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Experiment and Theory

Experiment (Liu et al, 1999):

∆E ex
HFS(Mu) = 4 463 302.776 (51) kHz

Theory:

∆E th
HFS(Mu) = 4 463 302.904 (518) (30) (70) kHz

I 1st error is due to experimental error me/mµ

I 2nd error is due to error of α

I 3d error is due to HFS theory
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Need for Better Theory

mµ

me
from HFS:

mµ

me
= 206.768 282 9 (23) (14) (32)

I 1st error is due to HFS experimental error
I 2nd error is due to error of α
I 3d error is due to uncertainty of HFS theory

All corrections of order 1-10 Hz should be calculated
Largest Unknown Contributions

I Single-logarithmic and nonlogarithmic radiative-recoil
corrections of order α2(Zα)(m/M)ẼF

I Nonlogarithmic contributions of order (Zα)3(m/M)EF

I Nonlogarithmic contributions of order α(Zα)2(m/M)EF

Eides, Shelyuto RadRec Corrections to HFS
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Logarithmic Enhancement

Radiative-recoil corrections of order α3(m/M)EF are
logarithmically enhanced(

c1 ln3 M

m
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m
+ c3 ln

M

m
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)
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Log cube term is the easiest

∆E =
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Log Squared Terms
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(
4

3
ln2 M

m

)
α2(Zα)

π3
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M
EF

All these terms were calculated long time ago (Eides,
Karshenboim, Shelyuto)
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Polarization Insertions in Exchanged Photons
One-Loop Fermion Factor and One-Loop Exhcnaged Polarization
Radiative Photons in both Fermion Lines
One-Loop Polarization Insertions in One-Loop Fermion Factors

Proliferation of Diagrams

I Next task is to calculate all single-logarithmic and
nonlogarithmic radiative recoil contributions

I All three-loop diagrams with radiative insertions in the
diagrams with two-photon exchanges give contributions

As a rule subleading terms are large and hard to extract
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One-Loop Polarizations

Heavy (muon and hadron) loops now also contribute!

∆E =
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