar and infrared for space-based
surveillance of aircraft, but these would have to be pursued more
aggressively and integrated with the space-based laser system to
support a realistic antiaircraft role.

(U) DF laser wavelengths are strongly preferred because of the atmos-
pheric transmission properties, although other roles such as anti-
satellite and ballistic migsile defense suffer mildly in comparsion
with HF space-based lasers.

JuL 23 200

- (U) Since laser wavelengths will not penetrate clouds, the cloud-
free-line-of-gight statistics are important to establish expected
performance.  Obviously, the lower a target aircraft flies, the more
likely it is to be protected by cloud cover, so within the con~
straints of the aircraft mission, low-altitude tactics must be anti~
cipated. Generally, however, it appears that long flight times will
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translate to reasonable target exposure to the space-based laser

while short flights will allow the enemy to take advantage of local
weather,

3.4 (U) The Ballistic Missile Defense Applications

(U) There is strong motivation for considering space-based lasers for ballistic
i missile defense for several reasons., The laser engages the ballistic missile
in the boost or bus phases where multiple wespons could be killed as a single
target. The space-based laser system could simultaneously defend a diverse
set of targets from attacks by both ICBMs and SLBMs. In order to make maximum
use of its capabilities, the space-based laser system could selectively engage
targets. The following comments apply to ballistic missile defense.

- (U) Denying damage in the U.S. from a ballistic missile attack is
obviously an overvhelming rationale for any defense system, Such
"damage denial™* ballistic missile defense is not possible by any
stand~alone, currently known system, and space-based lasers are
no exception, In the time frame of interest, the Soviet ICBM/
SLBM force will provide on the order of fifteen to twenty thou-
sand reentry vehicles (RVs) and achievable leakage levels could
exceed ten percent,® implying well in excess of a thousand RVs
landing on U.8. soil with defense by a stand-alone system.

~ (U) It is obviously difficult to quantify the value of reducing the
number of weapons detonated on the U.8., for example, excluding
those in our ICBM~base areas, from perhaps 6000 to 2000.
Generally, the destruction would be very severe in either case,
and the value of damage limiting with a stand-alone system is
uncertain.

w'f A stand~alone space-based laser system to limit damage in ;8. from a
ttack

be sized as follows for the laser weapon
brightness levels of possible interest, against an attack of 1280 ICBM boosters
(10,000 counterforce and 2,000 countervalue warheads) and 528 SLBM boosters
(4800 warheads):

Usa € 1.4 Cﬁ?,(e»)/' 7. 30)( 4)
DILA (.4(d)

0SD 3.3(b)( 4 )

%*(U) "Damage limiting" ballistic missile defense is taken to mean general
defense of the population and the national resources in order to restrict
the destruction (as opposed to ICBM defense which implies protection only
for our hardened ICBM offensive forces). "Damage denial" 1is just the

errm of damage limiting. -l
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Number battle stations 54 11
, 10~year cost (§B)* 100 to 200

Number battle stations 165 25

10~year cost (§B)* 300 to 500

Number battle stations 285 37

10~year cost (§B)* 500 to 800

(U) It is not possible at this stage to provide any meaningful estimates of
the cost of the ultraviolet or visible systems because of the extreme extra-
polation beyond current technology required for such an estimate. These are
ninimum-sized constellations to achieve the requisite kill rates and do not

include allowances for failures, enemy disruption, etc.

(U) Another approach for damage limiting might be the combination of a space~
based laser system and a conventional ballistic missile defense system. With
the space-based laser system of the same magnitude described above, and an
effective exoatmospheric ballistic missile defense system, it might be possible
to reduce the damage levels. For example, if each system individually could
achieve 20 percent of leakage (this is a realistic but not easy goal), the
combined leakage would be about 4 percent or a few hundred reentry vehicles.
The following comments apply:

- (U) Each of the space-based lasers and conventional systems should
be sized with robustness (including surveillance and launch vehicles)
for the anticipated level of attack.

- (U} Parallel developments of the space-based laser system, exo-
atmospheric ballistic missile defense system, and civil defense
are needed.

*(U) Cost estimates include RDTSR and procurement. Upper value includes
developing and using a new space launch capability and a new surveillance system
and assumes three-year replacement for laser satellites. Lower value does not
include development of launch and surveillance systems, and assumes a five-year

satellite lifetime,
DRAET,
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(U) A space-based laser system to protect the U.S. ICBM force is similar in
size to that for damage limiting. In either case, the system must deal with
all ICBMs lauuched, although the system for the defense of the missile force
will be somewhat smaller since it can tolerate higher leakage rates.

(U) There are less demanding ballistic missile defense missions which might be
considered for space-based lasers. Examples of those examined include:

- (U) Defense against pre-emptive SLBM attacks; e.g, against nationsl
command authority; command, control, and communications, etc.

- (U) Defense against relatively small attacks such as third country
or accidental launches.

(U) Survival of the space-based laser weapon stations is critical. Since
typically only 20 to 30 percent of the stations will be in a position to engage
the ICBMs in a scenario of simultaneous launch, the removal of & small fraction
of these could defeat the purpose (i.e., damage denial) of the system until some
satellites are repositioned.

(U) It should be noted that there probably are significant ssymmetries between
the U.8. and USSR in measuring the value of space-based laser ballistic missile
defense. ¥or example, a laser weapon system used in conjunction with a massive
first strike ageinst the U.S. land-based ICBM force might be quite effective.
Thus, it is important to develop a base of underatanding which would allow us
to counter a Soviet space-based laser deployment, as part of meintaining a
viable second strike ICBM force. This implies development and understanding of
hardening technology, ground~based laser antimatellite capabilities, and appro-
priate other weapons to be used against space-based laser systems,

We would expect to see at least
neration of missiles on st scale. With currvent Soviet

piA Ly 0SD 3.3(b)( )
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(U) Deploying a space-based laser system is a major and visibly obvious step
and would only be done to creste a dramatic advantage. If, for example, the
space~based laser system threatened s major fraction of the Soviet strategic
offensive force or endangered all of their aircraft, wherever located, it
would become a prime target for countermeasures and would warrant enormous
commitment of resources to neutralize it. In the two decades being projected
for us to deploy an effective space-based laser weapon system, the Soviets
could deploy countermeasures that would significantly impact the ability of
the laser system to perform the missions of interests. Target hardening has

been discussed in Section 3.2, 3.3, and 3.4; this section discusses surviva~
bility.

(U) The survivability of the laser weapon system against a concerted enemy
attack is a matter of concern. There is little doubt, that like most weapon
systems, space-based laser battle stations could be destroyed by a dedicated
attack. Analysis to date of survivability is limited and this lack of analysis
is a major caveat for all of the conclusions drawn.

(U) It is difficult to imagine the Soviets or U.S8. watching the launch and
agsembly of a constellation of weapons in space that could even be perceived

as potentially tilting the atrategic balance without taking some strong counter~
measuxe actions., Neither side is likely to permit {t to be done by the other
and any planned deployment of space-based lasers must take this possibility
into account.

(U) Satellites are vulnerable to threats ranging from impact weapons to
nuclear effects at long ranges. The space-based laser must be able to cope
with threats to survive. To accomplish this, the space based laser must be
sble to employ all of the measures that other weapon systems use to minimize
the impact of attacks, i.e., engage and destroy the attackers before damage,
avoid the attackers, and design systems and deploy force sizes that are
resistant to significant damage from credible threats. This complex intexr~

" sction of forces has not be examined, Rather, the following comments are
basically addressed to a single laser station defending itself.

- (t{ The existing Soviet conventional co-orbital antisatellite weapon
has little credible capability against a space-based laser once
it is operating but could be used to attack the station during

deployment.

- Lﬂ‘r A Soviet mirror~image of the U.S. Ministure Homing Vehicle
anti-~satellite weapon represents a grester threat, against even an
operating space-based laser. The Miniature Homing Vehicle may
be either air launched by aa F~15 or lofted with small boosters
(SRAM~ALTAIR) which would be much more difficult to detect than
an JCBM or SLPM launch.

USAF L Y (o;(ea}- 3.3 (w4
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Miniature Homing Vehicle could readily pe destroyed gpace~
based laser if it is located in time,
d 0SD 3.3(b)( 4 )

(U) Another threat to the space-based laser is the "gpace mine" or "fellow
traveler." This concept is a conventionsl or nuclear weapon launched iato
orbit accompanying the prospective target (the space-based laser in this
case). It would be possible to detonate the space mine on the basis of either
ground command or autonomously. The space~based laser system problems then
would be to prevent the mine from ever getting within lethal range in the
first place. Assuming that these mining tactics can be recognized when first
employed near individual space~based laser stations, the space-based laser
would have to enforce a sterile zone around each space-based laser.

A ard 0SD 3.3(b)( 4 )
(U) Finally, in direct attack, a laser antisatellite weapon must be considered.
Several analyses of the space-based laser satellite defense weapon versus anti-
satellite weapon have been undertaken with the common assumption that our tech~
nology is always better than the Soviets so that our satellite defense weapon
has a brightness well in excess of the attacking antisatellite weapon. All
other things being equal, our more powerful space-based laser wins in the
encounter as would be expected. However, considering that the Soviets have
also invested heavily in this area and that they too have 20 years to compete,
this a priori assumption of superiority may not be reasonable, particularly
since there are current claims that the Soviets lead us in this area. A
ground-based laser antisatellite weapon may also be attractive as a counter to
the space-based laser, although there has not been an adequate analysis of the
space-based laser ground-based laser battle to be sure of this.

(U) None of these threats are conclusive and the force-on-force aspects have
not been adequately examined. However, the survivability of the space-based
laser system against a coacerted enemy attack remains a matter of major concern.

3.6 (U) Cost-Estimating Uncertainties

(U) All of the costs quoted are highly uncertain. Only conceptual designs are
available for space-based lasers. There is little choice but to use historical
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costs based on spacecraft we have built, and extrapolate spacecraft cost by the
standard approach of cost per unit weight. Of course, the weights are also
uncertain. Laser system costs can only be estimated using best engineering
judgment by extrapolating from the state-of-the-art of subsystem components.
While the estimates include factors for surveillance, acquisition, tracking,
command and control, and the like, these systems have, in general, not even
been designed, thus adding to the uncertainty in cost estimates.
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4.1 (U) Introduction
(U) This section describes the current programs which collectively form the.

technology base for space laser development. No attempt has been made to make
the discussion complete; rather, emphasis has been placed on the major programs.

4.2 (U) DARPA Space Laser TRIAD Program

(U) The DARPA program is structured to develop the key technologies required
for a space~based laser weapon system. The focus of the program is the space
laser TRIAD: ALPHA, LODE, and Talon Gold.

; " 7 ) 0SD 3.3(b)( 4’)
g BALLET s

arge Optics Demonstration Experiment (LODE) is to
demonstrate the critical beam control technology essential for the development
of space laser weapon systems. Specific program obie include demonstra~«
tion of the ability to manufacture a mirror, wave-
front control and alignment, large space structure performance, and energy man-
agement in an overall beam control system that yields better than H
wave optical quality an*licroradian pointing stability in a simulate
operational environment. e actual demonstration will be conducted in ground-
based facilities using a low power laser and simulator techniques to establish
with high confidence the required beam control performance.  The program is
currently in the concept definition phase. The preliminary design review and
critical design review are scheduled for mid FY 1981 and late FY 1982, respec~
tively. Low-power testing with a primary mi heduled
to begin in the fourth quarter of FY 1984. Testing with am'wﬂl
follow one year later in FY 1985.

M The objective of the Talon Gold Program is to develop and test the ad-
vanced acquisition, tracking and precision pointing capability required by a
space~based laser weapon system. The major element of the program is a space~
based, low-power laser experiment which will demonstrate the technology for
cold-hody acquisition and tracking at ranges up to 1500 km with a pointing
accuracy ofH The test program will be conducted as a sortie
flight of the space shuttle, and will utilize both high altitude aircraft and
space targets to obtain realistic target kinematics, signatures and backgrounds.

This work has only limited value for ballistic missile defense applications of
space-~based lasers, since it is not designed to cope with missile-type targets.

UTAE Lo (#)(e]: 7.3 [e)cd) “*
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M The program is currently in the preliminary design phase with preliminary
design review scheduled for the third quarter of FY 1981. The critical design
review will occur in mid FY 1983, and the launch and space test are anticipated
to occur &t the end of FY 1986.

4.3 (U) Technology Base Development

(U) Technology base development efforts include the DARPA funded Novel Resonator
Program, the objective of which is to develop, through analysis and experiment,
advanced resonator concepts for cylindrical chemical lasers in the 5 to 25 MW
power regime. Similarly, the Army supported Chemical Laser Nozzle Technology
(CLNT) Program is developing second-generation, low-pressure nozzle concepts
with improved performance and fuel efficiency. The DARPA Laser Scaling Evalu~
ation Program (LSEP) is developing an extensive data base for the temporal,
spatial and spectral characteristics of a low-pressure HF chemical laser gain
nedium.

{ﬂf Deuterium fluoride chemical lasers have demonstrated the highest average
power to date in the DoD high energy laser program although none of the DF
chemical laser programs is specificsll gned to demonstrate space laser
technology. Power levels in excess of bhave recently been achieved and
othex experimental high power DF lasers have been integrated with optical
pointing systems for demonstrations which exceed 100 seconds of run time.
Cylindrical DF lasers, which are designed to scale to multimegawatt power
levels, are currvently being developed by the Air Force. The Modular Army
Denonatratim:h B%vat.m (MADS) is an Army DF laser which has demonstrated
operation wi ow cavity pressure,

UsAE L. o (s),(e);3.3(b))  0SD3.3(b)(4()
M The Small High Power Optics Program (SHOP) is a DARPA sponsored effort to
develop advanced mirror design concepts which provide improved heat transfer
performance at reduced jitter. The ADOPT (Advanced Optical Technique) Program
is addressing design concepts for large aperture beam control systems up to 30
meters in size. The objective of the ACOSS (Active Control of Space Structures)
Program is to develop the technology to actively control the structures for
such large beam control systems,

4.4 (U) Advanced Laser Development

Current DARPA efforts relevant to advanced strategic laser weapons utiliz-
ing ground-based lasers and space relay mirror(s) include device technology for
excimer and frae electron lasers, as well as some elementa of the beam control
technology. The lasers are in the very early stages of development. Power
outputs demonstrated to date have been very low.
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(U) The current free electron laser experiments are to verify the analytic
models and to demonstrate efficient operation (»10%) utilizing existing RF linear
accelerators. These experiments will be continued to recover the RF accelerator
electron beam energy following its interaction with the laser radiation in order
to increase the efficiency to 30 percent. Further plans include wavelength scaling
into the visible spectrum with higher energy linear accelerators, RF linear
accelerator stability experiments, and initiation of a moderate average power
free electron laser to be completed in FY 1986/1987.

(U) 1In the area of short wavelength laser beam control, limited work has been
supported by DARPA, the Services, and the Department of Energy. Mirror coating
technology for ultraviolet lasers, deformable mirrors for compensated imaging
and the NASA large space telescope are examples of this. Furthermore, there will
be some technology fallout from the DARPA Strategic Laser Communications Program
that will be of benefit to the high power visible laser beam control program.

(U) The current Ballistic Missile Defense Advanced Technology Center advanced
laser program has two potential laser candidates under development - chemically
pumped visible lasers, and electrically pumped vibrational-to-electronic energy
transfer lasers. The vigible chemical laser would use the reaction of tin
atoms with nitrous oxide to yield a population inversion in tin oxide and po~
tential lasing at 570 nm. The vibrational~to-electronic lager concept is based
upon the resonant transfer of energy between the vibrational states of carbon
monoxide and the electronic excited states of nitric oxide. The resulting
laser would be ultra-violet, yet retain the pumping efficiency possible for
vibrational excited states. Current efforts on both programs are concentrated

on demonstrating laser action and determining the critical kinetic rate
constants.

(U) Currently the Air Force is developing the CW chemically pumped iodine
laser and the potential magnesium-calcium (Mg-Ca) transfer laser. The CW
iodine laser, developed at the Air Porce Weapons Laboratory (AFWL), produces
excited oxygen in a "chemical generator." The oxygen then transfers its energy
to atomic iodine, which lases at 1.315 micrometers. The iodine program has
demonstrated that wmass flow efficiencies of 100 kJ/kg can be achieved in the CW
iodine laser; however, the physical size and pressure of the current chemical
generators are not yet suitable to weapon applications. The current thrust of
the program is to resolve uncertainties in critical kinetic rate constants and
to demonstrate scaling to tens of kilowatts, The Mg~Ca concept utilizes a
chemical genecrator to produce excited Mg which transfers its energy to Ca which
lases at 657 nm. Currently, the Air Force is developing generator technology
for this concept and is funding studies to determine the critical kinetic rate
constants.
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(U) The section presents program options to accelerate the resolution of
technical uncertainties in the development of space laser weapons. These
options are based upon an in depth assessment of the current state~of-the-art
of laser technology, the msjor findings of which axe as follows:

1. ]

2. of

3. (U) An on-orbit feasibility demonstration is a necessary step
toward weapon development.

4,

5. 58‘/ Significant uncertainties must be resolved before a confident
commitment to weaponization can be made. These uncertainties
are associated with technical feasibility, threat vulnerability,
lager survivability, and total weapon system cost.

(U) The efforts to resolve the uncertainties fall into four genersl categories:
1. (U) Achieving the required state-of-art in the technology base.

2, (U) Understanding the system engineering issues such as surveillance;
command, control, and communications; and transportation to the
depth needed to support fundamental assessments of utility in
military missions.

3. (U) Determining, to the depth needed for confident assessment and
projection, the lethality of a laser weapon against the current
taxget base and againat a responsive target base hardened
against laser radiation.

4. (U) Asnessing the system and force level survivability of a space
laser deployment against a determined attacker,

DRATT
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(U) The options consider the pace and degree of risk at which one addresses:

- Availabil 1 level" state-of-the-art brightness
assuned to be

- (U) Resolution of initial "engineering" issues (size, weight, space
qualification, space craft integration, etc.)

- (U) Resolution of initial "lethality" issues (analysis and experi-
ments on target vulnerability and responsive countermeasures).

- (U) S8tate-of-the-art advances laser devices and beam control for
growth potential.

- (U) Laser system survivability issues (hardening, countermeasures,
tactics, self defense).

- (U) On-orbit, weapon-level feasibility demonstration (integration;
command, control, and communications; surveillance handover;
lethality).

- (U) Engineering development to prototype weapon.

(V) The four optional development programs described below present increasing

levels of acceleration of the space laser program. They can be characterized
as follows:

(U) COPTION 1: Continue with current level of effort of technology
development.

(U) OPTION 2: Accelerate current technology program to resolve key
technical uncertainties at an early date.

(U) OPTION 3: Perform an on-orbit demonstrstion of a space laser
integrated with its optics and pointing system in addition
to an accelerated technology program.

(U) OPTION 4: Develop the earliest feasible space-based laser
weapon system.

5.2 (U) Option 1: Continue Current Leve) of Effort

m‘f Goals. This option has the typical of developing a level of technology
that will provide a basis for decisions to proceed to an on-orbit feasibility
demonstration or to weapon prototyping. Specifically, the goals provide a
TRIAD chemical laser technology-development at levels of

m Advanced concepts are, in the pear-term,
focused on shorter wavelength, advanced laser devices, and nanoradian pointing
accuracy.

WspE 1.4 (=)fe); 7.7(b)(4)
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) Schadnle[mlentonas are shown in Figure 5.1 and include a 1987 completion
of the TRIAD,

OPTION 1: CONTINUE CURRENT LEVEL OF EFFORT (U)

THIS FIGURE I8 €EGBI
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EXCIMER LASER

FREE ELECTRON LASER .

ACQUISITION, TRACKING,
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Coats. Eltim d costs to accomplish the goals of this option are shown
in Table 5.1 and total $586M.

TABLE 5.1 (f

ESTIMATED COSTS (FY 1981 Dollars in Millionms)
OPTION 1: CONTINUE CURRENT LEVEL OF EFFORT (1)

TOTAL

b4 4 1982 1983 1984 1985 1986 1982-86 1982-88
Space Laser TRIAD 70 77 100 66 43 356 376
Advanced (UV/ 19 23 32 35 40 149 210
visible) Concepts - o . o - e —

TOTAL ' 89 100 132 101 83 505 586
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5.3 (U) Option 2: Accelerate Technology Development

(U) Goals. This option provides an aggressive program to advance the state-
of~the~art while providing for an examination by the mid 1980s of the most
critical issues. It continues the serial approach of Option 1 by establishing
technology at the major subsystem level before beginning any effort on an
on~orbit feasibility demonstrator.  The program defined addresses on'a tech-
nology-limited schedule only those issues essential to reducing the risk and
techuical uncertainties associated with a decision to proceed with an on-orbit

demonstration or weapon system.

UsAF 1.'{[&)/:5@)}- 2.7 (X4
M DA, el 0SD33(b)H)

OPTION 2:  ACCELERATED TECHNOLOGY
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(c)/ Costs. Costs of this option to completion in FY 1988 total $1325 millionm.
Estimated costs are shown in Table 5.2.

TABIE 5.2 (9]~

ESTIMATED COSTS (FY 1981 Dollars in Millions)
OPTION 2: ACCELERATED TECHNOLOGY DEVELOPMENT (U)

TOTAL
FY 1982 1983 1984 1985 1986 1982-86 1982 88
Bpace Laser TRIAD 105 175 180 90 45 . 595 620
-‘l‘echnology 70 80 90 60 10 310. 310
UV/Visible 20 25 35 40 50 170 230
Technology
Lethality/ 15 30 40 k1] - 115 115
Survivability
Weapon System 10 15 15 10 - 50 50
Eangineering — —_— - —_ — S —
TOTALS 220 325 360 230 105 1240 1325

Us A€ VAL () 7.3 osp33ex4)

(U) Thexe are many variations of Option 2 which will addresa selected portions
of the technical uncertainties with a reduced level of funding, but with a con~
sequent increase in risk and uncertainty in the areas not fully funded. For
example, an alternate to the Option 2 presented above could concentrate on only
4 limited number of issues such as concept definition, utility assessment and
laser survivability and lethality.

5.4 (U) Option 3: Perform On-Orbit Demonstration of Space-Based Lasers

Goals. This option commits now to the earliest possible demonstration of a
space~based laser on~orbit. It includes the accelerated and enhsneed technology
efforts of Option 2 with additional acceleration of the Space Laser TRIAD. This
option, therefore, provides for a mid 19808 re-examination of the commitment to
a demonstxation at the critical design review stage.

MDA ad OSD 3.3(b)( )

,(O‘f Schedule/Milestones. A decision to proceed immediately with an on-orbit
demonstration (verified in FY 1984 and 1986) yields a flight in late FY 1988.
Figure 5.3 contains detailed milestones.

DRAET
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Lz( Costs. Costs to completion in FY 1991 total approximstely $5 billion.
Details are shown in Table 5.3,

A€ L ({8 23/)() MDA end 0SD33(b)(Y)

TABLE 5.3 (87

ESTIMATED COBTS (FY 1981 Dollars in Millions)
OPTION 3: ON-ORBIT DEMONSTRATION  (U)

TOTAL
FY 1982 1983 1984 1985 - 1986 1982~86 ' 1982-91 !
Space Laser TRIAD 115 190 170 105 35 615 620
-'l’echnology 80 110 110 70 10 380 380
UV/Visible 20 25 a5 40 50 170 230
Technology
Lethality/ 15 30 40 30 - 115 115
Survivability
Weapon Systenm 10 15 15 10 - 50 50
Engineering
Feasibilicy 130 235 340 350 360 1415 1990
n
m - - - 65 95 160 950
e ogy
UV/Visible - - - 5 10 15 700
Feasibility
Demonstration — Jn S e — - -
TOTALS 370 605 710 675 560 2920 4945
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5.5 (V) tion 4: Develop Barliest Feasible Space-Based Laser Weapon System

(w{ Goals. This option accepts o to begin now to
prototype & space lager weapon at To reduce this risk,
an enhanced technology development program is included. Successful execution of

this option will yield the earliest possible flight of a prototype space laser

weapon in 1990 with initial operational capability in 1994. The capability of
such a system would be laxgely limited to antisatellite missions and would have

no growth potential to satisfy the more demanding missions such as antiaircraft

or ballistic missile defense. It is recommended that this option not be seriously
considered. A system with greater utility and growth potential is described in
Section VI. It could also have a prototype launch in 2000 and initial operational
capability 10C in 2003.

\ Schedules/Milestones. The major milestone is an FY 1990 launch of a
n prototype. Decision milestones are provided in mid FY 1984 and FY 1986
to cont prototype development. Details are shown in Figure 5.4. .

OPTION 3; PROTOTYPE DEVELOPMENT (U)
THIS PIGURE 18 SPesiEy
82 |23 jsn o8] 8e ] w7

.o s rY se e lvo o] e2]or)en]osimn
) S ’ : S
I RS N
T
DIAN TURN ! oPTics :
‘ SURVIVABILITY|
100nd - JALON ©0Ly) nr
TECHNOLOGY DEVELOPMENT o . T Tm“:g
1 \

467 Costs. Costs to completion in FY 1996 total approximately $4B. Details are

shown in Table 5.4.
SD 3.3(b)( &
dshE_vogla)(e); 7.7 (/4) 05D 3.3(b)( &)

TABLE 5.4 (87

ESTIMATED COSTS (FY 1981 Dollars in Millions)
OPTION 4: DEVELOP EARLIER FEASIBLE SPACE-BASED LASER WEAPON SYSTEM

CUM. TOTAL
- FY 1982 1983 1984 1985 1986 1982-86 1982-96

—

- 150 270 400 490 500 1810 2700

Accelerated Tech 220 325 360 230 105 1240 1325%
Development

TOTALS 370 595 760 720 605 3050 4025%
*To 1988

DRAFT,




5.6 (U) Other Supporting Technology Programs

DECLASSIFIED IN FULL
Authority: E0 13526
Chief, Records & Declass Div, WHS

Date: JUL 23 2014

(U) The structure of these options assumes that a few on-going technology
programs will continue and can be used to implement any space laser weapon
development. They include: Teal Ruby, Mini-Halo, and SIRE.
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6.1. (1) Introduction

MIA 2.3, ( %'l 0sD 3.3(b)(4 )

Classes of space-based lasers considered for d opment planning include

ocus of the current DARPA TRIAD program leads to tests of major
subsystems (see Section IV). Options to accelerate space-based laser technology
{Section V) build on the TRIAD program. Accordingly, the earliest on-orbit
deployment of ‘a space-based laser system could congist of constellations o
ﬁ(or lesser) class weapons. Adﬁte@ would have reasonably good
capability against low earth orbit satellites; however, an excessive number of

space platforms would be required for multimission use,; and no growth to useful
ballistic missile defense capability is predicted.

gﬁf’ A space-based laser requires supporting segments including launch capability,
surveillance and targeting, command and control, spacecraft housekeeping, etc.

It was necessary to address the constituents of the total system in order to
assess impacts on space-based laser effectiveness and to understand the nature/
size/cost of everything needed to make a space~based laser viable,  This section
outlines the total system architecture needed to accommodate these factors.

Later, system development planning, costs and multimission sizing are discussed.

6.2 (U) Space System Architecture

G.Z.i (U) The four segments of the total space-based laser weapon
system are shown in block diagram form in Figure 6-1. Each segment is discussed

in the following paragraphs.
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(U) Pigure 6-1 TOTAL SYSTEM DEFINITION
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é

6.2.2 (U) Surveillance/Command, Control, and Communications Concepts

Kf Advanced sensor and command, control, and communications capabilities are
required to realize the full potential of the space-based laser, but modification

to existing capabilities will support the system development through a validation
phase.

Figure 6~2 shows the elements of the surveillance/command, control, and
communications system. The generic structure has surveillance sensors detecting
and tracking targets and providing target data to a command and control/opera-
tions center. The commander of the space-based laser system obtains weapons
release authority from the Joint Chiefs of Staff/National Command Authority
unless it was previously delegated to him. Target allocation and battle
management are accomplished in the operations center, A mission control
center-~vwhich passes action commands to the laser weapons-=-mey or may not be
collocated with the operations center. Surveillance data is passed over
landlines and/or military communications satellite. The control of the laser
weapon is accomplished via a military communications satellite link and/ox
direct link to the space platforms.

6.2.3. (U) Surveillance Segment

(.s‘( New surveillance capabilities are required to support the responsive, global
capabilities of a space~based laser weapon system. A space-based radar or
space-based infrared system is required for aircraft detection and tracking.
Comparative analyses between the space~based radar snd the space-based infrared
were not made. For missile detection, sn advanced infrared system would be re-
quired to discriminate large numbers of targets simultaneously and to provide
warning times within a short time after launch. A space-based infrared sensor in
low earth orbit could supplement the Space Detection and Tracking System and
enhance the capability to detect newly launched and maneuvering satellites,
Survivability of the surveillance segment is & critical issue which wust be

addressed.
-2 DRAETL
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(U) Figure 6-2. SURVEILLANCE/COMMAND, CONTROL, AND COMMUNICATIONS -~ OVERVIEW

SERVICING

Sensors and automatic processing are required on the space-based laser

platform to proyide surveillance to allow the laser weapon to participate in its
own defense.

were mcotporntad. into the space~based laser space platform

conceprel design usA® 1. (4),(¢); 7.300()  0sD3.30b) ¢ )

6.2.4 (U) Command, (:nnttol, and Communications Segment

Command of a space laser weapon can be acconpliahed within the current Joint
iefs of Staff/unified/specifed command structure. Conceptually, the space-
based laser can be controlled by modifying existing capabilities, however, an
operations center and mission control center were included in the operational
concepts and costs.

(zf Communications with the space-based laser can be supported by allocating
existing communication channels on military communications satellites. Cross~

the space-based laser without overseas statiom links. The space platform must
have tracking communications antennas to link via wmilitary communications
satellite, A separate communications satellite constellation was priced to
indicate the cost impact if present communications satellite assets wera not
allocated for space-based laser use or if the survivability of existing
communications satellites prohibited their use.
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Antonomous operation is required in the space-based laser system for self |
defense and ballistic missile defense. The man-in-the-loop decision timelines
through the National Command Authority to commander of the space-based laser
system can support the other missions considered. The autonomous operation will

require greatly improved, high confidence target discrimination by the surveill~
ance system,

6.2.5 (U) Space Platform Segment

(U) The laser weapon subsystems include: laser device and reactant supply, beam
control, acquisition and tracking sensors, and attack warning sensors. The space-
craft subsystems include: thermal control, structures, guidance and navigation,
attitude control, telemetry, tracking, and communication; electrical power; and
propulsion. The subsystems were then integrated into an overall space platform
configuration. The weights, volumes and orbital deployments of each of the space
platforms were estimated in order to determine launch vehicle requirements (see
paragraph 6.2.6) and onboard (spacecraft) propulsion requirements. :

/ Veight estimates are shown in Tal 6.1 for the three configurations
; The mission equipment weights include
all of the subsystems of the lamer weapon described above plus a contingency

allowance of 34 percent of the dry vehicle weight to cover hardening and the
weight growth that typically occur during the detail design phase,

USA¥ 1. ()~ 2. 7(u)() 0SD 3.3(b)( %)

(U) Table 6-1. WEIGHT SUMMARY (Pounds)

Single Launch HF/DF

ITEM
, Mission Equipment (No Reactants) 41,700 58,600
: Spacecraft Subsystems 20,800 36,700 >
: Hardening and Contingency 17,900 21,200 32,300 j
Laser Reactants 12,700 20,400 31,300 !
| Propellants¥ 11,600 . 21,100 31,100 i
Total Orbiting Vehicle 95,000 125,200 190,000
Aerospace Support Equipment 10,000 0 0
Nose Fairing & Adapter 0 7,000 10,000
Total Cargo Weight 105,000 132,200 200,000

¥For altitude control and )y A i« |\ Y {A,)/(‘y))' 7.3 [ LY ()

orbit adjust system

: 6.2.6 (V) Launch Vehicle Segment (M DA 2nk OSD3.3(0X4)
Launch vehicles will deliver the space platforms to an initial low earth

orbit altitude of approximately 150 nm (280 km). Tranafer of the space platforms

to their operational orbits is. accomplished by onboard propulsion systems. The
baseline shuttle now under development is the only launch vehicle programmed for

64
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(U) PFigure 6.3. LAUNCH VEHICLE CAPABILITY TO LOW EARTH ORBIT

the future, A sumber of studies have been conducted of potential future heavy~
lift launch vehicles including the shuttle-derivative launch vehicle. Figure 6.3
shows both the baseline shuttle and the band of potential shuttle-derivative
launch vehicle payload weight capabilities to low .earth orbit. The shuttle~
derivative launch vehicle capability band is based on the provision of a pay-
load capsule fully enclosing the payload during launch. The lower edge of the
shuttle-derivative launch vehicle band is for shuttle engines with solid boosters
and a recoversble payload capsule; the upper edge of the band is for uprated
engines plus liquid boosters and a nonrecoverable capsule.

{,ﬂ’)’ From Figure 6-3, it cam be seen that the baseline shuttle capability is
inadequate for launching any of the space-based lasers as a single payload. All
space platform lengths also exceed the current 60 ft (18.3-meters) length of the
orbiter bay. Either a laxger payload bay or multiple launches sre required.

The diameter of the large optical elements must also be considered. Current
studies suggeat that fixed elements of up to 6-meters in diameter could be
accommodated by a shuttle~derivative launch vehicle. For elements larger than
6-meters, an enlarged shuttle~derivative launch vehicle payload capsule or
on~orbit erection/assembly will be required. The development of a launch

capabﬂiti such .ni ti shuttle~derivative launch vehicle appears mandatory for

s DRAFT|
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6.3 (U) Representative Program Development Plan

6.3.1 m/

how fast advanc

ce of system development

The pa
chnol

_The representative

plan could be accelerated by increasing the concurrency among phases of the
program. Acceleration greatly incresses risk, but initial operational capability
might be reached by FY 1995 which would be consistent with selection of Option

3 in Section V. UsA¥ {. ‘.‘ (“')j(e?)' 3,}(5)[‘{) W and 0SD 3.3(bX ‘()
eunents L VOlulefusfsdalaforuslsfonloedsdseldrlaloholoaoobd
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(U) Figure 6-4. REPRESENTATIVE DEVELOPMENT PLAN (sgowef}
(U) As shown in Figure 6-4, system definition is focused through a aystem

requirements review and system design review, Definition of system requirements
gives guidance to the technology and validation efforts in the first five years
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(%) Both the laser subsystems and spacecraft subsystem technology developments
are to be addressed under "Technology." The overall pace of space-based laser
development is directly keyed to the pace of technological development (see

previous Section V of this report). This silirlbued laser system development

plan assumes that laser subscale (e.g. lass) would be available in

86 t integrated ground test through 1989 would follow. Flight weight
hardware would be in integrated ground test by FY 1996,

yﬂ{ Due to high technological and integration risks, an engineering validation
is necessary at some point. This would force attention to the ‘hard engineering
and integration problems inherent in a space-based laser.

An on~orbit validator would resolve issues of laser integration and space-
craft operation in the space environment, The validator would be a well-
instrumented unit, sized for a single lauuch, It would be on-orbit for lesas
than one year of test and evaluation and could be recovered for examination
prior to developing an operational prototype. Realistic surveillance and command,
contro, and communications issues could also be sddressed to refine operational
end battle management concepts.

shows an example sche or an on~orbit validation.
e system design review for "System Definition," class hardware, and

validator preliminary design review are all available at the decision milestone
to preceed to validation,

(89 On-orbit validation would not require the full-up surveillance and command
snd control capability described in Section 6.2; however, detailed test and
operations planning will be necessary to operate through existing and planned
networks (e.g. Space Detection and Tracking System, Consolidated Space Operations
Center, Space Defense Operations Center, etc.). Facilities would be required for
assembly, ground test, and integration, and equipment would be required for
monitoring/controlling ground and orbital operations.

The production decision is based on the results of prototype operational
test and evaluation., However, the deciasion to proceed with initial. production
planning, design and acquisition of long lead items must occur sbout 1997 to
support initial operational capability in 2003.

Lﬂ( The initial operational capability is defined as the first operational space-
based laser space platform om~orbit. A launch rate of four per year is assumed
yielding a full operational capability of an eight-satellite constellation in 2005.
Production would continue to either support on-orbit replacement at the end of
useful life (three and five year lifetimes were costed) or on-orbit servicing.
Detailed trade-offs will be needed to determine the most cost-effective strategy

for maintaining on-orbit operation.
DRAYEL
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£8) Advanced surveillance/command, control, and communications full operational
capability could occur by the time frame of space-based lsser initial operational
capability, For example, current planning estimates are that a heavy lauanch
vehicle could be developed/fielded in four to seven years. Figure 6.4 shows
eight yeaxs from launch vehicle system design review to initial operational
capability. Space-based radar designs are only vaguely conceptualized; however,
some key technologies are being sponsored by DARPA, Space-based radar initial
operational capability is not needed until launch of the space-based laser
prototype.

(U) Finally, assembly and integration facilities as well as ground support/
processing station(s) are projected to support the system deployment.

6.4 (U) Early On-Orbit Deployment of a System

6.4.1 Ga‘)/ Should t.haPclnn space-based laser be selected

for prototype and production, initial operational capability might be reached by
1997. This would require:

- (U) Engineering validstion be initiated immediately.

- ﬂf Acquisition of prototype long lead items begins immediately
after TRIAD testing (1986) and before launch of the on-orbit validator.

- LC( Vork begins in 1984-85 on a shuttle-derivative launch vehicle
to complete development before need for space-based laser prototype
integration in 1991~92,

- (ﬂ:f Surveillance and command, control, and communications assets
reach initial operational capability by 1992-94.

- M Prototype launch occurs in 1993-94.
- (U) Production go ahead be given shortly after the prototype launch:

- {ﬁf First production space-based laser -lauach occurs im 1997.

6.4.2 (87 Acceleration of the—chu system initial opera-
tional capability could be accomplished by skipping engineering validation and
conducting design, fabricetion, and test of the prototype launch to FY 1990 and
is consistent with Option 4 in Section V. Paralleling production and prototyping
could move initial operational capability to FY 1993~94 with attendant higher

risk. L\YP« 13 ""* (4—)/(@,\‘ 3‘?(‘)[“{) 05[33-3('3)(1’(’)
6.5 (U) System Costs

6.5.1 (U) Ten year life cycle costs were chosen as the cost measure.
Integration, training, mission-peculiax support equipment, test and evaluation
and program management are taken as percentages of the recurring production or
first unit cost. Costs of major system components (e.g. launch and surveillance
systems) are added to the space platform costs.
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(U) All costs are presented in 1981 constant dollars. A 40 percent factor was
used to cover Government wanagement reserve and msnagement support.

(U) RDTSE costs are estimates based on prior complex systems development programs.
Production costs are functions of the first unit cost (spacecraft and laser).
Spacecraft costs are based on weights. Laser costs, however, are based on
performance parameters and best engineering judgments of extrapolation of state-
of~the~art of subsystem components. Ten years of operation and support are
included in calculating life cycle costs. Both five-year and three-year lifetimes
were considered with satellites completely replaced at the end of their life.

j‘{ Annual testing was included. It was assumed that each space platform would
have one operational test each year. Sufficient fuel (10 percent) was added to
cover the test requirements. Aircraft and space targets for testing are also
included.

(U) The cost of on-board surveillance sensors and ground-based facilities for
data processing are included. Separate exterpal surveillance was considered in

the form of the space-based radar. It consisted of ten satellites plus two spares
for a total of twelve,

(U) WVithin the system development program, two full-scale space platform space-
based laser prototypes are developed--one for ground qualification and one for
space qualification. New facilities needed for development testing, launch site
testing, and launch site assembly and integration are also included in the total
cost.

6.5.2 (B85 Launch Costs
It was assumed that one recoverable launch vehicle system would be acquired
during the RDT&E phase and three more during the production phase. The cost

asaociated with the launch-vehicle segment contains a ope-time integration cost
and a recurring cost-per~launch. These costs are included in all cases.

6.5.3 (U) Total System Cost Estimates

{U) To cover inevitable disagreements concerning the attribution of life cycle
costs, upper and lower bounds were calculated for each system. Table 6-2 compares
constituents of the lower and upper bounds. The lower bound represents a lowest
cost estimate, with only minimal support costs charged to the space-based laser.
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TABLE 6~2
(U) LOWER/UPPER BOUND COMPARISON¥
£SRCARD)
LOWER SEGMENT UPPER
SAME LASER SAME
SAME SPACECRAFT SAME
SAME OTHER SAME
2 TIMES PER 10 YRS REPLACEMENT 3.33 TIMES PER 10 YRS
(5~year lifetime) {3~year lifetime)
$40M/LAUNCH LAUNCH $40M/LAUNCH +56B
Development Cost
$.775B c3 (cround) .775B + $1.4B for
communications satellite
deployment
ON~BOARD COST SURVEILLANCE ON-BOARD COST + §10B

for 12 satellites

* 40% Government management factor not included in these figures.

Systems sized for ballistic mimsile defense are more costly than those
sized for antisatellite and antiaircraft. Ballistic missile defense concepts
require more on-board surveillance apd commu g. -Additional laser reactants
were included to increase run time and additional boosters
were included when on-orbit deployments exceeded 20.

-

(U) A concerted effort was made to identify all constituents of the system
costs; however, significant uncertainties exist because of the degree of
extrapolation of technology and because of the lack of a weapon system design.

6.6 (U) Multimission System Sizing and Costing

jsfl'Table 6.3 summarizes ten-year life cycle for the various classes of space-
based laser systems and misgsions. Two tentative conclusions can be drawn:

3.3(4)(4) MDA auk OSD 33X
6-10 DRAF:T{

of'av

USAF 1. Y (u)(e)/.



~3 e

‘:,' A DECLASSIFIED IN PART
- 8 ET Authority: E0 13526

Chiet, Records & Declass Div, WHS
o Date:  JUL 28 sp14
014
TABLE 6-3
(U) SPACE-BASED LASER SYSTEM COMPARISONS
Aarerwry
NUMBER SBLs BOUNDS ON 10-YR
MISSION/APPLICATION CLASS SBL IN ORBIT* LCC (FY 81 § B)
(MW/m) Lover Upper

Multimission

Alrcraft, limited
SLBM (4 boats), ASAT
(90% or greater kill
in scenarios)

Antisatellite only

Ballutic Missile Defensekk,

Defend gs ICBMs,
NCA, C
Unhaxdened
Hardened

NOTE * 0T INGLUDE ADDIT FOR SELF DEFENSE.
*k

USAE o (a)(e) 3?()9)(*&) ‘
MDA and 0SD3.3(b) ‘f’
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