
Anomalous Magnetic Moment
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g = 2 + α/π

Modification of jμ leads to 
modification of magnetic moment
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4. Anomalous magnetic moment
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Higher order corrections to g-2

Radiative corrections g-2 are 

calculated to the 4-loop level:
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Feynman Graphs

Most precise QED prediction.

T. Kinoshita et al.
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Anomalous Magnetic Moment

Corrections are nowadays  
calculated to 4-loop level

Radiative  
corrections to g-2

Most precise calculations: 
T. Kinoshita et al. 

O(α3) 
diagrams
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Basic Idea for Measuring Anomaly



[Wesley & Rich, Phys. Rev. A4, 1341]

Polarization and polarization  
detection via Mott Scattering

Electron (g-2)-Measurement



Electron (g-2)-Measurement

Spin s

momentum pe

Lamor frequency equal 
Cyclotron frequency:

Polarization stays  
constant

otherwise:

Polarization depends  
on number of turns

Measure Polarization! 
[Here using Møller Scattering]

g=2

g≠2



[Wesley & Rich, Phys. Rev. A4, 1341]

Polarization and polarization  
detection via Mott Scattering

Electron (g-2)-Measurement



ae = 11596577(35)� 10�10

Electron (g-2)-Measurement
Result:

R(T ) = R0{1 + P cos(⇥aT + �)}

[1971]

Determine via ωp  
using NMR probe

ωs - ωc ~ 107

ωc ~ 1010} a ~ 10-3
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Figure 1: Representative diagrams contribut-
ing to aSM

µ . From left to right: first order QED
(Schwinger term), lowest-order weak, lowest-
order hadronic.

The QED part includes all photonic and leptonic (e, µ, τ) loops

starting with the classic α/2π Schwinger contribution. It has

been computed through 4 loops and estimated at the 5-loop

level [6]

aQED
µ =

α

2π
+ 0.765857410(27)

(α

π

)2
+ 24.05050964(87)

(α

π
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+ 130.8055(80)
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)4
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(α

π

)5
+ · · · (5)

Employing α−1 = 137.035999070(98), determined [6,7] from

the electron ae measurement, leads to

aQED
µ = 116 584 718.10(0.16)× 10−11 , (6)

where the error results from uncertainties in the coefficients of

Eq. (5) and in α.

Loop contributions involving heavy W±, Z or Higgs parti-

cles are collectively labeled as aEW
µ . They are suppressed by at

least a factor of
α

π

m2
µ

m2
W

≃ 4 × 10−9. At 1-loop order [8]

aEW
µ [1-loop] =

Gµm2
µ

8
√

2π2

[
5
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3

(
1 − 4 sin2θW

)2

+ O
(
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µ

M2
W

)
+ O

(
m2

µ

m2
H

)]
,

= 194.8 × 10−11 , (7)

for sin2θW ≡ 1 − M2
W/M2

Z ≃ 0.223, and where Gµ ≃ 1.166 ×
10−5 GeV−2 is the Fermi coupling constant. Two-loop correc-

tions are relatively large and negative [9]

aEW
µ [2-loop] = −40.7(1.0)(1.8)× 10−11 , (8)
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Muon (g-2)-Measurement

Brookhaven, Muon Storage Ring



810 J P Miller et al

Figure 4. The E821 beamline and storage ring. Pions produced at 0◦ are collected by the
quadrupoles Q1–Q2 and the momentum is selected by the collimators K1–K2. The pion decay
channel is 72 m in length. Forward muons at the magic momentum are selected by the collimators
K3–K4.

2.1. The proton and muon beamlines

The primary proton beam from the AGS is brought to a water-cooled nickel production target.
Because of mechanical shock considerations, the intensity of a bunch is limited to less than 7 Tp.
The beamline, shown in figure 4, accepts pions produced at 0◦ at the production target. They are
collected by the first two quadrupoles, momentum analysed and brought into the decay channel
by four dipoles. A pion momentum of 3.115 GeV/c, 1.7% higher than the magic momentum, is
selected. The beam then enters a straight 80 m long focusing–defocusing quadrupole channel,
where those muons from pion decays that are emitted approximately parallel to the pion
momentum, so-called forward decays, are collected and transported downstream. Muons
at the magic momentum of 3.094 MeV/c, and having an average polarization of 95%, are
separated from the slightly higher momentum pions at the second momentum slit. However,
after this momentum selection a rather large pion component remains in the beam, whose
composition was measured to be 1 : 1 : 1, e+ : µ+ : π+. The proton content was calculated to
be approximately one-third of the pion flux [48]. The secondary muon beam intensity incident
on the storage ring was about 2 × 106 per fill of the ring, which can be compared with 108

particles per fill with ‘pion injection [47]’ which was used in the 1997 engineering run.
The detectors are exposed to a large flux of background pions, protons, neutrons, electrons

and other particles associated with the beam injection process, called the injection ‘flash’. The
intensity varies around the ring, being most intense in the detectors adjacent to the injection
point (referred to below as ‘upstream’ detectors). The flash consists of prompt and delayed
components, with the prompt component caused by injected particles passing directly into the
detectors. The delayed component is mainly due to γ rays following neutron capture. The
neutrons are produced primarily by the protons and pions in the beam striking the magnet,
calorimeters, etc. Many neutrons thermalize in the calorimeter and surrounding materials
over tens of microseconds, where they can undergo nuclear capture. These γ rays cause a
dc baseline offset in the PMT signal which steadily decays with a lifetime of ∼50–100 µs.
To reduce the decay time of the neutron background, the epoxy in the upstream subset of
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Experimental determination of muon g-2

m

eB
C

2
2!"

Principle:

• store polarized muons in a storage ring; 

revolution with cyclotron frequency "c

• measure spin precession around the 

magnetic dipole field relative to the 

direction of cyclotron motion 
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Muon (g-2)-Measurement

Idea:
Store polarized muons in a storage  
ring and measure spin precession  
relative to cyclotron motion

AGS
Alternating Gradient  
Synchrotron

g-2
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Muon (g − 2): experiment and theory 829

µe   Time Spectrum:   t = 6    s+ µ e   Time Spectrum:   t = 36    s+

Figure 19. The time spectrum of a single calorimeter soon after injection. The spikes are separated
by the cyclotron period of 149 ns.

3.1. Monitoring the beam profile

Three tools are available to us to monitor the muon distribution. Study of the beam de-bunching
after injection yields information on the distribution of equilibrium radii in the storage ring. The
FSDs provide information on the vertical centroid of the beam. The wire chamber system and
the fibre beam monitors, described above, also provide valuable information on the properties
of the stored beam.

The beam bunch that enters the storage ring has a time spread with σ ≃ 23 ns, while
the cyclotron period is 149 ns. The momentum distribution of stored muons produces a
corresponding distribution in radii of curvature. The distributions depend on the phase-space
acceptance of the ring, the phase space of the beam at the injection point and the kick given
to the beam at injection. The narrow horizontal dimension of the beam at the injection point,
about 18 mm, restricts the stored momentum distribution to about ±0.3%. As the muons circle
the ring, the muons at smaller radius (lower momentum) eventually pass those at larger radius
repeatedly after multiple transits around the ring, and the bunch structure largely disappears
after 60 µs. This de-bunching can be seen in figure 19 where the signal from a single detector
is shown at two different times following injection. The bunched beam is seen very clearly in
the left figure, with the 149 ns cyclotron period being obvious. The slow amplitude modulation
comes from the (g − 2) precession. By 36 µs the beam has largely de-bunched.

Only muons with orbits centred at the central radius have the ‘magic’ momentum, so
knowledge of the momentum distribution, or equivalently the distribution of equilibrium radii,
is important in determining the correction to ωa caused by the radial electric field used for
vertical focusing. Two methods of obtaining the distribution of equilibrium radii from the
beam debunching are employed in E821. One method uses a model of the time evolution of
the bunch structure. A second, alternative procedure uses modified Fourier techniques [52].
The results from these analyses are shown in figure 20. The discrete points were obtained using
the model, and the dotted curve was obtained with the modified Fourier analysis. The two
analyses agree. The measured distribution is used both in determining the average magnetic
field seen by the muons and the radial electric field correction discussed below.

Muon (g-2)-Measurement

Time

Puls hight
Time Spectrum of single calorimeter

Beam largly 
de-bunched after 36 µs
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Figure 2: Compilation of recently published
results for aµ (in units of 10−11), subtracted
by the central value of the experimental av-
erage (3). The shaded band indicates the ex-
perimental error. The SM predictions are taken
from: DEHZ [15,16], TY [25], HMNT [13],
J [24]. Note that the quoted errors do not
include the uncertainty on the subtracted ex-
perimental value. To obtain for each theory cal-
culation a result equivalent to Eq. (15), the
errors from theory and experiment must be
added in quadrature. See full-color version on
color pages at end of book.

(with all errors combined in quadrature) represents an inter-

esting but not yet conclusive discrepancy of 3.4 times the

estimated 1σ error. All the recent estimates for the hadronic

contribution compiled in Fig. 2 exhibit similar discrepancies.

Switching to τ data reduces the discrepancy to 0.9σ, assuming

the isospin-violating corrections are under control within the

estimated uncertainties.

An alternate interpretation is that ∆aµ may be a new

physics signal with supersymmetric particle loops as the leading

candidate explanation. Such a scenario is quite natural, since
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