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MONITORING SPACE WEAPONRY:
DETECTION AND VERIFICATION ISSUES

Patrick J. Garrity, Raymond A. Gore,
Robert E. Pendley,and JosephF. Pilat

SUMMARY

The United States and the Soviet Union are findingouter space to be an increasingly
attractivemedium in which to deploy and utilize advancedmilitary systems,potentially
including weapons. At the same time, the two superpowershave indicated an interest
in expanding arms control to regulatemilitary activities in space. The most prominent
examplesof these two trendsare the U.S. StrategicDefenseInitiative (SDI) programand
itsSovietcounterpart,whicharecurrentlythesubjectsof negotiationin the GenevaNuclear
and SpaceTalks (NST).

If agreementsthat affect the research,development, testing, or deployment of space
weaponsare to be reached,the United Statesmust be able to monitor the treaty-limited
systemsand verify compliancewith the agreement. And even beyond treaty verification
concerns, the United States will inevitably have new and more demandingrequirements
to monitor the increasingnumberand types of activitiesundertakenby variousnationsin
space. This report attemptsto establishguidelinesfor futurespacemonitoringtechnologies
by brieflyexaminingkey types of potentialarmscontrolconstraintson spaceweapons;con-
sideringthe impact of thoseconstraintson currentand potentialU.S. militarycapabilities,
includingthe consequencesof treatyviolations;defininggenericmonitoring/verificationre-
quirementsand difficultiesfor thesearmscontrol regimes;and derivingfutureverification
and intelligencecollectionrequirementsand technologychallenges.

The reportpostulatesa continuumof possiblespace/strategicdefensearmscontrolagree-
ments in order to explore a wide range of space detection and verificationrequirements.
These hypotheticalagreementsare as follows:

Comprehensiveor limitedban on “spacestrikeweapons” (space-space,earth-space,
space-earth);

Modificationor replacementof the Anti-BallisticMissile (ABM) Treaty;

Comprehensiveor limitedban on anti-satellite(ASAT) weapons;

Ban on nuclearand nuclear-drivenspace weapons;

Confidence-buildingmeasures(CBM).
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Examinationof the verificationrequirementsfor thesehypotheticalagreementsreveals
a numberof serioustechnicalchallengesthat cannot be met by currentor projectedmoni-
toring capabilities.

To explorethe generaltechnicalproblemof monitoringthe testingof spaceweapons,the
report recommendsan approachthat reliesupon the detectionof signals,eithernaturalor
stimulated,thatemanatefromthe exerciseof a weapon. Thesesignals,called “obsewables,”
are systemdeterminedby the characteristicsof the weaponand its location on the ground
or in space. Some of these observable can be monitoredwith the suite of photographic,
infrared(IR), radio frequency(RF), and microwavedetectorsused in currentand prospec-
tive nationaltechnicalmeans(NTM). (This is especiallytrue of the observable associated
with the testingof nuclearor nuclear-drivensystems.) In other cases, notably ground or
space-baseddirected energy weapon (DEW) tests, the United States lacks the technical
capabilityto detect characteristicsignatures,or does not havesufficientinformationabout
the natureof those signatures,or both.

The detectionof spaceweapon deploymentpresentsdifferentand moredifficultproblems
than the detection of testing. Space weaponsmay give very little evidence of their true
natureonce on station. They mayemitno signalsat all, or no signalsat presentlydetectable
levels,when not in active use. The monitoringof deployedweaponsmay thereforerequire
technicalverificationmeasuresof unprecedentedintrusiveness,whetherthe suspect object
is on the ground or in space. Active NTM technologiesmay be necessaryto induce an
observablephysicalor chemicalreaction that will indicate the natureof the systembeing
interrogated.These active detection techniquesare not now in hand, especiallyfor use in
space; currentU.S. space monitoringcapability is based largelyon passivemeasures(e.g.,
photography)that do not raiseissuesof violationof nationalsovereignty.

To addressthese monitoringdeficiencies,the report’s analysissuggeststhe value of a
tripartitetechnologydevelopmenteffort:

Create a Working Data Base of Observable Signatures. This data base
would consist of information about the unique physical, chemical, electromag-
netic, andoperationalcharacteristicsassociatedwith nuclear,kineticenergyweapon
(KEW), and DEW space weapons. The constructionof this data base should ben-
efit greatly from a close analysisof the signaturesgeneratedby equivalentU.S.
programs(e.g., the neutralparticlebeam and free-electronlaser).

Develop Enhancedor New Sensors Optimized to Detect Space Weapon
Tests. Four technologyapproachesseem especiallynoteworthyhere: (1) enhance
currentNTM systems(photographic,IR, RF) specificallyfor use in space; (2) con-
tinueto developspace-basedradartechniquesandsystems;(3) developnewparticle
detectors for use in monitoringlow-level intrinsicsignatures,and as detectors for
active stimulationand imaging techniques;and (4) investigatechemical-detection
sensorsthat can be used in a space environment.

ExploreTechniquesfor the Active Probingand Imagingof SpaceObjects.
One of the most promisingnew active technologiesis the use of radiography,which
can derive imagesof the interiorof objects using neutronaor gamrnarays. Radio-
graphy appearspotentiallyuseful in analyzinga varietyof ground or space-based
systems,both nuclearand non-nuclear. If these active techniquesare designedto
be non-destructiveor “non-interfering”with normalsystemperformance,they may
easeotherwisedifficultquestionsabout nationalsovereigntyas wellas armscontrol
verification.

vi



CONTENTS

ABSTRACT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . viii

I. INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

II POSSIBLETREATIES AND DETECTION AND VERIFICATION
CONSIDERATIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
A. Comprehensiveor LimitedBanon``Space StrikeWeapons'' . . . . . . . . 3
B. Modificationor Replacementof the ABM ‘Ikeaty . . . . . . . . . . . . . . 6
C. Comprehensiveor LimitedBan on ASAT Weapons . . . . . . . . . . . . . 7
D. Ban on Nuclearand Nuclear-DrivenSpace Weapons . . . . . . . . . . . . 10
E. Confidence-BuildingMeasures . . . . . . . . . . . . . . . . . . . . . . . . 11

III. DETECTION TECHNOLOGY REQUIREMENTS FOR SPACE
MONITORING AND VERIFICATION . . . . . . . . . . . . . . . . . . . . . 12

IV. TECHNOLOGY REQUIREMENTS . . . . . . . . . . . . . . . . . . . . . . 16

.4CKNOWLEDGMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

vii

APPENDIX . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25



ABSTRACT

If agreementsthat affect the research,development,testing, or deploymentof space
weaponsare to be reached,the United Statesmust be able to monitor the treaty-limited
systemsandverifycompliancewith the agreement.This reportattemptsto establishguide-
lines for future space monitoringtechnologiesby briefly examiningkey types of potential
armscontrol constraintson space weapons;consideringthe impact of those constraintson
currentand potentialU.S. militarycapabilities,includingthe consequencesof treatyviola-
tions; defininggenericmonitoring/verificationrequirementsand difficultiesfor these arms
control regimes; and deriving future verificationand intelligencecollection requirements
and technologychallenges.
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MONITORING SPACE WEAPONRY:
DETECTION AND VERIFICATION ISSUES

by

Patrick J. Garrity, Raymond A. Gore,
Robert E. Pendley,and Joseph F. Pilat

I. INTRODUCTION

At the December 1987 Washingtonsummit meeting between PresidentReagan and
SovietGeneralSecretaryGorbachev,the UnitedStatesand the USSR agreedto “workout
an agreementthat would commit the sidesto observethe ABM Treaty,as signed in 1972,
whileconductingtheirresearch,development,and testingas required,whichare permitted
by the ABM Treaty, and not to withdraw from the ABM Treaty, for a specifiedperiod
of time. Intensivediscussionsof strategicstability shall begin not later than three years
before the end of the specifiedperiod, after which, in the event the sideshave not agreed
otherwise,each side will be free to decide its courseof action.”1

Immediatelyafter the summit, U.S. and Soviet officials issueddivergentpublic state-
mentswhich revealedthat substantiveSoviet-Americandifferencesover defenseand space
issueshadnot actuallybeenresolved,and thatthecompromiselanguageof thesummitcom-
muniquemerelyavoidedthe subject through traditionaldiplomaticmethods.2In essence,
the UnitedStatesis currentlyundertakinga programof research,development,and testing
designedto determinethe feasibilityof a comprehensivestrategicdefensesystem, which
would includesubstantialspace-basedcomponents. If feasible,the U.S.wouldhope eventu-
ally to deploysucha system. Although the USSRhasnow admittedthe existenceof its own
researchand developmentprogramfor space-basedstrategicdefenses,3 the Sovietsappear
to argue that any testing of ballistic missiledefense (BMD) components and systems in
space would be a violation of the ABM Treaty. They have clearlystated that deployment
of weaponsin spacewouldbe highlydestabilizingand wouldpreventreductionsin strategic
offensivearms.

Whateverthe immediateoutcomeof thisU.S.-Sovietcontroversyoverstrategicdefenses
and the ABM Treaty,it now appearsthat any future U.S.-Sovietstrategicoffensivearms
control agreementswill probably be associatedwith some agreementsor understandings
about strategicdefenses. Any such defensiveagreementsor understandings,in turn, will
inevitablytouchupon the issueof weaponssystemsandcomponentsin space. Evenwithout
armscontrol, the UnitedStateswill inevitablyhavenewand moredemandingrequirements
to monitor the increasingnumber and type of activitiesundertakenby the Soviet Union
and variousnationsin space.



The purpose of this analysisis to begin to establishguidelinesfor futurespace moni-
toring technologiesby briefly:

1)

2)

3)

examiningtypes of potentialarmscontrol constraintson space weapons;

consideringthe potential impact of those constraintson currentand potentialU.S.
militarycapabilities,includingthe consequencesof treatyviolations;and

defininggenericmonitoring/verificationrequirements.4

II. POSSIBLE TREATIES AND DETECTION AND VERIFICATION
CONSIDERATIONS

Until quite recently,the American governmentoperated on the assumptionthat, for
technicaland political reasons,space does not representan attractive theaterfor the de-
ploymentor operationof weaponssystems. The UnitedStates,however,has traditionally
favored the use of space systems for other critical military missions— strategic early
warning,recomaissance,meteorology,navigation,and communications.The SovietUnion
apparentlyoperatedits space programalongsimilarlines. As a result,the twosidestacitly
agreednot to challenge,legallyor militarily,the use of non-weaponspace systemsby their
adversaryin peacetime.5

To helpcodify this practice,the UnitedStatesand the SovietUnionhaveagreednot to
test or deploynuclearweaponsin outer space (the LimitedTest Ban Treatyand the Outer
SpaceTreaty); not to interferewith the other side’s nationaltechnicalmeans,i.e., satellite
surveillancecapabilities(StrategicArms LimitationTalks — SALT I and H); and not to
develop,test,or deployballisticmissiledefensesin space (the ABM lleaty). As long as this
long-standingmilitary,political, and technical “regime” in space held, the United States
did not believe it necessaryto develop the technology to detect and monitor weaponsin
space.

The Americanperceptionof the potentialmilita~ utilityof space systemshaschanged
dramaticallyover the past severalyears. The U.S. Strategic Defense Initiative reflects
this changed perception, but it did not cause the change, nor is the change limited to
SDI. Advancesin military technologymake it possible to conceiveof space platformsthat
wouldserveas an integralpart of sophisticatedterrestrialweaponssystems— for instance,
satellitesmightcontainsensorsthat could targethighly-accurateconventionalmunitionson
the tacticalbattlefieldof Europe,or locate mobile strategictargetsin real time.6Forsome
concepts of strategicdefense,space platformscould be used to carry chemically-powered
interceptors,directedenergygenerators,electromagneticrail guns,or relaymirrorsfor use
againstballisticmissiles.

In the context of changingtechnologicalprospectsfor militaryactivitiesin space, there
has been growingWesterninterestin a renewedeffort at space armscontrol. Some propo-
nentsof space arms control advocate negotiatedagreementswith the Soviets that would
attempt to perpetuate the perceivedsanctuarystatus of space — i.e., to preventdeploy-
mentof advancedweaponstechnologies.On the other hand, some proponentsof increased
militaryactivity in space do not regard arms control as being an appropriateinstrument
of nationalpolicy in this case.7 Another perspective, that taken by the Reagan adminis-
tration, regardsat least some kind of armscontrol as an importantand perhapsessential
mechanismto introducespace-basedstrategicdefenses.8
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On the basisof such views and alreadyformulatedpositions,one can postulatea con-
tinuumof possiblespace/strategicdefensearmscontrol agreements— extendingfrom the
Sovietproposalfor a comprehensivetreatybanningall spaceweapons,to the officialAmer-
ican position which would encouragethe developmentand possible deploymentof BMD
weapons. [The range of possible agreementshas been increased,at least in principle,by
the recent willingnessof the United States and the Soviet Union to permit cooperative
measuresand on-site inspectionas part of the Intermediate-RangeNuclearForces (INF)
Treatyverificationscheme.]

Within the spectrumof possibleagreements,thisreport will considerthe detectionand
verificationrequirementsof the following:

A.

B.

c.

D.

E.

Comprehensiveor limitedban on “space strike”weapons(space-space,earth-space
space-earth);

Modificationor replacementof the ABM Treaty;

Comprehensiveor limitedban on ASAT weapons;

Ban on nuclearand nuclear-drivenspace weapons;

Confidence-buildingmeasures.

This list is not intendedto be definitiveor predictive; these hypotheticalagreements
werechosento includea wide rangeof reasonablespace detectionand verificationrequire-
ments. Of course,it ispossiblethata formaltreatywouldencompassmorethanone of these
types of agreements.Indeed, in the case of “grand bargains” that involveoffense-defense
trade-offs,a formal treaty might include severalof these types of agreementsin explicit
combinationwith reductionsin strategicand theaternuclearforces. Nevertheless,because
eachtype of space agreementmentionedabove would have its own internallyconsistentset
of detectionand verificationrequirements,they shallbe consideredindividuaNy.

A. Comprehensiveor Limited Ban on ‘cSpaceStrike Weapons”

The SovietUnion’sstated interestin the demilitarizationof outerspace precededPres-
identReagan’sMarch 1983 “Star Wars” speech. In August 1981,the USSR tabled a draft
Treatyin the UnitedNationsthat proposeda prohibitionon the useof force in spaceand a
ban on the stationingof “weaponsof any kind” in orbit. Two yearslater, the Sovietspre-
senteda seconddraft U.N. Treaty,which called for a ban on the testingand deploymentof
“anyspace-basedweaponsintendedto hit targetson earth,in the atmosphere,or in space;”
a prohibitionon the testingand creationof “new anti-satellitesystems;” and a ban on the
testingand use of “mannedspacecraftfor military,includinganti-satellitepurposes.”g

The USSR’sfocus on spacearmscontrol continuedin the Defenseand Spacecomponent
of the GenevaNuclearand Space Talks,which formallyopened in March 1985. Here the
Soviets initially proposed to ban all research,development, testing, and deployment of
“space strikeweapons.” Space strikeweaponswere defineda.sthose deployed in space or
on the ground which were capable of destroyingobjects in space, and weapons in space
capable of destroyingobjects on the ground (space-space, ground-space,space-ground).
The Soviets have apparentlyindicated some flexibility in this formulation,especially as
it pertains to the meaningof “research;” however, they continue to link progressin the

3



Defenseand Space Forumwith agreementon negotiatedreductionsin strategicoffensive
weapons(START). The UnitedStateshas been unwillingto negotiatewith the Sovietson
such vague,all-inclusivetermsas “spacestrikeweapons,” and arguesthat any prohibition
on researchis fundamentallyunverifiable. The Reagan administrationdoes agree that
one purpose of the NST negotiationsis to “prevent an arms race in space,” but claims
that this is best achievedthrough a negotiatedtransitionto a defense-dominantstrategic
environment.10

What would a comprehensiveban on space strikeweaponsalong the linesof the origi-
nal Sovietproposal entail? It would prohibit the use of force in space, from space against
objects on earth, and from earth againstobjects in space. It would also prevent the re-
search,development,testing,and deploymentof allweaponsand theircomponentsin space
and on celestialbodies. In effect, a comprehensiveban would precluderesearch,develop
ment,testing,and deployment(RDT&D) of the following: space-basedballisticmissilede-
fenses,space and ground-basedASAT interceptors,and ground-basedBMD systemsthat
interceptedwarheadsoutside the atmosphere. It could also prohibit electronic or other
interferencewith non-weaponssystemsin space.

This comprehensiveagreementwould requirethat some sort of operationalconstraints
be placed on all existingor future systemswith residualBMD or ASAT capabilities,but
whichhaveotherprimarypurposes(e.g., intercontinentalballisticmissiles— ICBMS,space
shuttle,spacestation). It wouldpermitRDT&D on other types of spacesystemsthat have
civil or military uses, such as navigation, surveillance,and communicationssatellites—
subject to appropriate operational restrictions, and possibly to the inspection of space
assetsand relatedground facilities.The ban would also prohibit the RDT&D of space-to-
groundweapons,an areathat does not seemto hold any militaryinterestto eitherside at
the presenttime.

In place of a comprehensiveban on the research,development,testing,and deployment
of spacestrikeweapons,the two sidescould inprincipleagreeto a morelimitedban on outer
space weaponry. Such a limited agreementon “preventingan armsrace in space “ would
probably have many of the same featuresof a total ban, but could allow one or more of
the following: existingASAT and ABM systems;expandedground-basedASAT and BMD
but no space-basedsystem; any ASATS but no BMD; certain types, or numbers,of space
strikeweaponssystems;or unlimitedR&D, but no testingor deploymentof ABM/ASAT
systemsand their components.

Impact of a Space Strike Ban. From the U.S. perspective, a comprehensive
ban would affect virtually all of the systems and components now associatedwith SDI,
possibly excepting low-altitude terminalABM interceptors(such as the proposed high-
endoatmosphericdefenseinterceptor,or HEDI). It would prohibit space-basedkinetic kill
interceptorsor directedenergyweapons;popup directedenergyweaponssystems;ground-
based lasers and any associated mirrors; and ground-launchedmid-course interceptors
(e.g., the proposedexoatmosphericreentryvehicleinterceptorsystem,or ERIS). The same
genericrestrictionswould apply to the Soviets,who would also be requiredunder a strict
ban to dismantlethe exoatmosphericinterceptorsnow associatedwith the Moscow ABM
system.ll

A comprehensivebanwouldalsorequireboth sidesto decommissiontheirexistingASAT
hardware:for the Soviets,this would affect theirexistingco-orbital interceptorsystems;12
for the United States, the F-15 launchedminiaturehoming vehicleweapon.13No further
dedicatedanti-satelliteRDT&D would be allowed.
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Dependingupon howit wasformulated,a comprehensiveor a limitedagreementon space
weaponrycould adverselyaffect the U.S. ability to fulfill certain key militarymissionsin
space (e.g., force projection), or fromcounteringSovietmilitaryactivitiesin space (e.g., en-
hancedtargeting).1AFor example,banningany or all of the XTIOStprOmking sPac~t@sPace
weaponry,including lasers,particle beams, and non-nuclearkill missilescould effectively
eliminateU.S. options for boost-phaseballisticmissiledefenses. Only the hybrid ground-
basedlaser(GBL), with limitedboost-phasecapability,would remain.15Such a ban would
also narrowASAT and defensivesatellite (DSAT) options. Moreover,some limitedagree-
ments could lock the United States into an inferiorposition, or open up the prospect of
militarilysignificantasymmetriesif the Sovietsdid not fully comply.16

To avoid such difficulties,,the agreementcould be structured to allow a robust R&D,,
program that would limit the danger of Soviet cheating, and to preservethe option of
respondingto a Soviet creepout or break-outfrom treaty obligations. A space strikeban
could specificallybe structuredto strengthenthe ABM Treaty if this were desired, and
to minimizeor eliminatethe vexingproblemsof verifyingthe decommissioningof existing
ASAT and BMD systems.

Verifying a Space StrikeBan. Clearly,the verificationdemandsfor a comprehensive
or limited.agreementwoulddependupon the detailaof the agreementand the strategicsig-
nificanceof noncompliance. For instance,an agreementprecludingRDT&D of important
sets of weapons (e.g., ASATS, DSATS, space-basedBMD) would have demandingverifi-
cation requirements,because the limited,clandestinedeploymentof certain types of these
systemsin violation of ~hetreaty could be militarilysignificant.Verificationrequirements
for a total ban on spaceweaponswould haveto be especiallystringentand wouldprobably
include:

●

●

●

●

●

●

locating, identifying,and interrogatingall orbiting space objects;

determiningtechnicalcapabilitiesof all individualplatforms;

discriminatingbetweenBMD, ASAT, and other space systems;

detectinginterrogationor interferencewith U.S. non-weaponsplatforms;

discriminatingand identifyingsuspicioussystemson earth;

verifyingtotal numbersof relevantsystemsin space and on earth.

To meet these requirements,the followingverificationmeasuresmight need to be con-
sidered:

●

●

●

●

traditionalNTM, with enhancedsensingcapabilities;

open telemetryon all spaceobjects, includingcivilianand militarysupportsatel-
lites;

mandatoryidentificationand interrogationof all orbiting space objects;

inspectionof payload before launch;

5



B.

●

●

●

intrusive on-site inspection for dedicated R&D, testing (including nuclear
weaponstest sites), production, and decommissioningfacilities;

challengeinspectionsfor suspectedR&D, testing,or deployment;and

CBMSwhichwould facilitateverification.

Modificationor Replacementof the ABM Treaty

The ABM Treaty is one of the three critical institutionalpillarsof traditionalspace
armscontrol (the othersbeing the LimitedTest Ban Treatyand the Outer SpaceTreaty).
If the UnitedStatesand the SovietUnionare to createa new outer space treatyregimeto
accommodate or prohibit advancedweapons technologiesthat have been developedsince
the late 1960sand early 1970s,they may be requiredto modify, supplement,or replace,if
not abolish, this agreement.

According to the traditiorza(U.S. governmentinterpretationof the ABM Treaty, nei-
ther side is permitted to develop, test, or deploy ABM systemsor componentswhich are
space-based(or sea-based,air-based,or mobile land-based). In 1985,however,the Reagan
administrationconcluded that another, broadinterpretationwas actuallycorrect: i.e., the
ABM ‘lleaty prohibitedonly the deployment,not the developmentand testing,of space-
based systems based on “other physical principles” (i.e., technologiesnot known or not
developedin 1972).

Although the United States has not yet applied the broad interpretationto its SDI
researchand developmentprogram,Reagan administrationofficialsarguethat doing so in
the future would be legally correct, and technically and fiscallyprudent. In particular,
the UnitedStateswould be permittedto test SDI componentsand systemsin space much
more quickly and realisticallyunder the broad interpretationthan otherwise. Arguably,
the UnitedStatesmighthavean absoluterequirementto test SDI systemsunderthe broad
interpretationif it is to make an informed technical decision about the deployment of
space-baseddefenses.17

In the Defenseand Space negotiations,the USSR has flatly rejected the terms of the
U.S. broad interpretation,and at least until recently demanded that the United States
agreeto an absolute(“stricter than strict”) interpretationof the ABM Treaty— i.e., that
neithersideconduct researchon, muchlesstest and develop,space-basedBMD systems. In
its extremeformulation,the Soviet’sproposalrequiredthe cessationof laboratoryresearch
into space-baseddefensivesystems.

If therewereto be a harmonizationof positions,the two sidesmightattemptto modify
or supplementthe ABM Treatyto takeinto account the technologicaladvanceswhichhave
occurred since 1972. For example, the United Statesand the Soviet Union might negoti-
ate precisequalitativedistinctionsbetween “traditional” BMD technologyand technology
basedon other physicalprinciples,or makefunctionaldistinctionsbetweentypes of space-
basedsystems(e.g., permittedsensorsand prohibitedweapons). The USSRhasreportedly
suggestedsuch an approach to the United States, under which certain technical thresh-
olds would be set — e.g., the size of mirrors,the velocity of space-basedinterceptors,and
the power of directed energyweapons.1sTests ~d possibly deploymentof systemsbelow

the thresholdwould be allowed,while tests and deploymentsabove the thresholdwould
be prohibited. Dependingon how such thresholdswere categorizedand sized, they could
effectivelypermit, retard,or precludethe developmentof space-basedBMD weapons.

I
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Anotherrelatedapproachmightbe to build mutualcordidenceby increasingthe trans-
parencyof defensiveresearchand developmentprogramson both sides. Underthiskind of
arrangement,for example, the two sidesmight negotiatethe legalityof specific tests on a
case-by-casebasis,or revealthe relevanttechnicalparametersof proposedtests in advance
to permit the other side to judge the tests’ scope and intent.19

Impact of a Modified ABM Treaty. Becauseof the wide range of possible ABM
Treaty modificationsor interpretationsthat might be adopted by the United States and
the Soviet Union, if agreementwere to be reached, it is impossibleto consider fully the
implicationsof a new Treaty regime. In any case, however,one key technical issue does
emerge: the pace and kind of permittedtestingof space-basedballisticmissiledefenses.

The Reagan administrationhas establishedthe early 1990sas the point of decision
for full-scaledevelopmentwith respect to a strategicdefensesystem. To meet this date
with high technicalconfidence,the administrationhas arguedthat it mustbe able to test
space-basedsystemsunder the broad interpretation. Critics of deployment,on the other
hand, arguethat such testingis technicallyunnecessarybefore the late 1990s,and express
concernthat insistingupon thebroad interpretationwill inevitablydrivethe Sovietstoward
acceleratedstrategicoffensiveand defensiveprogramswhenU.S. SDI policy undera future
administrationremainsunknown.ZOWhicheverposition ultimatelyp’(?vaik, Zdherence to

or modificationof the ABM Treaty will inevitably affect the pace as well as the type of
ongoing BMD research,development,and testing— and hence the timing and character
of possiblefuturestrategic defenseson both sides.

Verifying a Modified ABM Treaty. Under any of the four cases — traditional,
broad, absolute,and modifiedversionsof the ABM Treaty— the United Stateswill have
to develop and employ much broader meansof space verificationthan it has in the past.
These would include:

●

●

●

o

0

0

locating, identifying,and interrogatingall orbiting space objects;

determiningtechnicalcapabilitiesof all individualplatforms;

discriminatingbetweenBMD, ASAT, and other systems;

detectinginterrogationor interferencewith U.S. non-weaponsplatforms;

discriminatingand identifyingsuspicioussystemson earth;

verifyingtotal numbersof relevantsystemsin space and on earth.

Verificationmeasuresthat would need to be considered,at a minimum,are:

o traditionalNTM, with enhancedsensors;and

o challengeinspectionsof production and possibly deploymentsites.

C. Comprehensiveor Limited Ban on ASAT Weapons

Over the past decade, both the United States and the Soviet Union have considered
negotiated measuresthat could place restrictionson the testing or deploymentof anti-
satelliteweapons. During the abortive 1978-1979 bilateralASAT negotiations, the two
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sidesreportedlydiscussedthepossibilityof anASAT testingmoratoriumanda non-use/non-
interferenceagreement.The talksweredelayedduringthe domesticU.S. debate over rati-
ficationof the SALT II Treaty,and then halted as a consequenceof the Soviet invasionof
Afghanistan.21

The Sovietscontinuedto pursueASAT limitationsdespitethe failureof the 1978-1979
talks. Article III of the USSR’s 1981U.N. Draft lleaty stated that the parties “shallbe
bound not to destroy,damage,or disturbthe normalfunctioningand not to alterthe flight
trajectory of space vehiclesof other member states where the latter have, for their part,
beenput into orbit in strictaccordancewith [thenon-weaponsprovisionsof the treaty]...“.
Similarly,Article 11of the 1983draft provides, in part, that the partiesundertakenot to
destroy,damage,or disruptthenormalfunctioningof otherstates’spaceobjects, norchange
their flight trajectories;not to test or develop new antisatellitesystemsand to eliminate
such systems already in their possession; and not to test or use for military, including
antisatellite,purposesany mannedspacecraft. The Sovietshave also declareda unilateral
moratoriumon the testing of their existing co-orbital ASAT interceptor,which was last
exercisedin 1982.

For its part, the Reagan administrationhas shown no interestin the generalSoviet
proposals in the United Nations,and has not reopenednegotiationsaimed specificallyat
banningor limitingASATS. The administrationhasconcludedthat, althoughU.S.interests
could theoreticallybe servedby somesort of ASAT constraints,it cannot “identifya specific
ASAT proposal which meets the Congressionallymandated requirementsof verifiability
and consistencywith U.S. national security.”22Despite the administration’sdecisionnot
to pursueASAT armscontrol, a substantialbody in Congressremainsquite determinedto
preventany furtherU.S. militarydevelopmentin this area as long as the Sovietsseem to
be exercisingsimilarrestraint. This sentimenthas led to a Congressionalban on further
testingof the U.S.F-15 launchedMV ASAT program. Many in Congresswouldfavorgoing
further— towardnegotiationof an ASAT ban or limitationwith the USSR.

A total U.S.-SovietASAT ban would preclude: T&D, and perhapsR&D, of ground-
bssed, air-based,sea-based,space-based,or pop-up ASAT interceptorsystemsor compo-
nents;the testingof relatedweaponssystemsand componentsin an ASAT mode; the use
of “other physicalprinciples” to substitutefor ASAT systemsor components;and the use
of force againstsatellites.

In lieuof such a comprehensiveagreement,the two sidesmightconsidera more limited
ASAT ban. A limited agreementmight set aside the difficult questionof how to elimi-
nate existingoperationalASAT systemson either side, and avoid issuesassociatedwith
regulatingof the residualASAT capabilitiesof ICBMS and maneuverablesatellitesand
spacecraft. In theory,a limitedASAT ban could be structuredto preservethe exploration
of promisingadvancedBMD technologies,as well as to allow the shuttleand other space
assetsto undertaketheirmilitarymissions.

A limitedASAT ban might involveacceptingan ASAT testingmoratoriumof limited
duration; limiting T&D, and perhaps R&D on any but existing ASAT systems; placing
numericallimitson somenumberof specificASAT systems;limitingASAT testingabove a
certainaltitude; limiting types of kill mechanisms(e.g., permittingKEW but prohibiting
DEW systems);establishingkeep-outzones aroundsome or all space objects; establishing
rulesof the road for all spaceobjects; and placingoperationalrestrictionson spaceobjects,
objects launchedinto space,or ground-basedsystemscapableof destroyingor affectingthe
operationsof space assets. A limited ASAT ban might specificallyallow existing ASAT
systems (i.e., the U.S. F-15 MV or the Soviet co-orbital interceptor)and perhapspermit
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theirmodernization;one or morenewdedicatedASAT systems;ASAT systemswithcertain
types of kill mechanisms;or DSAT developmentand deployment.23

Impact of ASAT Limitations. A total ASAT ban wouldrequirethe decommissioning
of existing U.S. and Soviet kinetic kill ASAT systems— the F-15 launchedMV and the
co-orbital interceptor,respectively— and any ground-basedlaserfacilitieswith an ASAT
capability. Neitherthe United Statesnor the Soviet Union could continueto develop new
types of ASATS or ASAT launchers,which would affect current U.S. researchtoward a
higher-altitudeASAT capability,2Aalong with any similarSoviet program. It could also
place restrictionson active measuresdesignedto protect satellites(e.g., DSATS),and limit
operationsof other space-basedcivil and militarysystemswith residualASAT capabilities,
suchas the spaceshuttleand ICBMS. An ASAT ban could allowRDT&D of BMD systems
not otherwiserestrictedby treaty; however,given the inherentASAT capability of many
BMD devices,especiallythose in space, a comprehensiveASAT ban could limit manySDI-
relatedprograms. As a result, a total ASAT ban would close a “loophole” in the ABM
Treaty, which either side could use in principle to pursue advanced BMD researchand
developmentwithout violating the Treaty.25

Verifying ASAT Limitations. Noncomplianceof one party with a total ASAT ban
could provide both tactical and strategicmilitary advantages.In a theaterconflict being
fought with conventionalweapons,an ASAT attack that blinded the militaryspace assets
of one side could decisivelyaffect the course of the conflict, or create a perceivedneed for
recourseto nuclearweapons. In the strategiccontext, a crisis in which ASATSwere used
by one side could lead to uncontrollableescalation. Given the relativelysmall numberof
space assetson which the U.S. and the USSR depend for vital militaryactivities (such as
those for earlywarning,surveillance,and C31),even a smallnumberof clandestineASATS
could pose unacceptablethreatsto either side. In either tactical or strategicwarfare,the
advantageto the non-complying party stems first, and perhaps foremost, from the other
side’s inability to respond “tit for tat,” which effectivelyreducesor eliminatesthat side’s
viable options.26

As a consequenceof the significantmilitary impact of ASAT use, verificationrequire-
mentsfor a total ban would have to be especiallystringent.The verificationrequirements
jor a limited ASAT ban are likely to be less stringentthan for a comprehensiveban be-
cause the military significanceof cheating would be smaller. Under a limited ban, both
:;ideswouldbe permittedsome dedicatedASAT systemsand would retaintheir respective
residualASAT capability,as a hedgeagainstcheatingand breakout. If the limitedban did
not require the decommissioningof existingsystems,the verificationrequirementswould
be furtherreduced.

The detection and verificationrequirementsfor either the comprehensiveor the limited
ban on ASAT weaponswould involve:

●

●

●

●

●

●

location and discriminationof ASAT systemsfrom all other systemsin space;

location and discriminationof ASAT systemson earth;

detectinginterrogationof or attackson satelliteplatforms;

verifyingtotal numbersof systems;

discriminatingprohibitedsystemsfrom allowedones;

determiningcapabilitiesand power levelsof systems.



Verificationmeasuresnecessaryfor a treatybanningor limitingASATScould include:

● traditionalNTM, with enhancedsensors;

● mandatoryidentificationand interrogationof all orbitingspace objects;

● inspectionof payloadbefore launch;

● intrusiveon-site inspectionof dedicatedR&D, testing,production,and decom-
missioningfacilities;

● challengeinspectionsfor suspectedclandestinefacilities;and

● CBMSto facilitateverification.

D. Ban on Nuclear and Nuclear-Driven Space Weapons

The UnitedStates,the SovietUnion, and other signatoriesare currentlyprohibitedby
the LimitedTestBan and OuterSpaceTreatiesfromexplodingnucleardevicesor deploying
nuclearweaponsin space. These two multilateralagreements,which werenegotiatedand
signed during the 1960s,are intendedto prevent the deploymentof weaponsof massde-
structionin space. As a meansof reaffirmingthesetreatiesand providinga frameworkfor
the future regulationsof non-nuclearspace-baseddefenses,the U.S. and the USSR might
specificallyagree to ban research,development,and testingof nuclearand nuclear-driven
weaponsystemsthat could be deployedin space or launchedagainsttargetsin space.

The scope of such an accord is difficult to predict, but it could prohibit or restrict
RDT&D of ground-based,space-based,or popup nuclearweaponssystemsor components
that are capable of destroyingobjects in space; ban the testingand deploymentof nuclear
fractionalorbitalbombardmentsystems(FOBS);27permit or requirethe decommissioning
of existing/allowednuclearABM systems; and prohibit or regulateundergroundnuclear
tests dedicated to this purpose. By itself, this agreementwould allow RDT&D of non-
nuclearASATS,BMD, or other spaceweaponry,althoughthe ban on nuclearand nuclear-
drivenweaponscould be combined with a parallelaccord that would regulatethese non-
nuclearsystems.

Impact of a Nuclear Weapons Ban. This agreementcould be designedto limit
or prohibit U.S. and Sovietnuclear-pumpedx-ray laserBMD/ASAT programs,as well as
any space programwhich sought to use nucleareffects for militarypurposesin space. It
might also affect the deployed Soviet nuclearexoatmosphericABM interceptor,and any
U.S. interestin developinga Spartan-typenuclearABM warhead.28A ban on FOBS would
replacea similarrestrictionwhich waspart of the SALT H Treaty. Finally,the agreement
mightrequiretestingand operationalrestrictionson relatedsystems,such as ICBMS,that
could substitutefor dedicatednuclearBMD and ASAT weapons.

Verifying a Nuclear Weapons Ban. Becausenuclearsystemsofferpromisingshort-
term and long-termoptions for BMD, and becausethe Sovietsnow havea deployedABM
systemusing nuclearwarheadsaround Moscow (with the presumedcapability to expand
those defenses),the military-strategicconsequencesof Soviet noncompliancecould be se-
rious for the United States. As a consequence,verificationrequirementswould need to be
particularlystringent.
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The verificationof a comprehensiveban would be difficult, particularly in the R&D
phase, because researchon nuclear BMD concepts can be conducted using underground
nuclear explosions. Verificationof Soviet and U.S. decommissioningof existing nuclear
ABM systemsand warheadswould also be problematic.

The detectionand verificationrequirementsof this agreementcould involve:

●

●

●

remotedetection of faint nuclearsignatures;

discriminationbetween “weapons” and “power” systems;

discriminationbetweenprohibitedand allowednucleartests.

Verificationmeasuresconsideredfor such an agreementmight involve:

-e

●

●

●

●

●

traditionalNTM, with enhancedsensingcapabilities;

mandatoryactive and passiveinterrogationof objects in space;

highly intrusive,on-site monitoringof undergroundnucleartests;

inspectionof payload before launch;

on-site inspectionof dedicatedR&D, testing,production,
facilities;and

challengeinspectionsfor suspectedclandestineactivities,

and decommissioning

facilities,and stores.

If existingsystemswere “grandfathered,”and researchon nuclearand nuclear-driven
space weaponswas not prohibited, the verificationproblemswould be lessenedalong with
the military-strategicconsequencesof noncompliance.Verificationmeasuresmight include:

●

●

●

traditionalNTM, with enhancedsensingcapabilities;

active and passiveinterrogationof objects in space; and

challen~eon-site,inspections.. - ! ,

E. Confidence-BuildingMeasures

In recentyears, the United States and the Soviet Union
adopted a varietyof military confidence-buildingmeasures:
Sea Agreement;notification of military maneuversabove a

have formally and informally
for example, the Incidentsat
certain size in the European

theater; and the prohibition of multiple missile flight tests. In principle, CBMS can be
designedto assureeach side about the benign military intentionsof the other; to provide
strategicwarningif those intentionsprove lessthanbenign; to increasestabilityby improv-
ing both sides’ ability to defendagainsta surpriseattack;and to improvethe effectiveness
of armscontrol verificationtechniques.

There are two prominent types of CBMS for space systems that could involve some
meansof verification:



Rules of the Road. Such an agreementwould specify certain operationalpro-
cedures for space systems. Such an agreementmight prohibit simulatedattacks
(e.g., high-velocity approaches), require notificationof passageor maneuvernear
other nations’ satellites,and ban the illuminationof foreign satellites(e.g., with
low-poweredlasers).

Keep-out or Self-defenseZones. This kind of an agreementwould set up mini-
mumseparationdistancesbetweenthe satellitesof differentnations,with the actual
distancepresumablydependingon such factorsas the orbital altitudeand declared
purposeof the satellitesin question.2g

Impact of Confidence-BuildingMeasures. There are few if any formal CBMS
that currentlyapply to space systems,althoughseveralarmscontrol treatiesnow prohibit
interferencewith national technical means of verification. If specific space arms control
agreementsareachievedalongthe linesoutlinedabove, CBMSarelikelyto be an important
and necessaryelementof the new treatyregime. Evenif formalagreementsarenot reached
to limit or prohibit space weaponry,CBMSmay still provide military-strategicbenefitsto
both sides. To be sure, CBMS could limit desiredtestingof strategicdefensiveplatforms,
but they could also improve survivabilityand deception of defensiveconstellationsand
reduce the frequenciesof potentiallyhostileencounters— therebytheoreticallyincreasing
the capabilityof the defensivesystem. On the other hand, CBMSmay not be sufficientto
deter or divert a determinedaggressor,and could be irrelevantand dangerousin times of
impendingcrisisand the initialstagesof conflict.30

Verifying Confidence-Building Measures. The verificationrequirementsassoci-
ated with such CBMScould include:

● locating, identifying,and interrogatingall orbiting space objects;

● determiningtechnicalcapabilitiesof all individualplatforms;and

● detectinginterrogationor interferencewith U.S. non-weaponsplatforms.

One other important point: certain types of technologiesthat may be necessaryto
verify formalspace arms control agreements— especiallyactive interrogationtechniques
that requireclose-indetection (describedbelow) — may not be compatiblewith CBMSlike
rulesof the road and keep-outzones. The advantageof increasedconfidencein verification
that close-inactive detectionsystemsmight providemustbe weighedagainstthe potential
drawbacksthat would inevitably arise on confidence-buildinggrounds. Conversely,total
and absoluteprohibitionson enteringcertainvolumesof space are probably not desirable.
Confidence-buildingrequires information, and limited rights of penetration of keep-out
zonesfor challengeinspectionpurposesshouldbe establishedto assuremutual confidence.

III. DETECTION TECHNOLOGY REQUIREMENTS FOR SPACE
MONITORING AND VERIFICATION

The natureof possiblespaceweapontreatiesand the detectionandverificationrequire-
mentsoutlined in the previoussection raise important technicalquestionsabout whether
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(andhow) it is possibleto detect the testinganddeploymentof spaceweaponry.In thissec-
tionwewill considerthe requirementsfor the technologiesthat couldbe usedfor monitoring
a selectedgroup of space weapons.

Our discussionof verificationtechnologiesfollowsthe premisethat, in orderto monitor
(or even find) a weapon systemwe must be able to detect signals,eithernaturalor stim-
ulated,that emanatefrom the weapon. These signals,called “observables,”have a nature
which is determinedby the characteristicsof the weapon,its test or deployedstate,and its
locationon the groundor in space. The requirementsfor the detectionsystem,in turn, are
determinedby theseobservable and the location of the detectorrelativeto the weapon. A
criticaldistinctionmust also be made betweenthe observable associatedwith the testing
of a spaceweapon and those associatedwith its deployment.

Our ability to detectthe testingof space weaponsdepends to a large extent in which
phaseof the weapon’sdevelopmentprogramthe testis conducted. Testingof spaceweapons
in the early stages of developmentcan almost always be carried out in laboratoriesor
undergroundin such a mannerthat little evidenceof the exact natureof the test becomes
availableto U.S. monitoringsystems. (This is true for eitherspace-basedor ground-based
detection sensors.) Once the weapon, or system, has exceeded the laboratory stage of
development,however,its testingusuallyresultsin one or more activephysicalor chemical
signalsemanatingfrom the area of the test, and we are better equipped technologically
to look for and detect such signals. Thus, if detection of early testingbecomes necessary,
thenon-siteinspectionswillbe required;on the otherhand, for testsof weaponasystemsor
major componentsoutside of the laboratory,currentor enhancedNTM technologiesmay
prove adequate.

The detection of the deployment of a new space weaponor system, or of a previously
deployed system, presents a rather different problem than the detection of its testing.
Spaceweapons,whetherspace-basedor ground-based,may givevery littleevidenceof their
true nature once on station. They may emit simply no signals,or no signalsat presently
detectable levels, when not in active use. For example, a laser or a beam weapon may
have little or no intrins-icradiation or emanations;the power suppliesservicingdirected
energyweaponsmay provide little detectable activity until they are called on to provide
.a usableweaponcapability; and even the intrinsicradiationfrom a nuclearexplosivemay
not be detectable from a distance. In the absence of remotely sensibleobservable, the
high-confidencedetection of deployed ground-basedor space-basedweapon systems may
thus requireon-site or active examinationof facilities,launchers,missiles,satellites,and
other hardware.

If detecting deployed systems is as difficult as expected, then the best intelligence
may come from the activity relatedto deployingthe system, particularlyif the suspected
deploymentfollows a period of observed testing. Activities such as ground construction,
space launches,or in-space assemblyof facilitiesor objects that show little activity when
completed,may indicatethe deploymentof a spaceweapon. Beyondthis, the needto detect
theactualdeploymentof spaceweapons,whetherinspaceor ground-based,mayalsocall for
technicalverificationmeasuresof unprecedentedintrusiveness.Active NTM technologies
may be necessaryto induce a physicalor chemicalreactionthat will indicate the natureof
theobject being interrogated.These inducedobservable will in manyinstancesbe different
from those associatedwith testing, and hence requiredifferenttechnologiesfor detection
sensors.

In summary, the technical basis for detecting either the testing or the deployment
of space weaponswill be the observationof characteristicemanationsor residualsignals
(observable) that result from testing or deployment activities. The means of detecting



theseobservable may existwithincurrentNTM technologiesor, as in the caseof detecting
alreadydeployedsystems,may requirean entire new set of probes and sensors. It must
also be emphasizedthat the actual characteristicsignaturesof many weapons systems
underdevelopment,or at the researchstage,are not yet known,and testsof some of them
(includingtests of full-scalesystems in space) may be requiredto establishan adequate
data base of observable.

To aid in determiningthe technical monitoring requirementsfor a selected class of
spaceweaponswe have, in the Appendix, enumeratedtestingand deploymentobservable
for nuclearand nuclear-drivenweapons, for directed energyweapons, and for kineticen-
ergyweapons.The nuclearand nuclear-drivenweaponsincludemissilelaunchedwarheads,
space mines, and other weapons that may use nuclearexplosivesfor power sources. The
DEWS include lasers,radio frequencysources, neutral particle beams (NPB), and other
opticalweapons. The KEWS includerocket launchedprojectileswith or without explosive
warheads,and rail gun launchedprojectiles. These weaponsand theirobservable are then
categorizedaccording to the relationof weapon location to target location, (i.e., ground-
to-space,space-to-space,or space-to-wound). The detectionsystems,as mentionedabove,
willbe a functionnot only of the observable but alsoof the locationof the weaponand the
target;this point is emphasizedin the followingdiscussionof the detectiontechnologies.

Detection of Testing

The use of NTM to monitor arms control agreementsis well established,and tradi-
tional NTM platformscan be applieddirectly or adapted to monitor space weaponstests
as well. For instance,existing and planned remote technical intelligencecapabilitieswill
be availableto monitor ground sites, facilities, and special radars and missileswith the
potentialfor militaryspacemissions.The suite of photographic,infrared,radio frequency,
and microwavedetectorsused in currentand prospectiveNTM systems,however,may not
be entirelyadequateto monitorvarioustypes of weaponstestsin space. The UnitedStates
mayfind it necessaryto developnewfamiliesof sensorsespeciallydesignedto detect testing
observable. In some cases, new familiesof sensorsmay also requirea new generationof
space monitoring platformswith the capability to maneuverinto orbits suitable for the
observationof specific targetsor tests. The observable identifiedin the Appendix give an
indicationof the variablesfor differentweaponstests that could be monitoredfrom either
space or ground.

Forthe detectionof testsinvolvingnuclear explosives— intendedfor useeitherasspace
weaponsor powersourcesfor other spaceweapons— the techniquesdevelopedfor current
atmosphericand ground monitoringprogramscan be applied to the detection of ground-
based and space-basedtesting of new nuclearspace weapon concepts. Existing resources
provide a capability to detect nuclearexplosionain the atmosphere,in near-earthspace,
or in deep space. Currentsystemson the GPS satellitesand on the follow-onto the Vela
satellitesare designedto monitor optical signalsfrom atmosphericexplosions,and x-rays
and nuclear emissionsfrom exoatmosphericexplosions. Natural energetic particles and
plasmabackgroundare also monitored. Enhancementsto currentsystemsmay be needed
to extendthe coveredrangeof yieldsandvolumeof space,or to monitorfor newobservablea
characteristicof NDEW or other exotic nuclearweapon tests.

For the detection of directed energy weaponstests, the workingdata basesof the char-
acteristic observablesignaturesare currently less well known than signaturesof nuclear
systems. These signatureswill emanate from the generator, the beam, and the target,
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and will be a function of ground-basedor space-basedtest”mg.Sensorconcepts and sys-
tems,both ground-basedand space-based,could be developedto detectdisturbancesin the
atmospheredue to the propagationof optical, microwave,or laser transmissions— e.g.,
detectorsfor the Rayleighscatteringor for locally excitedatmosphericconditions. One can
developsensorsystemsspecificallyto detect the characteristicemissionsfrom laserpower
sourceson the ground or in space — e.g., detectors for chemicalexhaust from chemical
li~ers or RF emissionsfrom free-electronlaseraccelerators.Particlebeam weapontests in
space can be detectedby the x-ray, garoma-ray,and optical emissionsfrom the accelerator
operation or by detecting infraredsignals from power sources; targets for such weapons
may also emit detectablesignalswhen the weapon is tested againstthem.

For the detectionof kineticenergyweaponstest:, one mustdependprimarilyon signals
from the energy sources — e.g., infrared signals from large or small rocket motors, or
electromagneticsignalsfrom rail gundrivers.The signalsfrom the projectile(s)or from the
effectson targetsmay not be uniquelyidentifiablewith a givenweapontest and therefore
would not provide adequate detection. As in the case of the directed energy weapons,
the working data base of
adequate.

_. -“

the characteristicobservableKEW signaturesis currentlynot

“Detection of Deployed Systems

As discussedabove, the detectionof deployedspaceweaponssystemspresentsdifferent
and perhapsmore difficultproblemsthan the detectionof testing. NTM methodsmay not
be adequatefor the task in many cases. For nuclear,directed energy,and kinetic energy
spaceweapons,it is obvious from the Appendix that sticcessfuldetectionand identification
will require the developmentof new techniquesfor obtaining informationon objects in
space.

The best results may come from monitoring the deployment of systemswhich have
previouslybeen tested as space weapons. As seen from the Appendix, the observable for
deployed ground-basedsystemsrelate strongly to construction activities that can be de-
tected by NTM and perhapsfurtherverifiedby on-site inspections.Existingand enhanced
NTM will thereforebe the first means of detection. Just as in the case of testing, NTM
and intelligenceanalysesneedto be orientedspecificallytowardobjects on the groundsuch
as special nuclearfacilitiesfor directed energyweapons, tunnelemplacements,specialRF
antennas,and optical componentsfor non-nucleardirectedenergysystems,dispersedradar
systems,and suspectmissilelaunchers.In this regard,enhancedphotographic intelligence
of both ground and space objects should be devoted to detection of the very large accel-
erators,laserradars,optical systems,and mirrorsthat will be part of many space weapon
systems. The size of an object may be a significant indicator of most potential space
weapons,with the exception, perhaps, of nuclearspace mines. Some chemically-powered
space systemsmight be effectivelymonitored for capability and mission if chemical “snif-
fers” can be brought close enoughto them. But even the most sensitivechemicaldetector
may not be sufficientto prove the deployment of a weapon, for many of the chemicals
used to power lasers (e.g., hydrogen) have many other highly efficientuses in space (e.g.,
generationof electricalpower).

This gives special importance to the fact that many weapons deployed in space may
well have no observableemanationsuntil called on to perform. As a consequence,it will
be necessaryto monitor continuously the behavior of suspiciousobjects for changes in
orbit, for increasedtemperature,or other signalsthat indicate a new mode of operation.
We cannot continue the current practice of neglectingspace objects simply because they
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appear inactive. To provide this attention, in some cases, the United Stateawill require
maneuverablesatelliteplatforms that are capable of approachingan orbiting object and
co-orbitingwith it, perhapsfor extendedperiods. These satelliteswould carry the sensors
requiredfor close-upexaminationof suspectedweaponsystems. Such examinationswould
searchfor previouslydetectedsignaturesof testedspaceweaponry— e.g., intrinsicnuclear
radiationor electromagneticemanations. Other sensorscould use imaging techniquesto
determinethe externalphysicalcharacteristicsof the object (e.g., imagingradar, infrared
imagingsystems,or enhancedvideo techniques).

In the absence of intrinsicemanations,it will be possible to gain informationabout
the internalcharacteristicsof a space system only by active techniques. Techniquesfor
stimulatingemissionsof radiationby active pulsingand interrogationare possible, as are
usesof radiographictechniquesfor imagingthe interiorof vehicles. The use of computer
aidedtomographyhas also been suggested.The use of active interrogationtechniqueswill,
of course,be constrainedby the necessityto avoid damagingthe interrogatedobject. This
constraintmay be especiallybinding in certainlocations in space, such as geosynchronous
orbit, because of the very high background radiation levels encounterednaturally; dose
levelssufficientto establishdefinitiveimagingmay be indistinguishablefrom destructive
attack on a space object. And even to be possible, active interrogationtechniqueswill
requiresensorplatforms that can approach the object and co-orbit with it as needed, a
capabilitynow possibleonly at great cost.

In additionto thesetechnicalissues,active interrogationtechniquesraiseseriousques-
tionsabout nationalsovereigntyin space, questionsthat neitherside may yet be willingto
resolvein favorof active measures.Furthermore,proposalsfor usingclose-inspace detec-
tion technologieswould conflict with the desireof militaryplannersto keep threatsaway
from valuednon-weaponspace assets,such as early-warningsatellites.

IV. TECHNOLOGY REQUIREMENTS

Arms controlagreementsthat affectspaceweaponryclearlypose considerabletechnical
and political challengesto our ability to monitor and verify compliance. Detecting tests
of space weaponswill demand unprecedentedvigilance in space and time; and detecting
deploymentmay call for technical verificationmeasuresof unprecedentedintrusiveness.
Preciselyfor thesereasons,thereare areasof technologydevelopmentthat shouldbe con-
sideredto improveour capabilityto detect, monitor, and verify testingand deploymentof
space weapons. This will requirethe establishmentof an active program of researchand
developmentto addressthe need for enhancedsensors,to developthe techniquesfor active
probing and imagingof space objects and, perhapsmost important, to create a working
data base of observablesignaturesof potentialspace weapons.

. The developmentof new sensorsshould include: 1) the enhancementof current
NTM systems(IR, RF, and photographic)particularlyfor applicationsin space;
2) the continued developmentof space-basedradar techniquesand systems;
3) the developmentof new particledetectorsfor use in monitoringof low-level
intrinsicsignals,andas detectorsfor activemeasuresof stimulationand imaging
and; 4) investigationsinto chemical-detectionsensorsthat canbe usedin a space
environment.
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. One of the most promising new active techniquesis the use of radiography
for imaging. This technique can derive images of the interior of vehicles or
packagesusing neutrons and gamma rays. Unlike techniquesfor stimulating
nuclear radiation, this can be accomplishedat dosage levels relativelysmall
compared to background. Radiographyappearspotentiallyusefulin analyzing
a varietyof threats,both nuclearand non-nuclear.Although variousmeanscan
be used to camouflageoptical, infrared,and microwavesignatures,it is much
more difficult to defeat transmissionradiographywithout paying a very large
weightpenalty. This and other active imagingtechniqueswhich may hold the
promiseof non-destructive,perhapseven non-interferinginspection,should be
rapidlyexamined.

● The creation of a data base of observablesignaturesfor possible space-based
weapons must be an integral part of the overall detection technology R&D
program. The signaturesavailablewill depend on the ability of the sensorsto
detect critical featuresof the weaponsystem. These signatures,whethersensed
through emissionsfrom the equipment or obtained through various imaging
techniques,will have to be generated from individud signals obtained from
monitoringtestingrelatedto the weapondevelopment.
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APPENDIX
SOME OBSERVABLE FOR THE TESTING AND DEPLOYMENT

OF CERTAIN SPACE WEAPONS CONCEPTS
...

I:NTRODUCTION

The followingAppendix of observable associatedwith the testingand deploymentof
spaceweaponswasdevelopedthroughdiscussionswith scientistsand engineersresearching
anddevelopingthe technologiesrelatedto the weaponslisted. Obtainedin thismanner,the
list is not, nor wasit intendedto be, completeor uniformin the observable identified(i.e.,
itemsrangefrommajor events,suchasmissilelaunch,to detectionof nuclearparticles;with
technologieseven mentionedsome places). Thus, this Appendix emphasizesthe diversity
and unknownnatureof many of the observable or signaturesthat may be associatedwith
the functioningof space weapons.
researchin this area.

GROUND TO SPACE

System: Nuclear Explosives
Testing Observable

Missilelaunch resulting
target(s)

This conglomerationserves to highlight the need for

in explosion of a nucleardevice in proximity of space

Missilelaunchresultingin detonationof a conventionalexplosivedevice in prox-
imity of space target(s), but outside conventionalexplosivekill range

Plasmas,neutrons,x-rays, gamma rays, optical signals, electromagneticpulse
(EMP), and other debris from nuclearexplosionsin space

Missileflighttest profileswhich indicateintendeduse againstspace targetsbut
with accuracy good enoughfor nuclearkill only

Deployment Observable

● Deploymentof missilespreviouslytestedagainstspace targets,and armedwith
nuclearexplosives

. Deploymentof single-warhead,small-yielddeviceson missilescapableof attack-
ing space targets
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● Numerousdispersedground radarsto avoid clutter and blackoutproblems

System: Nuclear Driven (Optical or RF)
Testing Observable

● Undergroundnucleartestsimultaneouswithopticalor RF emissionsfromsource
region

. OpticalemissionsfromRF-excited atmosphereassociateswith undergroundnu-
clear test

● RF and other emissionsfrom beam/target interactionfollowinga nucleartest

● Tunneling activities-DEW systems tests may have to be line-of-sight; and
DEW detectionsystemswill requireline-of-sightto the beam

● Nuclearweaponseffectstestingof an unusualnature

Deployment Observable

● (Multiple) undergroundor tunnel nucleardevice emplacements,coupled with
RF antennasor optical components,distantfrom knownnucleartest sites

● Location of such facilitiesat higherelevationsto assistpropagation

System: Kinetic Energy Weapons
Testing Observable

● Direct launch (or ballistic reentry) and satelliteor RV interceptusing ground-
basedmissiles

● Launchand satelliteinterceptusing “spacejunk,” e.g., many little pellets

● Rail-gun test againstorbiting target

● Simultaneouslaunchof many little rockets (4 la High Frontier)

● Moderatelydispersedreentrydebris

● Missiletestssimilarto those used in the homing overlayexperiment(HOE) or
in nuclear-killground to space tests

Deployment Observable

● Things built out of testedhardware-rail guns, clustersof launchers,missiles

● Radars for target acquisitionand control

● Boosterstestedpreviouslyin space-attackexercises
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~;y~tem:Directed Energy Weapons (Lasers)

Testing Observable

●

●

●

●

Rayleighscatteringfrom optical transmissionthroughthe atmosphere

RF emissionsfrom particle accelerators

Characteristicexhaustchemicalsin spent fuel from chemicallasers

Return optical signalsfrom space targets

Deployment Observable

●

●

●

●

●

●

Very largeoptical systems

Radarsdeployedwith each laser

Large pointingand trackingmirrors

Beam deflectorand battle managementmirrorsdeployedin space

Acceleratorfacilities

Laserfacilitieslocated in atmosphericallyclear regions,at high altitudes,or in
low latitudes

SPACE To SPACE

Sy~tem: Nuclear EXplOSiVeS

Testing Observable

● Direct detectionof an explosionof a nucleardevice in an orbitingplatform

● Indirectdetectionof a nuclearexplosionin space—increasein trapped particle
fluxesalong earthmagneticlines

● Simulatingnuclearweaponseffects from an orbitingplatform

Deployment Observable

●

●

●

Intrinsicradiationfrom warheadsin orbit

Stimulatedradiationfrom active interrogationof satellitescontainingwarheads
(if possiblewithout high probabilityof damagingsatellites)

Radiographicimagesof satellitepackages
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. Satellitesnewlylaunchedwith no apparentmissionor emissions,in an apparent
quiescentstate

● Dispositionof the orbits of such satellites—proximityto space assets

System: Nuclear Driven (Optical or RF)
Testing Observable

● X-rays, gamma-rays,and optical pulsesfrom nuclearexplosion

● EMP emissionsfrom test system

● X-ray and optical signalsfrom target(5)

● Mirror deployments

● Increasedflux of trapped particlesalong gravitationalfield lines

Deployment Observable

● Launchand assemblyin space of very largesystemsof unknownpurpose

● Intrinsicradiationfrom a nucleardevice

● Stimulatedradiationfrom active interrogation

● Radiographicimages

● Optical signature-size and shape

System: Kinetic Energy Weapons
Testing Observable

● Infraredsignalsin space from rocket propulsion

● Electromagneticsignalfrom railgundrive

● Operationof maneuveringsatellites

● Effectson target(s)

Deployment Observable

● Largeorbitingsystemswith prime powersources

● Radiographicimages

● Deploymentsin proximity to targets—mustbe 10sto 100sof metersfrom tar-
get(s)
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System: Directed Energy Weapons (Particle beams)
Testing Observable

X-ray, gamma-ray,and optical emissionsfrom stripper cell of neutralparticle
beam accelerator

RF emissionsfrom acceleratorsfor charged-particlebeams

Nuclearandinfraredsignalsfromoperationof nuclearpowerreactor(s)for space
power

Giantsolar panelsand batteriesfor solarspace power

Platform chargingrates and levels

Emissionsfrom target(s)

Infraredsignalfrom operatingpower supplies

Flux of monoenergeticparticles

Space testingof large, characteristicsystems

Deployment Observable

●

●

●

●

●

●

System:

Optical signaturesof accelerators(size,shape, etc.)

Natureof orbit and the coverageof the threat tube; the numberof platforms
involved

Radiation from quiescentnuclearreactor(s)

Configurationof solar power gear

Radiographicimages

Very largespace vehiclesand power sources

Directed Energy Weapons (Lasers)
Testing Observable

●

●

●

●

●

Infraredsignal from spent fuel from chemicallaser

RF emissionsfrom free-electronlaseraccelerator

X-ray and gamma-rayemissionsfrom lasers

Infraredsignalsfrom operatingpower supplies

Emissionsfrom target(s)
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● Space testsof largeoptical and power supply systems

Deployment Observable

● Mirrordeployments

. Optical signature:very largespace vehicleswith large powersupplies

● Chemicalstorage tanks

● Radiographicimages

System: Directed Energy Weapons (Microwave)
Testing Observable

● RF and EMP signalsfrom sourceplatform

● Infraredheat signaland EMP from target(s)

● Infraredheat signalsfrom operatingspace reactorsor solarpowersystemsfor
powersupplies

● Focussing antennas different than those for communications—not earth-
directed

Deployment Observable

● Optical signature:very largesystemswith largepower supplies

● Radiographicimage

● New nuclearor solarpowersupplies

● Focussingantennas

SPACE TO GROUND

System: Nuclear Explosive
Testing Obseruables

● Simulatinglaunchof weapon(s) againstground target(s)

● Orbits providingcoverageof land-basedmilitarysites,or patrol areasat sea

● (—sameas “SPACE TO SpACE”-)

30



Deployment Ob~ervables

● (–same as “SPACE TO SPACE”-)

System: Nuclear Driven (Optical or RF)
Testing Obseruables

● Scatteringfrom atmosphericpropagationof light pulses

● (-same as “SPACE TO SPACE”-)

Deployment Observable

● (–same as “SPACE TO SPACE”-)

System: Directed Energy Weapons (Lasers)
Testing Observable

● Optical scatteringfrom atmosphericpropagationof lasers

● Testswith coorbitersor Soviet space lab

● (–same as “SPACE TO SPACE”-)

Deployment Observable

● (–same as “SPACE TO SPACE”-)

System: Directed Energy Weapons (Microwave)
Testing Observable

. RF and EMP signalsfrom source platform

. Infraredheat signaland RF signalsfrom target(s)

● Optical and RF emissionscaused by excitation and neutralbreakdownof the
atmosphere

● Infraredsignalsfrom operatinglarge powersupplies

Deployment Observable

● (–same as “SPACE TO SPACE”-)
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