
In defence of high-energy 
physics 

by Victor F. WEISSKOPF, Director General of CERN 

Today the deve lopment of science has a r r ived a t a 
cri t ical s tage. T h e cost of science in t e r m s of money 
and m a n p o w e r has r eached a po in t w h e r e society is 
beg inn ing to ques t ion its fu r the r un inh ib i t ed g rowth . 

So far the cost of science has been negligibly small . 
All basic scientific ac t iv i ty ever u n d e r t a k e n from the 
t imes of Arch imedes un t i l today amounts , in t e r m s of 
m o n e y expend i tu re , to less t h a n ten days ' ou tpu t of the 
indus t r i a l world, an a m o u n t wh ich is be low the year ly 
increase of wor ld product ion . This r ep resen t s an 
impress ive r a t e of r e t u r n on a capi ta l i nves tmen t if 
one considers t h a t a lmost all indus t r i a l p roduc t ion 
today is a consequence of basic scientific research . 
Still, it is t r ue t h a t t he r e q u i r e m e n t s of m o d e r n basic 
r e sea rch a re beg inn ing to b e subs tan t i a l and a d iscus
sion becomes unavo idab le of t he impor t ance of basic 
science and of the re la t ive impor t ance of its different 
b ranches . 

Clearly, the m a i n t a rge t s of a t t ack a r e the mos t 
expens ive b ranches which , in addi t ion, h a v e a ce r ta in 
f lavour of 'uselessness ' , t h a t is, h igh -ene rgy physics 
and as t ronomy. Modern as t ronomy, however , ha s the 
advan t age of being connected w i t h ' space ' ; it therefore 
profi ts f rom the p resen t emphas i s on eve ry th ing t h a t 
is re la ted to space science. Clearly, this emphas i s is 
no t exclusively based on a r g u m e n t s of scientific mer i t . 
H igh-ene rgy physics or — as it should be t t e r be n a m e d 
— sub-nuc lea r physics no longer enjoys such ex t r aneous 
suppor t , after hav ing r idden on the coat- ta i ls of nuc lea r 
energy for a n u m b e r of years . 

Intensive and extensive 

Looking at t he deve lopment of science in the 
twen t i e th cen tu ry one can d is t inguish two t rends , 
wh ich I will cal l ' in tens ive ' and 'extens ive ' research , 
lacking a b e t t e r te rminology. In shor t : in tens ive 
resea rch goes for t he f u n d a m e n t a l laws, ex tens ive 
resea rch goes for the exp lana t ion of p h e n o m e n a in 
t e rms of k n o w n fundamen ta l l aws . As a lways , d i s t inc
t ions of this k ind a re no t unambiguous , b u t t h e y a re 
clear in most cases. So l id -s ta te physics, p l a sma physics, 
and p e r h a p s also biology, a re ex tens ive . H igh -ene rgy 
physics and a good p a r t of nuc lea r physics a re 
in tens ive . 

The re is a lways m u c h less in tens ive resea rch going 
on t h a n extensive . Once n e w fundamen ta l l aws a re 
discovered, a l a rge and ever - inc reas ing act ivi ty begins 
in o rder to apply the discoveries to h i the r to unexp la ined 
phenomena . 

Thus , t he re a re two d imens ions to basic research . 
The f ront ier of science ex tends all a long a long l ine 

Early this year, a book with the title Nature of matter - purposes 
of high-energy physics (BNL 888 (T-360), edited by L. C. L. Yuan, 
$1.75) was published by the Brookhaven National Laboratory, 
U.S.A. In it, thirty of the leading theoretical physicists in 
America and Europe give their views on the subject and discuss 
some of the problems and implications involved, its aim is to 
provide a degree of communication between high-energy physi-
cists, the scientific community as a whole, and the general public, 
by presenting a comprehensive basis for a better understanding 
of the fundamental importance and great depth of high-energy 
physics. 

One of the contributors to the book is Prof. V. F. Weisskopf, 
Professor at Massachusetts Institute of Technology and currently 
Director General of CERN, and what he writes is reproduced 
here by kind permission of the editor. Distinguishing two 
trends in the development of science in this century, the 
'intensive' and the 'extensive', Prof. Weisskopf shows how these 
are nevertheless closely interconnected and argues strongly 
against neglecting 'intensive' research such as sub-nuclear 
physics just because it has little 'extensive' content. He then 
explains that recent work in sub-nuclear physics points the way 
to an understanding of questions such as: why are there only a 
few stable particles making up matter?, why do there appear to 
be four different kinds of interaction in the universe?, and how 
did the universe get into its present state? If the tempo of 
sub-nuclear research slowed down, these questions would remain 
unanswered, he says; any subsequent 'extensive' research depend-
ing on the answers for its exploitation would then be precluded. 

from the newes t and most m o d e r n in tens ive research, 
over the ex tens ive r e sea rch wh ich was recent ly 
spawned by the in tens ive r e sea rch of yes terday , to the 
b r o a d and wel l developed w e b of ex tens ive r e sea rch 
act ivi tés based on in tens ive r e sea rch of pas t decades. 

One can easily d is t inguish four i m p o r t a n t steps of 
in tens ive resea rch du r ing th is c e n t u r y : e lec t ro
dynamics and re la t iv i ty , q u a n t u m theory of the atom, 
nuc lea r physics and recen t ly sub -nuc l ea r physics. The 
ex tens ive d imensions of e lec t rodynamics , re la t iv i ty and 
q u a n t u m theory r each ve ry far today and a re constant ly 
expand ing . Nuc lea r physics has a l ready a l a rge 
ex tens ive p a r t in the deta i led s tudies of nuc lea r 
s t ruc tu re and in its as t rophys ica l appl icat ions. S u b -
nuc lea r physics is still mos t ly in tens ive in its c h a r
acter . 

Sub-nuclear research at the frontier 

Each p a r t of this scientific f ront ier is of impor tance . 
I t would be most dangerous to neglect some p a r t s 
re la t ive to o thers . I t is often a rgued tha t sub -nuc lea r 
physics should be g iven less suppor t because this field 
leads to v e r y l i t t le ex tens ive research , because it 
a t t r ac t s too large a p ropor t ion of clever scientists , 
and because the cost pe r scient is t is m u c h h igher t h a n 
in m a n y o the r p a r t s of the scientific frontier . These 
reasons , however , a re i nhe ren t in the fact t h a t s u b -
nuc lea r r e sea rch is a t t he f ront ier of in tens ive research . 
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Today's nuclear physics laboratory is very 
different from that of a generation ago, and 
this view of part of the South experimental 
hall of the CERN proton synchrotron is 
typical. In a certain sense, the plasticine, 
string and sealing wax of Rutherford and 
his students can still be found, but to 
them has been added, as the physicists' 
basic equipment, such things as concrete 
shielding blocks, electronic boxes, and 
cloth, cardboard and wood to keep the light 
out of spark-chamber viewing systems. In 
the nearest enclosure, under the cable 
bridge, is the equipment for the 'Paplep' 
experiment; further back and to the left 
is the 'missing-mass spectrometer', with its 
counting and control systems in another 
enclosure on the extreme left; behind this 
is the shielding complex for the neutrino 
experiment, including the bubble-chamber 
and spark-chamber block-houses; to the 
right again, under the black curtains, is 
the apparatus for the experiment on the 
K-nought-two decay. In the background on 
the right is the bridge over the acceler-
ator, connecting with the North experi-
mental hall. 

Obviously, the mos t advanced p a r t of in tens ive 
r e sea rch has yet ve ry l i t t le b e a r i n g upon the u n d e r
s t and ing of o ther phenomena , a n d therefore i ts 
ex tens ive component is small . After all, one is a t t he 
v e r y beginning of u n d e r s t a n d i n g w h a t is going on a t 
t he sub -nuc lea r f ront ier itself. Clearly, t he same 
s i tua t ion exis ted a t ear l ie r per iods w h e n o ther funda
m e n t a l -discoveries w e r e a t the f ront ier of science. 
F a r a d a y d id no t k n o w t h a t e lec t r ic i ty is t he basis of 
t he s t ruc tu re of m a t t e r ; w h e n t h e first s teps w e r e 
m a d e towards an u n d e r s t a n d i n g of a tomic spectra , 
nobody k n e w t h a t th is wou ld lead to a comple te u n d e r
s t and ing of chemical react ions . T h u s t he ex tens ive 
effect of sub -nuc lea r physics is no t ye t visible, b u t 
even today it seems a l r eady p robab le t h a t sub -nuc l ea r 
p h e n o m e n a a re i m p o r t a n t for t he u n d e r s t a n d i n g of t he 
recen t ly discovered galactic explosions. 

T h e f ront ier of in tens ive r e sea rch has a lways 
a t t r ac t ed a cer ta in g roup of ve ry clever scientists . To 
w o r k in an u n c h a r t e d field, to discover n e w laws of 
n a t u r e and completely n e w types of phenomena , is a 
g rea t l u re for a scientist . One is p laced a t t he spea r
h e a d of a g rea t and successful t r ad i t ion r ang ing from 
Galileo, Newton, Maxwel l to Einstein , Bohr, Dirac and 
Heisenberg . I t is improbable , however , t ha t this field 
should in fact ever depr ive o the r fields of science of 
ski l led man p o w er . I t is by its ve ry n a t u r e a l imited 
field. Compet i t ion is heavy, success is r a r e and 
depends m o r e often t h a n no t on luck and oppor tun i ty . 
M a n y of the best scientific b r a in s avoid this field 
because of the n a r r o w choice of act ivi t ies . 

The h igh cost of s u b - n u c l e a r physics comes f rom 
the fact t h a t it deals w i t h n e w p h e n o m e n a wh ich w e r e 
no t previous ly observed. S u b - n u c l e a r physics r equ i res 
t he s tudy of m a t t e r u n d e r n e w condit ions. As science 
progresses , these condit ions become increas ingly dif
fe ren t from n o r m a l condit ions on ea r th . Nuclear 
physics deals w i th in t r a s t e l l a r condi t ions and s u b -
nuc l ea r physics submi ts m a t t e r to even m o r e a b n o r m a l 

condit ions. Obviously, i t becomes increas ingly e x p e n
sive to c rea te increas ingly a b n o r m a l env i ronmen t s in 
a labora tory . 

A new world of phenomena 

There is today a clear d a n g e r t h a t the alleged n a r
rowness and the h igh cost of sub -nuc l ea r physics will , 
in fact, r e t a r d its deve lopment compared to o ther fields 
a t the scientific frontier . A l r eady t h e Physical Review 
shows a s t ronger increase in the n u m b e r of so l id -s ta te -
physics pape r s compared to nuc lea r -phys ics papers . 
This occurs jus t a t a t ime w h e n sub -nuc l ea r physics 
begins to revea l the exis tence of a n e w wor ld of 
p h e n o m e n a wi th in the nucléons . We see today the 
b i r th of a th i rd spectroscopy compil ing t he exci ted 
q u a n t u m s ta tes no t of a tomic sys tems or of a tomic 
nuclei , b u t of t he nucléon itself. We find today the 
first indicat ions of regular i t ies in these level schemes, 
which wil l soon lead to an ins ight in to t he s t ruc tu re 
wi th in the nucléon. This ins ight is b o u n d to b r ing us 
n ea r e r to the u n d e r s t a n d i n g of some of t he most funda
men ta l unsolved ques t ions . Le t us list t h r ee groups 
of such ques t ions : 

Today w e u n d e r s t a n d the b e h a v i o u r of m a t t e r on the 
basis of the in te rac t ion of a tomic nucle i and electrons . 
Bu t t he basic ques t ion r e m a i n s : w h y is it t h a t the 
proton, the n e u t r o n and the e lect ron a r e the e l emen ta ry 
par t ic les t h a t m a k e u p m a t t e r u n d e r t e r res t r i a l 
condit ions? W h y are these par t ic les , toge ther w i t h 
the l ight q u a n t u m and the neu t r ino , t he most s tab le 
forms in a long series of par t ic les inc luding the 
hyperons , the n u m e r o u s bosons a n d the h e a v y elec
trons? These ques t ions concern t he basis of eve ry th ing 
scientific. As long as t hey a r e not answered , t he 
s t ruc tu re of any form of m a t t e r r ema ins essent ial ly 
not unders tood . The g rea t t r i u m p h of q u a n t u m theory 
was the exp lana t ion of the charac te r i s t ic p roper t i es 
of the e lements on the basis of the recogni t ion t h a t 
the field of a g iven electr ic cha rge admi t s only cer ta in 
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well -def ined q u a n t u m s ta tes of the electron. This 
idea is fundamen ta l to all a tomic physics, chemis t ry 
and molecular biology. However , it is va l id only 
because of t he exis tence of ident ical e lectrons and 
pro tons wi th fixed and wel l defined charges and 
masses . In fact, q u a n t u m theory does no t real ly 
expla in the exis tence of charac te r i s t ic in t r ins ic p r o p e r
ties of each e lement ; it deduces it from ano the r u n e x
pla ined set of facts : t h e exis tence of a smal l n u m b e r of 
e l emen ta ry par t ic les w i t h the i r own charac te r i s t i c 
in t r ins ic proper t ies . Hence, t he basic p rob lem which 
under l ies all physical sciences, t h a t of t he s t ruc tu re of 
ma t t e r , is still unsolved. I t is precisely t ha t p rob lem 
which is a t t acked b y s u b - n u c l e a r physics . 

Ano the r f undamen ta l set of ques t ions is connected 
w i th the p rob lem of t he different types of in te rac t ion 
be tween ma te r i a l par t ic les . Phys ics has solved the 
p rob lem of unifying a la rge n u m b e r of in terac t ions , 
such as electric and magne t i c forces, chemical forces, 
cohesional forces, capi l la ry forces, etc., all of wh ich a re 
reducib le to t he q u a n t u m effects of electric a t t r ac t ion 
be tween nuclei and electrons . B u t t he r e is still no 
connexion seen be tween nuclear , e lec t romagnet ic , 
g rav i ta t iona l and w e a k in te rac t ions . Hence, t h e task 
of a consis tent u n d e r s t a n d i n g of n a t u r e has only begun 
and is in need of fu r the r deve lopment . I t is again 
ma in ly sub -nuc l ea r physics wh ich a t t acks these 
p rob lems ; theore t ica l r e sea rch in re la t iv i ty t heo ry and 
as t ronomical r e sea rch into t he s t r u c t u r e of the un ive r se 
will con t r ibu te to t he solution. 

Final ly, the same t h r e e fields of r e sea rch a r e about 
to tackle the p rob lems of t he h is tory of the un iverse . 
The quest ion of t he origin of m a t t e r can a l r eady be 
discussed on scientific g rounds . So far, r a t iona l ideas 
a re developed only concern ing the e lement format ion 
from a gas of p ro tons and e lectrons . B u t the p rob lem 
of t he origin of this gas begins to acqu i re some scien
tific aspects w i t h t he d iscovery of m a t t e r u n d e r 
e x t r e m e condit ions of h igh e n e r g y a t t h e cen t res of 
galaxies . These p h e n o m e n a a r e obviously connected 
w i t h t he in te rac t ions of par t ic les a t v e r y h igh energy, 
as s tudied in sub -nuc l ea r physics . 

This construction in transparent plastic, displayed by Leslie Thornhill, 
could well form part of an exhibition of modern sculpture, but it is in 
reality part of a new scintillation detector for the 'missing-mass spectro-
meter'. The rectangular part at the top is a sheet of plastic scintillator 
and the remainder is a complex system of light pipes to transmit 
light from the scintillator, where it occurs as a flash produced by an 
incident nuclear particle, to the photomultiplier that detects and 
records it. Each of the ten plastic strips is 1.2 m long, so that the 
time taken for light to travel along any one of them is the same. 
The curves were designed so that the light remains trapped inside 
each strip, and in use a layer of black tape also prevents external 
light from entering. The manufacture of this device, in the West 
workshop at CERN, was a complex operation of bending and glueing, 
after initial polishing of all the surfaces to a very high degree of 
perfection, the slightest scratch on the surface of the plastic 
contributing to a decrease in accuracy of the finished detector. 

One broad front 

We are facing today a s i tua t ion w h e r e it is t h r ea t ened 
t h a t all th is p romis ing r e sea rch wil l be slowed down by 
cons t ra ined f inancial suppor t of h igh -ene rgy physics. 
And this cons t ra in t is based, par t i a l ly a t least, on a 
c laim t h a t the a im of th i s field is n a r r o w and 
res t r ic ted . The t h r ee above -men t ioned groups of 

^ unsolved ques t ions should be sufficient to inva l ida te 
°? this claim. I t is g r a n t e d t h a t fu r the r progress , say, in 
Ç biology or in sol id-s ta te physics is possible w i thou t 
§ any fu r the r r e sea rch into t he sub -nuc l ea r field. B u t 
LU 

o let t he r e be no doub t t h a t t he style of t he scientific 
communi ty would change its cha rac t e r if the f ront ier 
of in tens ive r e sea r ch w e r e h a m p e r e d . I t would subt ly 
change t owards ove r - emphas i s on ex tens ive research , 
and this would h a r m all fields of science. A spir i t 
would be fostered, different from the one wh ich 
c rea ted m o d e r n science, if basic ques t ions t h a t can be 

Since its completion at the end of 1959 the CERN PS has been the 
object of numerous improvements to increase its efficiency, flexibility 
of use and ease of operation. One of the latest of these is a new 
quadrupole focusing magnet, shown here being adjusted by Joseph 
Guillet between the coils of one of the ring magnets of the accelerator. 
Designed and constructed in the PS Division, this lens is one of 50 
which control the spread of the beam immediately after its injection 
into the synchrotron. At this energy, they replace the 20 much larger 
quadrupoles of more conventional design, one of which is seen on the 
left of the photograph. 
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U. S. A. 
Polîcy for high-energy physics approved by the Président 

A book le t pub l ished in February fo r the U.S. Jo in t 
C o m m i t t e e on A tom ic Energy* inc luded the tex t of the 
A t o m i c Energy Commiss ion 's p roposa is fo r the deve lop -
ment of h igh-energy phys ics in Amer i ca , cover ing the 
pe r iod 1965-1981, wh ich have been submi t ted to Congress 
by Prés ident Johnson. 

A m o n g the spéc i f ie plans p resen ted are those for the 
cons t ruc t ion of a 200-GeV pro ton synchro t ron , to be 
c o m p l e t e d be fore 1974, convers ion of the Brookhaven 
A G S to a h igh- in tens i ty mach ine , improvements at the 
A rgonne Z G S , the cons t ruc t ion of a h igh-energy é lec t ron -
pos i t ron s to rage r ing at the 20-GeV Stan fo rd l inear 
acce le ra tor , the early cons t ruc t ion of two or th ree large 
hydrogen bubb le chambers , inc reased suppor t fo r un i -
vers ity h igh-energy physics g roups , and intensive des ign 
s tud ies for a pro ton acce le ra to r of 600 to 1000 G e V 
energy to corne into opéra t ion in 1980, w i th prov is ion fo r 
the poss ib le fu ture add i t ion of s to rage r ings. 

It is hoped to give fur ther déta i ls of th is repor t in the 
next issue of CERN COURIER. 

of intensive work, the last th ree of wh ich were years 
of f rus t ra t ing p rob lems tha t somet imes th rea tened to 
defeat the who le p rogramme. Dur ing the last year in 
part icular , af ter beams h ad been success fu l l y s to red in 
the r ings, a t tempts to make them co l l i de resul ted in 
fa i lure, excep t w i th re lat ively weak beams. Repercuss ions 
of th is f rus t ra t ion were fe l t at C E R N , where doubts were 
th rown on the feas ib i l i t y of opera t ing the pro ton s to rage 
rings p roposed for the PS, in sp i te of the con f iden t 
assurance by the des igners tha t the unexp la ined 
é lec t ron e f fec ts were unl ike ly to occur to the same 
extent w i th the more energe t i c and less dense pro ton 
beams. The new results re f lec t an improvement 
of co l l i d ing beam opéra t ion to an ex tent tha t the co l lec -
t ion of expér imenta l da ta on the co l l i s ion in terac t ions 
cou ld be s ta r ted . 

The Stan ford s torage r ings are f e d f rom the 'Mark I I I ' 
l inear acce lera tor , and é lec t rons have been s to red in 
the r ings for per iods as long as 35 hours. The beam 
current in each r ing is about 0.03 ampères . One of the 
main exper iments now p roposed is a new, more severe 
tes t of the theory of quantum e lec t rodynamics , made 
poss ib le by the higher ava i lab le energy wh ich enables 
one to invest igate ' ob jec ts ' of smal ler size. 

World's first experiment with colliding beams 

Spec tacu la r news came f rom S tan fo rd Univers i ty 
(U.S.A.) in March , when it was announced that on 
1 February 1965 two é lec t ron beams t rave l l ing in oppos i te 
d i rec t ions in a pair of in te rsec t ing s to rage r ings had at 
last been made to co l l ide . 

The é lec t rons in each beam had an energy of 300 MeV, 
so tha t when two of them met head-on the i r co l l i d ing 
energy was 600 MeV, équ iva lent to tha t of a 360 G e V 
é lec t ron h i t t ing a s ta t ionary ta rget . 

Thïs success, by a team of phys ic is ts f rom Stan fo rd 
and Pr inceton Univers i t ies , marks the c l imax of six years 

* 'High-energy physics programm: report on national policy and back-
ground information', Washington, U.S. Government Printing Office, 
55 cents. 

F. R. of GERMANY - DESY 
Accelerator running regularly 

News f rom the 'Deutsches E lek t ronen-Synchro t ron ' 
(DESY) at Hamburg (Fédéra l Repub l i c of Germany) in 
March was that the acce le ra to r was running on a regular 
week ly schedu le of 96 hours, f rom 11 p.m. each Monday 
to 11 p.m. Fr iday. A b o u t 5 0 % of the t ime was be ing 
used fo r expér imenta l phys ics (wi th counters and a 
bubb le chamber) and abou t 3 0 % fo r exper iments and 
deve lopment work wi th the acce le ra to r i tself, some 2 0 % 
sti l l be ing lost because of techn ica l d i f f i cu l t ies . 

This mach ine, as wel l as the s imi lar one (Cambr idge 
Elect ron Acce le ra to r ) in the U.S.A., p roduces the wor ld 's 

answered are left unanswered or are neglected by 
lack of attention. The questions remain, they cannot 
be overlooked. 

This différent spirit will do most harm in the 
éducation of young scientists. The study of science is 
based upon a burning interest in fundamental 
problems. The attitude of students would be per-
verted if they were not constantly aware of a lively 
quest for the solution of the basic problems of science. 
Even the scientist who will dévote his life to purely 
extensive research must be aware of the existence and 
the spirit of intensive research. The reason is that, 
even in the most extensive research, at every step 
there is always an intensive component: at each 
unsolved problem one must go back to some funda-
mental idea, one must try to see more of the essence of 
the problem. This is an attitude which can be fostered 

and maintained only if intensive and extensive research 
have an equal standing in the scientific community. 
There is one broad front in science and each part of 
it must be pushed forward with full vigour. 

We find strong support today for space technology, 
which may allow us to explore the unknown parts of 
the solar System. Exploration of the unknown was 
always a strong component of human endeavour in our 
modem civilization. But it must go together, as it 
always did, with another equally strong component: 
the explanation of the unknown in whatever form it 
faces us. 

In the beginning of the 16th century, when the 
scientific era began, Magellan performed the first trip 
around the earth. But also in the same period 
Copernicus published his work on the motion of the 
planets 9 
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