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In early January 1957 
C. S. Wu announced 
that her experiment 
had shown that parity 
is not conserved in beta 
decay.



2C.S. Wu (1912-1997)
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Her famous paper was 
in preprint form at that 
time.  It was officially 
published a month 
later.
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In the meantime, news 
spread like wild fire in 
the world of physicists.



6

At the Annual meeting 
of the American 
Physical Society on 
February 2, at the new 
Yorker Hotel,
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The largest hall normally 
at our disposal was 
occupied by so immense 
a crowd that some of its 
members did everything 
but hang from the 
chandeliers.
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That 1957 excitement 
among physicists was 
exceeded only 40 years 
later in the high 
temperature 
superconductivity 
“Woodstock” meeting 
of 1997.
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Ⅰ
Background
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Experiments in physics 
were small in scale 
before WWII.  
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Typical example is
Thomson’s 1897
apparatus:
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After WWII, nuclear 
physics became a very 
hot field of research.  
Larger and larger 
accelerators were built.
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With these accelerators, 
and with cosmic ray 
experiments, many new 
kinds of “elementary 
particles”, previously 
unknown, were 
discovered.
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?+→ ++ µπ
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The particle π had 
been predicted in 1935 
by Yukawa.
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Discovery of π, and 
its daughter μ caused 
great excitement in 
1947. 
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But then, in the next 
few years, several 
additional particles 
were discovered.
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They were unexpected, 
so they were called 
strange particles.
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−+++ ++→ πππK
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For the next 15 years, 
1950-1965,  fundamental 
physics was chiefly 
occupied with 
identifying these strange 
particles, and studying 
their properties:
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• whether they are charged, 
±, or neutral

• their masses
• how they decay
• whether they have “spin”

etc.
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The  K particle had 
first been called    , to 
distinguish from θ
particles: 

0ππθ +→ ++

τ
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τand θwere thought 
at first to be totally 
unrelated particles.
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But then other K particles 
were discovered, so there 
was great confusion:

.,,
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332

32

etcKKK

KK

eµµ

ππ τθ ==



29

There was also great 
subtlety.  E.g.  Gell-
Mann theoretically 
predicted there should 
be 2 kinds of .0K
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Ⅱ
The Puzzleτθ −
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Between 1954-1957, the  
hottest debate was the       

puzzle.τθ −
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−+++

++

++→

+→

πππτ
ππθ 0
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On the one hand, more and 
more precise experiments 
showed that        and       
have the same masses,

+τ+θ
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and have very 
comparable longevity.
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So they seem to be the 
same particle, with 2 
different ways of decay:  
into 2  ’s, or into 3 ’s. π π
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But on the other hand, 
each particle has a 
“parity”, and there was a 
FUNDAMENTAL LAW:
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Conservation of Parity
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Which says in decays, 
parity cannot change.
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all have parity of (–1).

has parity +1.

has parity –1,

(most likely).

−+ πππ ,, 0

0ππθ +→ ++

0πππτ ++→ +++



41

Most likely, because 
some details about 
τdecay had to be 
examined to rule out 
“orbital” contribution to 
parity.
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Dalitz Plot
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At the International 
Conference on High 
Energy physics, April 3-6, 
1956, at Rochester in New 
York State, (the most 
important conference in 
physics in the 1950’s)
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Dalitz’s summarized 
the works of the 
previous two years, 
showing that the 
hundreds of τdecays 
studied gave a uniform
distribution in the 
Dalitz plot.
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Hence no “orbital”
parity.

Henceτdoes have 
parity of (–1)!
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Hence by parity 
conservation, 
θand τ cannot be 
the same particle. 
Hence PUZZLE!
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Explicitly and Implicitly:

Could Parity be 
not conserved?
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Three reasons why 
people believed in 
parity conservation.
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I. Parity Conservation 
means physical universe 
is right-left symmetrical.
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This seems a priori 
indisputable. And it is 
also born out by 
Newton’s equations, 
and Maxwell’s 
equations.
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II. Right-left 
symmetry has great 
intuitive and aesthetic 
appeal.
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III. After the 1920-
1930’s, QM showed 
that parity is 
accurately conserved 
in atomic physics.
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And indeed that 
conservation became a 
powerful tool used 
effectively in 
theoretical and 
experimental research:
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• first in atomic and  
molecular physics.

• then in nuclear decays.

• then in nuclear reactions.
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In particular, in 
hundreds of beta decay 
experiments,
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“selection and intensity 
rules” involving parity 
conservation were 
found to be in good 
agreement with 
experiments.
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Thus:

It is inconceivable that 
parity can be not 
conserved! 
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“The situation physicists 
found themselves in was 
like that of a man in a  
dark room groping for an 
exit.  He knew there is a 
door somewhere. But in 
which direction?”
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Ⅲ
Three Key 

Developments
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1. Maybe for most forces, 
parity is conserved, 

but for some forces, it 
is not. 
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This led to a detailed 
examination of parity 
conservation in weak
forces, in particular, in
beta decay.
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2.  All previous 
experiments in beta 
decay had nothing to 
do with parity 
conservation.
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I.e. Parity conservation 
was, up to then, 
UNTESTED in beta 
decay.
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3.  We then suggested 
several experiments to 
test parity conservation
in beta decay and in 
other weak interactions.
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“The fact that parity 
conservation in the weak 
interactions was believed 
for so long without 
experimental support was 
very startling.
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But what was more 
startling was the prospect 
that a space time 
symmetry law which the 
physicists have learned so 
well may be violated.
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This prospect did not 
appeal to us. Rather we 
were, so to speak, driven 
to it through frustration 
with the various other 
efforts at understanding 
the θ -τ puzzle that had 
been made.”



70

The paper by Lee and 
Yang was submitted on 
June 22, 1956.
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IV
Reaction
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General Disbelief



75

The formidable 
Pauli wrote:
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“I do not believe that 
the Lord is a weak 
left-hander, 
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and I am ready to bet a 
very high sum that the 
experiment will give 
symmetric angular 
distribution of the 
electrons.”



78Wolftgang Pauli (1900-1958)
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Feynman, a brilliant 
theoretical physicist, then 
36 years old, made a bet 
that parity is conserved, 
at the overwhelming odds 
of 50 to 1.



80Richard Feynman (1918-1988)
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F. Bloch, who had won 
the Nobel Prize for NMR, 
the technology that led 
later to MRI, said he 
would eat his hat if parity 
is not conserved.



82F. Bloch (1905-1983)
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Lee and I felt we had 
pointed out an important 
fact:

the lack of experimental 
proof that parity is 
conserved in weak 
interactions.
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But we did not 
believe that parity is 
indeed nonconserved
in any interactions.
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So after our paper was 
submitted in June 1956, 
we turned our main 
attention to another 
field of physics:

Statistical Mechanics.
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V
Wu’s Experiment
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In the meantime, most 
experimental 
physicists did not want 
to tackle the 
experiments we had 
suggested.
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Because they felt the 
experiments we 
suggested were all 
difficult, and doing 
them would only 
confirm what everyone 
already knew was true,
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i.e.  parity is conserved.

So they were not worth 
doing.
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But Wu had deeper 
strategic perception:
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She also did not feel 
parity could be 
nonconserved.
(She was a friend and 
admirer of the great 
Pauli.)
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But she felt a 
fundamental law of 
nature must be tested 
experimentally.
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“獨具慧眼”
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She was a great β-decay
physicist.  She recruited 
four low temperature 
physicists from the Bureau 
of Standards to collaborate 
on one of the experiments 
we had suggested:
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β-decay of polarized 
radioactive Co60.
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So for the next 5 months 
she shuttled between 
New York City and 
Washington D.C..
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They had many difficulties, 
since β-decay and low 
temperature were two new 
technologies which had not 
yet been brought together 
in one experiment.
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Many tactical problems 
had to be solved.
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For example, the low 
temperature required 
them to make a big 
crystal to hold the Co60 

sample.
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So they had to learn the 
technology of making 
big crystals.
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After 3 weeks of 
frustrating struggle, Wu 
and her Columbia students 
finally succeeded in 
making a crystal of about 
1cm size.
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“Beautiful like a 
diamond.”
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“The day when I 
brought that crystal to 
Washington, I was the 
happiest and proudest 
person in the world.”
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107J.R. Oppenheimer (1904-1967)
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The dam has cracked.  
Physicists rushed to test 
parity conservation in 
various weak 
interactions.



112

Over the next 5 
years, hundreds of 
such experiments 
were performed,
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Confirming the fact that 
indeed parity 
nonconservation is a 
general characteristic of 
all weak interactions.
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VI
Later Developments
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Wu’s experiment 
opened the door to 
many avenues of 
research in subsequent 
years:
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1.   Elevating symmetry 
to a central concept in 
formulating 
fundamental theories.
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2.  Detailed understanding 
of “discrete symmetries”:

P    (Parity)
C    (Charge conjugation)
T    (Time reversal),

including CP non-
conservation which won 
the 1980 Nobel Prize.
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3.  Understanding of the 
properties of the elusive 
particle:  the neutrino, 
leading to 3 Nobel 
Prizes:
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1988 “2 neutrinos”

1995    Another neutrino

2002    Neutrino oscillation
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But Wu never received 
the Nobel Prize which 
she richly deserved.
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“This trio of Chinese 
physicists shows what 
China’s future 
contribution to physics 
could be if that great 
country overcomes the 
period of revolutionary 
convulsions and



122

resumes its historic role 
as one of the leaders of 
civilization, as witnessed 
by the early European 
travelers, to their 
astonishment.”
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