
Discovery of the Weak Interaction

History

• 1986: Becquerel (doctoral advisor to the Curies) discovers
radioactivity, β decay.

• 1911: Meitner and Hahn find that β decay violates energy
conservation.

• 1930: Pauli postulates the existence of a particle which carries away
the missing energy in β decays.

• 1933: Fermi formulates the four-fermion theory of β decay.

• 1953: Reines and Cowan observe the ν̄e by ν̄ep→ e+n.

• 1957: Wu; Garwin, Lederman, and Weinrich; Friedman and Telegdi
observe parity violation due to weak interactions.

• 1962: Lederman, Schwartz, and Steinberger discover the νµ.

• 2000: DONUT (Direct Observation of the NU Tau) collaboration
discovers ντ .

Fermi Theory

• Fermi’s ansatz was H = g
∫
d3x(p̄γµn)(ēγµν) + c.c..

• Prediction: (dΓ/dpe
p2eF

)1/2 ∝ E0 − Ee
• Testing this law in the high-energy limit allowed Bergkvist to set the

limit mνe ≤ 60eV .

• For non-relativistic particles, the positive energy solution to the
Dirac equation at momentum p (in the Dirac representation) is

u(p) ≈
√
E +m

(
χ
0

)
. We can use this to analyze the possible

components of a four-fermion operator.

– Scalar: p̄n ≈ p†n
– Pseudoscalar: p̄γ5n ≈ m3O(v)

– Vector: p̄γµn ≈ p†n (if µ = 0)
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– Axial Vector: p̄γmuγ5n ≈ p†σin (if i 6= 0)

– Tensor: p̄σµνn ≈ ε0iµνp†σin
• To get the phenomenology right, Fermi’s theory needed to be

supplemented by terms that allow changes in angular momentum.
Consequently, transitions induced by scalar and vector terms are
named for Fermi while those induced by tensor and axial vector
terms are called Gamow-Teller transitions.

Parity and a Descent into Despair

• Until 1956, it was assumed that weak interactions conserve parity.
This means that the four-fermion terms in any Lagrangian must be
paired with terms that have identical parity properties. However, Lee
and Yang noticed that there was no evidence for this.

• In 1957, C.S. Wu observed parity violation in weak interactions.

– The quantity ~J · ~p switches sign under parity. Wu performed
this flip and observed a change in Co60’s decay to electrons of a
certain range of momentum.

• Because parity conservation no longer restricted the form of the
Lagrangian, transition terms could be paired with transition terms of
the same parity or with transition terms of opposite parity.

Helicity to the Rescue!

• In 1957, Frauenfelder found that electrons produced in β decay are
almost entirely left-handed. Consequently, transition terms are of the
form ēA(1± γ5)ν. If A is γµ, the neutrino is also left-handed. If A is
of the form I or σµν , the neutrino is right-handed.

• By the end of the year, Goldhaber, Grodzins, and Sunyar had
demonstrated that β decay neutrinos are left-handed. The unique
transition element for electrons and neutrinos was therefore
ēγµ(1− γ5)ν or its conjugate.

Loose Ends

• The lepton sector (at least electrons and electron neutrinos) had
been fixed, but the form of interaction between lepton and hadron
transition currents was still in question.
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• Using the ansatz H = GF√
2

∫
d3xp̄γµ(gv + gaγ5)nēγµ(1− γ5)ν, gv was

measured to be approximately one based on O14 decays while
ga
gv

= −1.2695(29) has been measured by studying neutron decays.

• Cabibbo noticed that semileptonic decays that preserve strangeness
occur at a different strength than those that don’t. He proposed that
the leptonic transition term couple to a hadronic term of the
following form cos θCJ

µ
∆S=0 + sin θCJ

µ
∆S=1.

• Neutrinos were directly detected later by placing targets near
neutrino sources.
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