
51st Session of CERN Council 
The Council met on 19, 20 December under 
the Presidency of Professor W. Gentner 

The Counc i l Session opened , as usua l , 
w i t h progress reports f r om the Di rec­
to r Generals of Laboratory I and Labo ­
ratory I I . S ince w e covered w o r k on 
cons t ruc t i on of the 4 0 0 GeV s y n c h r o ­
t r o n , the SPS, at Laboratory II in the 
November and December issues, w e 
w i l l g ive here the report o f Professor 
W . Jen tschke conce rn ing the phys ics 
w h i c h has come f r o m the exper i ­
menta l p rogrammes at the 28 GeV 
Pro ton Synch ro t ron and t he Inter­
sec t ing Storage Rings. 

Progress in part ic le and nuclear 
phys ics is t ak ing place on m a n y 
d i f ferent f ront iers and most of t h e m 
are represented w i t h i n the broad 
range o f the research p rog ramme at 
C E R N . In 1 9 7 3 CERN lead major 
advances in the k n o w l e d g e of the 
behav iour of matter o p e n i n g up n e w 
perspect ives in our v i e w of Nature. 

The strong interact/on and the 
nuc/eons 

The nuc leus of the a tom con ta ins 
p ro tons and neut rons b o u n d toge the r 
by a fo rce w e call the s t rong inter­
ac t ion . A l t h o u g h an e n o r m o u s a m o u n t 
o f data exists, a real unders tand ing o f 
th is fo rce sti l l e ludes our grasp. In th is 
f ie ld the ISR ho lds a un ique and 
d o m i n a n t pos i t ion and recent expe ­
r iments have g iven fresh ins ights in to 
the character of the s t rong in terac t ion 
at very h igh energies. 

In the ISR range of energies t he 
to ta l p r o t o n - p r o t o n c ross -sec t ion , 
w h i c h measures the p robab i l i t y tha t 
t w o p ro tons w i l l interact , increases 
w i t h energy instead of rema in ing 
cons tan t at the plateau va lue observed 
in exper iments at the prev ious h ighest 
energies — up to 7 0 GeV at Se rpukhov . 

The ISR exper iments carry the 
energy up to tha t equ iva len t t o 
2 0 0 0 GeV for a p ro ton inc iden t o n a 
s ta t ionary p ro ton target . A l t h o u g h at 
these h igh energies the to ta l number 

of possib le absorpt ive react ions fo r 
t w o co l l i d ing pro tons is very large, it 
appears tha t the t w o pro tons are sti l l 
part ia l ly ' t ransparent ' to each other — 
they do not behave l ike to ta l ly absorb ­
ing 'b lack discs ' . The increase in cross-
sect ion occurs w i t h o u t m u c h change 
in the average opac i t y and is ma in ly 
ach ieved by a smal l increase in the 
radius — the p ro ton gets s l igh t ly 
fatter. 

It is impor tan t t o see h o w the cross-
sect ions for other part ic les (p ions , 
kaons and an t ip ro tons) behave, in 
co l l is ions w i t h the p ro ton . One of the 
f i rst exper iments carr ied ou t at Ser­
p u k h o v by a jo in t C E R N - S e r p u k h o v 
team d iscovered a s l o w rise in the 
posi t ive k a o n - p r o t o n cross-sect ion up 
to 7 0 GeV. Prel iminary results f r o m 
N A L also ind icate tha t a rise has 
star ted fo r t he posi t ive p io r i - p ro ton 
c ross-sec t ion . N A L w i l l al$o be able 
to s tudy the a n t i p r o t o n - p r o t o n cross-
sect ion w h i c h is sti l l fa l l ing at the 
h ighest energies invest igated so far. 
The ISR w o u l d be able t o add very 
h igh energy data on th is c ross-sec t ion 
if it p roved feasible to store an t i -
p ro tons in t he mach ine . Further exper i ­
ments at N A L and at the CERN SPS 
are needed to see h o w the p ic ture 
deve lops, bu t the unexpec ted result 
is n o w establ ished — very large steps 
in energy are required in o r d e r t o meas­
ure change in the behav iour o f the 
s t rong in te rac t ion ; asymptop ia lies 
even fu r ther a w a y than the energy 
reg ion — s ix ty t imes the nuc leon mass 
— reached by the ISR. 

It is a f undamen ta l l aw of phys ics 
tha t t o p robe smal ler d is tances w e 
mus t g o to h igher energies. Here also 
the ISR has y ie lded results of great 
s ign i f i cance — the d iscovery of a 
process w h i c h must be related to very 
smal l scale s t ructure of some k ind . 
Co l l i s ions are observed in w h i c h 
part ic les car ry ing h igh m o m e n t u m 
are emi t ted at large angles to the 

d i rec t ion o f the i n c o m i n g p ro tons ; 
a l t hough these ' h igh transverse m o ­
m e n t u m ' events are very rare (less 
than 1 in 1 0 0 mi l l ion co l l is ions) t hey 
occu r abou t ten t housand t imes more 
o f ten than expec ted f r om a s imple 
ex t rapo la t ion of the l o w transverse 
m o m e n t u m behaviour . It has also 
been s h o w n thai: t he h igher the energy, 
the h igher the probab i l i t y tha t these 
events w i l l occur . 

H igh transverse m o m e n t u m (over 
4 GeV/c) impl ies a sensi t iv i ty t o 
s t ruc ture in t he reg ion of 5 .10~ 1 5 c m 
and observa t ion of th is n e w p h e ­
n o m e n o n is remin iscent of the large 
ang le scat ter ing of a lpha part ic les 
w h i c h led Ruther fo rd t o the d iscovery 
of t he nuc leus. W e may be seeing fo r 
the f i rst t ime , t h r o u g h the s t rong 
in te rac t ion , an ind ica t ion of granu lar ­
i ty o f the nuc leon — perhaps a s t ruc­
ture of po in t - l i ke cons t i tuen ts w h i c h 
are also con jec tu red to accoun t fo r 
s imi lar behav iour in exper iments in 
w h i c h nuc leons are bombarded w i t h 
h igh energy e lect rons (at the S tan fo rd 
accelerator) or neut r inos (at C E R N ) . 

In terms of the s implest par ton 
mode l the emiss ion of part ic les w i t h 
h igh t ransverse m o m e n t u m can be 
imag ined as the result o f a rare co l l i ­
s ion be tween t w o par tons, one f r o m 
each p ro ton . The p ic ture predicts tha t , 
if a h igh transverse m o m e n t u m par­
t ic le is emi t ted , the number of part ic les 
created at the same t ime w i l l be larger 
t han usual . Th is is indeed f o u n d — the 
number of charged part ic les emerg ing 
in the same general d i rec t ion as a p i on 
of large t ransverse m o m e n t u m is 
near ly t w i c e the average number 
observed in t he m u c h more c o m m o n 
events w i t h smal l t ransverse m o m e n ­
t u m ; in the oppos i te d i rec t ion the 
number of part ic les ( the mu l t ip l i c i t y ) 
rises to abou t f ou r t imes the average 
value. 

Howeve r , m a n y puzzles sti l l c o n ­
f ron t advocates of the par ton p ic ture. 
The most naive vers ion is no t correct 
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A 'scatter diagram' where points represent the 
measured momenta of particles emerging from 
proton-proton collisions in the ISR. 'Elastic' 
events where the protons brush against one 
another and emerge retaining their incoming 
momenta appear as the black blob in the top 
right-hand corner. The two well populated 
horizontal and vertical bands correspond to 
the situation where one proton or the other 
was not significantly disturbed. 

and it is not yet clear whe the r it is 
useful to proceed on the basis of th is 
attract ively simple model or to f o l l o w 
other explanat ions der ived f rom the 
famil iar strong interact ion mechanisms 
extended to an extreme short range 
fo rm. 

A t the ISR, matter can be s tudied 
under cond i t ions so extraordinary as 
to be met elsewhere on ly in the 
extreme astrophysical doma in . One 
w a y of representing the s i tuat ion is to 
use energy density, rather than energy, 
as a characterist ic parameter. The 
interact ion between t w o protons is 
con f ined to a region whose d i m e n ­
sions are of the order 1CH 3 cm ( the 
range of the st rong in te rac t ion) ; the 
total energy in a col l is ion can be 
60 GeV and so the energy densi ty 
reached dur ing the col l is ion ( for the 
brief interval of less than 10~ 2 3 sec­
onds) is about 1 0 4 0 G e V / c m 3 , or 
about 1 0 1 7 g m / c m 3 . This is about a 
hundred t imes the densi ty inside an 
atomic nucleus and is on ly o therwise 
at tained w i t h i n objects like neutron 
stars or 'b lack holes'. It is remarkable 
to contemplate that such s i tuat ions 
can be created, if on ly very briefly, in 
the laboratory. 

The most obv ious result of th is 
v io lent encounter be tween t w o ener­
get ic concentrat ions of matter is we l l 
k n o w n . Numerous particles (on aver­
age about e ighteen) are created by 
the t ransformat ion of energy into mass 
dur ing the col l is ion. 

Recent exper iments at the ISR and 
at N A L suggest that the creat ion of 
n e w matter in high energy col l is ions 
is a two -s tage process. In the first 
stage, matter appears to be produced 
in the fo rm of heavy but very shor t ­
l ived objects (of ten cal led f ireballs or 
c lusters) . In the second stage, each of 
these splits up into several 'ord inary ' 
particles. Only the latter part icles are 
detected by the experimental equ ip ­
ment but, by the presence of certain 

correlat ions between them, w e may 
infer the existence of the heavier c lus­
ters f rom w h i c h they emerged. 

The ISR observat ions also suggest 
t w o dominan t mechanisms of cluster 
fo rmat ion . One is called f ragmenta­
t ion in w h i c h the particles emi t ted 
retain a s t rong memory of the parent 
nuc leon m o t i o n ; the other is cal led 
product ion f rom the central region in 
w h i c h , particles (main ly mesons) are 
emit ted more or less equal ly in all 
d irect ions. The relative importance of 
the f ragmentat ion and central regions 
as sources of particles has been 
studied at the ISR in a variety of 
ways . 

First, there is an important class 
of events, about 2 0 % of the to ta l , in 
w h i c h on ly one proton is s igni f icant ly 
d isturbed by the col l is ion and the 
other cont inues w i t h just a sl ight 
change in energy and di rect ion. There 
is no cont r ibu t ion of particles emi t ted 
at large angles, f rom the central 

region, and the on ly particles created 
appear as a l o w mul t ip l ic i ty narrow 
cone, or jet, of particles ly ing close to 
the trajectory of one of the protons. 
This is a special case of f ragmentat ion 
of one pro ton. Similar processes (ca l l ­
ed proton di f f ract ion dissociat ion) 
have been observed in exper iments at 
the PS but the str ik ing result seen at 
the ISR is that th is mechanism can 
result in exci tat ion of a proton to 
cond i t ions of much higher mass than 
was expected. The product ion of 
states of up to ten t imes the nuc leon 
mass has been demonstrated and the 
fur ther invest igat ion of these states is 
of great interest in our quest to under­
stand nuc leon structure. 

The most c o m m o n interact ions are 
those in w h i c h both protons are 
exci ted and the central region also 
plays a role. A suitable choice of para­
meters a l lows a very clear d e m o n ­
strat ion of the cont r ibut ions arising 
f rom these dif ferent sources of par-
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A photograph taken in the streamer chamber 
surrounding intersection 1-7 in the I SR. It records 
a proton-proton collision in which many 
particles are detected emerging from the inter­
action. A story on the streamer chamber will 
appear in the next issue. 

t i d e s . The st r ik ing feature as w e 
move to the class of events w i t h h igh 
mu l t ip l i c i t y is the g r o w t h of part ic le 
emiss ion f rom the central reg ion. 
Events of small to ta l mu l t ip l i c i t y are 
dom inan t l y due to f ragmenta t ion w h i l e 
col l is ions in w h i c h the central reg ion 
is dom inan t lead to h igher m u l t i ­
pl ic i t ies. 

Some exper iments have looked in 
more detai l at p roduc t ion f r om the 
central region and have f o u n d ev i ­
dence that events of h igh mu l t ip l i c i t y 
cor respond to the fo rmat ion o f several 
c lusters w h i c h later break up. 

This concep t of a t w o step process 
— fo rmat ion of a cluster and t hen , 
after a t ime of about 10~ 2 3 seconds, 
b reak -up in to three or fou r part ic les 
observed in the de tec t ing apparatus 
— may be g iven addi t iona l suppor t by 
a very d i f ferent sort o f exper iment . 
The p roduc t ion of three p ions by a 
co l l is ion of an inc ident p ion w i t h a 
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large nuc leus has been s tud ied at the 
PS, and e lsewhere, in bo th bubb le 
chamber and electronic exper iments. 
The results s h o w the surpr is ing result 
that , under certain cond i t ions , the 
three p ion system seems to p ropa ­
gate t h r o u g h the nucleus w i t h less 
a t tenuat ion than w o u l d be expected 
for three separate pions. W i t h t he 
three p ion system, the probabi l i ty fo r 
in teract ion in the nucleus is no b igger 
than for a s ingle p ion . The at t ract ively 
s imple exp lanat ion w h i c h n o w seems 
possible is tha t the f irst step is the 
fo rmat ion o f a c luster; the cluster 
w o u l d be mov ing w i t h a lmost the 
ve loc i ty of l ight and its apparent l i fe­
t ime w o u l d thus be extended by a 
fac tor of abou t ten — w h i c h gives it a 
chance t o escape f rom the nuc leus 
before break ing up into the three 
p ions eventua l ly observed. 

A l t h o u g h the detai led in terpreta­
t i on is p robab ly not as s imple as th is , 
there seems no d o u b t tha t such 

exper iments in nucle i offer a poss ib i l ­
i ty of s tudy ing the behaviour of very 
h igh ly exc i ted states of matter w h i c h 
exist for on ly very shor t t imes. 

The weak interaction 

It is rather easy to relate the s t rong 
and e lec t romagnet ic interact ions to 
the appearance of the every-day w o r l d 
— the s t rong force keeps nuc leons 
together in nuc le i , the e lec t romag­
net ic force keeps electrons a round 
nucle i t o f o rm a toms and keeps a toms 
together to f o rm molecules, and is 
thus responsible for the pyhsical p ro ­
perties and appearance of matter in 
the large. The w e a k in teract ion plays 
a less obv ious bu t equal ly fundamenta l 
role in de te rmin ing the character of 
our w o r l d . It is one of the de termin ing 
factors in the chemis t ry of nuclear 
react ions. For example, the sun re­
leases its eno rmous store of nuclear 
energy s low ly , w i t h a l i fet ime of abou t 
ten t housand mi l l ion years but if the 
w e a k in teract ion were no t so weak , 
the sun cou ld have burnt ou t long be­
fore life deve loped on the earth. The 
w e a k in teract ion is not w i t h o u t 
interest. 

CERN has made many impor tan t 
con t r ibu t ions t o the s tudy of w e a k 
interact ions and the results o f an ex­
per iment in 1 9 7 3 have captured the 
interest of the w h o l e phys ics c o m m u ­
nity. The exper iment studies the w e a k 
interact ion due to a beam of neutr inos 
passing t h r o u g h the large heavy l iqu id 
bubb le chamber , Gargamel le, at the 
PS. The neut r ino can on ly interact w i t h 
matter t h r o u g h the w e a k in teract ion 
and , as an i l lustrat ion of the mean ing 
of weak , most o f the pictures taken 
in the bubb le chamber are b lank even 
t h o u g h a t housand mi l l ion neutr inos 
are passing t h r o u g h ten tons of l iqu id 
f reon each t ime a pho tog raph is taken. 

A n event has been seen in Garga­
mel le w h i c h cou ld be an example of 
elastic scat ter ing o f an ant ineut r ino 
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One of the elements of the CERN improvement 
programme which came into action during 1973 
— the 3.7 m European bubble chamber. The 
chamber is surrounded by a large cylindrical 
iron shield which retains the stray field of the 
superconducting magnet. The camera system 
looks in from the top. 

by an electron. This process is 
qui te unl ike the famil iar fo rm of the 
weak interact ion, called a charged-
current interact ion, in w h i c h the neu ­
t r ino w o u l d have changed into a 
muon ( invo lv ing a change of electric 
charge between the neutr ino w h i c h 
is a lways neutral and the muon w h i c h 
is a lways charged) . This sort of inter­
act ion clearly forb ids the elastic scat­
ter ing process w h i c h can on ly take 
place if the so-cal led neutra l -current 
interact ion also exists. The event 
observed in Gargamelle was the first 
ind icat ion that this fo rm of weak 
interact ion might be present in Nature. 

The quest ion of the existence of 
neutral currents has assumed great 
importance because it is required by 
certain theoret ical at tempts to f ind a 
uni f ied theory of the weak and electro­
magnet ic interact ions. The search for 
fur ther examples of neut r ino-e lect ron 
scatter ing has very high pr ior i ty and 
Gargamelle has embarked on another 
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1 mi l l ion picture experiment, in w h i c h 
the PS Booster is being used for the 
first t ime to increase the neutr ino 
y ie ld. 

Ano ther type of event was observed 
in the Gargamelle neutr ino exper iment 
w h i c h is also evidence for the neutral 
current interact ion. The normal charg­
ed current interact ion between a 
muon-neu t r i no and a nucleon leads 
to the emission of a muon . The Gar­
gamel le exper iment has observed 165 
events in w h i c h the muon is absent. 
A background of energetic neutrons 
cou ld cause such events and neu ­
t r ino interact ions occurr ing in the 
magnet and other material sur rounding 
the visible region of the bubble c h a m ­
ber provide a source for such neutrons 
but the number of muon- less events 
observed is about six t imes greater 
than the est imated neutron back­
g round . The muon- less events cou ld 
be produced by neutr inos — a process 
w h i c h again requires a neutral current. 

For many years the s tudy of the 
nucleus has been concentrated at the 
600 MeV synchro-cyc lo t ron but in the 
last three years w e have seen a rapid 
increase in the use of the PS for such 
exper iments — out of the thir teen 
beam-l ines at the PS, t w o are perma­
nent ly in use for nuclear structure ex­
periments. 

In one exper iment the PS is used 
as a source of h igh energy protons to 
bombard a uran ium target and a most 
ingenious techn ique has a l lowed rare 
isotopes to be ident i f ied among the 
f ragments even t h o u g h their l i fetimes 
are as short as about 1 ms. This exper­
iment has observed and measured 
the masses of such extraordinari ly 
neut ron- r ich nuclei as 1 1 L i (w i t h four 
excess neut rons) , 2 7 N a to 3 2 N a (w i t h 
up to nine excess neutrons) and 4 8 K to 
5 0 K (w i t h up to eleven excess neu­
t rons) . The s tudy of nucle i , w i t h such 
extreme compos i t ion imposes severe 
tests on models of the nucleus. 

The absorpt ion of negative kaons 
by nuclei can also lead to the fo rma­
t ion of an extraordinary sort of nucleus, 
called a hypernucleus in w h i c h , for a 
brief period of about 1 0 - 1 0 s, a lambda 
particle jo ins the protons and neutrons 
as a nuclear const i tuent . Experiments 
at CERN were the first to detect exci ted 
states of such nuclei by direct obser­
vat ion of the radiat ion emit ted f rom 
them. There is n o w an active pro­
gramme of such exper iments w h i c h 
w i l l be a f ru i t fu l source of in format ion 
on the interact ion between lambda 
particles and nucleons at l o w energy. 

Professor Jentschke conc luded by 
paying t r ibute to the qual i ty of the 
accelerators and detect ion systems 
w h i c h have been bui l t up at CERN. 
The strength of the experimental p ro­
gramme depends upon this qual i ty. 

Dur ing 1973 , the 800 MeV Booster 
came into act ion at the proton syn­
chrot ron and high energy beam in ten­
sities of over 5 x 1 0 1 2 can be achieved. 
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