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nally, the goal of the analysis was not to deter-
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and fail, but to find attributes of demonstrations
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dependent variables—the measures of success.
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Charged Debate Erupts over
Russian Beam Weapon

The affair of the charged particle
beam, the death-ray weapon with which
the Soviets will allegedly soon be able to
neutralize an American strategic missile
attack, has been the sensation of the
week in Washington. Congressmen have
received secret briefings, the CIA has
been moved to issue one of its infrequent
statements, and there has even been a
presidential assurance that the nation is
not in jeopardy.

The immediate cause of the stir is a
7000-word article in the 2 May issue of
Aviation Week detailing the case for be-
lieving that the Soviet Union has made a
breakthrough in the field. An ac-
companying editorial by editor Robert
Holtz states that the United States is in
danger of “‘a crippling technological sur-
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prise that could render its entire strategic
missile force ineffective.”

The weaponeers’ hope is to generate a
beam of charged particles, similar to
those used in accelerators but much
more powerful, and to use it to inactivate
incoming missiles. According to Avia-
tion Week, Soviet scientists have learned
how to harness nuclear explosions to
drive such a beam. Unnamed officials
quoted in the article suggest that the
weapon ‘‘could be in operational form by
1980’ and that the Russians are ‘‘years
ahead in most areas’’ of particle beam
technology.

Aviation Week is a copious source of
military and intelligence information, so
much so that it has earned the sobriquet
of Aviation Leak. Its statements on the
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charged particle beam could not be ig-
nored, and the Administration was soon
set abuzz with denials that the Soviets
had achieved any breakthrough in devel-
oping the weapon. Briefed by his science
adviser and others, President Carter said
that *“We do not see any likelihood at all,
based on our constant monitoring of the
Soviet Union as best we can, that they
have any prospective breakthrough in
the new weapons systems that would en-
danger the security of our country.”
The CIA announced it did ‘‘not be-
lieve the Soviet Union has achieved a
breakthrough which could lead to a
charged particle beam weapon capable
of neutralizing ballistic missiles.”” The
agency also denied the assertion in Avia-
tion Week that CIA analysts had failed to
pass on information about the beam
weapon to higher government officials.
Far from being chastened by these
high-level denials, Aviation Week re-
sponded that the President was being
“‘screened from vital technical devel-
opments’’ by the bureaucracy of the CIA
and the Defense Intelligence Agency.
Carter had been incompletely briefed,
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editor Hotz announced; his advice: ‘‘Dig
deeper, Jimmy.”’

The statements by Aviation Week and
the Administration represent the two
sides of a debate that has been sim-
mering for several years within the in-
telligence community and which is now
being played out in public. The side that
lost out in the secret debate was the first
to go public, and the 2 May article in
Aviation Week is essentially the state-
ment of its case.

The chief proponent of the view that
the Soviets have made a breakthrough
with particle beam technology is Major
General George J. Keegan, former head
of Air Force Intelligence. Keegan told
Science that the Aviation Week article is
*““frighteningly accurate.”” But according
to a prominent scientist who advises the
government on military affairs, the ar-
ticle presents a distorted view of the in-
telligence information available.

Supporters of Keegan’s thesis within
the intelligence community seem to in-
clude, and may be confined to, his fellow
analysts in Air Force Intelligence. The
CIA certainly disagrees, as does the De-
fense Intelligence Agency, which might
be expected to share Keegan’s con-
servative view of Soviet developments.
Lieutenant General Daniel O. Graham,
former director of DIA, told Science that
‘‘one worst case analysis may be right,
but something that depends on a whole
group of them never is.”” A group of sci-
entists who were convened to review
Keegan’s thesis for DIA found it didn’t
hold up, Graham says.

The House Armed Services Commit-
tee on 12 May received a closed briefing
on the particle beam from Jack Vorona,
DIA deputy director for science and
technology. Vorona’s presentation ap-
parently indicated that the Soviet threat
had been ‘‘grossly exaggerated.”

As far as scientific support goes, Kee-
gan has repeatedly criticized the scien-
tists who disagree with him, such as
those who advise the CIA, arguing that
their allegiance to conventional wisdom
has blinded them to the unorthodoxy of
the Soviet approach. Keegan says he
went to ‘‘young geniuses under 29"’ who,
by making ‘‘several major pioneering
breakthroughs,”” helped to demonstrate
the feasibility of the particle beam weap-
on. Keegan declines to identify the
young geniuses, but several sources
have indicated that the Foreign Tech-
nology Division, a group of scientists
and intelligence analysts located at the
Wright-Patterson Air Force Base in Day-
ton, Ohio, is the principal source of Kee-
gan’s technical advice.

Keegan first began to speak out about
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the Soviet particle beam threat after he
retired from the Air Force in January this
year. In a briefing given in March to the
American Security Council he warned
that well before 1980 the Soviets “‘will
perceive that they have technically and
scientifically solved the problem of the
ballistic missile threat.”” This advantage
is being gained, Keegan said later, be-
cause Russian scientists are successfully
developing a proton beam as an antibal-
listic missile device, whereas the Ameri-
can effort to weaponize a charged par-
ticle beam was abandoned because it
was staked on electrons (Science, 22
April).

Use of a particle beam as a ground-
based ABM device raises severe techni-
cal problems such as keeping the beam
stable, getting it to propagate through the
atmosphere, and maintaining steady aim
on a target despite the fluctuations in the
earth’s magnetic field which might tug
the beam about. Advantages would be
that the beam could perhaps deliver
more energy than would a laser on an in-
coming missile during the few seconds it
was within range. Traveling at close to
the speed of light, the beam would also
reach its target much sooner than would
a conventional missile interceptor.

The trouble with this proposal, ac-
cording to senior government science ad-
visers, is that even if a particle beam
were feasible, it would suffer from the
same systems disadvantages as conven-
tional ABM systems, such as being enor-
mously costly and requiring large and
highly vulnerable radars.

Should a particle beam weapon be
developed, it might be more usefully
placed aboard a satellite; fired at missiles
shortly after launch, the beam’s target
would be a large rocket instead of a
cloud of MIRV’s and decoys. Yet the
satellites would be visible and vulnerable
if placed in high orbit, and have a signifi-
cant chance of being in the wrong place if
stationed in low orbit. In either case, a
simple defense against particle beam at-
tack is to ‘‘wiggle’’ the earth’s magnetic
field with a nuclear explosion.

The Keegan thesis is presented in
detail in the Aviation Week article of 2
May. Written by military editor Clarence
A. Robinson, the article does not cite
Keegan as a source. Essentially it lays
out the intelligence and technical data
that form the basis of Keegan'’s case, and
describes from Keegan’s vantage point
the bureaucratic battles by which he
tried to make his interpretation prevail.

Keegan’s case is founded on his inter-
pretation of Soviet activities at two un-
usual research facilities, one of them
about 35 miles south of Semipalatinsk,

the other at Azgir in Kazakhstan near the
Caspian Sea.

Reconnaissance satellites, Robinson
reports, have identified the following ac-
tivities at the Semipalatinsk site. There is
a large main building with reinforced
concrete walls 10 feet thick. Satellite-
monitored activities indicate that in an
underground granite cavern nearby, two
hollow spheres, 18 meters in diameter,
have been constructed from thick steel
segments. Pipes have been seen leading
from the chamber. On several occasions
satellites have monitored large amounts
of hydrogen gas released from the site.

Aviation Week offers this explanation
of what is happening at the site. In the
underground granite chamber is a ‘‘fis-
sion explosive generator.”” (An explo-
sive generator produces pulses of high
power by driving metal through a mag-
netic field; a fission explosive generator
would presumably use a train of nuclear
fission explosions to drive the metal.)

The underground steel spheres, ac-
cording to the Aviation Week account,
are needed ‘‘to capture and store energy
from nuclear-driven explosives or pulse-
power generators.”’ From the generators
in the granite chamber, power is carried
through cables to nearby transformers,
where it is stepped up; thence to ‘‘giant
capacitors’’ inside the large building on
the surface. Power from the capacitors is
fed into a “‘collective accelerator’ and an
electron injector gun, to produce a beam
of protons. To simulate operation in
space, the beam can be bent by magnets
into evacuated underground tubes about
a kilometer in length.

The copious hydrogen releases de-
tected by satellite are interpreted as the
result of the gas escaping from cryogenic
cooling of the underground tubes. The
seven occasions since November 1975
on which the gas has been detected are
believed each to be tests of the beam
weapon.

The site at Azgir, in the Keegan view,
is believed to house a ‘‘far more power-
ful fusion-pulsed magnetohydrodynamic
generator,”’ also in a subterranean cav-
ern. A test of some kind was monitored
by satellite late last year.

The Keegan team’s hypothesis has
been reviewed several times by the Nu-
clear Intelligence Board of the CIA, the
Aviation Week article reports, but the
board has so far ‘‘rejected their con-
clusion that beam weapon development
is evident,”” and does not agree that ei-
ther the Semipalatinsk or the Azgir site is
being used for beam weapon work. The
hypothesis was also considered by the
Munitions-Armaments Panel of the Air
Force Scientific Advisory Committee.
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The panel, it was reported, ‘‘rejected vir-
tually all of the Air Force’s hypotheses’’
during a 3-day review and outlined seven
theoretical roadblocks that would pre-
vent development of a particle beam
weapon. Keegan’s team then set about
assembling evidence that the Russians
have overcome each of these seven road-
blocks and in fact are “‘years ahead” of
the United States in most of them.

The article reflects Keegan’s view that
his ideas have not received fair consid-
eration from the various scientific re-
viewers. Most of the physicists who
would not accept his data are ‘‘older
members of the scientific community,”’
who were involved in Project Seesaw,
the unsuccessful attempt to develop an
electron beam, and whom Keegan ac-
cuses of believing the Russians could not
succeed where Americans had failed.

As to how the defense would detect in-
coming missiles and aim the beam at pre-
cise targets, Aviation Week suggests that
precision aim is unnecessary. All that is
needed is for the beam to saturate the
broad areas or ‘‘windows’ through
which the warheads must pass. In the
Keegan view, such windows can be de-
tected by the Soviet radars which have
already been deployed in violation of the
SALT agreement. The typical energy
levels that would be required for use
with a beam weapon are ‘*10'2 joules per
pulse, with the energy of a particle of the
beam from 1 to 100 giga electron volts,”’
the article reports.

Keegan’s hypothesis rests on a mix of
technical and intelligence information
which is too esoteric for easy evaluation.
Keegan declines to identify his scientific
supporters, and Science has beén unable
to do so independently. Sources have in-
dicated that the Foreign Technology Di-
vision at Wright-Patterson Air Force
Base is the chief source of Keegan’s
technical advice, but chief scientist An-

thony Cacioppa declines to make any
comment. Another rumored adviser,
William Drummond of the University of
Texas, says he knows Keegan and has
advised the government in the past, but
that *“We are not the advisers of whom
he speaks—where he gets his informa-
tion is way beyond my ken.’”” Drummond
and M. L. Sloan, a young physicist at
Austin Research Associates, are devel-
oping an accelerator capable of generat-
ing intense beams under a contract from
the Ballistic Missile Defense Agency.

Skeptics of the Keegan hypothesis are
easier to find. A physicist who is promi-
nent among the goverment’s scientific
advisers describes as ‘‘absurd’’ the sug-
gestion the Russians would use nuclear
explosions to power a beam. ‘‘That is
nonsense because the 10 megajoules you
would need to destroy a target could just
as well be obtained from a conventional
high explosive,”” he says. “‘I believe
there is really nothing to worry about in
this case, and that the information pro-
vided there [in Aviation Week] is a
hodge-podge of things which, since you
don’t know what they are for, can be put
together to mean almost anything.”’

A similarly definite dismissal was de-
livered by Secretary of Defense Harold
Brown at a recent press conference. To
turn particle beams into a practical
weapon, let alone an operational system,
Brown said, ‘‘requires that each of a
number of theoretically conceivable but
practically very difficult steps be carried
out. From what we can see of the evi-
dence, and I have seen all the evidence
there is, a number of those remain far
from achievement both by us and by the
Soviets. And therefore, I don’t think that
there is such a weapons system in pros-
pect in the foreseeable future.”’

In a further effort to shoot down the
Aviation Week article, the Defense De-
partment held a 16 May briefing about

““‘Soft Technology’’ Energy Debate:
Limits to Growth Revisited?

One of the strongest undercurrents of
energy policy in recent months has
flowed from a remarkable critique put
forward by Amory Lovins, a physicist
turned environmental advocate for
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Friends of the Earth. The critique en-
compasses technical, economic, social,
and philosophical aspects of energy poli-
cy and appears likely to have a lasting
impact on the rhetoric, if not the sub-

Soviet and U.S. progress with particle
beam weapons. A Pentagon scientist
who asked not to be named remarked
on the absence of certain ‘‘key pieces of
information’” which would be expected if
the Russians had made substantial prog-
ress. He declined to identify them, but
presumably the testing of a nuclear-
powered beam would leave more traces
than just a few puffs of hydrogen. Soviet
progress with beam weapon-type accel-
erators is ‘‘about equivalent’ to that
of the United States, leading in some
areas and lagging in others, the official
said. The United States spends about
$7.5 million a year on beam weapons,
but a prototype is many years away.

Reaction in Congress seems likely at
present to follow similar lines. A staff
member of the research and devel-
opment subcommittee of the Senate
Armed Services Committee said the
beam threat had been exaggerated and
was not likely to become an issue.

The evidence presented in Aviation
Week establishes at most the possibility
that the Russians are experimenting with
development of a particle beam weapon.
It is presumably the job of intelligence
analysts to fit together strands of dis-
parate evidence and make exactly the
kind of creative deduction that Keegan
has done with the particle beam. But
most such hypotheses presumably turn
out to be wrong. Keegan’s arguments
have evidently proved less than com-
pelling to a majority of the intelligence
community, but he or his team believe so
strongly in the rightness of their case that
they have taken it to the public, despite
the risk that open discussion of in-
telligence matters may jeopardize
sources and reveal the extent of Ameri-
can knowledge about Soviet activities.
The evidence of the Aviation Week ar-
ticle seems a tenuous basis for so decid-
ed a step.—NICHOLAS WADE

stance, of the energy debate. It has pro-
voked rivulets of reaction that include
congressional inquiries, official studies
by the Energy Research and Develop-
ment Administration (ERDA), detailed
and often impassioned rebuttals by many
of the elite of the energy establishment,
and even imitation by President Carter’s
speechwriters.

The sequence of events is strongly
reminiscent of those following publica-
tion of the 1972 Club of Rome report,
Limits to Growth, which was also vigor-
ously debated and heatedly condemned.
The similarity may, in fact, go further,
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