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Charged Particle Beam Weapons”, no. AFAL-TR-79-1124. The responsive document is a Final
Technical Report, originally classified as “SECRET” and later the majority declassified. It is
being provided herein in redacted form, pursuant to the authorities cited below.

Exemption 1 of the Freedom of Information Act protects from disclosure information that has
been deemed classified "under criteria established by an Executive order to be kept secret in the
interest of national defense or foreign policy" and is "in fact properly classified pursuant to such
Executive order. The current executive order in effect is Executive Order 13,526. It prohibits
the disclosure of the development, production, or use of weapons of mass destruction, and
military plans, weapons systems, or operations. Accordingly, the Air Force has determined that
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Department of Defense (DoD) Regulation 5400.7-R_AFMAN 33-302, paragraph C3.2.1.1.
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1979 (50 USC App. 2401-2420) or the Arms Export Control Act (22 US.C 2751 et seq.).
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\-a. sk CPBW ‘Device: No apparent reslistic countermeasures exist.
h.'?igy- Pointing and Tracking Machanism: No appareat realietic counter-
meadsures exigt.

¢. = Pire Control System: Vulnarabilitiea to this subsystem do exlat;
however, it eppears that tracking errors of 4 to 3 degrees will be required to
effectively counter & CPEW system.

d. = Propagation: There exista the poegibility of beam-bending or
epllapaing the chennel in order to degrade the CPBW system.

e, ~{i). Target Interaction: Material hardening with conveuntional material
appears non-reslistic; the AF Material Laboratory is investigating this aspect
of the problem.

wi@d= The information obtained during this in-house study will be utilized aa
background and the technology base for a contemplated FY-80 Charped Particle
Beam Wespon Countermeasure effort under Project 2000, Task 32, Work Unit 34,
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FOREWORD (U)

(U} This study was initiated by the Electronlc Warfare
Divielon of the Alr Porce Avionlca Laboratory, Alr Force Wright
Aeronautical Laboratories, Aly Force Syastems Command, Wright-
Patterson AFE, Chio, under Project 2000, Task 32, Work tmit 33,
entitled "Future Wespon Countermeasures.” The atudy was conducted
by the author, Mr. Richard D, Hunziker of the Elecrro-Optical Warfare
Group, Active ECM Branch, Electronic Warfsre Divislon, during the

pericd of August 1978 through June 1979, The report was submitted
by the asthor in June 1979,

(U) The guthor is grareful for the special cooperation and
information obtained from Major H. Dogliani, Dr. D. Straw and
Dr, W. Baker of the Air Force Weapona Laboratory and Colonel
R. Roberds of the Air Force Avionlas Laboratory.
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SECTION I
INTRODUCTEON (U)

1. OBJECTIVE {U):

wiim The objective of this analysis is ta define and assegs the
vulnerabilitles that wmight exise in prespective Soviet Charyed Particle
Beam Weapon (CPBW) systems. This analysis will then establish the
technological base required before countermeasure efforts can be pur-
sued to negate auch new weapon systems. Of primary concern in this
effort is the vulnerabilities of in-atmosphere Particle Beam Weapon
systems; hence, only Charged Particle Besm Weapon systems will be
addreased, not space-based Neutral Particle Beam Weapon systems.

wi@y 4 secondary objective of this effort is to pravide US
designers and builders of such weapon syetems with an inaight into
vulnerabilities that might exist in our own systems--thereby to
facilitate the incorporatica of counteér-countermesasures technigues in
our systems to probably "hardened" them againgt attack from early
generetion Soviet CPBW countermeasures.

2. REQUIREMENT (U):

wbid» Evidence obtained from a varlety of intelligence sources !
indicates the Soviet interests in Charged Particle Beam Weapons for
antiaircrafr and entiballistic misaile applications gihce the early
1950's and that the Soviet understanding of a number 2f fundamentalliy
new technologles applicable to (PBW's has reachad an advanced level,
The exact atatua and direction of the Soviet Regesrch and Development

-

in CPB¥ rechnology are uncertain; therefore, threat definitions and
viilnerabilicies must be “"generie" In nature, and countermeasure conceptsr
must be varied, possibly unconventional, and "all-encompassing." At the
present time, the USAF has no countermeasures that will proteat aircraft
and/or cruise misailee from CPRW systems. The need for effective and
practical countermeasure systems for strategic wespon systems will’%acome
urgent in the near future as these GPBw-aystems are daployﬁd operationally.
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because of the lead time required to make design changes and to procure

"add-on" protective messurea for existing USAF weapon systems, 3t im now
timely to evaluate and enhance the survivability of our strategic weapon
systems agsinst CPBW technology. Withour thempe proteccive measurea, our
atrategic weapon systems would be very vulnerable te CPBW gystemws; thus,
gravely threatening USAF misslon accomplishment capabilicy,

wbfipm The roquiremants for usable CPEV countermeasuren are near
critical, BSueh countermeasures should be effective ageinst future CPBY
aystems ag well aa those presently heing designed and considered. They
should not be the type of countermeasure technique thai can be easily
negated by minor design changes and/or modifications of propnsed CPRW
systema, Typlcal counter-countermeasure techniques should be considered
when investigating prospactive counaﬂkmea;u:e techniques. This analysis
will set down the basic Information required to establish, by the mid~
to~late 1980's, effective countelheanure techniques rhat can be utilized

by USAF aircraft and/or cruise mlssiles to negate Soviet threat CPEW
systens.

.
3. TECHNICAL APPROACH (Uj:

wigdee For the purpose of this analysis, the CPEW aystem has been
brokan down & the following five subsystems;
a. {(¥) CPB Davica
Power Generation
Accelerator
Switching

b. (U) Pointing and Tracking Hechanism
Beam Transport
FExit Ports

Steering Mechanisms

e. {U) Fire Contral System

Targel Detectlon and Identification
Target Tracking

Beam Control

2
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d. =we¥ Propagat lon
Beam Propagation

P L e ]

Secondary Radiation :

. =¥ Target Intaraction
Material
Electronic
Humen 1

. {U) Vulnerabililcies of each of these five systems were examined
and are reported in Saction III, A schematic of the CPBW system and
appropriate countermeasures 1o depicted in Figure 1. |

4, CONCLUSIONS AND RECOMMENDATIONS (U):

wigde The conclusions and recommenderions of the vulnerability
asgesament for each of the five technology areas outlined in Seetion
k 1.3 are ae follows:
&. wkP The CPB Davice is invulnerable to conventional
countermeasures; however, weapon {(conventionsl or nuclear) could be
employed against it.

b. == The Pointing and Tracking Mechanism is invulnerable 1
to conventional countermeasure techniquea the sameé ae Section I.4.8.

8. =i The Fire Control Syetem ia probably the moet vulnerable
subsystem to countermeasures; however, ecvrors of 4'~5° will have to be
accomplished in order to protect strategic weapon syetems from the
secondary radiacion affects cauasd by the Charge Particle Besm propa-
gating through the atmosphere.

s St

U oL i

4. wbid= The Propagation of the CFB has two Interasting aspects:
First, the probabilicy of disturbing the actusl propagation of the beam
through the atmosphere does not appear to be feamible operationally or
technologically. Secondly, chere_doas exist 8 posaibility of osusing
bending of the beam auch that the beam could mies the target. ;

2. «kip The Target Interaction problems of the beam hitting
the target appear to be numercus and very difficult to veduce. !
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w8 Baseo on the above wynopais, futurs efforts in the ares of

CPEW countemiu re should be directed toward degrading the

fire control

Bystem and the propagation/beaw-bending aress. Bince the foregoing
conclusions are bancd on countering a very “genaric" CPBW system, as

more information becomms available on approechas the Sovier Undon is
taking in this cenhnology ares bacomes available, a reassesgment of

vulneratiilities of the other aubsysrems should be accomplished in a
timely manner.
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SECTION II

BACKGROUND (U}

1. HISTORY OF CPBW SYSTEMS (U):

m@m Since the early 1950's, both the United States and Soviet
Union have been engaged in efforts to investigate the technologies
required in order to be able to fleld a prototype CPAW aystem, US

programs that have been conducted rto work toward this end include
the following:

wllige -— This program was conducted by Defensge
Advanced Resaarch Project Agency (DARPA) from 1953 to 1972.
placed emphasis on ground~based defense against ruclear re-entry
vehicles. For this mission, proton or electron beams with gigaelectron~

volt energles per particle and currents of kiloamperes were required
for propagation (Reference 1),

D. B3 {®BXY) |- Since 1972 the Waval Surface Weapons
Center has been conducting this effort. [(PXD) j1s

examining the potential use of a charged particle beam for tactical
ship defense against conventional nonnuclear warheads. Electrons are

&

again being emphasized, J

(b)(1)

l Racently DARPA has taken over this
effort and has redirected it to mostly look at technelogy issues such a8
propagation {Reference 2).
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89 At the same tipe that the United States was purauing the
foregoing programs, the Soviet Union wes apparently conducting similar
types of efforta. Along with accelerator technology, Soviete have
conducted extensive work in other critical technoelogy Bress and are
postulated to porsess a capability equal to ox greater than the US iIn

the following areas:

Magnetohydrodynamic Generators
Magnetocumulative Cenerators
Inductive Storage

Capacitive Storage

Energy Switching

Externally Driven Accelerators
Colliective Accelerstora

Bean Tranaport

Baam-Bending Systams

Atmospherie Propagation Theory
and Experiments

Yarget Kill Assessment

.
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(U) During the last several yearz there has been open
controversy going on In the United States as to the capability of the
Soviet Unifon in thie area and whether or not CPBW systems are aeven
feaaible. On one slde there have been published articles containing
comments by retired Major General Georpe Keegan (Refersnce 3 and 4)
who has estimated that the Soviet Union is as much as ten years ahead
of the VS in this techanclogical area and feels that by the early 1980's
the Soviets will be able to field a prototype CPBW. At the time of some
of General Keegan's announcements, others in the scientific community
bitterly disagreed (Refereuce 4)., In May of 1977, Defense Secretary
Harold Brown stated to the National Preas Club, "There's no evidence
that we kumow how to solve that problem {(steering & Charged Particle
Beam through the atmosphere and the earth's magnetic field) or that the
Soviets do . . . the laws aof physlcs are the mame in the US and in the
Soviet Unjon. And in thiz particular case, I'm convinced that we and
they can't expect to have such a weapons system in the forseeable future
{Reference 5)." Hore recently a group of scientists at MIT published an
article (Reference 8) on the impossibility of CPBW systems. They state
that even 1f CPBW eystems could be developed, they "could be easily
countered." The foregoing ststements show a heated debate ensuing as
to whether or not CPBW can be developed, and if they can, when we or
the Soviet Unfon will be able te deploy such weapon systems operationally.

#4@pe The probability of such weapon systems existing in the
next 8 to 15 years appe&rs to be ressonable and; therefore, the United
Statss ghould pursue countermeasure techniques now 50 that they will be
available to USA¥ strategic weapon systeme by the time the CPEW is
developed. As stated in Section 1.2, the techniques to be considered
for countering this new and differeat rhreat muat be "all-encompassing,”
varied and, in some caaesn; posaibly unconveantional. Since the threat is
defined in only general terms (see Section 1.3}, the countermeasure
techniques muast be ones that ave "ussble" or "effective" agsinst several

types of pussible CPEW syetem configurarioms. They can not be ones that
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rely on countering only one very critical component of a subasystem, asince
a radesign of the component may completely negate the effectivenees of
the countermessure. Typical counter-countermessure techniques that one
could employ with retsonable complexity and cest in & CPBEW syatem should

be considered when determining prospective countermessure technlques and
performing trade-off studlea.

2. THREAT DEFINITION (U):

w=i¥)= In this ssction the CPBW system will be described. Note thac
the detailed cenfigurarion is unknown at the preeent time and that only
Charged Particle Beam devices will be included in the analysis. Table
1 shows the parsmetera that will be conmidared to exiat in a generic
CPBW ayatem. '

TABLE 1. 48 CPBN THREAT PARAMETERS (I)

Particle Type Electron or Proten

Peak Powar Output 102 - 1014 Watts
Parrticie Energy 5 = 10 GeV
?ulse'Current 20 KA

Pulse Energy i1-10X 1061

Pulge Per Shot 30 - 40 Pulses

Pulse Width 15 = 20 nsec

Inter Pulpe Perind 30 ~ 100 usec

Rangse 1= 3 K (possibly 5 Xu)
Tracking Accuracy 5~ 25 prad

wéids Discuseions with CPBW design people (References 2, 7, and 8},
reveal that in the CPBW area there are probably twoe types of weapona Chat
could exiat. The first is the conventional (PBW, where the beam or "belt"
itself is the destructive device. The second is more of a Yradiation
weapon," which consists of the secondary radiations ({.e., X-ray, pacma-
rays, neutrons, atc,,) that are produced as the beam propagates through
the atmosphere. Preliminary snalysis indicates that there axiasts a
"zone of rediation” around the beam ireelf that propagates heyond the

end of the beam. The "cone of radiation" 1s estimated to have a cone
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FIGURE 2. wiamCPE PARAMETERS (1)
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angle of abour 122° and to propagete two to three times the range of the
bean itpelf. An illuscration of chis is shown in Pigure 2.

a¢f» The spraading of the beam itsalf is given by the following
formulat

& ™ 8, exp kix
IE

Where a = radius of beam at the target

|3
-
E |

rvadius of beam at the output port
k = constant
A_ ™ range frow the sccelerator to the target

I = beam current

E w parcicls anergy

wiiSP As showm in Figure 2, the IE term im the dominating Ffaetor in
this formula and must be 1in the 1012 - 1016 watt region in order for
the beam to propagate g reasonable distaoce. As an exemple, the Chair
Hexitage system is designed to have a beam ocutput energy of 109ev and
10 KA current; thus, an IE of 1Gx3 watta.

wilde A8 whown in Table 1, a CPBW "“bullet" can he defined as a train
of 30 « 40 pulses, aach having & peak power of iOlz - 101“ watte, and
being 15 - 20 neec in width with &n Interpulse period of 30 - 100 usec.
The minimum total time length of a "bullet" would be about 1.2 msec.
When firing the CPAW, one must at a fixed point rather than alew a&nd fire
the beam at the sama time, because esch pulse does not, in itself, propagate
the entlre digtance to the target but only a small portion of that distance.
As the firat pulae leaves the weapen, 1t progapates a distance through the
atmoaphere aloung ite path which causes a chamnel of a partial vacuum,
Before this chsrnel cellapsma, the next pulee is fived; it cravels down
the firat pulee’'s channel and propagstas a little farther into the
atmosphere. This process continues for each sucoeeding pulee until one
of the pulses in the train, and each succeeding pulee tharsafter, hita
the target. If one were firing at a target going Mach 1.0 st sea leval
and degired to hit the target in a specific spot, the target would have

11
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to be lead by a linesr dimension of about I to 2 feat bacaume the “"hullet”
is about 1.2 maec long. CPRW design people (Referemce 2 and 7) believe
that all they would need on a target, auch am an alrveraft or crulee
ninsile, would be one of the 30 to 40 pulsea in order to affect o kill.

=t The damage mechanism from a "bolt" hitting a target appears

to be complex and to involve many different disciplines, First, as the
‘holt™ hits the target there will be some mechanical shock to the materisl
from the particles impinging on the target. Combined with surface effects
is thermal sheck: matarial heating, melting apnd/or vaporization of the
material in the general area where the "bolt" bita the target. A hole
glightiy larger than the beam dismeter at the target (i.e., several
centimecers at & range of 2 or 3 Km)will probably be made. Electro-
magnetic pulzes (EMP) and electro-gtatic gradienta will he formed
throughout the target, possibly to the point whare high explosives on-
board may be detonated. The next effect, and possibly one of the moat
aerious ones, ia that of a creation of large doses of X~-ray and pamma-
rays that can degrade and/or deatroy slectrunic equipment and crew
nembers. Note that a weapon of this Lype will actually depoair more

_ energy further into a waterial than it does at the surface {mee the

| "Bragg peak” in Figure 3), The severity of a CPBW's heam impinging oo

& target appears to be wuch greater than that of an high-energy lager's

! {HEL) beam hitting the eame target. The HEL only fmparts thermal aand/or

' mechanical shock energy at the surface {(depending on whether it is & CW

TR T——

or a pulsed laser beam}; however, the CPBW imparte the same type of
thermal/mechanical shock energy plus secondary energies in the form of
X~rays, gamma-rays, EMP, etc.

. woiP The aforementioned effgctp are true if the baam or "holt"

I . actuslly hirs the tarpet; however, if what haa been deseribed as the
"cone of radlation™ around the beam is also true, then damage of the
targer can also occur even if the target ie not struck by the "bolc."
The uss of a CPBW as a radiation weapon should be seriously considered.
As an example, 1f a CPB¥ has a range of 3-5 Xm then the "cone of

12
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radiation" will have an sffective range of B§~12 Km and the pointing and
tracking requirement will be drastically reduced (1.e.x from 3~%3 urad to
1°). Such a weapon syatem could be veary potent and coat effective.

Thua the "cone of radfation" should be considered as part of the kill
effects when coneidering the evaluation of countermeasures againat a
CPEW eyatem.

%8> As the charged-particle beam propagates through the atsmoaphere,
ita particlea {either electron or proton) collide with othexr particles/
molecules in the stmoaphere. This collision causes additional particles
and/or radiations to be given off. Particles and vadiations contained in
the "secondary radiation" category include: neutrons, protong, electroua,
wmeapns, X-raya and gemma-vaya., Most of chis "nuclear trash" is projected
in a forvard direction and eppears to be a cone of 1%2° in angle around
the beam. Dose rates ara unknown at the present time, but it appears
that they could be in the Kilo~to Maga-Rad level. These dose rate levels
would be pufficient te render crew pevsonnel of an attacked airveraf:

useless, if not to kill them outr&g._l
; The author

does not know what the hardening specificaciona are for aircraft or
eruise minsiles againgt such nuclesr radiations. Such hardening may have
already reduced gome of the affscts of the “cone of radiation."

=i Lirtle information could ba obtained on the type of fire contrel
system that a CPBW aystem may employ. At the present time, the major
contern of personnel in the CPBEW developwent area is that af power
generation, accelerater technology and propagation theory and experi-
mentation. Certainly, when these very complicated fechnicsl problems
are golved, the fire control problem will he addressed. Since little
could be found in this ares and since the pointing and tracking require-
ments of the CPBW could he aimilar to thai of a HEL wespon system,
similar types of fire control systems will apparently be used for the
CPBW application.

=iig= The scenario or sequence of events vaquirad for a CPEW syatem

13
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appear to be aimiler to cthat of the HEL weapon system. First, ascquisition
of ths penctrating target will probably be lccnmpligped bf‘utilizin; con-
ventional rvadar techniques. Jdentification FPrisnd or Foe (IF¥) will then
be accomplished by vadar; however, if becauvse of IF?.jnmdina‘this is

made impossible, it may be accomplished later In the scenario via

=

[———

optical means. The early waraiag radar wiil probably hand the target off

by t0o & tracking radar which, in turn, will hand the target off to an
C alectro-optical trackar, The electro-~optical tracker may be a TV or a
E'i : Forward Looking Infrared (FLIR) system. Vinal tvacking add ldencifi-~

' cation of the target can than be mada with these aystems. At this

point, an aim point on the target will ba selacted {this may mat
nacessarily be required as per the discussion of the kill machanisme

of the beam end of the “cone of radiation"), a lead angle lacorporated
into the fire control algorithm with slewing of the wespon syatem h
atopped during the firing of the wl meec bullet. In the cage of the HEL,
sote form of beam control syatex is teqguired to allow all of the energy‘_
of the laser beam to be deposited on the mawme spot of the target, It

is not clear at this point whether such a aystem would be employed on

an in-atmospheric CPEW syastem or even conaidered because of the required
tunneling effect of the beam for propagation needed. When the target

is attacked, gome form of kill assessment will have to be sccomplished.
This prebably would be accomplished via the TV or FLIR system and
obgerving the actions/reactions of the target to the "bolt" or Ycone

: F of radfation." Once the kill can bs confirmed, the CYEW ie then ‘
available to attack the next highest priority target.
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SECTION I1I

CPBW VULNERABILITY/SUSCEPTIBILITY ASSESSMENT (V)

wifhue Thiy gectlon includea an assessment of the vulnerabilicies/
sugcoptibilities that CPBW systems are anticipated to posmsss. The
vulnerabilities/susceptibilities are enumerated as per esch subsystem
of an entive CPRYW system that i affectad; however, some of the vul~-
nerabilicies/susceptibilities and, therefore, the appropriate
countermeasure syatems required to exploit the respective vulnerabilities/
susceptibilicies may affect one or several of the subsystems, Note
that the weapon aystam has been broken down inte the following five
genergl technical arees: (1) the CPH device irgelf, (2) the peinting
and tracking mechanism, (3} the fire conctrol system, (4) the buam
propagating through the atmosphere, and (5) tha iateraction of the hesn
with the tsrget. The discussion that follows will include gome
potential vulnerabilities/susceptibilities of CPEW systems that lend
themselves to degradation by what is not normally considered electronic
countermeasures. The two mailn exauples are the use of: (a) weaponry
{whether counventional or nuclesr) which ceunters the CPBW ayatem by
deatruction and (b) hardening of the target skin material to withstand
the striking of the CPB "kolt," These two techniques are important in
the overall scheme of enemy (PEW supprespion and countermeasures; however,
they are not within the charter nor responsibility of the Adir Force
Avionics Laboratory and, therefore, will only be mentioned in passing.

1. VULNERABILITIES/SUSCEPTIBILITIES OF THE CFB DEVICE (U):

(U} The following vulnersbilitica/suaceptibilitiss were determined
to exist in the CPB davice itself:

a. s« Energy Source! CPBW systems will require large
guantities of energy delivered in a short time period. Sources capable
of supplying such energy needy will include chemical explosfons, fisaion/
fusion reactors or fiseion/fusion detonations. 1In all cases, these typea
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of syutoms appear Lo be invulnerable t&6 conventional clectronic countor«
measurs techalques. The only technique that appeara to have spplication
against this araa would be that of weaponry.

b. ™k Power Generstion: Three types of power generation
techniques appear to be applicable to this type of weapon. The Firat
ias heefed-up couventional electro-machanical penmrators. The other two
ary explosively driven elactrical generatorm: (a) magnstocymulative
generator {MCG) which converta the stored energy of axplosives into
electrical energy through the explosive compresaion of a magnetic
field and (b} magnetohydrodynamic generator (MHD) which generates
a curreat by paseing a conducting fluid through a magnetic f£ield.
Susceptibility of such devices to conventiconal ccuntermeasures ig the
same a8 the enargy source, nohexistant. Thase devicea could even be
put below ground; thus, further reducing their vulnerability tvo
weapoary.

e, %k Pover Conditioning: Power conditicning ayateme will
include energy atorage technigques using capacitors, inductors or rotor
ayatema. Switching of large energlea will be included in this subsystem
and ias an important and difficult task which i» required for the proper
operation of the CPBW. Again, &g in the precesding systems, no suscepti-
bilities to electronic countermeasurss were found to exist In this area,

d. +» Particle Source: The two waln charged-particle cholces
for in-armoepheric wegpons ars eleckrons and protons. Elgctron asounce
generation is usually dene by high~current cathodes such as using a
vacuum arc originating from a matallic aurface, dielectric tathodes,
liquid metal cathodesor multipoint catliodea. The type of gources used
to produce protons of positive ions 4re plasma cathodes, reflex triodes
or using the lonization front of the gas. None of these sppear to ba
vulnerable to electronic countermeasuras,

e. wiide Accelarator: The main component in a CPEW ayetem will
be the high-energy accelevator. There are several different types of
accelerators that could be uaed for this application; however, they
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appear to fall inte one of two general classes of accelerators! (a)
extornally deiven systems {guch &s linear inducrion accelerators and
redio frequency accelerators) and {b) beam-drivan acceleratore (such
an the elactron autoaccelerator and the collective ion accelerator
which has the motive power required for the accelerating machanism
provided by a high~currant elactron buam). Conmideration was given
te the possibility of causing in the accelerator the analogy of a
parasitic feedback In an high-energy laser duvice. If one could "pump
anargy'' backwards through the accelerator in a manner gimilar to snergy
being pumped backwards in a laser, then one woenld have whar iz con-
sidered an effective countermessure. Further study, however, ahowed
that acceleratorp ¢an not work In reverae like high-snergy laeor

devices can. No other portentisl vulosrability was found to axist
with the accelerator.

2. VULNERABILITIES/SUSCEPTIBILITIES OF THE POINTING AND TRACKING
MECHANISM (U}):
(U} The following vulnerabilitiea/susceptibilitics were deternined
ta exist in the CPE polnting und tracking mechanism:

a. @ Beam Trangport:t As the high-energy CFR leaves the
scoelerator, it muat ba transported to the pointing and tracking system.
For this study, the haam grensport sysrem will ke considered as part
of the polnting and tracking mechansim. ‘There appears to be three
tachniques used for basm transport: (a) wavaguidea, (b) low-prassure
gas, amd (c) magneric filelds. Operational systems will probably
utilize & combination of these techniques. The low-pragavre gas
utilized with either of the other two will be the moet likely method,
Such high—energy beam {ransport systems will require beam-focusing
and boam-bonding technigues. The low-pressure gas will probably be
used for focusing. Beam-bending will probshly be done via wmirror-
capturing techniques or ualng highly accurate travarse fileld magnets.
The beam could be made susceptible to countermeasures 1f magnetic
flelds could be applied to the beam tyansport syatem. However, the
gystem would wmoat likely be shielded Erem auch cadlotlon becaupe of
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its near proximity to the energy sources, powet conditioning syatem
and accelerator which could provide such magnetic fielda to disturd
the beam. No other suseeptibilitiaes wers datermined.

b. wilidm Exit Port: A CPBW aystem will require an exit port
which will probably have the migaion of shaping the beam in order to
improve beam quality and to bend the bsam toward the target. Presum-
ably, traverse field magnets will be uaad for produsing & weapon
quality beam before it enters the atmoaphere. Some form of highly
accurate, qulck-reaction hesm-banding technique will be requirad to
put the beasm on target and then move it quickly to another targat. O(me
pougible method 18 the use of elactromagnecic optics, which is similar
to the electromagnetic coil used on the cathode ray tube in 3 TV to move
the electron beam across the scveen. In exsuining the posaible counter~
messure techniques that can be used againsr this subsystem, there appesrs
to be no real vulnerability to conventional alectronic countermeasuras.
The only poseibility, and very alight at that, 18 to induce false
current, via high~power electromagnetic enargy, into the elcotromagnetic
mirror coll such that pointing errors would reasit. Howevar, at the
present tima, this appears to be a very rumote poesibility because of a
lack of high-energy electromagnetic systems.

3. VULNERABILITIES/SUSCEPTIBILITIES OF THE FIRE CONTROL SYSTEM (U):

(t} The following are the vulnarab111ties?suaceptib111tiaa found
to exist in cthe CPBW fire and control aystema:

a. o Target Detection and Fdentiffeacion: 1 1s assumed
that 2 CPEW system will urilicze conventional tvadar techniques for the
detection and identiffcarion of imcoming targers. Certainly thesa
systems ara vulnarable to countermeamures and the US has had, and
continues to have, an agressive program in RF countermeasures. Since ag
this time it is impoasible te predict the parameters of the specific
radar{s} that will be used with a CPBW system, that no additional work
ahould be conducted in this ares and, as the threat becomes more mature,
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the RF countermessure comminity should be surveyed for appropriate
1 countermeasure techniques to negate such a radar nec.

, b, «igi= Target Tracking: Once detection and identification
of the target has been accomplished via radar devices, the tratcking of ’ 3
such targets will be asccoumplished. At £irst, radar probably will be
used for coarae-to-medium accuracy tracking., As stated in the pre- . : k
ceading paragraph, conventional BF countermeassure technigues could be
applied toward the RF tracking system, Note that since fine tracking ?
accuracy {i.a., 5-25 yrad) will probably be required, additional ‘ ;
tracking techniques will be needed. As with the case of HEL weapon
systems, probably TV or FLIR devices will be used for this fine pointing
and tracking of the target and for aim~point selection. The Army,

Navy and Air Force have had several programe studying the wvulnerabilicy

of TV and FLIR aystems and performing countermeasure effectivenass

evaluations. There is even an effort currently on-~going by the AFAL )
to look at countering HEL fire and control sensors (Reference 9. 4
Thare is no question that such systems are vulnerable to countermeasures
and that any effort te investipate countermeasures against CPEW systems

should include this ares. However, note that in the HEL case if one | 3
cauze fairly eignificant besm wander om the target (such as 25-50 yrad)
ox maves’:he begm off the target, the HEL is basically defeated. This
way not be the case in the OPBW aituation. Firat, the countermeasurs

may have to be effective enough to keep the beam from ever hitting the
target. BSecondly 1f the 1°-2° “econe of radiatlon' exlate around the "
bean, then pointlag and trecking errors of 4°~5° may have to be

R b

accomplished to assure survivability of the attacking penetrator. The '

requirements placed on a countermessure system by & CPEW syatem 3
]

certainly Zppear to be far more extensive than those placed on a HEL ¥

countermeaguré system. As a result, additional work will have to be
accomplished in this ares ro significantly upgrade countarmessurs
systems to meat these requirements.
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c. == Besm Control: A beam control system would be used
te make corrections in heam afming such that the besm hits the poinc
on the tarxget aimed at by the fire coatrol system., PFeedback from the
beam propagation through the atmssphera or from where the beam hits
the target would be requirved for such a system. This system would be
similar, in concept, to beam control mystema utilized on HEL weapon
systems such as & hot epot tracker. Thers is a questien as to whether
or not such a subsyatem would even be Tequired for a CPBW system.

The AFAL has recently cencluded a succesgful study on countering HEL hot
spot tracking systems (Reference 10). In all casss covering this
effort, the beam of the HEL device was allowed to hit the target. An
examinatfon of the CPEW eystem and ita kill mechanisms must be made

to determine if such a aubeyatem is required, If it turns out the

the "cone of radiation” is gignificantly reduced from what is believed
today and that it would rake move than one or two pulses from the

"bolt" en target to cause a kill, then countermeasure techniquea

againat this type of subsystem should be considered further.

4. VULNERABILITIES/SUSCEPTISILITIES OF ATMOSPHERIC PROPAGATION (U):

{U; The vulnerabiliclies/susceptibilities that were found to
exist in the propagation of a CPB in the atmosphere are as follows!

a. e Atmospheric Beam Propagakion: The area of beam propa-~
gation through the atmosphare is one of the more interesting, and
yet difficult, technical aspecta of the CPHW to underatand and
describe. However, it fg also an area which holds promise for some
"waconventional' countermessure technigues. As deacribed eavlfer in
Section II.2, atmoepheric propagaticn occurs via a technigque called

‘ "hole boriag." Physically, the beam would ilonize the alr, foxming a

plasma which would shiaeild the electrostatic forces of replusicn of the

. bean particles. As it propagates, the heating of the alr causes

expansion and rapid avacuation of a cylindrical coxe. The partial
vacuum core decreases scattering and other losses. The two particlas
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to be accelerated are elther electrons or protons. Little theory is
avallable on proton propagation; howaver, protons appear to have three
possible advantages over electrons for weapon application: (1) less
bending due to the Earth's magnetic field, (2) the potential to
penatrate the atmoaphare bettar, and {3) the prospects of enhancad
nuclear damage at the rarget. The prospects of using countermeasures
against the CPB as it propagates through the atmosphere falls into two
catagoriea: beam attenuatien and beam-bending. For besam attenuation
the prospects of using &n serosol, material particles or chaff to
asttenuate the beam does nokt appear feasible. The reagon for this le
as ghow X4, Yigpure 3, where it takazs 20 cm of aluminum to attenaate a
250 MEV beam, which ig about one-fourth th2 energy of a postulated
weapon beam such as Chair Heritage. The quantity of material that
would have to be in the beam would be ponderoué. Alge, operational
implementation of such & techuique ro protect all of a strategic
weapon gystem just from attack from the lower hemisphere ls mot
feagibla. Another mechanism for increasing attenuation of the beam
in the atmosphere would be via collapsing the tumnel that the beam is
propageting down. This might be accomplished via detonation of a
device near the beam path or by csusing other severe atmospheric
digrurbances, such as by acoustical techniques. Operational deploy-
menk of such technijues do not appear to be reasonabls at the present
time.

wionThe segond prospactive countermeasure technique, that of beam-
bending, may hold some promise. Note that countermeasure tachniques
that try to collapse the beam tumnel might alao csuse sufficient atmog-
pheric disturbaunces to cause beam-bending. Also, if the target could
employ some form of maguetic field, which would act on this beam con-
taining charged particles, beap-bending could be accomplished. The
cloger to the CPBW the electromugnetiec or maguetic fleld can intercept
the beam the less would ba the requirement for the degree of beam-
bending. Such a system is not possible with today's state-cf-the-art
technology; however, this appears to be one area that needo to be
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thoroughly investigated in any future CPRN countermeasure programs.

b, ~de Secondary Radiation: If this “cone of radistion" of 1°.2%
exists around the be it will be imperative to protect the target
from it as wall as the beam itself. As stated earlier, it appears
that tracking errors of 4°-5° or similar beam-bending affects will
have to be arcomplished in order to sufficlently reduce this type of
radiation on the target. If these types of errove can not be obtained,
then the only alternative that appears to exist for protecting the
target are forms of nuclear hardening and shielding. Such techniques
would have to be able Lo protect crew members, electronics, high
exploaives, fuels, ete., from radiaction lavels in the Kilo-to-Mega

‘Rad level. Shielding/hardening work ought to commence In this area;

howevar, note that these technical aresas, except for hardeming of
elactvonics, do not fall within the AFAL charter but are the responsi-
bilities of other organizations. MNo nown mathod for collapsing or
reducing this "cone of radlation" is knewm to exist; however, this
may be an ares for future inveatigatien,

5. VULNERABILITY/SUSCEPTIBILITY OF THE CPB/TARGET INTERACTION (U):

{U} The vulnerabllities/gusceptibilities found to axist in the
area ¢f the Ilnteraction between the CPB and target are as follows!:

a. =@~ Target Material: As shown in Figure 3, conventicnal
macerials such as aluminum {which requires a 20 cm thickness to attenuate
a 250 MEV beam) do oot appaar to be usable or practical for material
hardendng. This is not to say that new materials and/or composites
gould not be developed that might meet the reguirements of thie
mission. Other organizatlons that have expertise in materiala and
material hardening should examine such approachen. As stated in Section
I1Y.4.b, thase materials should be effective againat the "“cone of
radiation” as well as the beam irself.

b. wgbge Electronic Protection: As shown in Table Z, electronics
can be hardened against guclear effects and such work should continue.
Extra shielding/hardening will be required for avionie systems subjected to
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this new type of threat. Target skin hardening will help to reduce the

———

t total raquirement for hardening of the electronics. Hardening leveln 1
wust be eacabiished and electronic hardening techniques investiguted.

¢. 8% Crow Protection: Alsc as stated earlisr, vrew
members of panetrating aircraft that encounter CFBW systems will
probably ba subjactsd to X~rvay and gamms~ray tadiation doses in the
"Kilo" to "Maga' Rad leval. This will probably be frue whether the
CPB hits the aircraft or has a near miss, becsess of the “cone of
radiation." Dapending on when in the miswmion the sircraft is attacked
by & CPBW wiil decermine the maximum dome rate crew msmbers could he
subjecced to and scill function well enough and long enough to complats
their nission. Radiations in the hundreds of rads will probably be
enough to incapreitate most crev wambers. Even at about 80 rads tha
blood presaura is sufficiently Jowasred thar & G-load greatar than oas G
f will probably cause blackout. Certainly, inveatigation must be accom~ \
: plished to provide protection for the crew of strategic weapon syotsms '
that will ancountar CPEW system, oince the crew appears to be the
softest subuysten of tha strategic weapon systes against the sspect of
the CPHW.

et b b e

£ A

———

: 6. OTHER CORSIDERATIORS (U):

a. =@e Threat Waraing: Thers is one other axtremely importaat
ares that has not been addressed in the above dlacussion because it
really doas uot fall under vulnerabilities/ausceptibilities of the :

CPBW system, but is critical whan coneidaring countermeasures to a i
weapont syatem. That area i threat warning, The most obvicus use of |

a warning receiver would be to use it for threat avoidance, IXf the l
i i penatrator can “fly around" the threat CPBW system, mission surviv- ! .
: abilities fe certainly incressed sipnificantly; however, thers probably :
. will be circumstances which, for one reason or ancther, the penstrator ;

will not ba able to svoid the threat. In this case & threst warning
recelver, by slerting the crew or interfacing with a coumtermeasure
activatiocn control ayatem, could make the difference between s successful

= e ——— -
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or unsuccessful engegement. Therxe are seveéral potential techniques that
& wvarning receiver might use for threat detection. 1In the 1971-73 time
period, the AFAL conducted an investigstion (Reference 1) ko determine if
a laser would give off precursor snergy prior to the beam actually being
fired. Such precursor energy was found ta axist in a Nd:YAC lamer.

It is contemplaced that such precursor energy may alss be leaked out

of a CPBW davice prior to the beam firing because of the large guantities
of energy stored in the system just pricr to awitching. EMI in rthe area
of o weapon will probably be detectable. Detection of ascondary
radiation certainly seema plaualbla. Acowaitical or aptical detestion

of the beam itself i3 probably a viable approach. Any number of
approaches probably exist for che detaction and dirvestion finding of

CPBW syatems that wmay pose a threat tv a penetrator. Nesr~term fufure
countermeagure afforts should include an investigetion as te¢ what the
requirementa of a threat wdrning receivar ghould be. ¥Foellow-on

efforts should theu condider techniquee for warning receivers and
experiments to verify auch techniques.

-
STt e

—
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b. 4= Countermessure Considerations: Prior to providing

the recommandations and conclusions, a set of ground rulea for pros-
' pective future CPBW countermeaaure offorta should be put forth. tThe

i following are mome technics) ftemm of conalderation that should be |

Ty

H kept in mind when conducting countermeasure efforts against this new
threat:

(1} i Cormonalivy: One of the most critical

i factors ie to exploit the commonglities that exiac betwoen different
progpective CPBW gystems., Thie will ensure that one countermeasure

. system can be utilized againgr a variaty of CPEW aystems. 1In sarly
countarmeanure efforts, only genaric CPAW configurationg can bhe used.

I

(2} «Br Scenario: A aurface-to-air CPBW threat : '
will be conmidared the primary threat for first generation particle ¥

beam weapona. Second snd third generarion threate may include airborne

I systems. Countermessures that can counter both kinds of threats should

be given precadence over those that can only counter the ground thraat. ( ;

SECRET ' f
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{3) =i~ Target Maneuvars: Whers threat avoldance
can be sccomplishad it will be used; howsver, times will sxist vhan the
panetrater will not be able to perform radical or drastic mausuvars
and will have to penstrate the CPEW lethality zone (eithsr the beam or
cone of radiation" or both} ko ancomplish its assigrad miesion, There-
fore, countermsasure techniques which impose the nminimum requirementa
for maneuvers on the panerrator should be given precedsncs.

{4) oolb= (PAW Counter=-Countermeasuras: The Sovist
Inion will probably incerporats inexponsive, simple, affectiva counter-
countereeasure {ixes on first gemeracion CPAW systems. Prospsctive
countermsasures should ba ones that ave not eanily negated by such firmt
gensration counter-countermeasure fixas.

(5) &% Threat Detection: Threat detection and
location may be required for some, 1f motr all, countermeasurs techniques.
Countermsasure techniques that utilize leas accuracy for target location
should be given priority over those techniques that require higher
aceurscy for preotective effaectiveness.

{6) (U} General Considerations: Certainly
conaidaration mhould be given to prospactive countermesaures that conform

to favorable coste, weight, powsr, drag, and reliability/maintainadbilicy
paramsters.
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SECYION IV

CONCLUSTIONS AND RECOMMENDATIONE ()

1. CONCLUSIONS (U):

wigids The First genersl conclusion arrived st under thia effort
ia that technology will probably progrese to the point that within the ’
naxg §-15 years CPBW syatams could becoms fessible. Controversy abounds -
today ag to when, aud even if, such devices could be produced; however,

there does appear to be enocugh evidence to faver the beldef rhat such
weapon systams will be accomplished.

e

bl Sacondly, it became evident early in this study that no |
vuinecabllity/susceptibility analysis has raally deen done by the CPBW '
deaign urganizations. This really did not come as & surprise since the
smphasis, and rightly mo, being put forth in the US by the appropriate
organizations working on CPBW systems has been in the area of proving
the theory of beam propagation, accelerator congepts, power generation

techniques, etc. Certainly one cannot worry about sounter-countermeagure

enploymaent until the weapon is deaigned and shown te be feaaible in the
firat place.

St

: wfpl» The third general conclusion reached is that faw vulnersbilitiew

i exist in this potent weapon system and that devaloping effective

' countermeasures will be difficult. tUnconventional countermeasure thinking
will hava to ba applied towards solving this problem.

PR S

&8 Specific conclusion aa to the vulnerabilitiee gf the total CPEW
gyatem are shown in Table 3, It appesrs countermeasures will have to
attack primarily the Fire control mystem or cause beam~bending. The
aajority of the other areas do not show much promise as to ctheir

; vulnerability/suaceptibility to countermsagures.

-
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2. RECOMMENDATIONE (U): ’

(V) The following recommendatione are put forth for any near-term
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. whii)s TABLE 3.
CPBW SUASYS
CFB Device

' Poinzing and Tracking Mschanism

Fira Control System

Prapagation

Target Interaction

CONCLUSIONS (U)

VULNERABILITY

Nona, accalerators do not work
in reverds.

Hone, sxtremaly high elsciro-
magnstic anarglies would be
raquired to get into alectro-
uagnatic optics,

" Yas, but naed arrors of 4*-5°

to keep "oona of radiation™ off
of target,

Mayba, probably cennot attanuate
bean; beam~banding may be
poasiblae.

No, quantitiss of conventional
material to attenuate heam are
too great (1.e&., 20 ¢w of

aluminum to attenuate 250 MEV

bua) .
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| 1
CPRW countermassure programs as & rasult of this small in~house analysis i ;
affore: i
a. {U) That s "free epirit, blue sky" type of thinking he [ 1
applisd when considaricg proapective countermassures which could negats Pl
& CFRV aystam. Do oot limir prospactive countsrmeasurae techniques to .
those consldered as “convantional" types. )

b. i That emphasis should be placed on countermeapure ‘
techniquea which attack the fire control subsystem. Pointing and
tracking ervors of at least 4°-5° should be obtained,

o, w=pim That some furthar investigetion should be put forth
in the avas of degrading the propagation of tha beam through the atwog-
phara, The emphasis in thia ares ashould mostly be put toward bendiag
of tha beam.

e

&. (U} That, since this analysis waa conducted under & limited
apount of manpower and time, as the threat becomes better defined in the
out yasTe, this analyais should be redons, as required, to keep abreaat
with CPEW configurations.
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