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High precision measurements of ! !  spin precession frequencies 
at 2.4 T in high-Z muonic atoms reveal large relativistic shifts of 
the bound muon's magnetogyric ratio.  New results on muonic 
tungsten and lead suggest that the relativistic shift is nearly 
independent of Z in heavy elements where the muon's ground 
state wave function is mostly inside the nucleus.  
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An Old Story:

Relativistic Shifts of Bound µ!  g-factor

A negatively charged lepton in the ground state of an atom experiences a relativistic shift of its spin 
precession frequency in a given magnetic Þeld. This e! ect was Þrst calculated by Breit in 1928 
assuming pointlike nuclei; the result is the same for electrons or muons:

More reÞned calculations for muonic atoms, including the effects of a Þnite nuclear size, were made 
by Ford, Hughes and Wills in 1961 and agreed well with the Þrst measurements by Hutchinson et al. 
in the same year for Z up to 16.   In 1974 Yamazaki et al. extended these measurements to Z = 82 
with modest precision.  This result went unchallenged until 2003, when Mamedov et al. remeasured 
muonic Zn and Pb and reported much smaller shifts.  

In 2005 I had an opportunity to measure these shifts to much higher precision, so I did, obtaining 
results consistent with Yamazaki!s.  Mamedov responded with another measurement in 2007, 
conÞrming his previous disagreement.  What could I do but repeat my measurement at the highest 
Þeld ever used, with such overwhelming statistics that the signals can be easily observed by eye 
even at the very high frequencies?  Here are the results, which vindicate Yamazaki . . . .
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A lepton bound in a Coulomb potential (e.g. an elec-
tron in the ground state of a hydrogenlike atom) experi-
ences a relativistic shift of its spin precession frequency
in a given magnetic Þeld. This e! ect was Þrst calculated
by Breit [1] in 1928 assuming pointlike nuclei:
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where ! is the Þne structure constant,Z is the atomic
number of the nucleus and øv is an e! ective mean speed
of the lepton in its orbit. BreitÕs approximation was im-
proved upon by Margeneau [2] and later by Fordet al.
[3, 4] in papers accompanying the Þrst experimental mea-
surements of such shifts for negative muons [5]. Subse-
quent measurements of boundµ" frequency shifts were
made by Yamazaki et al. [6] in heavier muonic atoms
where the Þnite size of the nucleus is comparable to the
radius of the muon wavefunction, causing the relativistic
shift to level o! toward a constant value as a function of
atomic number.

Although the muon is nominally 207 times closer to the
nucleus than an equivalent electron, its relativistic shift
(for a pointlike nucleus) should be the same [see Eq. (1)];
thus a comparison ofgµ with recent measurements ofge

in single-electron bound states with higher-Z nuclei [7]
should directly probe nuclear charge distributions. The
results of Yamazakiet al. [6] agreed with theoretical pre-
dictions, but higher experimental precision was needed
for quantitative comparison of such Þnite size e! ects.

An experiment by Mamedov et al. in 2003 [8] yielded
a value for the relativistic shift in Cd µ" atoms that dis-
agreed with YamazakiÕs experimental result. Subsequent
measurements at TRIUMF [? ] were in agreement with
YamazakiÕs original results. A second measurement by
Mamedov et al. in 2007 [? ] again disagreed with Ya-
mazakiÕs results for both Cdµ" and Pbµ" . We then de-
cided to perform yet another measurement at the highest
magnetic Þeld yet (2.4 T) and with such high statistics
that there could be no doubt of the results. That exper-
iment is described here.

Like the previous TRIUMF measurement [? ], this
experiment made use of the transversely polarized back-
ward muon beam tune [13] of the M9B superconducting

muon channel at TRIUMF, The angle between the muon
polarization and the beam momentum is around 30#, giv-
ing su" cient transverse polarization (nearly 50%) to al-
low transverse Þeld (TF) µSR experiments in high mag-
netic Þelds. The same ÒHeliosÓ µSR spectrometer was
used in the same arrangement, but this time the mag-
netic Þeld was increased from 2 T to 2.4 T. A 68 MeV/c
µ" beam from backward decay of pions passed through
the muon counter and a degrader to stop in the sample.
A time digitizer is started on the signal from the muon
counter and stopped on a signal from any electron de-
tector; the corresponding time bin in the corresponding
histogram is incremented and the process begins again.
Pileup gates reject any event in which a second muon
arrives within 16 µs of the Þrst one, as well as events in
which two electrons are detected within the data gate.
We found no direct evidence for distortions in the time
spectra due to ine" cient pile-up rejection etc., but it
was always necessary to include small background sig-
nals from muons which were captured on other elements
(mostly carbon and oxygen).

FIG. 1: Negative muon lifetimes in various elements. Squares:
values from Suzuki, Measday and Roalsvig [? ]. Circles: val-
ues from the previous experiment [? ] and the measurements
described here.
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Brewer et al. (2005)
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Mamedov et al. (2007)
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NEW:    ! " Pb at 2.4 T



NEW:   ! " W at 2.4 T



Fourier Transforms at 2.4 T



Brewer et al. (2008)
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So What?

Who Cares?
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Finite Nuclear Size effect

saturates at high Z

New way to measure nuclear charge distribution?

(! "  orbit is
well inside
nucleus!)



Finis


