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��Introduction to Elementary Particle Physics � 
          by Alessandro Bettini (Chapter 03)



The Birth: Beta Decay
A ! B + e�

The conservation of Energy and momentum  
requires the electron have a single value of energy.

(Z,N) ! (Z + 1, N � 1) + e�



Parity Violation

Lee, Yang (1956)✓ � ⌧ puzzle (1950’s)

Parity conservation had been assumed, almost without question

• Reflection (parity) and charge conjugation non-invariance

– Parity conservation had been assumed, almost without question

– ⌧ � ✓ puzzle (1950’s):

✓ ! ⇡+⇡0| {z }
P=+1

, ⌧ ! ⇡+⇡+⇡0| {z }
P=�1

(Apparently) two particles with same mass, charge (±1),
spin (0), lifetime, but di↵erent decay modes/parity

– Lee, Yang (1956): P violation proposed (✓ = ⌧ = K+)

– Wu et al (1957): P violation observed (60Co � asymmetry)

– Subsequently observed in other decay asymmetries, correlations,
polarizations
. P (e±

) = ±v/c (rescattering)

. h⌫(h¯⌫) = ⌥1

2

from e�Eu ! ⌫ + Sm⇤ ! ⌫ + Sm + �L,R

(Goldhaber, Grodzins, Sunyar, 1958)

• V � A theory (Feynman, Gell-Mann; Sudarshan, Marshak, 1958)
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Two particles with same mass, 
charge, spin, lifetime, 

but different decay modes and 
parity
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The Fall of Parity 141

Fig. 14.1 Upper left: Chien-Shiung Wu (1912–1997) led the experiment
that discovered parity violation. Upper right: Tsung-Dao Lee (1926–), who,
together with Chen-Ning Yang, suggested the experiment, and explained
it in terms of the two-component neutrino. Bottom: Lee and Yang in 1957
at the Institute for Advanced Study, Princeton, possibly discussing parity
violation.

In a collaboration at the National Bureau of Standards, Wu
reached the verdict after eight months of hard work: parity was
violated to the maximal degree possible.2

2Yang and Lee received the Nobel Prize in 1957 for suggesting parity violation;
but C. S. Wu, who demonstrated it experimentally, did not shared the honor.
This act of omission, like the earlier lockout of Lise Meitner from the prize for
nuclear fission, shows that, like all human institutions, the Nobel Prize is not
immune from social and cultural bias.

the direction of the polarisation or opposite to it, depending on the orientation of

the polarising field.

The operations start by switching the magnetic field on to polarise the nuclei.

Once the polarisation is obtained, in a few seconds, the field is switched off (at time

zero) and counting of the photons and the electrons starts. The polarisation slowly

decays, to disappear in a few minutes. The photon flux depends on the direction to

the polarisation axis but does not change when it is reversed, because parity is

conserved by electromagnetic interactions. As anticipated, the degree of polar-

isation is measured by the gamma anisotropy, which, ifWc are the counting rates, is

defined as

ec !
Wc 90"ð Þ %Wc 0"ð Þ
Wc 90"ð Þ þWc 0"ð Þ

: ð7:29Þ

Figure 7.9(a) shows the measurements of Wc(0
") and Wc(90

"), divided by their

values at zero field, as functions of time. Both show the decay of the polarisation

giving us the shape of the decay curve.

If the beta decay violates parity, the angular distribution of the emitted electrons

is asymmetric under h!p% h. Therefore, the counting rate is expected to depend
on the angle as

We hð Þ / 1þ Pbea cos h ð7:30Þ

where the constant a is zero if parity is conserved and '1 if it is maximally

violated. The latter situation corresponds to a V'A structure of the interaction.

The initial polarisation P of the Wu experiment was about 0.6. We shall explain in
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Fig. 7.9. (a) The measurements of Wc(0
") and Wc(90

"), divided by their values
at zero field, as functions of time. (b) The electron counting rates with the
field direction upward and downward, divided by the counting rate without
polarisation. (Adapted from Wu et al. 1957)
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!Fig. 11.2 The β-decay of polarised 60Co. On the left, an electron is emitted in a particular direction. On the right the
parity inverted equivalent is shown.

11.2.3 Parity violation in nuclearβ-decay

The parity inversion properties of the different types of physical quantity can be
exploited to investigate whether parity is conserved in the weak interaction. In
1957, Wu and collaborators studied nuclear β-decay of polarised cobalt-60,

60Co→ 60Ni∗ + e− + νe.

The 60Co nuclei, which possess a permanent nuclear magnetic moment µ, were
aligned in a strong magnetic field B and the β-decay electrons were detected at
different polar angles with respect to this axis, as shown in Figure 11.2. Because
both B and µ are axial vectors, they do not change sign under the parity trans-
formation. Hence when viewed in the parity inverted “mirror”, the only quantity
that changes sign is the vector momentum of the emitted electron. Hence, if parity
were conserved in the weak interaction, the rate at which electrons were emitted at
a certain direction relative to the B-field would be identical to the rate in the oppo-
site direction. Experimentally, it was observed that more electrons were emitted in
the hemisphere opposite to the direction of the applied magnetic field than in the
hemisphere in the direction of the applied field, thus providing a clear demonstra-
tion that

parity is NOT conserved in the weak interaction.

From this observation it can be concluded that, unlike QED and QCD, the weak
interaction does not have four-vector currents of the form j µ = u(p′)γ µu(p).

11.3 V – A structure of the weak interaction

QED and QCD are vector interactions with a current of the form j µ = u(p′)γ µu(p).
This particular combination of spinors and γ-matrices transforms as a four vec-
tor (as shown in Appendix B.3). From the observation of parity violation, the
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