CHAPTER 4

CIVIL-MILITARY AMBIVALENCE OF SCIENCE AND TUE PROBLEM OF QUALITATIVE ARMS CONTROL -
AN EXAMPLE OF LASER ISOTOPE SEPERA TION

Wolfgang Liebert and G6tz Neuneck
4.1 The connection of science and armament dynamics or tbe problem of qualitative arms control

The East-West conflict has been declared over, hut annament dynamics seems unbroken. The forty years of
confrontation in the Cold War provided the justification fir a dangerous quantitative and quditative anns rate. The
deployment of intercontinental ballistic missiles, nuclear anned submarines, bombers, sundry nuclear warheads, conven-
tiona precision wegpons and milch more, was legitimized by the threat by the opposing sidel The lass of these dubious
grounds makes military strategists and planners look fir new scenarios of threat and suggest -as before- the strategy of
military strength and the development ofup to date wegponry. These weapons are the result ofmany years ofintensive
research and development.

Despite the continuation of the concept of nuclear deterrence, there are doubtlesdy steps toward disannament. But
it seems to us thai there is a risk of a qualitative anns build-up going ahead in the shade of a step-wise quantitative
disannament. It is evident thai at least Olle source of the competition of annaments is not being blocked: the scientific
research and development (R& D) which stimulates the annament dynamics.

At the beginning of the development of a new weapon there is often a scientific idea or a technological
breakthrough which can be relevant fir military purposes after same additional years of intense R&D. At the end a new
wegpon has been born after an enduring process of interactions between industry and government, basic and applied
science, university and bureaucracy, strategy and politics. Of course, a scientific breskthrough per se does not directly
influence anns policy; it must be trandated into weapon systems and strategies as well.

When submitting the budget hill fir the fisca years 1992 and 1993 the us Secretary ofDefense Richard Cheney
stated in February 1991:2

Thiswill be adecade of development more than of production.

This statement seems to be old Cold War thinking: it claims thai it is still necessary to explore al technological
possibilities and to test in advance. It is based upon the warst case assumption thai the opposite side is presumably doing
the same. This position cannot be maintained today. If the anns rate is really supposed to be hated, then, at least after the
declared end oi the Cold War, anns contral efforts should begin before testing, production or deployment of new
wegponry. Hence, anns control should begin at the early stage of research and development (R&D).3
It is worthwhile having a look a same figures con erning military R&D. In 1990, the three most powerful NATO
countries (USA, UK and Gennany) and France spent us$ 50 billion on Military R&D. According to the Organisation fir
Economic Cooperation and Development (OECD, 1990), even now, the percentage ofmilitary R&D expenditures as part
of the governmental R&D budget is in the us more than 60%, in the UK Ready 50%, and in France 37%. For the former
Sovid Union unofficid estimates of about 50-80% are found in literature. The governmental requisition of R&D for
dedieate ilitary purposes is even now frighteningly high.

At the same time, the historical chance of a process of real disarmament appears at the horizon. But in the aftermath
of the Gulf War, which appears a success fir the dlies by using highly sophistieated weapons, bot a disaster fir Kuwait
and Irag, the enduring development of military technology seems to be unavoidable in the future: a new strategy based
on modem technology is announced by Richard Cheney:4

This new strategy also emphasizesthat technological breakthroughs will change military art, even as our stealth fighterstoday carry a disproportionate
roleintheair war.

Nevertheless, if the beginning process of disarmament should be made irreversible, then we need to halt the
process of qualitative rearmament.

4.1.1 R&D and arms control

Thetrendsin the relation between science and the military can roughly be characterized as an increasing
'scientifieation of war' and as a consequence a 'militarization of science' in many countries.5 Sir Solly Zuckerman wrote
aready in 1966 (Zuckerman, 1966: VI, 3):

The decisions we make today in fields of science and technology determine the tactics, then the strategy, and finally the politics of tomorrow. (...) the claim that scienceisthe
major transforming force of our limes is now heard more insstently in the military world than anywhere else.



This hypothesis of the 'technological imperative'6 is not shared by all and there is no need to believe that the
complex system of armament dynamics is essentialy governed by the scientific-technological inputs done. Yet, there
should be generad agreement that there is a significant influence of science within what can be edled the 'politieal-
aeademicbureaucratic-military-industrial complex'. Of course, this complex has to be analyzed earefully from all sides,7
bot hefe we emphasize the scientific-technologieal input. This is even more important if ODe is dedling with qualitative
advancementsin the arms build-up.

Traditiond arms control has not paid much attention to this issue. In its origin, arms control was defined more as a
function of policies "to regulate same aspects of their military eapability or potential. The arrangement may apply to the
IDegtion, amount, {eadiness, or types ofmilitary forces, weapons or facilities"8 Hence, the traditional arms control
approach basically aims a managing the arms build-up while maintaining deterrence, as J .Holst observed: "Basicaly
the concept of arms control was a twin sister of the concept of nuclear deterrence.” (Holst, 1991: 85) In the past, the
guiding principles were parityand the establishment ofupper limits rather than the aim of (complete) disarmameld.
Therefore it does not come as alsurprise that high upper limits (eg., SALT) and the neglect offoreseeable technologiea
innovetions (e.g., MIRV) have hested up the armamef competition or that same arms control agreements have born in
themselves the germ fur their circumvention respectively.

Nevertheless, as discussed in chapter 10fthis volume, a lot ofbi- and multilateral arms control tregties 9 (not al in
force) contain same c:ommitments which Olle could call first hesitating steps toward qualitative arms control by regipnal
restrictions on testing, use, manufacturing, production or acquisition of mainly mean_ of mass destruction.10

Also globa regtrictions on the development and testing of specifl9 weapon systems and components are explicitly

mentioned in same agreements. 11

For instance, the Biologicd Wespons Convention (BWC), signed in 1972, bans the development of biologicaly
active substances and toxins usable as weapons, hut the obvious fallacy to alow defens_ebiblogical R&D programmes
congtitutes amenace regarding the aims ofthat treaty. R&D and production fur 'defensive preparations can aso be useful
fur all kinds of military preparations.12

To mention another example, in the Anti Baligtic Missile (ABM) Treaty, research and 'preliminary development'
are not explicitly prohibited. Hence, the ABM treaty has not prevented hill ions of dollars to flow iota the sm programme
whose destabilizing efreets were discussed widely.

To establish measures fir qualitative arms control Olle needs a broader knowledge of the scientific base fir the
armament invention process and an improved understanding of the undedying R&D process. How to include scientific
research, an area hitherto underestimated in arms control and technology assessment, is the focus of ibis chapter. Within
thai focus, the maiD aspect discussed concems the implications of the fact thai it is, in practice, difficult to draw a line
between civilian and military R&D. Olle maiD obstecle fir exploring ibis task is thai talking about the military use of
basic research is taboo. On the other hand, the ongoing interest of the govemments of highly developed countries in
sophisticated and superior weapon systems hag an inherent negative influence on qualitative arms control efforts
including R&D.

4.2 Themilitary use of civilian sciece

One argument againgt congtraining (potentially) military destabilizing R&D in order to prevent new military
technology, is the assumption thai militarily relevant R&D and testing ofmodem weaponry could have a positive impact
on civilian science and technology. This is the famous or notorious spin-offhypothesis. Indeed, there are historica ex-
amples (e.g., radar). But in 1990, the German Ministry of Science and Technology stated -based on expert opinion thai
in the United States spin-off effects, understood as the use of military R&D fir the civilian sector, is estimated to be only
5-6% and tha in the German enterprises with strang interrelation of civilian and military programmes (eg., in space
industry) the spin-off effects are 10-15% at best 13 Thus, the ministry hag confirmed what other studies on spin-off 14
have claimed: blessed or fruitful spin-offs from military R& D which serve the civilian sector are much more a myth than
redlity today.

The opposite of the spin-off hypothesis is considerably more important: we are faced with the continuous military
use of science even of make- believe civilian basic research. Obvioudly, ibis is well known by military planners. Two
years aga Timothy Garden, a member of the British)military establishment, wrote in regard to the example of high
energyphysics (Garden, 1989: 53):

Many military applications will undoubtedly be found, hut many will emerge from dvn research rather than dedicated military research.

Recently, the Office oflechnology Assessment of the US Congress found out tha high technology is more and
more developed within the civilian sector and after thai it finds its wayto an armament related use. (Congress, 1989: 6)



:4.1 Total lederol R& D expendituresof Germany in millionsof Deutsche Mark (DM), thefederal R& D fundingsin thebusinessand enter prise sector (BES),
and the respective parts of the BMVg (Bundesministeriumrrir Verteidigung, which isthe German MoD) also given in percentages. 15

1982 1990
federal R&D total 11552 15,022
BMVg 2076 3,778
in percentage 18,0% 25,2%
Federd R&On total 5492 5619
BMVg 1337 2756
in percentages 24,3% 49,0%

This is even more the case in Germany. lable 4.1 fists the totd federa R&D expenditures and the federa R&D
funds fir the business and enterprise sector (BES), as weil as the respective portions, financed by the Bundesministerium
fur Vertedigung (the German MOD). The lauer surely is weapon related. Ibe increase of military R&D expenditures up
to a quarter of total federal R&D funding is shown, which is mainly due to an immense increase in direct funding of
military industry R&D. Olle explanation fur ibis tendency is given in a declaration of the German government before the
German parliament: 16

The Minigter of Defence bases as a matter of principle his science and technology programmes on civilian science and technology. Only if unavoidable the civilian scientific-
technologica basisisfilled up by its own programmes.

Moreover, the German Minister ofScience and lechnology (BMFTIBMW1) has announced thai he tries to include
military requirements in civilian R&D programmes in the sector of computer sciences. Also, he will supplement so-
called add-on programmes to dual-use programmes in order to make militaryuse of civilian programmes (BMFTIBMWI,
1989: 122).

Thus, the praxis in the German scientific community -which is traditionally much less militarized than thai ofthe
US turns out to be a praxis oflatent and (a least from the governmental side) conscious use ofthe so-called civilian
sector of science and technology fur military purposes.

Ibis sort of trends makes it necessary to deal with the scientific base when devising arms control measures
concerning R&D. The latent use of science fur military purposes must be detected specificaly. In doing ibis, Olle is
faced with the problem of civil-military ambivalence of science.17

Animportant aim of the analysis would be the identification and understanding of the military related contents of
civilian R& D programmes or programmes which stand in an international mix of military and civilian research. In order
to obtain abasis fur the decisionmaking on science and technology, Olle needs to analyze the civil-military ambivalence
of science. We now turn to adiscussion of ibis problem by means of an example.

4.3 The example of Laser |sotope Separation (us)

Jugt after the invention of the first lasers in the early ] 960s of this century, their use as an intense monochromatic light
source was discussed for isotope separation. Since the ]970s various pretentious R&D programmes have been under way
in many countries. Some of them are standing in a rather civilian context; others are promoted by military authorities.
For instance, the Lawrence Livermore Nationa] Laboratory runs two well funded programmes for the development of
laser based isotope separation techniques. at least since 1973, the LIS programme has main]y been dedling with uranium
enrichment, which is usefu] for producing reactor tUe] and weapon related fissile material, whereas the Special 1sotope
Separation (SIS) programme, founded severa] years ]ater, focuses on the separation of plutonium isotopes as apart of the
wespon programmes of the Department of Energy.

Isotopes of chemical dements have dightly different physica] properties. This is duc to the different numbers of
neutrons in the atomic nudel There exist until now a lot oftechnojogies for isotope separation, e.g., for separating the
uranium isotope u-235 from u-238.18 Table 4.2 lists five of the most important enrichment techno]ogies. The lasers are
used for an isotopicdly selective change of physica] properties of the atoms (changing the magnitude ancVor direction
of velocity, changing inneratomic energy levels, changing the charge ofthe atoms), in order to manage the separation
ofthe different isotopes of ODe gort of atoms.

Tabe 4.2 Enrichment technol ogiesin comparison 19



needed power
specific .
dectrical for production
separation power of 15kg HEU
factor (Wik SWU) Per year
calutron ~2"20 400 0.5MW
gaseousdiffusion 1.004 200
gas centrifuge 15 20 20kw
jetnozzle 1.015 250
|aser i sotope separation >10 0.5+7.0"21 ~B5kW

Three different methods for laser isotope separation 22 are discussed:

|. Beam deflection

LIS by beam deflection is based on the isotopicaly se]ective absorption of directiond irradiation oflaser light within an
atomic beam. This leads to the spontaneous emission of photons in dl directions and therefore to a directiona
momentum' transfer on atoms resulting in an isotopicaly selective velocity change of atoms and the deflection of the
related atom beam (Ashkin, ] 970).

The so-called laser cooling of atom or mo]ecu]e beams (this cooling process is possible down to temperatures very dose
to the absolute point ofzero) uses the same principle: beams of atoms or molecules can be stopped by scattering forces
arising from thousands of photons from a counterpropagating laser.23

2. Atomic Vapour Laser |sotope Separation (A Vus)24

Within the AVUS process aso a hot atomic vapour is irradiated by laser light. A tiny difference in eectronic energy
sates of the different isotopes is used to excite only Olle ofthem. For example the energy gap between the corresponding
levels ofthe two uranium isotopes u-235 and u-238 is about 50,000 times smaller than the energy of the used laser
photons. Therefore, in order to excite only Olle of the isotopes without affecting the other, the laser frequencies must be
tunesble to an very high accuracy of 1 part of 100,000. Subsequently, other laser frequencies can be used to raise the
electron energy dtate of the excited atoms over the ionization threshold, so that the ionized isotopes can be separated
byel ectro-magnetic fields from the others.

3. MoJecuJar Laser Isotope Separation (Mus)25
Ir molecules are red in the laser assisted isotope separation process the induced energy transitions involve changes in
vibrational energy states of the molecules instead of electronic energies. For instance, tricky cooled uranium hexafluorid
gas is irradiated by lasers such that only gas molecules containing u-235 can absorb energy while the other molecules
remain unaffected. Further energy absorption bya second irradiation with ultra violet laser light or by infrared
multiphoton absorption leads to a dissociation of uranium hexafluorid into uranium pentafluorid by logs of Olle of the
fluoriDe atoms. Uranium pentafluorid containing u-235 can be filtered from the remaining uranium hexafluorid.

The scientific principles underlying all these methods are well known. The problems for technological use He in
the practical details and need intense R& O efforts. First of all, exact knowledge about all excitation levels of atoms or
molecules which should be isotopicaly separated are needed, in order to find usable transitions fOT the separation
procedure. In the case of uranium, Olle has to examine thousands of such energy levels, and even many more fOT
molecular uraniumhexafluorid. Very tunable and powerfullaser systems have to be developed, which must be appropriate
to the energy term scheme of the regarded i sotopes.

For the AVLIS process dye-lasers ofvisible light wavelength with different active media are of interest whereas for
the MLIS process one is searching for appropriate infrared lasers, e.g., CO2 lasers, or ultra-violet lasers such as free
electron lasers.

Other problems fOT atomic methods are caused by the fact that very hot metal vapour is the feed materid. Hot
uranium or plutonium is highly reactive and corrosive, not more than olle-half ofthestoms exigt in the ground energy
level; high kinetic energy ofu-238 atoms fOT example leads to a direct flow of these atoms to the product plates hence
collecting not w235 aone, charge exchange problems and self ionizing levels of excitation arise so tha the isotopically
selective process is diminished, etc. Throughput problems are based on shielding effects of the produced postive



ionswhich reduce the extraction effect by electrica fields. The complex interaction between matter and radiation raise

many scientific questions. Thislist of problems could be extended.

These R&D efforts on US are undertaken because there are some advantages of this new separation method which can

be seen in table 4.2. The separation factor, a combinaion of the enrichment factors of the product and the decreasing

enrichment factor of tue tails, is much better than fir the mainly used diffusion or centrifuge technology. The required
electrical power per Separative Work Unit referring to a Olle year production time and the specific costs are also
reduced. Nevertheless, Olle could ask why a new technology most be invented when the worldwide demand fir low
enriched uranium as reactor eDel is much lower than the existing production capacities (Cf., eg., Liebert, 1991). The
suspicion seems obvious that also military interests are standing behind the partialy civilian R&D projects.

In many respectsthe R& D projectsrelated to LIS are programmes of civil-military ambivalent R& D:26

1. LISplantsand even research devices fiir producing low enriched uranium as Reaktor fuel could be used fir
producing weapons-grade highly enriched uranium in significant amounts. This could be diine in atwo to three stage
process only, whereas older techniques need at least tell or up to athousand times as many more stages.

2. At least the atomic methods could separate the only militarily interesting isotopes of plutonium. The LIS is the first
invented method which could manage this difficult task fur significant amounts.

3. More nuclear weapon related substances such as tritium, lithium,27 and transuraniums (americium, aifornium,
curium) could be separated by LIS methods.

4. The scientific understanding of light pressure radiation and the development of sources fUr laser cooling of atoms,
molecules or atomic or molecular beams is interesting fir high resolution spectroscopy 28 and fur the invention of
new time sandards. Simultaneoudy, it is relevant fur Olle LIS technique (beam deflection)29 and probably fur
solving Olle problem in other LIS methods by lowering the temperature of atomic or molecular feed stream.

5. Non-linear effects are clearly induced by interactions of lasers and molecules or atoms. This could be used fur
nonlinear steering of the dissociation process within LIS methods to get ahigher efficiency (Ackerhalt, 1984).

LIS techniques would allow fir smaller and more efficient facilities which could be hidden successfully within
laboratories. In the lang run LIS R&D would provide multiusahle scientific technological knowledge about many isotope
separation tasks with military relevance. For instance, lab scaled LIS facilities can produce significant amounts of en
riched uranium. Therefore, it is not enough to prevent the construction of production plants which are planned fir the
late 1990s in same countries. Wehave to look at the ongoing R&D. Scientific-technologica breskthroughs are always
possible and could accelerate the development in direction of a proliferable plutonium separation plant or a small scaled
omnium enrichment facility.

Probably Olle could find differences between severa R&D paths. Even more up to now each designed facility or
lab scaled process is very specific in details. So, the A VLIS process developed in the 1970s by JNAI (Jersey Nuclear
Avco |sotopes) uses rhodamine dye lasers in a three stepped ionization process whereas the LLNL-A VLIS process uses
copper vapour dye lasers in a two stepped ionization process. In each part of these projects very specific work is brought
in and very specific knowledge is produced. These specifications could lead probably to aseparation of more or less
militarily relevant R& D paths. This should be carefullyanalyzed.

4.4 | nvestigating tbe civilian-military ambivalence of science

Like US, many otber fields of science bad -and ill have- an impact on the military sector. Actudly, dso the
following, surely till incomplete, list of more or less civilian research programmes ofbig science are very attractive fOT
the military sector.

- nuc/ear energy research

Undoubtedly, nuclear physics provided the possibility fOT production of fissile materi

as and the redization of nuclear weapons. The civil-military ambivalence of nuclear and nuclear energy research
became evident rather early (Walker, 1990), hut it was repressed in countries which desired a massive use of nuclear
energy hut no nuclear wespons, the latter a least not as an officia politicaly desired task. Today, the civilian waste
product of the development of nuclear weapons itself has become the source of militarily motivated nuclear programmes.
The risks of nuclear proliferation is mainly energized from the existing ambivalence of nuclear research and technology
programm es. 30

- nuc/ear fusion research
Parts of the nuclear fusion R& D programmes, which are projects of Obig science' in al
highly industridized countries, provide important knowledge fOT the understanding of nuclear weapons physics and fOT
improvements of nuclear weapons design. Especially the concept ofinertid Confinement Fusion (ICF) is very attractive fOT military
interests.31 Fusion neutrons, resulting from heavy hydrogen fusion, would be a source fOT breeding fissile materials.



- micro-electronics and computer sdences

The report 'Discriminate Deterrence’ states: ‘Dramatic developments in military technologyappear feasible over the next
twenty years (Discriminate Deterrence 1988: 8). According to ibis influentia report, these revolutions will be driven
mainly by "further exploitation of micro-electronics, in particular fOT sensors and information processing.” In fact,
many programmes fOT the integration of optical and eectronic information exist aiming a the development of new
sensors, radar systems, electromagnetic or acoustic detectors capable of detecting large objects, propulsion flames or
acoustic sources. The ongoing eectronic revolution has an impact not only on the creation of new weapon systems hut
aso on the design, the development, the production and the maintenance of armament. Operating new high-tech weapon
systems requires adequately sophisticated, reliable computer hardware and software. New computer-architectures can
dramatically improve the speed and capability of data processing. Artificia intelligence fOT example has the task to
create new unmanned robots and vehicles which can manoeuvre in hostile or complex territory.

- laser physics
While the use oflaser weaponry fOT blinding, target acquisition and designation or even destruction in the battlefield
seems to be unhdtable, continuous improvements of laser power and bandwidth is the am of civilian R&D without
asking fOT the usefulness of these improvements fOT war scenarios. In order to avoid ibis tendency verifiable limits foT
laser parameters were dready suggested (Altmann, 1986). After an autoritative analysis of directed-energy weapons fir
drategie defense (APS, 1987) there would be demand fir a discussion about separation liDes between more civilian or more military
applicable laser developments. Besides the use of specific types of lasers fir LIS or ICF there are other fields of cancern.

- new materials and superconducting research
New materials like composites, ceramies and crystalline materids can lead to heuer energy exploitation and the
improvement of gasturbines, engines and rocket systems. New composites are now used in many different wespon
platforms foe lightweight huBs and ceBs. Important is aso the use of radar absorbing materials fur stealth aircraft.
The exploitation and fabrication of superconducting materias are intended to lead to more compact, higher-efficiency
electric drive systems fir ships, electric generators and storage systems (also in space), electromagnetie guns and sensors
(DOD, 1990).

- chemistry and genetic research and engineering
The chemistry of phosphoro-organie combinations and accompanying technologies are usable fir production ofboth
plant protectives and chemical wespons. Similarities and distinguishing features ofthe underlying R&D need be clarified.
Otherwise, the stop of worldwide spreading of chemieal weaponry at its source seems to be without prospects.
Besides the production of new vaccines or taxie agents within the medied arena the scope of genetic engineering is
probably aso the field ofbiologieal and toxie weapons (Nixdorff, Stumm, 1990).

- neural network research and nonlinear dynamics
The actual research on architecture and behaviour of neurad networks could on the one hand give explanaion fur biologied
mechanisms, e.g., in the brain, while on the other hand it is a basis fur the development of new procedures of pattern recognition and
fur the more and more automatie future battlefield (DARPA, 1988). Finding distinguishing criteria between these two scopes of R&D
is of great importance.32 Not only fir the development of LIS the nonlinear dynamies research is of interest. The first bigger research
groups where undoubtly founded within the us Wespons Laboratories. A denomination and demarcation of military research interests
isindispensable if this fascinating field of science is not to loose its attractiveness.

In order to analyse these civil-military ambivaent R&D programmes Olle needs an analytical framework, whieh provides the
basis fir understanding the internal scientific development and the finding of measures fir hating or more or less avoiding the
military use of science.

4.4.1 The analysis of civil-military ambivalent R& D

The notion of ambivalence was first settled in psychology. This could lead to same considerations about the
psychological mechanism of repression within the community of sdentists, hut thisis beyond the scope of this chapter.

A useful definition of ambivalence sterns from Carl Friedrich von Weizsicker (Weizsécker, 1977: 80). He
describes ambivaence as the experience of having to discover that, just as an objective is considered achieved or
realized, it appears that the achievement or redization is in fact not identical with the objective hut might in fact even
prevent it. This filS very well to the problem of civil intended research and its military related outcome. Weizsécker
outlines a model fOT the analysis of ambivalence in distinguishing three 'strata of causdlity’. The first stratum is the



realm of scientific facts and causdlities. This includes aso the discussion of the intended maD effects of scientific
rescarch and technology and unintended side effects. The second stratum deals with the vital socia environment,
causdlities within society in the form of direct action and meagUTeS, wheress the third stratum is related to the anaysis
of the dynamics and statics of societiesitsalf.

Table 4.3 Threelayers for the analysis of ambivalence

1. Internal scientific and technological knowledge

* description and assessment of selentific areas, programmes and projects
* their interaction and evolution

* inner-seientific interests and legitimations

* their long-term elvilianimilitary applications (prospects and possibilities)
* tracing of inner-scientific nodal points.

2. External scientific and social interests and impacts* description/assessment of external interests
* finding of external scientific/political deeision points

3. Social dynamics and statics/ international framework
* description/assessment of soeia needs and society related developments
* development of cooperative measures, ethics of seience, effective armscontrol procedures.

This gives some very useful hints for the investigation of the civil-military ambivalence of science (cf. table 4.3).

In afirst step, it might be necessary to make the current process of scientific development more transparent and obvious
by establishing additional and accompanying, interdisciplinary research of socid and natural scientists of many dis-
ciplines. Such attempts could start, fOT example, in big science projects or universities. Scientific facts, and paths fOT
the development of scientific ideas, have to be worked out. Moreover, the scientific contents, the results, the intentions
and applications should be arranged in view of their ambivalence. Their mutual impacts need more understanding and
assessment. The point of view should be directed to inner-scientific argumentation and to identification of inner-
scientific decision or nodal points which permits to distinguish between different paths of scientific evolution. This could
open alternatives for decisionmaking. In this regard, answers to the following questions should be found:
- How essentia or unavoidable is a scientific program fOT the further advancement of basic scientific knowledge?
- Which parts of science are undissolvably interweaved?
- How or how much is basic research and application related research unseparably amalgamated probably by political
decision ?

- What are the scientific, economic, technological and military aims of research programmes, which are embedded in
international connections and cooperations, or the interests behind these aims?

Deding with these issues in the above order, the causdlities of the second stratum, the society related causalities are of
increasing importance.

The second step would be the examination of the external interests and the interaction between science and politics. Methods
which could clarify the processes ofscience and technology policy should be elaborated. External decision or nodd points within an
approprigte decision-tree has to be identified. Olle mai3 task would be to trace bifurcation points within this decision-tree based on
external and internal nodal points in order to find paths of research and decisions fir investment in science and technology from which
the military sector cannot or can only hardly benefit.

The third layer corresponds mainly with the tradition of peace research. Here, the task is to anayse the international framework
fur the conversion of armament dynamics into a dynamical process of disasrmament. Besides the development of ideas or the
improvement of concepts fiir arms control procedures, especialy fir the military-technological innovation process, scientists have to
consider problems of ethics and the responsibility of science. Such considerations should beal upon the daily scientific work practi-
caly taking serious the humanistic idedls of science.

4.5 Conseguences for progressin arms control

As we have pointed out in section 1, traditional arms control deals mainly with parity, crisis management and same
geographica restrictions. Arms control efforts of the past have focused more on the East-West confrontation than
multilateral arms control including the Third World. Now, we have to pursue a deep reorientation ofarms control. As
Norway's Minister ofDefence J. Holst put in: "Arms control needs to be brought upta-date with the post cold war area.”
(Holst, 1991) Under these new poalitical circumstances arms control should not manage the status-qua, but should share
the transformetion of the internationad security system without privileging existing minorities of military strength.
Therefore the traditional concept of arms control should be extended and new approaches should be discussed and added
(seefable 4.4).

A sat of successful principles can be the basis of a further globalization of arms control. Same measures can clearly



be identified.33

Architectural measures, that are arrangements such as security ZOlles, nuclearwegpon free ZOlles, biffel ZOlles
etc., have the purpose to share the political and military geography. As an example a ban of space weapons, only
alowing passive surveillance and early warning satdlites, could have significant effects on the stabilization of the
strategie posture hindering a new uncontrolled arms race in space. Regiond commUments tightening up the Nuclear Non
Proliferation Treaty could help to stepwise overcome shortcomings of the non-proliferation regime. Structural measures
are designed to congtrain the size and the composition of forces in regiona aress, e.g. the CFE-I Treaty. In this regard,
the mogt gringent approach to restructuring the military forces is proposed by the school of non-offensive defense
(NOD).34 Operational measures, such as limiting the size, structure and frequency of peacetime military activities could
be correlated with tue above mentioned stroctural measures (e.g., CSBM accord). Data exchange, such as publishing or
exchanging data on force planning, budget and procurement figures of the past and in the future can enhance
predictability thus cresting more transparency and confideuce building. Declaratory measures, such as a declaration of
the no-first-use of nuclear weapons (e.g., NATO is clearly supposed to make such a declaration) or a moratorium on
R&D or development can raise the threshold to use military power or can tower the danger of new or ‘provident’ new
wegpons invention. Test bans could in some cases decourage R& D efforts.

Table 4.4 Consequences especially for (qualitative) arms controd

Traditional arms control (unilateral, bi-, multilateral)
1. architectural measures { security zones}

2. structural measures (NOO)

3. operational measures (limits)

4. data exchange and verification

5. declaratory measures (defence budgets)

6. test bans.

Global and regional arms control 1. mies on arms sales and exports
2. mies on weapons production

3. mieson testing

4. economic and technologicallimits

Qualitative, preventive arms control

1. restrietions on military R& O budgets

2. data exchange on military R& O

3. notifying military (related) programmes

4. separation of military and civilian programmes 5. open laboratories, visiting programmes
6. international civilian cooperation

7. R& O conversion programmes

8. adequate verification

Unilateral measures

1. establishing (defence) technology assessment

2. establishing science assessment

3. Opening discussion between scientific community andarms control community (ind ethics of science)
4. education & research progr. in schools & universities

The highlights of 1991, the second GulfWar and the unsuccessful coup d'etat in the Soviet Union illuminate the
prospects and chalenges of future arms control. In the past, Iraq was supported by Western and Eastern arms transfers,
military assistance and high-technology. This buge arsenal, partialy accumulated before the Iran-lragq war, was reduced
by brote force during the recent war. Due to the disintegration of the Soviel Union, several nuclear equipped republics
face the problem of the security of existing nuclear weapons. A tightening of rules on exports and testing with the am of
an end to weapons export and new wesgpons testing should be Olle eonsequenee, hut also the eeonomie limits of weapons
produetion are apparent and should lead to rules on weapons production and commitments on technological limits.

The renner chief of the US START delegation, Richard Burt, proposed to make the technological innovation process itsdlf the
subject of innovation. There are proposas and even first practical steps to leave the traditiond approach of quantitative anns control
and to implement more qualitative measures, eg., the discusson and notificationofthe military doctrines, of procurement and R&D
programmes, agreed redtrictions on military R&D budgets. Provided that there is the political will as well as the emergence of
scientists' conscience then additional measures would be possible. Laboratories of cancern could be opened for visits and discussions,
R&D conversion plans could be worked out by joint task force groups of scientists and politicians. A new intemational civilian
scientific cooperation (taking the IAEA not as a model35) could be envisioned with existing scientific capabilities. Even the problem
of verification of research facilities could be tackled. It would not be easy to handle (cf. Smit, 1990), hut joint programmes in sensitive
fields of research could be afirst measure.

In the times of globa d' etente unilateral measures might be a retter way to achieve anus control and disannament. Such
measures might be quicker and more effective than with lang during negotiations.



Agreements on a moratorium or even a ban of same projects of militarily relevant R&D (eg., fir achieving perfonnance of
specific characterigtics fur instance ofused laser systems) could be a way fir hdting the scientific-technological anus innovation
process. More appropriate would be the steering of the related R&D process by funding decisions.36 For instance, only well funded
LIS projects, lasting fir years, bringing together a lot of scientists and engineers have a chance to achieve technological maturity. The
reduction of the flow of money into military relevant R&D projects and the diversion into civilian desired R&D could serve the aim of
peace more than the discussion about partial bans of R&D. The base fir rationd funding decisions has to be elaborated by technology
assessment and especially by science assessment. 37

At the same time, the fatdistic attitude of scientists faced with the accelerating dynamics of scientific knowledge which has
destructive impacts has to overcome by:

- adebate about the latent and intended use of science fur military purposes,

- the strengthening of the sensitivity of scientists flr the need to assess the consequences of their werk not only in same
few interdisciplinary research groups hut also in their daily werk;

- achange of the consciousness by the scientists to werk only fur lire hut not fir death.

In sum, the andysis ofthe civil-military ambivalence ofR&D projects has the god to minimize the military use of
science and to strengthen the civilian use of science fir purposes of peace and just development of mankind. In this
regard, the approach of a more effective technology assessment is clearly not enough, if the scientific driven qualitative
anus race should be halted. It is necessary to establish a kind of science assessment with the aim to detect, describe and
reduce the use of science fur militarily relevant purposes.
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