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Concept of a charged-particle beam weapon is based on the design of a negaAtive hydrogen beam that is accelerated and neutralized by
passing the beam through a charge-exchange cell. In this ballistic missile defense concept, the collimated charge-particle beam is directed

USSR developing charged- partlcle de\n ce aimed at missile
defense, exploring high-energy lasers as satellite killer

By Clarence A. Robinson, Jr.

Washington—>Soviet Union is developing o charged-particle beam device designed to

desizny UL S, intercontinental and

sabmarine-lanunched

ballistic missile nuclear

wari ads. Development tests are being conducted at a facility in Soviet Central Asia.

The Soviets iso are exploring another
facet of beam weapons technology and
preparing to test a spaceborne hydrogen
fluoride nigh-cnergy laser designed for a
sateitne killer role. U, S, oflicials “have
coined the term directed-energy weapons
in referring te both beam weapons and
high-energy lasers.

A (.lllr”t.d particle beam wwpon fo-
cusee 1nd projects atomic parti

¢ direct

'.\PL,LL hﬁ:iﬂ which ! 1
rom ground-bised silcs mto space to

intercept and neutralize reentry vehicles,
according to U, S, officials. Both the
USSR and the 1. S, also are investigating
the concept of placimg  charged-particle
beam devices on spacecralt o intercept
missile warhends in space. This method
wenid avoid problems with propagating
the beam throngh the eurih’s atmosphere.

Because ol o controversy within the
UoS .nlcllnmnu, commurity, the dc Anls

<TIL

Recent events have pmu (d
of 'S, analysis that dncucd -energy
weapons are nearing prototype testing in

=LY
the Soviet Union, They e ude:

B Detection of large smounts of gas-
cous hydrogen with trace . oi tritium in the
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pper- atmosphere. The USAF/TRW
lock 647 defense supnort system C‘U'—L‘&
warning satellitc with scanning radiation
ctectors _and infrarcd sensors has been,
uscd to aetermine that on seven oummns
smu_ November, 1975 1ests thal nm;_tl;:

rclaluﬁ to_development _of
article beam device have been carried out
In & [aciiy at écmlpalutmsk.

0 Ground testing of a small hydrogen

fluoride high-encrgy lascr and detection of -

preparations to launch the device on board
a spacecraft. Some U. S, oflicials believe
the test of the antisatellite Taser may be
related to recent “Sovict activities on a
manned Salyut space station.

8 Test of a new. far mdre powerful
fusion-pulsed magnetohydrodynamic ocn-
.crutgr to provide-_power for a chargeds
particle beam sysiem it Azgicin Razakhs,
Sstan pear the Caspian Sea. The experi-
ment took place late fast year in an under-
wound chamber-in anarce of nt mua sl
omce formapons in the dese ;
nd was monitorcd by the TRW mrly
warning satellite stationsd over the Indian

by Murshal of the Soviet Army General
P Batuskiy. Sinee _the PVO Strany
would be responsible lm deploying a bem

weapon to counter U S TCBM w@h;_LL;LL‘,

Murshil Batiskivs 1Ll_g indicales o neay:

term weapons application for these experi

ments, U S. oflictals belicve.

B _Point-by-point yerification by a team
of US. physicists and Lngmwl\ working
under USAF sponsorship that the Soviets
had achieved a level of success in cach of

seven areas of high-cnergy physics neces-

sary to develop a beam weapon.

@ Shifts in position by a number of
cxpericnced  high-energy physicists,. who
carlier discounted the Soviet capability (o
develop the technology for a charged-
particle beam device. There is now
grudging admission that the USSR is
involved in a program that could produce
such-a weapon.

B Receent revelations by Soviet physicist
Leonid 1. Rudakov during a tour las
summer of U. S. fusion laboratories that
the USSR can convert clectron beam
energy to compress fusionable material o
release maximum fusion erergy Much of
the data outlined by Rudakov during his
visit to the Lawrence Livermore Labora-
tory has since been Libeled tep scercet by
the Defense Dept. and  the Energy
Research and Development *Administra-
tion, but it glvc a dnc to U. \ \LlCnllxlsl

that the US A :

defense lorge gI’V() St.nnv) u)mmm(kd

technology.

STAT




including deploymient of Jarge over-the-
horizon” radars in northern Russia to
detect and track U, S, 1CBM reentry vehi-
cles, development deployment _of
DICCTS O it et 11 ; -

RETIE

wimed a1 civil de .
- There ts Title doubt within the U, S,
scientilic or intetligence communities that
the Soviets are involved in developing

STAT igh-cnergy technology components that

could be wsed 1o produce a charged-
particle beam weapon, but there is a great
difference of opinion among oflicials over
whether such s deviee is now being
constructed or tested in the LISSR.

In increasing numbers, U.S. officials
are coming to a conclusion that a decisive
turn in the bakincee of strategic power is in
the maxing, which could tip that balance
heavily in the Soviets' favor through
charged-particle beam development, and
the development of energetic strategic
laser weapons.

Most of the controversy centers on what

sts arc being conducted in an unusual
rescarch facitity about 35 mi. south, of the
city of Semipalatinsk. ‘
v the face of mounting. evidence. of;
tefforts “aimed at developing
charged-particle beam weapon for antis
Dallistic”missile_defense, The  Air Foree's
Scientitic Technical Intelligence Commit-
tee (STIC) has scheduled @ fall meeting 1o
review new data. _

The Semipalatinsk facitivy where beam
weapons tests are iaking plaoce bas Cusdi
under observgtion by the 1. 5. Tor abony
10_years, The central buiiding at the
facility is believed by some oflicials - to
contain ‘a collective acceleutar, clectron
injectors and-power stores.

The building 15 200 ft. wide and 700 {t.
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_ toward a target. Using. a space-hased design for a charged-particle beam weapon avoids effects of the earth’s magnetic field on the beam
and the ‘ask of propagating the beam through the atmosphere. Both the USSR and U. S. have space-based expékimental concepts.

STAT .
- 8-Pattern of activity in the USSR,

Jong—wrorwalls of reinfoced concrete 10
1t thick, The enfire Tacility, with its 4880

‘_iJ]Sid » the roc P

In a nc;lrby building, hugc, CXTITIICTY
thick steel gores were manufactured. The

clated support equipment, is_estimated 1o,
have cos 1utio , ‘
The test site is at the southern edge of
the Semipaiatinsk nuclear test area, and it
is separated from other test facilities. It is
surrounded by o series of sceurity fences,
TThC total amount invested, by the USSR
in the test project for the 10 yearszwork
there is estimated at $3 billjon by U. S..
analysts.
" The S._use
graphic_reconpaissance satellite alc
As the Soviel_technicians had four Tioles
dup throuph solid granitc formations not,
far from the main Targe bulding ai {he

(acility. Minc heads were constructed over

?uil_ding has since been removed. These
steel sepments were p:
eslimated_to be about 18 meters
in_diameter. FEnouph gores
complete sphercs Were CORSITIG

for two-
cd. U. S.

capture and store energy from nuclear-
driven explosives or pulse-power genera-
tors. The steel gores are believed by some
officials to be among the ecarliest clues as
to what might be taking place at the
facility.

The components -were moved to the
nearby mine heads and lowered into the
chamber.

Some other U, S._physicists_believe the

0 ————?
cach opening, and rames. were Blllil .

the holes. As Tons ol rock were remaved. o

sof alarge sphcrc

clieve the spheres are nceded to

steel gores are designed for undcrUround:,

storage of unused nuclear fuel for a

large underground chamber was buih_d,g;p

’ Debate Seen- on Charged-}Particlé Work

Washington—Senior U. S. scientists and engineers believe that this nation is on the
verge of a heated debate over the strategic implications of charged-particle beam
development in the Soviet Union and the U. S. . - :

“That debate is just getting under way and it is likely to rival the ‘Fortress America .
_Great Defense Debate’ in 1952 involving Tait [Sen. Robert A. Tatft], the B-36 bomber
and-strategic defense policies,” one U. S. official said.

1

Some observers see an ominous parailel between the attitude of some U.S.

. scientists toward beam weapons and that of the late Dr. Vannevar Bush toward the

feasibility of intercontinental ballistic missiles in the mid-1940s. The highly respected
scientist, who had directed the U. S. military research effort during World War 2,
testified bfore a Senate committee in December, 1945; 'There lias been a great deal
said about a 3,000-mi. high-angle rocket. . . . In my opinion, such a thing is
impossible. . . . | say technically | don’t think anybody in the world knows how to do
such a thing and I-feel confident it will not be done for a‘'very long period of time to
come.” i o

Within eight years, the U. S. would initiate its own massive effort to develop long-
range ballistic missiles, and within 10 years, the Soviet Union would be testing just

such a long-range ballistiz missile. :
T




Declassified in Part - Sanitized Copy Approved for Release 2013/07/29 : CIA-RDP95B00915R001000510010-7

STAT ¢

. ' 4
- . .

. .
¥ N Lo N

S et bl

w¥ - &;.

Y from Langley AFB, Va.,

ISR SO e e

P O I TR T T VSR S
eowdr GOt wase

"First operationat squadron of Air Force/McDonnel] Douglas F-15 fighter aircraft flew
to Bitburg Air Base, West Germany, last week in a single

¢ movement designed to show USAF capability to reinforce’NATO forces rapidly. The
*  flight involved, 23 F-15s, including two TF-15 trainers.

The 525th Tactical- Fighter Squadron,

led by Brig. Gen. Frederick C Kyler,

four in-flight refuelings. Three of the unit's F-15s already were in place. Two additional

f

* -

{ commander of the 36th Tactical Fighter Wing, arrived at Bitburg after a 7-hr flight with
L

F-15 squadrons are to move to Bitburg by.the end of the summer to bring the wmg to

full strength.

- e

operational on arrival.

Gen. Kyler' reported on arrival to Gen. Franz- Joseph Schulze, commander-in-chief
of Allied Forces, Central Europe: The 525th squadron was trained in the U. S. and was

The flight was made with the aircraft grouped in three cells of six aircraft and one

cell of five, with about 30 min. separation between cells. Flight routing was.along the

U. S. and Canadian east coasts to Newfoundland, then across the Atlantic, Britain and

F Belgium to Bl'burg

; Maintenance personnel were in place at Bitburg before the squadron arrived, with
' some having been trained in the U..S. and some at. Bitburg.

; ;

*Ore

from the_ fission
) the major problems in gaining
acceptance of the concept within the U. S.
scientific community was to convince
high-energy physics experts that the
Russians might be using nuclear explosive
generators as a power source to drive
accelerators. capable of producing high
intensity proton bmms -of killing poten-
tial.

Initially; some U. S. physicists believed
there was no method the Soviets could use
to weld together the steel gores of the
spheres to provide a vessel strong ecnough
to withstand pressures likely to occur in
the nuclear explosive fission process.
particularly when the steel to be welded

was extremely thick. U.S. officials later |

discovered that the Russians invented a
process called flux welding and had-been
using it for years in producing pressure
spheres. The lux welding process, accord-
ing to some U.S. officials, makes the
bonded material weld as strong as, or
stronger than, the steel walls.

U.S. officials, scientists and engincers
queried said that the technologics that can
be applied to produce a beam! weapon
include:

B Explosive or pulsed power gencration
through cither fission or. fusion to achicve
peak pulses of power.

® Giant capacitors capable of storing

sextremely high levels-of power for frac-
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tions of a second.

Electron injectors capable of gener-
ating high-cnergy pulse streams of elec-
trons at high velocities. This is critical to
producing some types of beam \VL.IPUIL\.

8 Collective accelerator to- generdie
electron pulse streams or hot gas plasma
nu.wxary to accelerate other subatomic
particles at high velocitics.

@ Flux compression tc convert cnergy
from explosive generators 1o energy 1o
produce the electron beam. -

weapons or [ \10r1 a3 -

‘visits  between

. experimentation,

DR el e S G e b R

B Switching nccessary to store (he
energy from the generators in large capac
itars.

& Development ol pressurized  lines
needed -to transfer the pulses from the
generators to power stores. The Tines mus
be -cryogenically cooled because of the
extreme power levels involved.

For several years, Air Force.Maj. Gen,
George J. Keegan, who until his recent
_refirement headed USAF’s inlcllibuncc
“activities, has been trying to convince the
Central Inteifigence Agency and a number
of top U. S. high-encrgy physicists that the
Soviets arc developing a charged-particle
beam weapon for use in an :mlibulli&tic

. missile role.

Evidence was gathered by Air Force
intelligénce from a variéty of sources,
including carly warning and high-resolu-
tion reconnaissance satellites, published
USSR papers on high-energy physics and
Soviet and Free World
physicists. In contacts with scientists
deeply involved in devcloping components
necessary for beam weapon application in
both the USSR and the U.S., dativ was
gleaned that clearly showed the Russians
to be years ahead of the U.S. in most
areas ol technology, one U.S. physicist
said. He added that it became increasingly
clear that the Soviets were making a

concerted effort to develop the technology:

in cach area 'so that, if it was pulled
together, a beam weapon and possibly
related laser weapons could result.

All of the evidence that Gen. Kecgan
and his small team gathered about Sovict
designs on charged-particle beams was
presented to the CIA and “its Nuclear
Intelligence Board, which has so far
rejected their conclusion that beam weap-
ons dcvdopmcnl is.evident.

:nce hid been gathered,
ind mvolvc'('lﬂthc
faciliies for tost and
rescarch laboratories,
_power generation, clectran injectiony col-
lective -acceleration and beam propaga-

entire spectrum of

tion—all arcas'where the Soviet Union has
outpaced the U S, -according to a U.S.
oflicial.

Some scientists and engincers rduud to
accept information that the installation at
Scmipalatinsk had anything to do with
beam-generation tests or that levels of
energy required for these -experiments
could- be attained. And even if so.aehow
the energy could be generated, it could not
be harnessed for beam application, they

%‘\id

Energy Levels Requnred

Typical levels of cnergy rcqunrcd for use
with & beam weapon are 10" joules per
pulse, with the encrgy of a particle of the
beam from 1 to 100 giga electron volts. It
is these levels of energy required that still
cause some skepticism among high-cnergy
phys\usls

“Keegan refused to aceept CIA's L,VAlL-
ation of the USAF intelligence data,” onc
U.S. official said. “*So, he systematically
set about acquiring talented young physi-
cists 1o analyzef the information and to
probe the basic physics of the problem—
an area in which U.S. scientists - were
notably deficient.” '

Onc scientist in particular, a USAF
civilian cmploye at Wright-Patterson
AFB, Ohio, was influential in providing
Gen. Keegan ‘with an assessment of the
information, which ‘said that it appeared |
the facility at Semipalatinsk was being
developed for use for nuclear power gener-
ation related to beam weapon ‘work. His
assessment was made very early in the
observation of the facility, long before
-atmospheric data of possible beam weap-
ons testing was obtained.

“These young physicists gdther&,d to hls
cause by George [Gen. Keegan] were a
very sharp group of young turks, and some
have since gone on to, gain stature within
the high-energy physics crowd,” one offi-
cial said.

It was anticipated by Gen. chgdn and
his advisers that the USSR wouli be
forced to vent gaseous hydrogen from the
experiments at Semipalatinsk and that
carly warning satellites could detect it.

Underground Testing

Liquid h)fdrogcn in large amounts is
believed by some oflicials to be utilized to’
cushion the. nuclear explosive generator
sphere and for cryogenic pumping of large
drift tubes nearly a kilometer in length
through which the beams are propagated
for underground testing. In both cases,
large amounts of gaseous hydrogen are
formed and released into the atmosphere,
probably carrying large amounts of

nuclear_debris or_radioacuve tritiy

to_avoid harming the bclﬁj
according to seme U. S. sCientists.
l«xplomons of such paseous _hydrogen
being detee
et cxpcrlmcnﬁ
“and scientific s\udlcs

1cgulamy from S
J.S. official said,
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Experimental auto-resonant accelerator concept shows thé hardware
configuration in diagram. The design is to determine whether the
accelerated plasma wave can be grown in a Iabofatory and whether
" collective acceleration of protons can-be achieved. The illustration
shows 'that the more efficient acceleration of particles may be

of the gas.releases and ckpl\osions have  Nuclear Intelligence Board as to what the

confirmed their source as being.near the
Scemipalatinsk facility.” v
JUSAF _intelligence. developed an_ acroz

nym—PNUT,~ to refer to thé iest atea at

“Semipatatinsk. The letier P is for possible,
-and the other ‘letters stand for nuclear

underground test. The CIA still refers to.
the site as URDF-3—unidentificd .re-
search and development facility three.

In recent public pronouncements, Gen.
. Keegan ‘has taken the CIA -to task for
having- rejected  Air Force intclligence
information about Soviet ‘beam. weapon
development. He also has spoken bitterly
about a number of top U.S. physicists
who refuse to accept cven: the possibility
.that the Soviets are involved in beam
weapon: development. Most of the physi-
cists who would not accept the data were
older members of the scicntific community
who had been involved in research and
development from the carly days of a
project called Seesaw.

Project Abandoned

The U.S. attempted unsuccessfully to
develop a charged-particle, beam device
-under the project codé named Seesaw. It
"was funded by the Defcnse Dept.’s

Advanced Research Projects Agency but :
- abandoned after several years.

A number of influential U. 8. physicists
sought to discredit Gen. Keegan’s evidence
about -3oviet beam development. The gen-
eral attitude within the scientific commu-

“nity was that, if the U.S. could not
successfully produce the technology to
have a beam weapon, the Russians

- certainly could not. “It was the original

not-invented-here attitude,”
physicist said. ’ .

There were .about 20 hypotheses ad-
vanced by these physicists and the CIA’s

one. U. S,

Lo . }
Aviation Week & Space Technology, My 2. 1977

["ﬂ' T LT AV R LT LT TV M AT AP MO )
TR T
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facility at Semipalatinsk was being uscd

for.by the USSR. One theory was that it

was a supersonic ramjet test sitec and
another was that it was a nuclear reactor

_test site for commercial applications. That
. was based on the layout, which resembled

some reactors in the USSR.
“There is now no doubt that there is
dumping of énergy taking place at the site

with burning of large hydrogen flames,”
onc official $aid, ~What i%otﬁcrcd the

Nuclear Intelligence Board at first was
that it was hard’ to imagine that  some

seven technologie: critical to the weapons

- concept could _be perfected there within
the time frame presented. and not be

- detected by us.

“In each case, the Air Force was able to

disprove the theorics advanced, at least to -

USAF satisfaction,” one U.S. oflicial
said. “But-along the way Keegan became
an outcast within CIA and the Defense
Intelligence Agency. This was despite the
fact that many times in the past it twrned
out that his intelligence information
proved correet when it was not accepted at
first. He [Keegan] made some-great intel-
ligenee breakthroughs,” another oflicial
said.

As cvidence of Soviet intent mounted,
the Air Force convened a munitions panel
of its Scicntific Advisory Board (o

examine the problem. The pancl met at

Livermore Laboratory for three days to

study the data of Gen. Keegan and his

technologists. -Some members of that
pancl also werce involved in the Seesaw
project before it was halted.

“The panct of experts rejected vitually
all of the Air Foree’s Liypotheses. [n an
emotional meeting, they denigrated all
suggestions of nuclcar explosion gencra-
tion, power storage, p(;wcr transmission

)

possible using the concept where a traveling wave in an electron
beam traps and accelerates protons. The relativistic beam is more
than simply a medium for propagation of the wave. 1 is the active
medium that serves as the power source for reinforcing the electric
field of the wave and for acceleratmg‘ the ions.

and collective acceleration)” an official
explained. “The bottom linc-was th:t the
panel said there is no way (o control or
stabilize such a beam if a weapon is
produced. The net result is that evidence
about possible beam weapons development
was rejected.”

Later. some of the same physicists who
rejected the charged-particle beam daty
realized the Sovicts had made progress in
many separate. arcas of required tech-
nology for beam weapon application.
Some physicists involved sought fuading
from the National Science Foundation
and Energy Rescarch and- Developracnt
Administration for nuclear power and
beam generation studies, one ofticial said.
~In aneffort to prove that USAF intelli-

gence estimates were correct, Gen. Kee-

gan and his young physicists set about
trying to prove Soviet technology exists in
arcas neeessary for beam weapons.
Theoretical Blocks Isolated

After isolating the théoretical road-

‘blocks identified by the Scientific Adwvi-

sory Board’s munitions panel, the physi-
cists, along with scveral new  groups
recruited by Gen. Keegan, went to work
exploring possible USSR technologies.
Within a few months the team, under
the dircction of a young Air Force paysi-
cist, found that all the munitions panel’s
objections could be overcome “und had
alrcady been solved in the Soviet Union.
Several breakthroughs in high-cnerpy
physics were involved.” anoflicial said..
Explosive gencration was solved in the
LISSR by Soviet academicians  Andrai
Terletsky, who was once a KGB agent in

Sweden. and Andrei Sakharov, who was

mstrumental in developing the Soviet
hydrogen bomb and is now a dissident.
Soviet physicist Rudakov visited  thic

1w
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s developing a $55-million

) ‘ .

U. S.in July, 1976, and outlined his major ’

advances in electron beam fusion. ERDA
immediately tricd to cover up the ideas he
presented at Livermore in responsc to a
taunt by a Western: scientist. 1t was all
considered highly sceret in the U. S. and
“those scated there had to sit with their
mouths open and not respond to Ruda-
kov’s outline,” one U S. physicist said.
“His idea startled the U.S. physics

community, by its magnitude-—~transform-
ing laser and clectron beams to soft X-rays
to compress fusion fuel at low energy
levels. This is a real scientific break-
through,” the physicist said, “and could

“allow them to produce . large amounts of

fusion power to be used in producing

energy for a beam weapon.” Rudakov had

such good results in using relativistic clee-
tron beams to achiceve lusion that he now

machine

funded for this purpose in Russia called

Angara 5, a physicist added.

Gen. Keegan and his physics team
quickly determined that the next problem
to be resolved was flux compression
needed to convert energy from explosive
generation Lo electrical’ cnergy Lo power an
ACLLlUltOY

thy <1vu 1 th since solved that

1o " one expert said.

L..S. scientists meeting at Livermore
objected and said that power pulses gener-
ated could not be conducted over known
cabling without burning it up until Gen.,
Keegan's rescarchers discovered that pn,s-
surized gas lines invented in the U.
years carlier by I'TT and General B l(,LlIIL
were available and in use by the USSR,

Reconnaissance Data

Pipes at_the SemipaJatinsk site leading
from _the underground chamber werg

in-House Research

Washington—U. S. Air Force and Navy
are expected by Fiscal 1978 to cut in-
house research and exploratory develop-
ment to app'roximately 35%, "with . 65%
being contracted out, a Defense Dept.
official ‘told Congress. }

. This is approximately the goal set a
year ago (Awa&sT June 7, 1976, p. 47),
John L. Allen said during testimony
before the House Armed Services sub-
committee on research and develop-
ment. Allen is deputy director of Defense
research and engineering for research
and advanced technology.

Earlier, the Navy agreed to a cut of
3,000 persons and the USAF to a reduc-
tion of 1,000. These reductions were to
be accomplished within .each service's
research and development staff and were
not limited to in-house laboratories.

The goal for the Army was placed at
2,900 employes, a figure to which that
service has not yet agreed, although
discussions are in progress. Allen ac-
knowledged that the Army is “‘heavily in-,
house” oriented and wouid have to shift
personnel from labeoratory work to
achieve the 35% goal.

beam. The beam is bent at an angle by
magnetic mirrors and propelled near the
speed of light along the drift tubes running
underground about o kilometer, they
betieve, and the drift tubes are evacuated
to simulate operating the beam in spacce

and are used only for beam propaplmn
—lt.\llm.,

At one timg, there were five concentric
rings  constructed around the building

~abowt-5 km. (3T o) apart, At cach S a

ol arc, i vertical sensor wis placed, /\t

spolted - by reconnatssancesatellite, bu

—
they were discounted by the CTA™ anc
munitions panel as being there for another
:1pplic:;r'i0n possibly to exhaust supersoni

frst, U. ST analysts belicved this arrange-
nent was Lo monitor movement of gascous.
hydrogen clouds. The geometry was so’

precise, _however, that some_believed the

ramjets. Photographs from:satelites als
jets. Photographs from:saic

sensors were Jocated (o mcasure _beam

reveated a numiber ol tank cars near the

impact or for beam tracking,

st site  louded . with liguid hvdro*cn

USAT ntelligence oflicials believed 1t was
being used by the Soviets for cryogenic’
pumping ol beam drift tubes. This was
considered impossible by U. S, scientists
because they believe liquid hydrogen is too
volatile and dangerous for cryogenic usc.
Again, however, papers have been pubilish-
ed in the USSR on the subject, and hquid
hiydrogen has been used for years for that

spurpose. one oflicial said.

Officials believe that cabling leading
from the undereround granite dnmbu at
"Semipalatinsk ¢ nng_hg«_)\wr Irom al s
cxplosive generatgr " or
whereatas stepped up. The power 1s cabled
mto giant Capacitors lnsldg. one end of the
large thick-walled building. they believe.
Along the 700-fi. side arce located the
cleciron injector gun and the collective
accelerator, according to their theory. The
power is fedinto them to pmd uce a proton

Storing cnergy 10 manage its {low was
the next area of technology that Gen,
Keegan and his scientists investigated.
They discovered that the Soviets had

_ solved the problem carlier by using large
Dense.

water capacitors to store cnergy.
ficlds of cnergy/clectricity can be stored
using pressufized water as a diclectric
with pressure to 100 atmospheres. This is
considered another breakthrough by U. S.
physicists, because the USSR can store 40
times the density of energy that can be
stored in the Free World, onc official
cxplained. “This technology is now being
developed in the UL S, he added, after it
was completely veritied under a contract
with the Defense Nuclear Agency. |

For the past 15 years there has been an

. open and free ;uh‘m;:c between the U, S.

and the USSR in the high-energy physics

aarey, one U. S, physicist explained. That

exchange ix‘ related mosidy to projects for

cist said,

“ils attention.

_ Encrgy
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-nuclear power generation for commercial

application, but by its very nature, the
development of energy or offshoots of the

technology has application to the beam’

weapons field, the official said.
“This is a ficld where to our knowledge
there are few secrets. We go freely to their

"[USSR] laboratories and have few doors
a U.S. high-energy. physi--

barred 10 us,”
“and the same thing is true for
them in this country.”™ This does not apply
to laboratories where weapons develop-

. ment is being carried out.

Gen. Keegan's scientific team set out to

prove the feasibility in another arca of’

Sovict technology required for beam
weapons  use-—switching. Switching the
energy from its storage capacitors to the
clectron injector is a major clement
required for the weapon to function,
according 1o U. S. experts,

A small U S, company has devised a

breakthrough in switching technology, &
U. S. scientist explained, and has patented
it. Theoretical feasibility has now. been
fully established, the scientist added.
. The clectron injector was the -next area
of inv¢stigation on which the team focused
For this to be successful,
several engineers have explained, a gener-
ator is needed to provide a steady stream
of rapidly pulsed plasma of 100 million
electron volts per pulse at levels of 107
megajoules/scec.

“This is purc Buck Rogers to the physi-
cists at Livermore Laboratory, who

refused to accept that the Soviets could

accomplish it,” onc U.S. official said.
U.S. scientists since have been able 1o
confirm that Sovict high-energy institutes
long ago solved problems of electron injec-
tion that.place them years ahead of U. S,
technology. “At the Institute of High-
Physics in Novosibirsk, U.S.
scientists have found generator technology
that, 'when scaled up, can be used as an
electron injector.” Such cquipment is now
being exported to the U. S. for commercial
use. The Soviet technology involved s at
least 10 years ahead of anything under
development in the U. S.

CIA Chief Informed

In 1975, Gen chgﬁn dis.closcd his find-

ings on Sovict technology related to beam

weapons development to William Colby. .

then head of the CIA, and to a number of
its nuclear scientificiadvisers.

“On the strength of -Keegan's informa-
tion that-the Soviets were on the verge of
developing a weapon to neutralizé our
ICBMs and SLBMs, Colby directed the
formal “convening of the CIA’s Nuclear
Intelligence Panel to consider the disclo-
according to.a U. S. oflicial.

In o final meeting last year with the
panel, Gen. Keegan and -his associates
presented evidence over a three-day period
1o the pancel. The pancl went into executive
session 10 study the data and then wrote its
report. No copy of the report was ever
presented to USAF lnlclllguu,c

sures,”
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Collective accelerator principle in a schematic drawing
wave in an electron beam traps and accelerates the protons.

That is* standard, onc official said,
because copies of .the report are routed
only to-those in authority within the
CIA. '

“What the report said was that there
were o technological errors in USAF's
analytical work. It was agreed by the
board that there is a massive cflort in the
USSR involving hundreds of laboratories
and thousands of .top scientists to develop
the technology. necessary for production of
a beam or other energy weapon for usc
against U.S. 1ICBMs and SLBMs,” an
‘official said. The report also said the
board was unable . to accept USAF’s
detailed conclusions regarding the experi-
mental site at Semipalatinsk. 1 reasoned

concede that the Sovicts could harness
such advanced technology into a working
weapon or demonstration system.

They were willing to accept that the
technology had been developed indepen-
dently, but not that it has been used in
serics for weapons work at cither Semipal-

~atinsk or Azgir, oflicials sad.

3}

"Colby wrote a fetter to former Secretary

of State Henry Kissinger just béfore he
feft on a trip 10 negotiate with the Soviets
about strategic arms limitations -and
mentioned  that there “was-a facility
related to nuclear functions that were

unknown but that it might have high .

scientific application,” one oflicial -said.
With that exception, none of the USAF
intelligence data has ever been made avail-
able to the President, the secretary of
State or the National Sccurity Couneit. he
“added.’ o
The major argument now raging within

Aviation Week & Space Technology May 2. 1977

the intelligence community is whether the
facility at Semipalatinsk is experimental
in nature and whether it will require a
major cffort by the USSR over many
years to build more such facilitics to use
for weapons purposes.

“One of the problems is that some U. S,

intelligence oflicials :ind gcicntists

- diflic in

" nvoived, The technology is simply beyonc
their comprehension,™ an official said. The
facitity at Semipalatinsk is an example,

the official continucd. Tt depends on how. it
is visualized. “This is a casc where the

experimental hardware is identical o the.

equipment neeessary to destroy an [CBM.
-1 they c cly; i
beam 1o

» ~ y

“pons usc.

The giant vacum drift tube under-

ground at the facility is used only to

simulate upper .atomspheric and  space
conditions for the tests..in operational usc,
the weapon's beam would be fired from
the collective aceclerator ront end.
“After 10 vears ol work at the site
alter- developmental testing ol the bear
lor over ; r: the only thing required gg

{o _scale or weapons applica-

l ~

ion: - he said. That could be accomplished
ﬁs carly as 1978 with a prototype beam
wéapon, and it could be in an operational
form by 1980. some officials belicve.

Another big objection offered by some’

U. S. physicists and other scientists is that
the beam from such a weapon will have to
be propagated and bent to intereept
incoming warhcads in reentry ‘vehicles, an
cxtremely ditlicult task. ‘

Onc possible solution is that & “muag-
netic, mirror™ can be used for beam
bending to intercept reentry vehicles.

Despite strenuous objections from L. S,

shows that more efficient acceleration of particles may be possible when a treveling

scientists  over the feasibility of beam
bending, USAF intelligence established a
Sovict solution to the problem for the
Sovict beam concept, an oflicial seid.

Precise pointing and tracking may not
be required. “All that is needed is for the
Soviet long-range precision radars now
deployed in violation of the ABM agree-
ment to deteet avenues or windows for
reentry vehicle trajectories against wracts
in the USSR. By aiming rapidly pulsed
proton beams into these windows. [CBMs
and SLLBMs could be quickly saiurated
and destroyed,”™ he expiiined.

The windows would be Toverd from
1,000 to 2.000 naut. mi. oul i space
“With this method, many acquisttion and
tracking problems could be overcome. By
using the window cencept to scatter the
beam over a wide arca through which
warheads must transit, it s beliesed that

‘not many ‘beam weapon devices would be

required to proteet the USSR Troma UL S,
retaliatory strike,” the oflicial said.

Many deployment schemes of gread
stmplicity arc open to the Russiins. One
suchscheme would be to place the collec-
tive accelerators vertically inside sifos thae
the USSR now claims are for conimand,
control and communication.

There are at least 150 of these iios ch .
the UL S, is now overlooking by wephiny
the - Soviet definttion as commans, anp
control centers for their use. Usine acarby
sitos linked to those with the accelerinon
for containiment of the eaplosive. poneri-
tor, the Soviets could deploy such a systens
within a few years, an oflicial saad

“Since the necessary radars are nearing

operational readiness. all of the needed
system components could be emplaced,”
he added. '

“The thing that {Cien
Kecgan] finds so peraicious about this
whole thing s that CIA and othier

ong CGicorye

N
tep
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U. S, oflicials scofl' at the idea that the
backward Russians can develop technolo-
gy that we have been unable to develop in
the U.S. 7 one oflicial said. “He [Kee-
gan] admits that he could be wrong, but
he is not wrong about the Soviels™ will to
produce such a weapon and about the
national assets they are devoting to it.”
“From all of this cvidence we have a

good idea of where the Soviets are in.

development and where they arce headed
with beam weapons and Kigh-energy

lasers, "NOt uch bas been done do (b

cations,

‘Country since Scasmw ™ o U, S. physicist
siid. “But there s certainly a lot of new
mlcrul now within the sut,mmu commu-
nity.’

There is an cflort under way to establish
an ageéney in the U. S. to coordinate the
development of directed-energy weapons.
Some congessional stafl members as well
as oflicials within the Administration arc
pressing for this to be accomplished.

Fragmented Development

“Devetopment is now fragmented with
various factions from a number of agen:
cies and laboratories trying to compete for
funding. What is nceded now is for a

control point to be set up with some cohe-,

sion and orderly planning to develop the
various components of technology re-
quireé for weupons,” one House stafl
member said.

John 1. Allen,
Defense research and- engincering  for
research and advanced technology, said:

“Science fiction writers have been lisci-
nated  with the concept of a directed-
energy weapon that beams energy directly
to a target, obviating the need for bombs,
missiles or projectiles. A weapon of this
type now appears not only to be. possible,
but we may even have a choice of the
beams that can be used . . . clectrons or
other fundamental particles.

“These beams travel at or near Lhe
speed of light {186,000 mi.7sec.] so that

the delivery time is negligible, an attrac- -

tive-attribute for a weapon. The beams can
also be ‘moved rapidly from one target to
the next. Thus, for defense against nearly
simuitancous multiple attackers, directed-
enérgy. weapons are appealing.” :
He added that high-energy lasers are
the most advanced of the dirccted-energy
devices. “About 10 years ago, it became
apparent that the generation and propaga-
tion ol damaging levels of energy might be
fcusiblc,” Allen explained. “"However, ihe
“technical problems forescen were formid-
able. High power is necded for useful
lethal ranges. The achievement of such

high power requires a strong foundation of

basic knowledge of the phyvsics and chem-

. istry of highly excited gases, coupled with,
in some systems, sophisticated high-
volume, high-velocity gas flow technology.
The, flow rates involved in gas dynamic
high-encrgy lasers are like those from a jet
engine. The physical size is also compar-
able to a jet engine.”
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deputy director of

“advanced development in Fiscal
Navy is now working on a scaled-down

Allen said the Defense Depl'’s Ad-
vanced Research Projects Agency and the
services are investigating the application
of high-cnergy. lasers. “Both the Army and

~ Navy are pursuing terrestrial applications.

The Air Force is pursuing airborne appli-
and the Defense Advance Re-
scarch Projects Agency is looking at the
possible application of lasers in space

defense with emiphasis on chemical lasers.”

It is still too carly to determine the poten-
tial cost effectiveness of high-energy lasers
as weapons, but the next two or three
years will yield a great deal of insight.”

Problems Cited

“Particle beams—beams of electrons,
for example —are not directly affected by
the weather and may provide longer
ranges than high-cnergy lasers in adverse
weather. However, they have. other prob-
lems. Charged-particle beams have a
tendency o be unstable. They also are
deflccted by magnetic ficlds, so” pointing

and tracking uncertaintics exist. If these-

problems can be solved, a viable weapon
could result. We believe that charged-
particle weapons might. in some applica-
tions, present a usclu’. alternative or
complement to-the high-cnergy laser for
giving us ‘zero time of fight” weapons. We
are pursuing projects. at an exploratory
level,” Allen told the House Armed
Services rescarch and dw(,lupmcnt sub-
committee.

The Navy is sccking $6 million in Fiscal
1978 for a program called Chair Heritage
to continuer exploratory development of
beam weapons, mostly related to acecler-
ator development. 1t plans to transition to
1979.

advanced test accelerator. The design: for
the device was selected in July, 1976, and
experiments with the accelerator are
slated for completion in August, 1978,

The auto-resonant accelerator, a num-

ber of knowledgeable physicists -believe,
offers the potential for generating low-
cost, extremely intense. beams of high-
energy heavy particles.
believed capable of generating beams - of
ions in the giga clectron volt range. Power
levels would be in the range of 10™ w. with
pulse lengths on the order of a microsec.,
1e., single pulses with an energy of 1-10
megajoudes.

From the military -application stands
point, the auto-resonant accelerator has
the potential for being used to deliver the

cquivalent of pounds of TNT {o blast’

targets at long range at the speed of igl"
The. ceffects of neutron. hot X-ray and
gamma radiation would have an equally

destructive impact on warhcads. Austin
Rescarch  Associates is doing basic re-

scarch with the aufo-resonant accelerator.

With o program of techinology develop-
ment, senior experts in physices” believe,
substantially higher cenerpy levels can be
delivered to targets at longer rdnfzm

The auto-resonant accelerator -i$ not

-these missions are close at lmnd
“physicist said.

Wave

The device is

limited, to pulsed operation. That limita-

tion now is from the design of associated
electron-beam diodes and power supplies.

1 E-beam diodes and power supplies can

be developed that can be repetitively

- pulsed at the rate of 100-1,000 pulses/sec.

for several seconds, average beam powers
in the 1,000-megawatt range are believed
possible.

“A number of military applications are
possible by changing the total energy
réquircmcms and repetition rates. Some of
a U.S.

™~

Under current funding, U.S. officials .

are convinced that M. L. Sloan and
William E. Drummond will complete their
mathematical model for the auto-resonant
accelerator by July. In a paper on the
accelerator concept, Sloan and Drum-
mond explain the principie: a conceptually
simple and compact method of generating

-pulsed “ion beams in the multi-ampere

current range.

This accelerator scheme combines the
basic concepts of traveling wave and
collective acceleration. While the traveling
wave is used for the acceleration process,
the wave is a collective eigenmode of the
cleetron beam-magnetic. guide field cylin-
drical guide system rather than a vacuum
cuide mode as in a conventional
traveling wave accelerator.

Economy in Size

Because of the collective nature of the
medium  of  propagation,
eflective accelerating fields can be sus-
tained than in a conventional accelerator,
allowing for economy in the size of the
machine. This is extremely important in o
weapons application.

The cyclotron wave used in the auto-

resonant accelerator is a negative energy

much higher

wave so that in the acceleration process -

where energy . is delivered to the ions,-

instead of being degraded, the clectric
ficld encrgy of the wave actually grows.

I the auto-resonant accelerator
achieves onfy a few percent clliciency in
conversion of clectron beam encrgy to ion
energy, pulsed currents in the tens of
amperes range or larger are anticipated.

" The name auto-resonant accelerator is

derived from the process involved —the
novel feature is that as the cyclotron
Ligcnmoda delivers energy to the acceler-
ated ions, it automatically extracts energy
from™the relativistic electron beam. Power
is thus automatically fed from the relativ-
istic beam to the resonant ions.
. To provide the accelerating medium,
the electron beam is propagated in a
vacuum over a distance of several meters.
The relativistic clectron beam is the accel-
crating medium and is used to accelerate
protons to high cnergies.

A pufl of hydrogen can be allowed into
the front or .njector -end of the auto-
resonant accelerator. When the clectron
beam is turned on, the ionization process
will strip the hydrogen atoms to bare
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 protons at a predetermined

.A depend-
ing on the ambient hydrogen pressure and
volume and the clectron beam energy,
current and cross-section. Juggling these
qudntitics can adjust the production rate.

There are other promising coneepts for
collective accelerators at U. S. laboralo-
ries and research centers, but they arc ot
all being actively pursued because of a
lack of funding and coordination within
the high-encrgy physics ficld, according to
U.S. officials. These include:

8 Traveling potential well accelerator

" at Sandia Corp. funded by the Energy

-Rescarch and Development Administra-
tion and the USAF Office of “Scientific
Research. Graig Olson at Sandia has

“developed the concept for controlling the

acceleration of a potential well using an
intense light source or lasers' bcamed into
a low-pressure gas for a two-step photo
ionization process. Olson uscs laser beams
at different wavelengths for jonization and
cesium vapor for the gas.

8 Self-synchronized pinch.model accel-
erator concept by Sidney Putnam at
Physics International in San Leandro, "
Calif. This concept ‘was proposed by
Putnam in 1972, but. no experimental
work has been accomplished in the U. S.
The Sovicts, however, have picked up this

concept and -accomplished thegretical

work with it. The concept. uses a space
non-charged neutralized electron beam,
which contracts in an envelope - around
ions as'it moves through the accelerator.
This is based on local magnetic pinch
effeets.

8 Collective . bunching ‘miodel acceler- -

ator being developed under the Naval
Research Laboratory along with a trav-
eling wave accelerator using a slow space
charge wave. Cornell University is doing
the simulation work for the Navv.

Toroidal storage,ring:accelerator con-
cept by Norman Rostoker at the Univer-
sity of California at ltvine. This concept
provides for a small torus about four
mieters in diameter. A cloud of eleetrons is
stably confined in . the machine to trap -
ions inside a ring to focus them. o

‘Elcctron
University of Maryland under National
Science Foundation sponsorship. This is a
variation on the USSR smoke ring accel-
erator theme proposed years ago.

“Many possibilitics are open for the.

. U.S. but remain unexplored.” a senior

‘U. S, official said. “Whether this results:
from’ lack of interest, lack of funds for
research, lack of national focus for efforts
in this-field, or a belief that the possibility
that cuch weapons may adverscly effect
detente is unclear. It does seem that the
Soviets have taken a very different course
which may eventually prove most U.S.
planners and analysts to be wrong. If this
proof comes carly cnough, it may then be

t

too late for our research and development -

establishment to catch up on what may

~ finally be agreed to be a very long Soviet
" lead in this field of strategic defense.”

Aviation Week & Space ~zechno|dgy. May 2, 1977

ring accelerator at the .

Carter Str¥tegic

Funding Backed in House

By Katherine Johnsen :

Washington— Housc of Representatives last week supported President Carter's strategic
nuclear weapons program in passing a $35.7-billion authorization for Fiscal 1978
military research and devclopment and procurement to buttress the Administration's
posture on a new strategic arms limitation talks (SALT) agreement with the USSR -

(AW&ST Apr. 18, p. 16).
After two days of debate, the measure
-was approved by a vote of 347 to 43,
without any change in the acrospace
program recommendations of the Housc
Armed Services Committee (AW&ST Apr.
11, p. 21). The authorization increases the
"Administration’s request for procurcment
programs by a nét $793 -million. This is
offsct by a net reduction of $777 million in
rescarch and development programs.

B-1 Debated *

The pros and cons of the controversial
USAF/Rockwell International B-1 pro-
gram were argued on the House floor. But
neither the advocates of accelerating the

program, nor the advocates-of canceling it,,

-challenged the President’s decision to
procure five of the straicgic bombers in
Fiscal?1978. The Ford Administration had
proposed a buy of cight.

"~ Senate Unit Cuts F-14A

Washington—Senate Armed Services
Committee last week reduced the -
Navy/Grumman F-14A procurement pro-
gram from 44 aircraft to 36 during action
on the $35.7-bi.ion Fiscal 1978 authori-
zation for weapons systems. :

Both the Ford and Carter Administra-
‘tions recommended $941 miltion for the
buy of 44. The Senate committee’s action
would reduce the Fiscal 1978 funding by

- $200 million.

The committee aiso adopted language
that would:

o Limit the Fiscal 1979 buy of F-14s to
36, instead of the 60 aircraft programed
by the Navy.

® Direct that the two-year saving, esti-
masted at a total $550 million, be applied
toward any shortfall in the McDonnell
Douglas F-18 program (awasTt Mar. 28, p.
14). )

The Navy solution to funding problems
was tc permit a year's slippage in the
F-18 program and cancel the Lockheed
P-3C program in Fiscal 1979. °

Congressmen claim the Navy wants to
cancel the F-18 program.

Last week the House approved the
funding proposed by the Carter Adminis-
tration,. for both the F-14 and F-18
programs.. The Senate committee’s tar-
get is fo complete action on the authori-
zation May 6. )

Rep. Ronald V. Dellums (D.-Calif)
offered an amendment 10 eliminate '$134
million for the USAF MX advinced

* ballistic missjle “systemr and cancel the

program. But only 11 House members
supported the amendment. The other 89
members ‘present voted against it. :

The mobile MX wilt only decrease U. S.
sceurity, Rep. Dellums said. “The greater
accuracy of the missiles will pose a
constant threat to the Soviet ICBMs, thus
increasing the chances of a preemptive
first strike.”

Estimating the total MX program cost
At $40-50 billion, Rep. Dellums said:

“That is a lot of money for a weapon that

has been called ‘*an arms contrcller’s
nighrmare.” President Carter has aircady
expressed his desire to ban it altogether.
Bul owing to the verification problems it
will cause, it may be oo fate to ban it after
we have developed it.”

Challenging Rep. Dellums, Rep. fack F.

"Kcmp (R.-N.Y.) told the House:

.“The premise upon which the [Dellums)
argument is based is that the U.S. is
provocative and that the Soviets have not
developed  mobile land-based nii-siles.
That is wrong. They do have right now a
3,000- to 4.000-naut.-1ni range mobile
SS-20. If they combined the 8S-20 with
the SS-16, it gives them a mobile intercon-
tinental ballistic missile. 1t would have
hard-target capabilities. It is the $8-20
that is destabilizing, not our MX research
and development program.

SALT Flexibility

“We should be giving the President the
flexibility 10 go into SALT 2 negotiations

. with the support of this Congress by not

tying his hands in"this important weapons
program, stopping it unilaterally,”™ Rep,
Kemp said.

The* Carter Administration redused the
$294'million proposed by the Ford Admin-
istration by $160 million to the $134
million.

Mecanwhile. the Carter Administration
has delayed implementation of its decision
proposing outright cancellation oi Min-
uteman 3 production, announced by
Sceretary of Defense Harold Brown Fen,
22. This will require the submission (o
Congress of a request to rescind Fiscal
1977 production funding. This request has
not yet been submitted. '

The House authorized $325 million for

23
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