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Abstract. A new precise measurement of the fine-structure constant reveals a tension in the
electron (g − 2)e . Interestingly, this deviation from the Standard Model value goes in the opposite
direction of that for the muon (g − 2)µ anomaly, challenging many Beyond the Standard Model
scenarios.
The strength of the electromagnetic interaction, characterized by the fine-structure constant
α, is one of the fundamental parameters in the description of particle interactions. Historically,
several methods have been used to measure this quantity, finding good agreement among them as
can be seen in Fig. 1. This is, indeed, a very good test of the Standard Model (SM) of particle
physics. At the same time, the errors have become smaller and smaller, being the most precise
value the one extracted from the electron anomalous magnetic dipole moment (codified in the
quantity (g − 2)e ). Or at least it was.
Now, a new precise measurement of α has been presented in a recent paper [1]. This result is
important for the particle physics community mainly for two reasons. First, because it is the most
precise measurement up to now. And second, because it has been obtained using a method which
does not depend on the electron (g − 2)e and thus, it can be used to test the SM prediction of the
electron anomalous magnetic dipole moment. Interestingly, the electron (g − 2)e reconstructed
with this new measured value of α seems to be smaller than what the SM predicts.
In statistical terms, the discrepancy between the new and the previous measurements of
α is of 2.5σ. This number does not mean that the SM is in big trouble, although it is a bit
suspicious. Even more if we compare this results with the homologous one for the muon, where
there could also be a hint for new physics. The well-known (3 − 4)σ discrepancy in the muon
(g − 2)µ indicates that its value could be larger than the SM prediction. Since the electron and
muon (g − 2) anomalies have opposite directions, any model beyond the SM trying to explain
why the muon (g − 2)µ is larger than in the SM will also have to explain now why the electron
one is smaller. This is not an easy task, and actually many new physics models could be in
tension with this result. In particular, Ref. [1] shows that the dark photon hypothesis which
was proposed to explain the muon (g−2)µ anomaly, would be now rejected at 99.5% CL (see Fig. 2).
If these two anomalies were confirmed with more than 5σ, theoretical physics would have a
challenging (although interesting) time trying to explain this new scenario. Nevertheless, future
experimental results (such as the experiment Muon g-2 at Fermilab [2]) will shed light on this
situation.
[1] Parker et al., Science 360, 191-195 (2018) [arXiv: 1812.04130]
[2] http://muon-g-2.fnal.gov
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rable accuracy creates an opportunity to test the
Standard Model. The most accurate of previous
such measurements have been based on the kinetic energy ℏ2 k2 =ð2mAt Þ of an atom of mass mAt
that recoils from scattering a photon of momentum ℏk (3), where ℏ is Planck’s constant h divided
by 2p, and k = 2p/l is the laser wave number
(where l is the laser wavelength). Experiments of

Fig. 1. Precision
measurements of
the fine-structure
constant. A comparison of measurements
(1, 3–5, 7, 26–28).
“0” on the plot
is the CODATA 2014
recommended value
(7). The green points
are from photon recoil
experiments; the red
ones are from electron
ge − 2 measurements.
The inset is a close-up
view of the bottom
three measurements.
Error bars indicate
1s uncertainty. StanfU,
Stanford University;
UWash, University of
Washington; LKB,
Laboratoire Kastler
Brossel; HarvU,
Harvard University.

ods to increase the signal and suppress systematic
errors. We used 10-photon processes as beam
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the agreement of these results confirms the
consistency of theory and experiment across
fields. In particular, a can be obtained from
measurements of the electron’s gyromagnetic
anomaly ge − 2 by using the Standard Model of
particle physics, including quantum electrodynamics to the fifth order (involving >10,000
Feynman diagrams) and muonic as well as ha-
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FIG. 1: Different measurements of α. Figure from [1].
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regions are ruled out at the indicated CLs by comparing the measured
ae (4–6) with that predicted by our a measurement and the LKB-11 result,
respectively (significance levels have been calculated for a one-tailed
test). The red band denotes a 95% CL in which the muon gm − 2 is

where multiple frequencies for the Bragg beams
are used to simultaneously address both interferometers (Fig. 2). We can therefore suppress it by
using a large number N of Bloch oscillations; this
increases the velocity of the atoms and thus the
Doppler effect, moving the off-resonant component further off resonance. It also increases the
total phase, further reducing the relative size of
the systematic. The diffraction phase is nearly
independent of the pulse-separation time T, so
we alternate between two or more (usually
2 six)
pulse-separation times and extrapolate T→∞.
To determine the residual T-dependent diffraction phase, we employed a Monte Carlo simulation and numerically propagated atoms through
the interferometer (13, 18). We ran the experiment
at several different pulse-separation times, en-

function of mass mA and axial-vect
would produce a negative da and is
two-sided bound. The region sugge
in green (24) at 95% CL. Accelerat

fit algorithm allows each bin of data to have a
different diffraction phase (as the various experimental parameters may drift slowly over time)
but assumes one value of h/mCs for the entire
data set.
By combining our measurement with theory
(5, 6), we calculated the Standard Model prediction for the anomalous magnetic moment of the
electron as
aðaÞ ¼

ge
$ 1 ¼ 0:00115965218161ð23Þ
2

Comparison with the value obtained through direct measurement (ameas) (4) yielded a negative
da = ameas – a(a) = −0.88(0.36) × 10−12. Comparison of our result to previous measurements
of a (Fig. 1) produced an error bar below the
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