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8.1. Introduction

The fundamental and dimensionless fine structure constant α is defined (in
SI units) by

α =
1

4πε0

e2

!c
. (8.1)

The well known value α−1 ≈ 137 is not predicted within the Standard
Model of particle physics.

The most accurate determination of α comes from a new Harvard mea-
surement [7, 8] of the dimensionless electron magnetic moment, g/2, that
is 15 times more accurate than the measurement that stood for twenty
years [9]. The fine structure constant is obtained from g/2 using the theory
of a Dirac point particle with QED corrections [10–15]. The most accurate
α, and the two most accurate independent values, are given by

α−1(H08) = 137.035 999 084 (51) [0.37 ppb] (8.2)

α−1(Rb08) = 137.035 999 45 (62) [4.5 ppb] (8.3)

α−1(Cs06) = 137.036 000 0 (11) [8.0 ppb]. (8.4)

Fig. 8.1. compares the most accurate values.
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Fig. 8.1. The most precise determinations of α.

The uncertainties in the two independent determinations of α are within
a factor of 12 and 21 of the α from g/2. They rely upon separate mea-
surements of the Rydberg constant [16, 17], mass ratios [18, 19], optical
frequencies [20, 21], and atom recoil [21, 22]. Theory also plays an impor-
tant role for this method, to determine the Rydberg constant (reviewed in
Ref. 23) and one of the mass ratios [24].


