
P h y s i c s m o n i t o r 

Particle century - fifty years ago, in 1947, half 
a century after the discovery of the electron, 
Don Perkins, working at London's Imperial 
College, was the first to observe a clear 
example of what appeared to be the nuclear 
capture of a meson, producing a nuclear 
disintegration. On 17 April, Perkins gave a 
presentation at CERN on one hundred years 
of elementary particles. One half of this 
particle century is spanned by his own 
contributions. 

t race their parentage back to 1897. 
Blackett w a s awarded the Nobel 
Phys ics Prize in 1948 and Powel l in 
1950. These d iscover ies were to be 
the last major part icle phys ics 
revelat ions of a war- torn Europe. The 
next European mi lestone - the 
d iscovery of the neutral current in 
1973 - had to await the es tab l ishment 
of C E R N . 

Sight ing the pion and unravel l ing its 
decay l iberated physics f rom more 
than a decade of d i l emma, and the 
pion looked full of p romise. Perhaps 
this new part icle held the key to the 
myster ious forces wh ich held the 
nuc leus together. However this hope, 
cher ished s ince the t ime of Y u k a w a , 
w a s not to be fulf i l led, and the 
s igni f icance of the pion as a part ic le 
has d imin ished as our unders tand ing 
of nuclear forces in te rms of a deeper 
layer, quarks, has advanced . If the 
pion does play a specia l role, it is 
because it is the l ightest s t rongly 
interact ing part icle. 

More than anyth ing else, the 1947 
d iscover ies made physicists real ize 
that the subnuc lear wor ld was more 
complex than had been suspected by 
looking at everyday nuclei . The 
d iscovery of the pion and its 
subsequent decay highl ighted the 
role of the muon (d iscovered by 
Anderson and Neddermeyer in 
1936) , whi le the Vs were the first 
examp les of 's t range' part ic les 
conta in ing a third type of quark. 

The fo l lowing art icle by O w e n Lock, 
former ly of Bristol , Manchester , 
B i rm ingham and C E R N , recalls the 
pion d iscovery. Another art icle later 
this year will cover the d iscovery of 
V-part ic les. 

Half a century ago -
the pion pioneers 

W hile the classic d iscover ies of 
T h o m s o n and Rutherford 

opened success ive doors to 
subatomic and nuclear physics, 
part icle phys ics may be said to have 
star ted wi th the d iscovery of the 
posi tron in cosmic rays by Carl 
Anderson at Pasadena in 1932, 
ver i fy ing Paul Dirac's a lmost 
s imu l taneous predict ion of its 
ex is tence. 

Anderson used a c loud chamber , 
expanded at random, in a high 
magnet ic f ie ld. At the same t ime, 
Patr ick Blackett at Cambr idge w a s 
jo ined by an invent ive young Ital ian, 
G iuseppe Occhia l in i , sent by a 
master of counter co inc idence 
techn iques , Bruno Rossi , then in 
F lorence, to learn about c loud 
chambers . Very soon Blackett and 
Occhial in i had built a counter-
contro l led chamber wi th wh ich they 

d iscovered e lectron-posi t ron pair 
product ion, a key predict ion of 
Dirac 's ideas. 

C loud chambers p layed a major 
role in cosmic ray studies in the 
fo l lowing years , leading to the d iscov­
ery of the 'mesot ron ' in 1937, or igi­
nally identi f ied as the nuclear force 
carr ier postu la ted by Hideki Y u k a w a 
in 1935. However , several diff icult ies 
soon arose wi th this hypothesis , even 
though pictures of its decay to an 
e lect ron, as postu la ted by Y u k a w a to 
expla in beta-decay, were observed in 
c loud chamber pictures in 1940. In 
part icular, the mesot ron appeared to 
have a very w e a k nuclear interact ion 
wi th matter, conclus ive ly 
demons t ra ted by the counter 
exper iments of Marcel lo Convers i , 
Ettore Pancini and Oreste Piccioni in 
Rome f rom 1943-1947. 

A possib le exp lanat ion of these 
diff icult ies had been put forward in 
Japan in 1942 and 1943 by Yasu taka 
Tan ikawa and by Shoichi Sakata and 
Takesh i Inoue, w h o suggested a two-
meson hypothes is wi th a Yukawa-
type meson decay ing to a weak ly 
interact ing meso t ron . Because of the 
war their ideas were not publ ished in 
Engl ish until 1946 and 1947, the 
journa ls in quest ion not reaching the 
USA until the end of 1947. 

Unaware of the Japanese work, 
Robert Marshak had put forward a 
simi lar hypothes is in June 1947, at a 
conference of Amer i can theoret ic ians 
on Shel ter Is land (off Long Island), 
and wh ich he publ ished later that 
year wi th Hans Bethe. None of the 
scient ists at the conference knew 
that such two -meson decay events 
had a l ready been observed some 
weeks earl ier by Ceci l Powel l and his 
col laborators in Bristol , using the 
then little known photographic 
emuls ion techn ique, but wh ich in 
Powel l 's hands became a powerful 
research tool . 
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In the immediate post-World War II years, 
cosmic ray experiments using photographic 
emulsions at Bristol made historic discoveries. 
The picture shows Cecil Powell (standing) with 
M.G.K. Men on in the emulsion laboratory. 

Powell had been a research student 
under C.T.R. Wi lson at the 
Cavendish Laboratory in Cambr idge, 
before joining the H.H. Wil ls Physics 
Laboratory, (also known as the 
Royal Fort), at Bristol Universi ty in 
1928 as an assistant to the Director, 
Arthur Tyndal l . They worked together 
on the mobil i ty of ions in gases until 
1935 when Powell became interested 
in nuclear physics, inspired by the 
discover ies in Rutherford's 
Cavendish Laboratory. Together with 
a young lecturer, Geoffrey Fertel, he 
embarked on the construct ion of a 
750 keV Cockcrof t -Wal ton 
accelerator, which they brought in to 
operat ion in 1939. 

The original intention was to study 
low energy neutron scatter ing using a 
Wi lson cloud chamber. However, in 
1938 the theoret ic ian Wal ter Heitler 
(then in Bristol) ment ioned to Powel l 
that in 1937 two Viennese physicists, 
Marietta Blau and Herta Wambacher , 
had exposed photographic emuls ions 
for f ive months at 2,300 m in the 
Austr ian Alps and had seen the 
tracks of low energy protons as wel l 
as 'stars' or nuclear dis integrat ions, 
probably caused by cosmic rays. 
Heitler commented that the method 
was so simple that 'even a 
theoret ic ian might be able also to do 
i f . This intr igued Powel l , and Heitler 
travel led to Switzer land with a batch 
of l lford half-tone emuls ions, 70 
microns thick, and exposed them on 
the Jungfraujoch at 3,500 m. In a 
letter to 'Nature' in August 1939, 
they were able to conf i rm the 
observat ions of Blau and 
Wambacher . 

The half-tone emuls ions could only 
record the tracks of low energy 
protons and alpha part icles and 
Powel l realised that to do useful work 
it was necessary to increase their 
sensit ivity by increasing the 
concentrat ion of silver bromide. 

Wor ld War II interrupted the work, but 
with the exist ing emuls ions Powell 
was able to show that for scatter ing 
studies they gave results superior to 
c loud chambers , as well as being 
much faster. 

Blackett (who had been a 
contemporary of Powell in the 
Cavendish Laboratory) then played a 
decisive role through his inf luence 
with the Ministry of Supply of the 
1945 UK Labour Government . He 
was largely responsible for the 
sett ing up of two panels, one to plan 
accelerator bui lding in the United 
K ingdom (which he chaired) and one 
to encourage the development of 
sensit ive emuls ions (chaired by 
Joseph Rotblat, recently awarded the 
Nobel Peace Prize for his Pugwash 
work) . 

Towards the end of the war, 
Blackett had invited his erstwhile 
col laborator Occhial in i , then in Brazil , 
to join the Brit ish team working with 
the Amer icans on the atomic bomb. 
Occhial ini arr ived in the United 
Kingdom in mid-1945, only to learn 
that, as a foreign national, he could 

no longer work on the project. In­
s tead, he jo ined Powell in Bristol, 
becoming a driving force behind the 
deve lopment of the new emuls ion 
technique. He was jo ined by one of 
his research students, Cesare Lattes, 
towards the end of 1946. 

Photographic manufacturers l lford 
were soon able to supply 'Nuclear 
Research Emuls ions ' and in autumn 
1946 Donald Perkins, then at 
Imperial Col lege, London, exposed 
some at 9,100 m in an RAF 
aeroplane, whi le Occhial ini took 
several dozen plates to the Pic du 
Midi at 2,867 m in the French 
Pyrenees. At that t ime access to the 
Pic was by a rough track in summer 
and by ski in winter, a small 
te lepher ique only being brought into 
service in the summer of 1952, but 
Occhial ini had been a mountain 
guide in B r a z i l . 

Examinat ion of the emuls ions in 
Bristol and in London revealed, as 
Powel l later wrote, "a whole new 
wor ld . It was as if, suddenly, we had 
broken into a wal led orchard, where 
protected t rees f lour ished and all 
kinds of exotic fruits had r ipened in 
great profusion". This new wor ld 
became a subject of intensive 
invest igat ion. Occhial ini has well 
descr ibed the a tmosphere at Bristol:-
"Unshaved, somet imes I fear un­
washed , work ing seven days of the 
week till two, somet imes four in the 
morn ing, brewing inordinately strong 
coffee at all hours, running, shout ing, 
quarrel l ing and laughing, we were 
watched with humorous sympathy by 
the war -worn native denizens of the 
Royal Fort". . . . "It was a reality of 
intense, arduous and cont inuous 
work, of deep exci tement and incred­
ibly fulfi l led dreams. It was the reality 
of discovery... .". 

Perkins was the first to observe a 
clear example of what appeared to 
be the nuclear capture of a meson in 
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A classic Bristol pion. The track of the 
positively-charged pion produced in the 
interaction 'star' (top left) has been cut in two 
to facilitate presentation. Bottom right, the pion 
eventually decays into a muon, which after 
some 600 microns itself subsequently decays, 
producing an electron. This full decay chain 
was recorded in electron-sensitive emulsion, 
available from 1948, even more sensitive than 
the specially-developed nuclear research 
emulsions in which the pion was discovered in 
1947. 

Mosaic of phoio-micrographs uf o nuclear explosion accompanied by the ejection of a 7r+-particle. T h e track of the ir+-particle 
is given in two ports which should join at the point " a \ . T h e ^-part ic l e shows the fxansmutation TT -*• y. -*• e. 

the emuls ion and producing a nu­
clear dis integrat ion. Measurements 
of the mult iple scatter ing as a func­
t ion of residual range indicated a 
mass between 100 and 300 t imes 
that of the electron. Perkins ' observa­
t ions, publ ished in January 1947, 
were conf i rmed by Occhial in i and 
Powel l , who publ ished detai ls of six 
such events only two weeks later. 
Mesons were easily d is t inguished 
f rom protons in the emuls ion be­
cause of their much larger scat ter ing 
and by their variat ion of grain densi ty 
with range. 

Yet another exotic fruit fo l lowed. In 
the spr ing of 1947 one of Powel l 's 
team of microscope observers, 
Marietta Kurz, found a meson 
stopping and giving rise to a second 
meson , which left the emuls ion when 
nearly at the end of its range. Powel l 
and a young Bristol graduate, Hugh 
Mui rhead, were the first physicists to 
look at the event, wh ich they 
immediate ly recognised as being two 
related mesons. With in a few days a 
similar event was found by Irene 
Roberts, the wife of the group techni ­

c ian, Max Roberts, who later worked 
at C E R N for many years. In this 
event the secondary meson ended in 
the emuls ion, with a range of 610 
microns. 

The two events gave such convinc­
ing ev idence for a two-meson decay 
chain that Lattes, Mui rhead, 
Occhial ini and Powel l publ ished their 
f indings in 'Nature' in the issue of 24 
May, 1947. Comment ing on the 
problems surrounding the 
identif ication of the cosmic ray 
mesotron with the Yukawa nuclear 
force meson , they wrote:- "Since our 
observat ions indicate a new mode of 
decay of mesons , it is possible that 
they may contr ibute to a solut ion of 
these diff icult ies". 

More ev idence was needed to 
justify such a radical conclus ion. For 
some t ime no more two-meson 
events were found in the Pic du Midi 
emuls ions and it was decided to 
make exposures at much higher 
alt i tudes. Lattes proposed going to 
Mount Chacal taya in the Bolivian 
Andes , near the capital La Paz, 
where there was a meteorological 

stat ion at 5,200 m. Arthur Tyndal l 
r ecommended that Lattes should fly 
B O A C to Rio de Janeiro. Lattes 
preferred to take the Brazil ian airl ine 
Var ig , which had a new plane, the 
Super Constel lat ion, thereby avoiding 
a disaster when the British plane 
crashed in Dakar and all on board 
were ki l led. 

Examinat ion of the plates f rom 
Bolivia quickly y ie lded ten more two-
meson decays in which the 
secondary part icle came to rest in the 
emuls ion. The constant range of 
around 600 microns of the secondary 
meson in all cases led Lattes, 
Occhial in i and Powel l , in their 
October 1947 paper in 'Nature ', to 
postulate a two-body decay of the 
pr imary meson , which they cal led n 
or p ion, to a secondary meson, JLI or 
muon , and one neutral particle. 
Subsequent mass measurements on 
twenty events gave the pion and 
muon masses as 260+30 and 
205±20 t imes that of the electron 
respect ively, whi le the lifetime of the 
pion was est imated to be some 10~ 8s. 
Present-day va lues are 273.31 and 
206.76 electron masses respect ively 
a n d 2 . 6 x 1 0 " 8 s. 

The number of mesons coming to 
rest in the emuls ion and causing a 
dis integrat ion was found to be 
approx imate ly equal to the number of 
p ions decay ing to muons. It was , 
therefore, postulated that the latter 
represented the decay of posit ively-
charged pions and the former the 
nuclear capture of negatively-
charged pions. Clearly the pions 
were the part ic les postulated by 
Yukawa . This led to the conclusion 
that most of the mesons observed at 
sea level are penetrat ing muons 
arising f rom the decay in flight of 
p ions created in nuclear 
dis integrat ions higher up in the 
a tmosphere . 

Powel l was awarded the 1950 
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Nobel Physics Prize for his deve lop­
ment of the emuls ion techn ique and 
for the discovery of the p ion; 
Occhial in i was awarded the 1979 
Wol f Prize (shared with George 
Uhlenbeck) for his contr ibut ion both 
to the pion discovery and to that of 
pair product ion with Blackett, who 
obta ined the 1948 Nobel Physics 
Prize. 

By Owen Lock 

One hundred years 
ago..... 

Marking a full century of subatomic 
physics, an occasional series of 
CERN Courier article looks back to 
what was happening exactly one 
hundred years ago. 

A ll over the wor ld , this year is 
being celebrated as the 

centenary of the d iscovery of the 
electron by J.J. Thomson at the 
Cavend ish Laboratory, Cambr idge , in 
1897. At a t ime when sovere ignty 
interests in science were much to the 
fore, it is surpr is ing that this 
d iscovery has earned such universal 
recogni t ion. It was not as if the 
electron came out of the blue. 

The saga is descr ibed in Ab raham 
Pais ' masterp iece ' Inward Bound ' 
(Oxford University Press) . Despi te 
having been invest igated for many 
years , cathode rays were still 
controvers ia l . Were they rays or 
part ic les? In 1895 Jean Perrin in 
France had revealed that they 
carr ied negat ive electr ic charge. 

In 1897, Emil Wiecher t in 
Konigsberg, after carry ing out cath-

ode ray exper iments , said that 
cathode rays had to be carr ied by 
negat ive ly-charged part icles, 
assuming they had unit charge, 
carry ing only a smal l fract ion of the 
mass of a hydrogen a tom. Wal ter 
Kaufman in Berl in was puzzled by 
the result that the charge/mass ratio 
of the cathode ray particles appeared 
to be the same, no matter what gas 
was used. 

Thomson also measured this 
charge /mass ratio, and , like 
Wiecher t , suspected that it was so 
smal l because the cathode ray 
part icles themse lves were smal l . 
Unl ike Wiecher t , Thomson had the 
temer i ty to state: 'Thus ... we have in 
the cathode rays matter in a new 
state, a state in which the subdiv is ion 
of matter is carr ied very much 
further... ' . 

Two years later, Thomson had 
measured the charge on what wou ld 
soon be universal ly cal led electrons 
(he preferred 'corpuscles') and had 
also invest igated their photoelectr ic 
role. As several other researchers 
were to do in the ensuing century, 
Thomson took the baton of d iscovery 
and ran wi th it. 

Embo ldened by his electron 
discovery, he also proposed in 1897 
that his electric corpuscles were a 
componen t of all a toms, the first step 
in what was to become his famous 
'p lum-pudding ' model of the a tom 
which was not over thrown until 
Rutherford 's epic d iscovery of the 
nucleus s o m e fifteen years down the 
line. 

Thomson directed the Cavendish 
research wi th a f irm hand, and the 
direct ion of Cavend ish research had 
been profoundly altered by Rontgen's 
1895 d iscovery of X-rays. In 1896 
Thomson had publ ished, with his 
student Ernest Rutherford, a classic 
paper on gas ionization by X-rays. 
For his part, in 1897 Rutherford was 

Electron centenary 
Many events are being organized 
to mark the centenary of the 
discovery of the electron by J.J. 
Thomson at Cambridge. Consult 
http://www. ioppublishing. com/ 
Physics/Electron. However for a 
memorable guided tour through 
electron history, try the website 
prepared by the American 
Institute of Physics' Center for 
the History of Physics, http:// 
www. aip. org/history/electron 

This includes a recording of 
Thomson's venerable yet 
exultant voice from the 
soundtrack of the film, Atomic 
Physics, copyright © J. Arthur 
Rank Organization, 1948 - "Could 
anything at first sight seem more 
impractical than a body which is 
so small that its mass is an 
insignificant fraction of the mass 
of an atom of hydrogen? - which 
itself is so small that a crowd of 
these atoms equal in number to 
the population of the whole world 
would be too small to have been 
detected by any means then 
known to science." Thomson died 
in 1940, three years after the 
death of his famous pupil, 
Rutherford, who was 15 years his 
junior. 

work ing on the 'Becquerel rays', 
d iscovered in Paris the previous 
year, and soon to become better 
known as radioactivi ty. 

E lsewhere in physics, two topics 
were much d iscussed, both of them 
in connect ion wi th empir ical formulas 
whose deep mean ing would not 
become apparent for some t ime. In 
1885 the Swiss scientist Jakob 
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