Fresozz 3¢

COLLEGE DE FRANCE

[.aboratoire de Physique Corpusculaire

11, Place Marcelin-Berthelot, 75231 Paris CEDEX 05 - 32;152 1



HIGH ENERGY PHYSICS TN OUR SOCTETY

Michel CROZON

LPC 84-19 Se

nfembre a4

Talk given at the 20 th session of Lhe Taternational School of elementary

parcicie physics. Kupari - iubrovnik, (Yougestavie}.



|
!
!
.
AT 1 e
Seple. oy 1OR1
HICH EXLR .
Michel Croron
{(College de France and 1
1. INTRODUCTION
In :*1is talk, I consider the vale of hi s .
also known Sy the name of “"(elementary) particle plvsie ; Tyoan e |
society. Rather than advocating a partscul. . vabue jo T PR )
aims at a pragmatic understanding of just i "
sociery interactions are. :

Parcicle physics exists. L s @ very burae rcoweah [V, h ..

direst application 1: - . ted ia the o Lo R
recognition from .r ioky,  The rat e tract G
theory, the clatificatien ot docav pruperties v
i oviolatien o tob explain our s .
partielr b nics.  TH understand Lo appeavance ot '
componest of our soclety, v nusl aiso cxplore tlae
particelar, this talk investigates:

What docs particle physics receive prom s aciote?

What does sociely rteceive from particle physics?

Who, in society, bencfits trom particle phvsics?

These questions will boe doveloped foom serroal aeduls of view,
corr aponding to differvnl aspocls ot our soclely:  wen and education,
ceonimics, rechnigues.. . contenes of Wis talk e piven sciwenatd
in Tabie 1.

Frow this Table 1, we sve that the study of parlicie ph s in oor
society has much in common with the wore general and well known “science
and society” questions. We will emphasize anl vhat cencvrns specificaily
particle physics. Our investipation has aiso nmch in common with the study

B
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of major enterprises within our society such as Olympic games or symphonic
orchestras! However, to limit the scope of this discussion we will not
consider these comparisons here. Nevertheless, to those who like unusual
views, I suggest this exercise: it shows physics in a different light!

The common-sense categories of society used in Table 1 reflect our goal of
a pragmatic understanding of the role of particle physics rather than, e.g.

a sophisticated theoretical model for society.

In several categories, what particle physics gives back to society is
very similar to what it receives, but only reinforced in some particular
way. This is simply due to the fact that particle physics is itself a part
of society, thus blurring the distinction between the contribution and the
beneficiency. In this conference I shall certainly omit aspects which can
appear important in your opinion. This is certainly the drawback of using
such a grid of analysis. Anyway, one cannot expect to exhaust such a

subject in a short time.

MEN AND EDUCATION

It is difficult to know how many people work in particle physics in
the world. The only accessible sources regularly published are the
statistics established by Christian Roche, from CERN [2], which concern
Europe and the United States. They give only the number of physicists
(experimentalists and theoreticians). An ECFA study ¢{ 1978 confirmed
these statistics. They are reported in Table 2. One can see that the
total number of physicists, for both Western Europe and the United States
is rather stable, and amounts to a total of ~ 3,000 experimentalists and

~ 2000 theoreticians.

For the other parts of .he world we have no precisc number.
Considering the number of accelerators and laboratories one can estimate
1,000 to 2,000 experimentalists (J.1.N.R. countries, China, Japan and other
countries). For theory, a lot of work would be necessary to get good
numbers. An overall unprecise estimate gives a total number of physicists
between 7,500 and 10,000. Concerning engineers, technicians and clerks, if
we assume the usual ratio of 1.5 to 2.5 workers per physicist, one gets a
total amcunt of 15,000 to 25,000 people involved in particle physics.

Although rather imprecise, this gives at least an order of magnitude.



-3 -

Among these people, more than one third (and maybe one half) have

received a University degree, and most of the others have received a

training in technical schools. This can he correlated with the fact, which

we will meet again in the following paragraphs, that particle physics

exists almost exclusively in developed countries: in a polemic with Victor

Weisskopf, Alvin Weinberg has criticized particle physics because it is too

fond of brilliant talents [3).

Having received from society all these trained people, what does

particle physics give back in return?

Many physicists (between 1/3 and 3/4, according to countries) and

engineers are teaching in universities or in engineering schools;

large laboratories (CERN, Fermilab, DESY, SLAC...) are places where
engineers and technicians acquire highly qualified technical skills
(low temperatures, magnets, computers...) which can be used later in

other fields of activity.

Most laboratories have special students programs, which give an
opportunity to young students to have a contact with advanced

techniques and physics.

Working in the international and competitive world of particle physics
brings to young physicists and engineers an efficient training to work

in this kind of professional environment.

3. ECONOMICS

The total cost of particle physics can only be roughly estimated. The

only reliable sources are the reports by Ch. Roche already mentioned. To

cumulate data from different countries, there are severai problems:

relative values of currencies
variation of currencies (inflation)
different ways of computing total costs. As for the above number of

people we can try to extrapolate from the known to the total.
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1f we assume that salaries are similar in eastern countries as in
Europe and the United States, then one can estimate the total expenses in
1982 to be around 3000 Million Swiss Francs (i.e. US$ 1400 Millions) . In
this, salaries represent approximately 1/2 of the total. Also, in Table 2
and figs. 1, 2, and 3, one can find several figures which throw some light

on the resources of particle physics:

- the amount of money per physicist has become approximately the same in

Europe and the United States (Table 2);

-~ the comparison with Gross National Product (GNP) is interesting. One
can see that H.E.P. costs &+ 1,5 to 2,5 x 10°* GNF in Europe and ,
the United States. This amounts to between .5% and 1% of the total
"Research and Development"” funds in these countries. From this point ;

of view, particle physics is not an over expensive field of researc!;

- receiving money, particle physics distributes it. Salaries represent
the most important share: = 1/2 to 2/3 of the total. This has an
important impact for areas around accelerator centres, for example,
the economy of "Pays de Gex" close to CERN, much depends on CERN
salaries. Local authorities benefit from various taxes and fees.
Most of the money besides salaries goes to industry (electronics,
machinery, computing...). It can be a catalyst for innovative

technologies as we will see in the following section;

- during a period of economic crisis, the building of particle
accelerators can be used as a way to stimulate the economy, like "les
grands travaux' in Paris in 1848, or Tennessee Valley Authority works
in the thirties. For example, the decision to build PETRA in Hamburg
and GANIL in Caen was taken in the framework of simultaneous plans of

economy boost in West Germany and France in 1975,

4, TECHNIQUE
Besides its purely economical aspects, the interaction of particle
physics with the technical world is important., The development of particle
physics was directly linked to the progress of several techniques: high
magnetic fields in large volumes, stabilization and control of linearly
growing high power currents, powerful radio-waves, high vacuum, low

temperature and cryogenics,...
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The conntruction of accelerators and of large instruments requires the use
of a lurge number of advanced techniques. This has been true for a long
time: already the identification of electrons by J.J. Thomson (1897) was
made possible thanks to the improvement of vacuum technique! Since then
one can remark a parallelism between technical odvances and discoveries in
particle physics: Cloud chambers, Geiger counter and coincidence circuite
(positron, neutron, muon and, later, strange particle), progress in
photographic emulsion giving a way to observe minimum ionizing particles
(decays of particles m, K, A...) scintillators and photomultipliers
(cross-sections, resonances), computers (bubble chamhers physics). Hore
recently, the W and Z° discoveries were strongly dependent on the mastery
of several advanced techniques to handle antiproton cooling, beam
management, computer network, vacuum... Concerning techniques, particle
physics receives much of the society. It is the technical world of
mechanical, electrical and chemical engineering that makes this research
feasible. Perhaps the difference with the J.J. Thomson rime is the fact
that every new step is now the result of a set of simultancous

improvements, strongly correlated,

To the technical world, of which it receives much, particle physics
gives a great deal in return [4]. The high performances required by
acceleratrrs and experiments stimulate a large number of applied research
and developments, many of which are then profitable to other fields. 4
study made at CERN in 1975 (4) has revealed that many technical innovations

due to CERN orders were used in different fields afterwards.

The role of particle physics is, in a way, analogous to the role of
military research and space technology. Requiring better performances of
existing techniques (radio waves, electronics, power supply regulator,
vatuum...) new material {for vacuum, dielectrics, magnetism,
superconductivity) new ways of making (to lower the prices of large scale
components like magnrets, klystrons, low noise amplifiers or logic units, RF
cavities or liquid helium...) it favourizes the efforts of industries and
applied laboratories towards technical improvements. Thus, particle
physics plays its role in the perpetual game ¢f technical progress in the

t

developed countries. These contributions have several particuiar features:
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~ the direct aims of particle physics, i.e. knowledge of the structure
of matter at its most fundamental level, have no predictable technical
application. The technical consequences come from the instrumentation

of this physics i.e. a side effect and not from the physics itself;

~ the first big accelerators, after World War 11, followed directly the
technical achievements of the war-time: the Manhattan project for the
A-Bomb, as a big technical and scientific organization, the
development of radio waves for RADAR and other technical skills. The
connection with war techniques seemed to hecome weaker in the
following years. Nevertheless, one must mention recent studies for
beam-weapons, connected to the new acceleration tec“niques,use of
accelerated protons to produce fissile materials or tritium, and, more
generally, use of particle physics techniques to favourize

proliferation of nuclear weapons [5];

-~ the techniques used and developed in particle physics belong wainly to
"hard" technologies. In spite of many attempts there are only a few
examples of technical transfers from particle physics to soft
technologies, like the work by A. Rosenfeld et al. using their
expertise in data management for the study of heat exchange in

housing, or the use of aerogels for heat isolation [10].

POLITICS AND SCIENCE POLICY

During the cosmic rays days, particles physics has grown in
traditional academic institutioms. It was mainly when big accelerators had
ro be built (at the end of the forties), that universities appeared not to
be quite well adapted to this functi~. So, in the post-war period and in

the light of the efficiency of the "lanhattan project”, several State

institutions were in charge of accelerator laboratories: Atomic FEnergy
Commissions, offices of military research, large research centres... Even
for laboratories built on a university campus, a special status was usually
defined in order to manage the contributions and collaborations from other

universities.

Being probably the First example of a big Science in a fundamental and
academic field, particle physics had ta explore the channels of access of
political and administrative power and to learn from the specialists the
ways of managing big enterprises: money, people, proprams and priorjties,

civil engineering...
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In several countries (U.S.A., ltaly, France, Great Britain), H.E.P.

became a lobby, one of the first scientific lobbies.

On the other hand, the particle physics community hed to face the
problem of organizing big laboratories and big collaborations [6]. Thus
questions were explored which later became classical themes for the
administration of science: who is responsible for what, how strictly cag 5

program be defined, what is the way to control the progress of scientific

work?

The experience of particle physics has given us the opportunity of
being aware of several points. Wot being a specialist, 1 only mention a

few of them in a rather simple language:

~ even pure science, fundamental research, can he planned and inserted

in long-term programs. This requires institutions specially suited to

this aim;

- in large laboratories with big instruments, pecple of technicasl bodies
(engineers, technicians) require status similar te the status ct

people in industry. On the other hand, physicists feel themseives

«loser to their academic colleagues and claim academic {reedom: choice

of activity, seminars, judgement by university authorities...

- a good management of scientific activities requires flexible ad-hoc
structures: committees for experiments and programs, open discussion
of projects and responsibility of decision makers. The articulation

between them must be carefully designed;

~ policy makers at the governmental level and science establishment have

much in common and reinforce each other.

INTERNATIONAL AFFAIRS

There always has been an international aspect to research and
science. This is due to the nature of scientific knowledge which is, at
least in principle, independent of nationality, geograptic localisation or

sociological considerations.
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So there were international scientific institucions, mainly devoted to
organizing conferences and congress and alse to favourize exchange of
scientists. Among them are the International Unions like IUPAP, the
International Union of Pure and Applied Physics. All these institutions
are non-governmental institutions. But CERN is one of the first examples
of a new type of institution: an inter-governmental scientific inatitution [7].
It has been created after World War 11 in order to enable European
countries to participate in this new kind of costly research using particle

accelerators.

Its creation has been reported many times and it is not the moment now
to retrace it. I will only mention, following Pierre Auger's talk at the
International Colloqium on the history of particle physics at Paris in
1982, a few elements which have contributed to the success of this

"premi2re’ in international collaboration [8]:

- the idea of international laboratories wis first proposed re the
United Nations Organization ir 1946 by Henri Lauvpier, acmher of the

Cultural and Social Affairs Dffice of the UN;

- the true ipiative came from physicists: Isidore I. Rabi,
Edoardo Amaldi aud Pierre Auger who decided to propose Lhis at the
General Conference ¢f UNESCO in 1950 where it was approved. Thus, an
official international framework was given to the eaterprise., [t made
possible the study of financial facilities to be envisaged and to
elaborate a constitution, a program and an evaluatiom of the total

funds needed;

- it was a regional project, including cot . -ies of a comparable level

of economic and academic development and a similar political regime;

- the preparatory work was made by prominent scientific personalities
and not by "experts" of state bureauctacies. This little body of
scientists had a great authority and was able to avoid politisation

and even "economisation" of its works;
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- the project was possible mainly because the subject - fundamental
physics - was not too close to industrial or militarv developments.

This was and remains essential to CERN and similar organizations.

Having much profited? from internatioual organizationy, particle
physics has given much in return. CERN has been the model of suverai
similar organizations, for other fields of science amony which spatiul
research (ESRD), astronomy (ESO), molecular biology (EMBL), fusion regearch
(JET), synchrotron radiation... The structure of council, scientific
policy committee and experiment committee and the role and respunsibilitic
of Director General are thus now the major pieces of many inter-govermmental

scientific institutions.

Concerning international aifzirs and in addition te the outstanding

success of CERN, onc must add:
- the case of PETKA ant HERA which are “ !0 in a nativnal Taboratory
(DESY in Hamburg), bul to the scientific program of which sciuvntists

and laboratories of several countries actively contrvibute;

- the collaboration between CERK and SERPUKNHOV has heen an original

enteryrise belween eastern and western countrics;

even before the death of Mao Tse Tung, a small delepation ot chincse

physicists was installed at CERN in a semi-permanent way.

RECOGNITION AND HONOURS

Like artists, scientists like honours: mecals, dipl

swias, prizes - all
kinds of rewards. Particle physics is a forepart of science which attracts
many brilliant scientists. It presents an always renewed amount of puzzles
and complicated problems in which these brilliant scientists [ind the
occasian to exert their talents. So they often receive important rewards.
For example, more than 25 particle physicists have received Nobel prizes
from 1945 to the present day (theory and experiment). ¥ational academies

or physical societies have also given rewards to numerous particle

physicists.
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Large laboratories of particle physics are rlaces wortr o visit by
VIP's: kings, presidents, prime ministers, pope aml cven bad i lawa!  These
visits give to both - visitor and the visited place - fhe b .1il ot the

other's respective prestiges.
+

However, particle physics is also the subject of a v ot
competition between countries, mainly Eurepe and the Tnivod ital-r. Lt
concerns the everte which can be reported in the majoy ywwvpipey < ami oo
television programs: ach?: ;ement of a bigger acceleralur, discoviry at a
new particle, new cheoretical advances, can be used as ways to prove the

excellence of national (or regional) researivins.
It appeared, for wxample, that the fact that V" .o . v
discovered in Europe was considered by American jou: az'i-ts ant joliticians

as a sign of the necessity to find a way Lo testore Uhr Avesiyan advance in

the field {9).

! iLries,

To contribute to particle physics, is it some way, tos aan o

a mark of the membership to the c¢lub of the most develowd coamtiies.

Thus, in the last twenty years, new accelerator laboralc. v~ buve appeared

in Japan and in Chtina.

AESTHETICS, MYTHS, HUMANITLES

I will not develop this part too much: 1 feel somewhal wegnalitied on
these subjects. Nevertheless, I think these Lopics are ver. important,
mainly concerning the relations between particle physics and the peneral
public, the lay-man... Therefore, 1 wilt try to enumerate the 1ost
impcrtant aspects, according to my opinion and also to mv experience in

popularizing science.

From society, particle physics raceilves language, questions aud

myths. In return, it gives newv meanings to cvld words. new words and new

concepts, new myths and ways of thinking and new views an tive order in the

world:

- natural languages define the framework in whith queslicus are formed
and answers given. They carvy implicit views on the world which

differ from one language to another;
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- there are very old questions translated into wyths, which ave the very
fundamental questions of particle physics: What is the world around
us made of? 1Is it buill with elementary bricks that we call
"particles”? How are bricks linked together? These questions were
already asked by ancient philosophers: Platon, Aristol, lbemecrit...
Are all things, far away in the sky, wmade of the sawe motesial as in
our galaxy? Has this world a histovy? llow, and whea, did it begiu!

Where is it going?

To all these questions particle physics, topether with astrephesics

and cosmology, give partial answers and mainly give new mesnings Lo the

yuestions. The theory of big bang, the symsnetvivs betwern force-  and tia

natural svmmetry breaking mmong forces, the universality o) Lhe laws of
shysics are an oa way, awswers to the fundamental questins-.  They sa
nothing about cod's existence or the nature of thou Lo, - ottty
Vipht on the seaning . words Tike "eacuwim, o, wai U

1

More generally, particle physics being o nasic rescaren,

by Lave Joae e

teo vefine our scientific world view, Tiis will sertal
cultural impacts, like resylts of hasi€ reseaiches by Isaac Newlnn or bt
Caruot are cowponents of our present cultural patterns. ‘hore are fears
that the ceductionist views of particle physics (which tends to deduce the
most complicated structure from properties of "elementary” particles)
should generate a poorer and less hwuman culture. This point must b

~uriously considered.

In addition Lo thestc very general statements 1 wish to add g few

remarks @

= for the general public, accelerators and Lig laboratoriers hecome more
or less the new places of mysteries, where strange cntreprises taxe

place, like in the ancient times, temples or cathecdrals;

~ the usc of old words like "strangeness', "charm' or "beauty" with
completely new meanings, is rather misleading to most people and can
reinforce the feeling of mystery and esotericism that abstract science

suggests;
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- it is always tempting for popular philosopu.i~ ..r “quack-thinkers", to
use scienlific concepts in a rather distortes rense. Thus one can
read papers or baoks on the soul ol electrons or an the Tan of
physics,  This is unavoidable and must he taken as o hint to explain

wote aua more learly oar science.

S UONCT IS TONS

et By oo conelnsions oo these (o T oanly wis

o0 abiser oo Mo forloving points,
[ v Lo it T tavt
ot thi : Coeie alve s wevetving londs sogopests that there 15 an el
slance., © Coohr Lce o s he v it Voo e tiele physies
S Voot NP s nart ot tie
' TR B R N N R TS S SN T P PR SN FE T AN
' ot e ! ot AR
: . [T Y NN v

vaerntid

asp

We must not foryet this.

P ol
PR , P . [ S L do i
At [ S : wish o tnank
Chie e Pt s nentat i, Vetenicon e i Tor teping and
Ly sl atte Rl for Vi nnen,
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TABLE |

ASPECT OF SOCIETY

PARTICLES PHYSICS RECEIVES]

SOCIETY RECIEVES

WHO, IN SOCIETY BENEFITS ?

Men and education

Economics

Technique

Politics, administration,
and science policy

International affairs

Recognition
honours

Aesthetics, myths,
humanities

Technically educated
pecople, Universities,...

Money

General technical progress

Administrative framework

International cooperation

Positions, rewards,
Nobel prizes

Language,

general questions

Specialists of advanced
techniques, profcssors

Local benefits

New technical achievements

Models of big science and
research organisation
science managers, experts

Working models for cooperation
Occasions for cooperation

Prestige, criteria for
International competition

New myths, new meanings,

new ways of thinking

Universities, industry
Industry, locat
administration and trades
Industry

National and international
bureaucraty

Governments, press

Media, governments of
developped countries

Media, philosophers
popular philosophers

- pI -
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