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Aula 11 
A busca pela partícula de Yukawa



Uma nova partícula?
• Yukawa portanto propõe a existência 

de uma nova partícula e consegue 
prever o valor da sua massa 

• Caberia em seguida aos 
experimentais verificar a sua 
existência
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Uma nova partícula?
• Os estudos sobre raios cósmicos de Carl D. 

Anderson com as câmaras de nuvens, que 
levaram à descoberto do pósitron, também 
levaram a uma nova descoberta 

• Anderson notou que algumas partículas 
medidas se comportavam de forma 
diferente daquelas conhecidas 
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Identificação de Partículas
• Qual medida permite a 

identificação de partículas em 
câmaras de nuvens? 

• Essencialmente, a energia 
depositada no material que forma 
a câmara (o vapor) por unidade de 
comprimento 

• Diferentes partículas depositam 
diferentes quantidades de energia 
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Identificação de Partículas
• A energia depositada por 

unidade de comprimento 
estabelece tanto as 
características do traço 
(mais grosso ou mais fino)
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Identificação de Partículas
• A energia depositada por 

unidade de comprimento 
estabelece tanto as 
características do traço 
(mais grosso ou mais fino) 
como o alcance que a 
partícula terá na câmara 
de nuvens 
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Nem elétron, nem próton
• Resultado obtido por 

Anderson em 1937 
• As partículas que perdem 

pouca energia possuem 
traços parecidos com elétrons 
(bem diferentes de prótons) 
porém perdem menos 
energia no material
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' EASUREMENTS' of the energy loss of
particles occurring in the cosmic-ray

showers have shown that this loss is proportional
to the incident energy and within the range of
the measurements, up to about 400 Mev, is in
approximate agreement with values calculated
theoretically for electrons by Bethe and Heitler.
These measurements were taken using a thin
plate of lead (0.35 cm), and the observed indi-
vidual losses were found to vary from an amount
below experimental detection up to the whole
initial energy of the particle, with a mean frac-
tional loss of about 0.5. If these measurements
are correct it is evident that in a much thicker
layer of heavy material multiple losses should
become much more important, and the probability
of observing a particle loss less than a large
fraction of its initial energy should be very small.
For the purpose of testing this inference and also
for checking our previous measurements' which
had shown the presence of some particles less

massive than protons but more penetrating than
electrons obeying the Bethe-Heitler theory, we
have taken about 6000 counter-tripped photo-
graphs with a 1 cm plate of platinum placed
across the center of the cloud chamber. This plate
is equivalent in electron thickness to 1.96 cm of
lead, and to 1.86 cm of lead for a Z' absorption,
The results of 55 measurements on particles in
the range below 500 Mev are given in Fig. 1,
and in Fig. 2 the distribution of particles is
shown as a function of the fraction of energy lost.
The shaded part of the diagram represents parti-
cles which either enter the chamber accompanied
by other particles or else themselves produce
showers in the bar of platinum. It is clear that the
particles separate themselves into two rather
well-defined groups, the one consisting largely of
shower particles and exhibiting a high absorb-
ability, the other consisting of particles entering

. singly which in general lose a relatively small
fraction of their initial energy, although there
are four cases in which the loss is more than 60
percent. A considerable part of the spread on the
negative abscissa can be accounted for by el rors;
it seems likely, however, that the case plotted
at the extreme left represents a particle moving
upward. Particles of both signs are distributed
over the whole diagram, and moreover, the initial
energies of the particles of each group are dis-
tributed over the whole measured range.

/6-

-/oo-

+e
~ ~

~ ~ ~300 ~

E, (me~)
S'00

8-

-2N-

FrG. 1. Energy loss in 1 cm of platinum.
' Anderson and Neddermeyer, Phys. Rev. 50, 263 (1936).' Anderson and Neddermeyer, Report of London Con-

ference, Vol. 1 (1934), p. 179.
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Nem elétron, nem próton
• Duas hipóteses são possíveis: 

• Trata-se de alguma 
propriedade desconhecida dos 
elétrons que determinam uma 
perda de energia menor 

• Ou uma outra partícula, mais 
pesada que o elétron, porém 
mais leve que o próton, que é 
responsável por essas medidas
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Uma nova partícula!
• A segunda hipótese que se consolidou, 

estabelecendo-se a descoberta dos mésotrons 
(como gostava Milikan) ou mésons 

• Uma questão que imediatamente se colocou é se 
essas partículas seriam as partículas mediadoras 
da força forte propostas por Yukawa 

• Como determinar essa hipótese?
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É a partícula prevista por Yukawa?

• Uma longa discussão, que durou 
praticamente 10 anos se iniciou sobre isso 

• A ideia do mesotron ser a partícula 
proposta de Yukawa era bastante 
atraente, mas várias evidências 
mostravam inconsistência com essa ideia
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É a partícula prevista por Yukawa?
• Algumas das evidências eram: 
• A meia vida prevista para o méson de Yukawa 

era de  enquanto a medida era de 
 

• Visto que o meson de Yukawa deveria interagir 
fortemente com o núcleo, essas partículas 
deveriam ser absorvidas pela atmosfera

≈ 10−8s
≈ 10−6s
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A descoberta do pion
• Somente em 1947, com a descoberta de 

outro meson por Cecil Powell, Occhialini e 
Cesar Lattes que a questão foi resolvida 

• Usando emulsões (chapas) fotográficas, eles 
observaram mesons com “trajetória dupla”: 
uma partícula de massa intermediária 
freando e emitindo uma outra de massa um 
pouco menor que não era um elétron
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Emulsões Fotográficas
• Inspirado no 

trabalho de Marietta 
Blau, Powell 
começou a usar 
emulsões (filmes) 
fotográficos para a 
medida de raios 
cósmicos
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Emulsões Fotográficas
• Assim como a luz, partículas carregadas também 

são capazes de sensibilizar um filme fotográfico a 
partir da ionização do brometo de prata

14



Emulsões Nucleares
• A partir de uma parceria com empresas 

(como a Kodak), essas emulsões foram 
adaptadas para uso científico sendo 
chamadas de emulsões nucleares 

• Essencialmente, aumentou-se a camada de 
gelatina no topo do filme e a densidade de 
brometo de prata
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A descoberta do pion
• Observando no microscópio, a “trajetória 

dupla” revelou a existência do novo méson
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Nuclear Forces, Mesons, and Isospin Symmetry 

Figure 5.7. One of thefirsf observed decays of a pion (vertical frack) decaying into a 
muon (horizontal track), after coming fo  rest in nuclear emulsion. 

particle track, as the new objects came to be known, was interpreted as 

’strange’, because they were produced strongly (at high altitudes, not sea 
level, where as noted, they were scarce), but they decayed with a long 
mean life, i.e. weakly. The strange particles presaged an ’explosion’ in 
the number of new particles, as discussed in Chapter 9. 

Although practically all the particle discoveries that we have 
discussed were made in cosmic rays, progress in building new 
accelerators for the production of controlled beams of particles of 
relativistic energy made rapid progress after the war, and by the 
mid-1950s largely took over what had come to be called high-energy 
nuclear physics. Already by 1948, Yukawa mesons were artificially 
produced at the Berkeley synchrocyclotron (although it took a cosmic- 
ray physicist from Bristol to demonstrate the nuclear emulsion technique 
there) [147]; and to emphasize this point: the neutral pion was observed 
first at another Berkeley accelerator, the electron synchrotron, and only 
afterwards was detected in cosmic rays [148]. 

a charged particle decay [146]. The V particles were later described as 

5.7. Conclusion 
With the discovery of the neutral pion, it appeared that the way was 
clear for a complete elementary particle description of matter: atoms 
made of electrons and nuclei, nuclei made of protons and neutrons 
interacting with charge-independent forces mediated by the exchange 
of charged and neutral pions. In various radioactive decays, there 
appeared neutrino(s) and positive and negative electrons. All this was 
very satisfactory indeed. 

But what was one to make of the muons? (Isadore Rabi is supposed to 
have asked, ’Who ordered them?’), and what was the role of the ’strange 
particles’? We know now, of course that they indicated the beginning 
of the second of a total of three particle ‘generations’. Although the 
questions posed in the 1930s were largely answered in a satisfactory 
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Os dois mésons
• Com essas medidas conclui-se que haviam dois mésons: os 

mésotrons originais medidos por Anderson, chamados de muons 
( ), e os mésons medido por Lattes, chamados de pions ( ) 

• As cadeias de decaimento dessas duas partícula são dadas por: 

•  

•  

•  

•

μ π

μ+ → e+ + νe + ν̄μ
μ− → e− + ν̄e + νμ
π+ → μ+ + νμ
π− → μ− + ν̄μ
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Who ordered that?
• Com a descoberta do meson-pi ou pion, a 

descrição da estrutura elementar da matéria 
parecia resolvida, a menos do meson descoberto 
por Anderson em 1937, o chamado muon 

• Qual seria o papel dessa partícula nessa 
descrição? 

• Essa perplexidade pode ser bem ilustrada pela 
frase atribuída a Isadore Rabi: quem "pediu" isso?
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