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For most of the year at CERN, work Unfortunately, the paral lel between 
goes on normally and, because few physical ly observed particles and mathe-
peop le are direct ly concerned, the fact mafical theory is not exact ; in particular, 
that one or other of the experimental a l though in SU3 all positions in the 
groups is at that moment discover ing groups arise from a set of three funda-
something new goes relat ively unnot i - mental entit ies, in physics even such o l d -
ced. In February, however, a number of established particles as the proton and 
events combined to prov ide the kind of the neutron can only be long to a set of 
excitement for the physicists that more al together eight particles, forming one 
than makes up for the long per iods of of the Lie groups. There seem to be 
monotony and to make the rest of the eight basic particles instead of three, 
staff somewhat more aware than usual The suggestion of both Gel l -Mann and 
that interesting things were happening. Zwe ig was that fewer outside restrictions 

should be imposed on the algebra. They 
assumed that all known strongly inter-

The clues fo part of the excitement had, a d i n g p a r t i c l e s c o u , d i n f a c t b e m a d e 

in fact, been available in the library u p f r Q m j u s , , h r e e b a s i c u n i , S f c o m b i n e d 

tor a week or two, in the form of ' pre- m d i f f e r e n f w a y s . T h e y f h e n w o r k e d 

prints ' of two theoretical papers, one by o u ( f h e p r o p e r t i e s t h a ) s u c h u n i b w o u | d 

M. Gell-Mann, of the California Institute h a v 6 j a n d , o u n d f h a ( t h e y w o u ) d b e 

of Technology, U.S.A., and the other by s i m i | a r , Q f h e p r o ( o | l i n e u f r o n a n d 

G. Zweig, of fhe same Institute but at | a m b d a p a r t i d e i e x c e p t t h a t f h e i r b a r y o n 

present a Visiting Scientist at CERN. n u m b e r W Q U , d b e 1 / 3 i n s ) e a d o f , a n d 

Gell-Mann's paper was published in f h e i r e | e c f r i c c h a r g e w o u ] d b e 2 / 3 < _ 1 / 3 

Physics Letters on 1 February; Zweig's, a n d _ 1 / 3 r e p e c t i v e | y r i n s t e a d o f 1 f „ a n d 

the more detailed of the two, is expected „ ( | n u n i t s Q , ) h e e , e c t r o n c h a r g e ) . 
to appear later in Physical Review. 
Produced independently, both papers ,, ,, . , , , . • r ' ' r i - It w a s f n l s | a s t p r 0 p e r t y that caused 
put forward a possible new way of f h e ^ F r Q m , h e ) | m e o f M i „ i k a n . s 

looking at the theory of 'unitary sym- e x p e r | m e n t s i n 1 9 1 1 ( r e p e a { e d by 
mefry known as SU3. ,. , , , , . N u ' generations of students since) it has 

been accepted that fhe charge of the 
The appl icat ion of this theory, notably electron is the smallest one possible and 

in fhe particular form known as the that all others are integral mult iples of 
' e ight fo ld way has enabled a conside- this unit (posit ive or negative). The new 
rable amount of order to be brought ideas had a basic simplicity that was 
info fhe chaos created by the discovery very appea l ing , and diff icult ies that had 
of so many new, supposedly ' funda- had to be expla ined away in the former 
mental particles dur ing the past few versions of the theory d id not seem to 
years. SU3 itself is a particular branch of arise this t ime, yet the idea of fract ion-
a whole set of related systems of algebra al ly charged particles seemed qui te 
deve loped by fhe Norwegian mathema- preposterous. Even those who had sug-
tician Sophus Lie nearly a hundred years gesfed it seemed to share the doubts ; 
ago. The symmetry propert ies of fun- Ge l l -Mann cal led his new particles 
damental particles and the rules deve- ' quarks b r ing ing together l iterature 
loped for quantum-mechanical calcula- and science wi th a reference to 
tions have been found to be closely Finnegan's Wake ! Zweig turned to the 
related to some of the Lie algebras and f ie ld of card games for inspirat ion, 
to SU 3 in particular. Specific propert ies and cal led his particles ' aces r 

of particles can be represented by cer- wi th their combinat ions ' deuces ' and 
tain quantum numbers which can take ' treys '. At least one person found the 
only certain values, and appl icat ion of who le situation too much, and the 
the algebraic rules to these numbers fo l low ing contr ibut ion to the discussion 
then groups all the strongly interacting appeared on the notice board of the 
particles in a def ini te way. Theory Division : 



One of the early photographs taken with the British 150-cm hydrogen 

bubble-chamber at CERN. Protons with a momentum of 15 GeV/c enter 

from the left of the picture and some of them interact with protons in 

the chamber. The fineness of the tracks and the advantage of a 

chamber of this size for seeing all the stages of a complex series of 

events can be gauged from this example, though it shows nothing spec­

tacular. One of the problems remaining is to reduce the general 

background of light and the unwanted reflexions that might make 

measurements difficult in some circumstances. 
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A n o n 

From the experimentalist's point of 
v iew, the excitement lay in the predic­
t ion that at least one of the new particles 
wou ld be stable. This quark, or ace, if 
p roduced in a reaction between h igh-
energy particles, wou ld behave l ike the 
known charged particles, but if its 
charge was o n l y one-th i rd that of a 
proton its ioniz ing power (and therefore 
the number of bubbles per centimetre 
a long its track in a bubb le chamber, 
for instance) wou ld be only one-n in th , 
for the same apparent momentum. Of 
course aces might still be very rare, or 
their mass (which could not be pred ic ted 
theoret ical ly) might be too high for 
them to be. produced with present-day 
accelerators. Nonetheless, the Electro­
nics Experiments Commit tee, meet ing on 
11 February, dec ided that aces should 
be taken seriously, and that same after­
noon the particles p rov ided an unex­
pected subject for the weekly 1 Experi­
mental Physics Discussion '. Here 
G. Zwe ig explained his theory, and two 
proposals for experiments, f rom groups 
led by G. Cocconi and À. Zichichi , were 
descr ibed. 

Some peop le felt that if aces existed 
then they ought to have been seen in at 
least one of the mil l ions of bubb le -
chamber pictures already scanned for 
other experiments, though it was also 

reasoned that they cou ld have been 
missed if the scanners were not look ing 
specif ically for them. In any case it 
quick ly became clear that the combin ­
ation of a bubb le chamber and the 
02 beam in the PS East hall p rov ided 
the quickest way of look ing for the 
particles. Some time in March the PS 
wi l l be run at almost its ful l energy and 
the 02 beam (without the electrostatic 
separators) wi l l be set to accept h igh-
energy negat ive particles (mostly 
pions) from the internal target and 
direct them into the 81-cm Saclay/École 
Polytechnique bubble chamber. The 
pions wi l l p rov ide the cal ibrat ion tracks 
against which that of a quark, ace, or 
any other fract ional ly charged part icle 
could be compared. 

Wh i le work ing on this proposal , D.R.O. 
Morr ison real ized that the same kind of 
bubble-chamber exposure had in fact 
been carried out wi th the CERN 32-cm 
chamber in 1960. The photographs were 
got out and a team of physicists and 
scanners looked through 10 000 of them 
in one night. No aces were found. 
Inspired by this search, the group work­
ing wi th the École Polytechnique heavy-
l iqu id bubb le chamber then scanned a 
set of 100 000 photographs. Aga in 
the result was negat ive, leading to the 
conclusion that particles wi th charge 1/3 
are produced at least a mi l l ion times less 
frequent ly than antiprotons at the higher 
PS energies. The possibi l i ty was also 
raised that the aces might be formed in 
weak interactions rather than in the 
strong ones investigated in these two 
searches, in which case the arrangement 
of the CERN neutr ino experiment wou ld 
be ideal for their detect ion. Accord ing ly , 
the photographs of about 300 neutr ino 
events in the CERN heavy- l iquid bubb le 
chamber were looked at again, but still 
no tracks wi th too few bubbles cou ld 
be found. 

The fheorisfSr meanwhi le, had not 
been id le , and by the end of the month 
H. Bacry, J. Nuyts and L. Van Hove had 
produced a paper showing that if two 
sets of three particles were taken as 
fundamental bu i ld ing blocks, instead of 
only one set, then fractional charges 
were no longer a requirement. Zweig's 
aces and Gel l -Mann's quarks may or 
may not be found, but obviously their 
ideas have t r iggered off a new series of 
moves in this search for an explanation 
of the occurrence of the so-called fun­
damental particles. 

A d d i n g point to the discussion was 
the news from Brookhaven in the midd le 
of the month that two examples of the 
omega-minus part ic le had been disco­
vered in photographs taken with their 
new 80-inch (200-cm) bubble-chamber. 
This part ic le, which has rather unusual 
propert ies, had been predic ted by the 
' e ight fo ld-way ' theory and was the last 
one needed to complete a group of fen 
particles. Its discovery showed that the 
use of unitary symmetry to gain insight 
into the relationships between particles 
was indeed just i f ied, and that further 
investigations wou ld be wel l worth 
whi le . Of course, at CERN, the satis­
faction of knowing that the omega really 
existed was tempered with a certain 
amount of d isappointment, not to say 
envy, as two bubble-chamber runs last 
year and another one in January had 
been carried out here to look for the 
part ic le, but several hundred thousand 
pictures had so far p rov ided no trace 
of it. 

During all the excitement over aces 
and SU3, other groups of physicists and 
engineers work ing at the proton syn­
chrotron also had more immediate things 
to concern them. For the first t ime since 
last September the fast ejection system 
was to be used again for the proton 
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BOOKS 
Sonnenenergie, by H. Rau, (Mainz, Krauskopf-Verlag, 

1962 ; DM. 12.80).* 

In its airy manner this delightful little book possesses 
certain attributes of a soufflé. While consuming it, one 
has that sense of well-being which only a tasty morsel can 
convey, and on finishing it, one is pleasantly replete. But 
one very soon develops a craving for more. So with this 
book : it acts as an apéritif without really answering all the 
questions. 

The author is obviously endowed with the gift of being 
able to convey to the reader a relatively large amount of 
information, requiring the minimum of effort on his part to 
understand and to absorb. This is no idle compliment : we 
note that the book is written in German, a language more 
fitted for semantic acrobatics than for an exercise in 
simple expression. Mr. Rau had rightly decided to tackle 
his subject from the 4 Ur-beginning ' and to leave no fact 

* W e u n d e r s t a n d t h a t D u t c h , E n g l i s h , a n d I t a l i a n e d i t i o n s a r e a l s o 
a v a i l a b l e , o r w i l l b e s h o r t l y , a n d t h a t e d i t i o n s in C r o a t a n d A r a b i c 
a re in p r e p a r a t i o n . 

untouched, however insignificant. The result is not only a 
formidable table of contents but also a tidily written book 
which it is a pleasure to read. 

The opening chapter, not unexpectedly, discusses the need 
for new sources of energy. The next deals with existing 
4 stocks ' of energy and on we go, relentlessly. A quick look at 
the mythology and what our ancestors thought of the whole 
affair, then a little physics of the sun, followed by the first 
pioneers who attempted to harness solar energy for other 
purposes but human sacrifice. (Curiously, the author does 
not mention the Mayas or the Aztects, who, after all, were 
the experts in this field. But that is unimportant). The 
technology and economics of solar energy, with all their 
ramifications, form the backbone of the book. Photobiology 
and the rocket strato-probe experiments are mentioned, and 
the book ends, inevitably, with an outlook on the future. 
All this information is carefully packed into some 170 pages, 
including some very fine illustrations, both photographs and 
line drawings, and a truly magnificent bibliography. Is one 
permitted to wonder whether the author has indeed read 
all the material he lists ? 

Strangely enough it is just this extensive bibliography 
which is the main weakness of the book. The author had 
evidently decided that the reader for whom the book is 
intended would rarely if ever bother to look up one or the 

L*lZ tv>&M M ( c o n t . ) 

beam. A new central conductor, de ­
signed to increase the number of neu­
trinos p roduced at higher energy, had 
been put into fhe magnetic horn, and a 
complete ly new arrangement of spark 
chambers had been installed for further 
measurements on neutrino interactions. 
In the event, everyth ing worked we l l , 
and very soon the scanners were busy 
again, p ick ing out photographs of neu­
tr ino interactions obta ined both in fhe 
spark-chamber array and in the CERN 
heavy- l iqu id bubb le chamber. The spark-
chamber set-up now includes one 
section of chambers interspersed wi th 
magnet ized iron plates, in tended to 
prov ide a g o o d dist inct ion between 
posit ive and negat ive particles arising in 
fhe interactions. A l together , the arran­
gement contains more than 100 tons 
of material. 

In the East bubble-chamber bu i l d ing , 
another centre of activi ty was formed 
by the 150-cm British bubble-chamber, 
f i l led wi th l iqu id hydrogen again, 
coo led to —246° C, and produc ing 
high hopes of a g o o d run. The decom­
pression and recompression cycle was 
successfully put info operat ion, and fhe 
cycle t ime afterwards reduced to once 
every two seconds. After about 24 hours 
testing l ike this, particles f rom the 02 
beam were int roduced into fhe chamber 
and condit ions adjusted to g ive the 
best tracks. Later the magnetic f ie ld 
was fumed on, and f inal ly fhe automatic 
cameras tested. On 22 February several 

thousand photographs were taken wi th 
incident protons. But a number of small 
troubles made it less clear that the 
chamber wou ld be able to run cont i ­
nuously for several days at a t ime and, 
rather reluctantly, the beam was swit­
ched to the 81-cm Saclay/École Poly-
technique chamber for the physics 
experiments scheduled. 

This per iod was also of particular 
interest since, for fhe first t ime, a 
bubble-chamber experiment at the PS 
was be ing carried out simultaneously 
wi th the neutr ino experiment. By using 
the ' rapid beam deflector a small 
part of the circulat ing beam was direc­
ted at the target serving fhe 02 beam 
shortly before ful l energy was reached," 
this was then fo l lowed by eject ion of 
the fu l l -energy beam in the usual way. 

Missing from last month's issue of 
CERN COURIER was the news that 
electrons had been successfully 'stacked' 
in the electron storage-ring model, 
CESAR. Towards the midd le of January 
the circulat ing current f rom a single 
pulse of the Van de Graaff injector was 
accelerated sl ightly by means of fhe 
betatron core, so that if circulated on 
an orbi t of larger diameter, but osci l ­
lations of the beam were bu i l d ing up to 
large values and soon causing if to be 
lost. W i th a shut-down for maintenance 
and alterations scheduled for 31 January, 
there was lit t le incentive for a ful l 
invest igat ion of the reasons ; instead, 
by manipulat ion of some two dozen 

dif ferent magnetic corrections around 
the r ing, it p roved possible to accele­
rate the beam to the full energy 
determined by the 7-cm width of 
vacuum chamber avai lable. Whereas 
the betatron core accelerates all the 
particles c irculat ing in the r ing, the 
radiof requency system accelerates on ly 
those electrons which have about fhe 
r ight energy. This system was then 
f r ied out, and 20 successive pulses were 
in jected into the ring and ' stacked ' 
into adjacent orbits. After this, measure­
ments were made on fhe lifetime of 
the circulat ing current, for single turns 
in dif ferent posit ions and for mul t ip le 
turns, and the second radiofrequency 
system, in tended for phase-space ana­
lysis of the stacked beam, was success­
ful ly tested. 

These prel iminary experiments com­
p le ted the ' running- in ' phase of the 
storage-r ing, and their success provides 
grounds for be l iev ing that CESAR wi l l 
p rove an extremely useful experimental 
device. Dur ing the subsequent shut­
d o w n , the 2-MeV Van de Graaff was 
complete ly dismant led and rebui l t , wi th 
many new components. Among many 
other jobs, fhe who le of the vacuum 
chamber also had to be dismounted, 
for modif icat ions to the clear ing-f ie ld 
electrodes, and several new targets for 
measurement of the beam posit ion were 
added . Insertion of a new inflecfor 
tank should enable fhe pressure to be 
reduced for fhe first t ime to 10~9 forr or 
better, g i v ing much longer beam l i fe­
times when experiments are resumed $ 
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