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Recently a number of articles have been published in
various scientific, technical and military journals on the
possible use of high energy particle beams as weaponsIJ. One
of the most recent was a review article published in Nature
early this yearEj. Although one of the few obiective articles
written on the subject, it contained a number of technical
errors. Since -the consequences of such weapons, should they
become a reality, are so .far rveaching, an accurate as well as
can objective analysis of the state of the technology and its
future prospects is very important. In this. letter, therefore,
we wish to peint out some errorshand»omiSSiQns made in the
Vature article so that any future studles on the subgect do

not suffer from possible, 1f only slight, loss in credebility.

Fer instance, the beam dispersion calculatlons are
done using formulas outside of their range of valldity, the
conclusion on endoatmospheric proton beam propagation can be
misleading; = the heating of the air in the region of the bszanm
comes mostly from ionisation losses,. even in case of electrons
the bremsstréhluﬁgfs coﬂtributign is negligible; and the figure
used for the atomic density of air at STP s incorrect so that

errors are introduced in several numerical calculations.

The article also suffers from a lack of adequate dis-
cussion on the endoatmospheric use of particle beams (i.e.
for point defense against cruise-missiles or incoming re-entry

vehicles)} and their target damage capabilities.
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complex and different parti cles (e.g. electrons, protons and
ions) of similar kinetic energies behave differently with dif-
ferent propagation ranges so that they have to be treated
separately. In the relative vacuum of the outer space, pro-
pagation is mainly affected by the Earth's magnetic field and,
therefore, discussion in this case are confined only to neu-

tral particles (i.e. hydrogen atoms).
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As for the propagation of high energy particles ‘in
~the atmosphere, contrary to the suggestion made in the Nature
article, a proton beam, in principle, has better atmospheric .
propagation properties than an electron beam. We have numeri-
cally integrated the full egquation of the‘beam expansion
theory developed by Lee and Cooperg)g taking beam energy loss
and beam intensity loss into account. According to our esti-
mates, a proton beam pulse with an intensity of 10 kA and a
kinetic energy of 1000 MeV would propagate in air at standard
temperature and pressure up to 350 m. After this distance
the beam breaks up,. Under the same conditions, a simillar
pulse of an electron beam or an aipha ion beam would propagate
up to about 150 m. For 10 kA and 10'000 MeV beam pulses, we
find ranges of 200, 500 and 600 m, respectively for electron,

alpha ion and proton beams.

In the same Nature article, little consideration is.
given to the intense electromagnetic (or nuclear) cascade
that 1s generated by a beam of electrons {or protons) as it
propagates through the atmosphere or interacts with the target.
In the case of an electron beam, the electromagnetic shower
produced by a 100 ns long, 10 kA, 1000 MeV beam would result
in a radiation dose of about 2000 Rem per pulse within a dia-
meter of 10.m around the beam axis and over a distance of
about 400 m. A few such pulses would thus direct towards
the target a narrow radiafion beam of.an intensity sufficiant
to upset the electronics or to kill people, without the beam
having to score a direct hit. '

Moreover, contrary to laser or heavy ion beams, which

interact with the target only itz suriace, electron, proton,

D

at
or light ion beams can penetrate the target and thus inflict
potentially more severe damage. This is particularly impor-
tant as it renders shielding against such beams more diffi-

cult. Furthefmere, a beam of protons in the 1000 MeV energy



range cn hitting a heavy target would generate a nuclear cas-
cade with a substantial flux of spallation and evaporation:
neutrons“lm " If the target contains a nuclear warhead, the
neutrons could enter the fissile material causing the atoms

to fission and so generate largée amounts of heat.

1

All these various aspécts'shdw the complex nature of
such weépoﬁs and point to the fact that apart from the iong
ranoe.strafegic appiicatiOns diséﬁséed in'tﬁé Naﬁaﬁe article,
short range tactlcal apnllcatlons of these weﬁpOﬁs should
also be con51dered This is partzcularly needed because in
this mode particle beam weapons may be less proné to counter-
measures{lﬁlso' a proton or light i6n beam has some potential
as an ABM syetem,and may comparse Eavorably w1th other fast

and short range ABM sysfem%.

The use of particle beams as weépbné.islén‘éld”ideaj
probably goiné;bhck'to'World War II° %), Even at this time it
was realized that one of the major“pfoﬁléms'was the question
of beam stability. Vefy:exténsive'thécretical studies were
therefore conducted in the 1960 's ‘on this question by many
promiﬁeﬁt us physiéists Workiﬁg in'collaboration with the
JASON divisioh of the Institute of Deferce Analysis®), It
was found that the propagation of charged particle” beams
through“ionized'gases may be hindered by'ﬁaﬁy possible insta-
bilities. It was not until the'constrﬁcfion of powerfull high

e

hat these théories were put to test ex-
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current accelerators

erimentaly. It was discovere

e

ation of short but intense pulses of charged particles were

aa

ssible through air, but at a reduced density corresponding

=

to-a pressure of a few torr. Similar propagation experiments

were subsequently performed in the USSR, investigating the

stability question at atmospheric pressure as well®),

These results, together with the considerable develop-

ment ¢f the accelerator technology led to renewed speculations



on the military potential of particle beams, and triggered an
extensive coverage of the subject'’!%). It may be prematured to
draw any final conclusion on the feasability of particle beam
weapons, -but the rather pessimistic conclusions drawn 1in the
Nature article do not seem to be supported by the large amount
of effort been put at present into the research and develop-

ment ‘on such weapons and related subjects.

Reseérch directly related to pafticlé beam weapons
includes further testing of high intensity beam propégafion
in air at various pressures at the Naval Research Laboratorygl,
the study of reduced pressure gas channel formation by pulsed
1a5er1°)3 the development of new accelerators such as the
50 MeV, 10 kA induction linac at the Lawrence Livermore Lab-
oratory113, or the autoresonnant accelerator (suported by the
US Army Balistic Missile Defense Advanced Technology Center}lz}
which is expected to accelerate protons to an energy of 1000 MeV
in a few tens of meters!®). For fiscal year 1981, approximately
$35 million is budgeted for particle-beam teéhﬁology by the
Department of Defense. The major cbjective of this programne
is to demonstrate the feasibility of stable exc- and endo-atmo-
spheric propagation of high power beams!®), Probably similar

efforts are being made in the USSR alsots),

Research indirectly related to particie beam weapons
incliudes of course that devoted to laser beam weapons and the
considerable resources being poured into the development of
inertial confinement fusion devices triggered by high energy
lasers and various particlies beams. Similarly, the construction
of large and powerfull accelerators for both miiitary and
civilian purpeses will slowly but Sufely heip to solve many
technical challenges implied in the construction of accelera-

tors suitable for beam weapons applications.
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Finaly, it is worth noting that the current prolifer-
ation of accelerator technology has serious implications on
several other arms control issues. The development of parti-
‘cle beam weapons, particularly their tactical use on Earth
and their long range use in outer space by technologically
advanced nations will certainly add a new dimension to the
arms race. It i1s thus very important to properly reasses the
beam weapons qnestion_ especially -in-view of the clear need
cf international agreements to prevent tho misuse. of the mo -

dern partlcle accelerator technology
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