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Muon g − 2: introduction
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Introduction: Standard Model prediction for muon g − 2

QED contribution 11 658 471.808 (0.015) ×10−10 Kinoshita & Nio, Aoyama et al

EW contribution 15.4 (0.2) ×10−10 Czarnecki et al

Hadronic contribution

LO hadronic 694.9 (4.3) ×10−10 HLMNT11

NLO hadronic −9.8 (0.1) ×10−10 HLMNT11

light-by-light 10.5 (2.6) ×10−10 Prades, de Rafael & Vainshtein

Theory TOTAL 11 659 182.8 (4.9) ×10−10

Experiment 11 659 208.9 (6.3) ×10−10 world avg

Exp − Theory 26.1 (8.0) ×10−10 3.3 σ discrepancy

(Numbers taken from HLMNT11, arXiv:1105.3149)

n.b.: hadronic contributions:
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Introduction for ahad,LO
µ

The diagram to be evaluated:
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had.

µ

pQCD not useful. Use the dispersion
relation and the optical theorem.
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• Weight function K̂(s)/s = O(1)/s
=⇒ Lower energies more important
=⇒ π+π− channel: 73% of total ahad,LO

µ
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Included Hadronic Final States
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Recently added data

T. Teubner, talk at Tau2010
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π+π− channel: Low Energy Tail
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π+π− channel: New Radiative Return Data
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π+π− channel: Zoom-In at ρ-ω Region
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Rad. Rtn. Data (for π+π−) and Our Combined Result
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Impacts from New BaBar Data in subleading channels: (1)
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In these cases, the new BaBar data agree well with the
old data, and improve them in a peaceful way.

D. Nomura (Tohoku U) Updates on Muon g − 2 Feb. 21, 2012 11 / 29



Impacts from New BaBar Data in subleading channels: (2)
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In these cases, the new BaBar data do not agree very
well with the old data, and improve them ‘radically’.
Note that the old data are really old (those from the ’80s
or older...)
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Region between 1.4 – 2.0 GeV
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T. Teubner, talk at Tau2010
D. Nomura (Tohoku U) Updates on Muon g − 2 Feb. 21, 2012 14 / 29



Sum Rules: choice of weight functions
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Sum rule kernel functions (with Jacobian factor included)
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We choose the weight functions in such a way that they
emphasize the region in question, 1.4–2.0 GeV.
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Sum Rules for 1.4 – 2.0 GeV: Results
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Sum of exclusive data: now more consistent with pQCD.
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T. Teubner, talk at Tau2010

At 2.6–3.73 GeV we use pQCD (with the BESII (09) uncertainty)
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Results: ahad,LO
µ , ahad,NLO

µ and ∆α
(5)
had(M

2
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aµ
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∆α(5)
had (M 2
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value (error)2
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∞
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∞

ahad,LO
µ =(694.91 ± 3.72exp ± 2.10rad) × 10−10

ahad,NLO
µ =(−9.84 ± 0.06exp ± 0.04rad) × 10−10

∆α
(5)
had(M

2
Z) =(276.26 ± 1.16exp ± 0.74rad) × 10−4
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Full SM Result and Comparison with Other Groups
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Byproducts (1): QED coupling at the Z-boson mass

F α(M2
Z): the least well known among {Gµ, MZ, α(M2

Z)},
which are used as input to precision electroweak fits.
F Running of α

α(M2
Z) =

α

1 − ∆αlep(M2
Z) − ∆α

(5)
had(M

2
Z) − ∆αtop(M2

Z)

where ∆αlep(M
2
Z) = 0.03149769 (Steinhauser),

∆αtop(M2
Z) = − 0.0000728(14) and α = 1/137.035999679(94)

(PDG10).

F Similar dispersion relation: (=⇒ byproduct of ahad,LO
µ )

∆α
(5)
had(s) = −

αs

3π
P

∫
R(s′)ds′

s′(s′ − s)

F Our results: ∆α
(5)
had(M

2
Z) = (276.3 ± 1.4) × 10−4,

α(M2
Z)−1 = 128.944 ± 0.019.
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Byproducts (2): running QED coupling α(q2)

The hadronic contribution ∆α
(5)
had(q

2) to the running
QED coupling for q2 > 0 (left) and q2 < 0 (right)
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Fortran subroutine to compute the above is available from us upon

request
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Before discussing another
byproduct, do you know what the
most precise way to measure the
muon mass is?

(cf. mµ = 105.6583668(38) MeV (PDG11))
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Before discussing another
byproduct, do you know what the
most precise way to measure the
muon mass is?

(cf. mµ = 105.6583668(38) MeV (PDG11))

Answer: Muonium ground-state
hyperfine splitting (MuHFS)
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Mu HFS: Summary Table (as of 2002)

correction contribution (in units of kHz)
νF 4459031.920(511)mµ/me

(34)α

∆ν(ae) 5170.926(1)
∆ν(QED3) − 899.557
∆ν(QED4) − 0.55(22)
∆ν(weak) − 0.065
∆ν(had-vp) 0.231(3)
∆ν(had-h.o.) 0.005(2)
νHFS(theory) 4463302.909(511)(34)(220)
νHFS(exp) 4463302.776(51)

Table from Czarnecki, Eidelman & Karshenboim, PRD65 (2002) 053004 with

updates from Eidelman, Karshenboim & Shelyuto, Can. J. Phys. 80 (2002) 1297
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(Some of) Recent/Ongoing Activities
(not ours but by others)

New (preliminary) analysis from KLOE (“KLOE11”)

Update in QED contribution
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P. A. Lukin (KLOE, Budker), talk at Phipsi11
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P. A. Lukin (KLOE, Budker), talk at Phipsi11
D. Nomura (Tohoku U) Updates on Muon g − 2 Feb. 21, 2012 28 / 29



Summary

We (HLMNT) have updated our analysis with (lots
of) new data including those from KLOE and BaBar
We find 3.3 σ discrepancy between experiment and
theory =⇒ New Physics?
Two new experiments to measure the muon g − 2
planned at J-PARC and Fermilab. Both experiments
recently got stage-1 approval from KEK & Fermilab,
respectively.
To establish this discrepancy more firmly, it is very
important to resolve the disagreement in the π+π−

channel between the KLOE and BaBar data =⇒
new precise data from VEPP-2000 and SuperKEKB
very welcome
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