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We revisit the procedure for comparing theππ spectral function measured inτ decays to that

obtained ine+e− annihilation. We re-examine the isospin-breaking corrections using new exper-

imental and theoretical input, and find improved agreement between theτ−→ π−π0ντ branch-

ing fraction measurement and its prediction using the isospin-breaking-correctede+e−→ π+π−

spectral function, though not resolving all discrepancies. We recompute the lowest order hadronic

contributions to the muong−2 usinge+e− andτ data with the new corrections, and find a re-

duced difference between the two evaluations. The new tau-based estimate of the muon magnetic

anomaly is found to be1.9 standard deviations lower than the direct measurement.
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Reduced discrepancy betweenτ- ande+e−-based predictions for the muon magnetic anomalyZ. Zhang

The precision measurement and predictions of the muon magnetic anomalyaµ has been an
active research field in particle physics in the last decade or so. The experimental world aver-
age [1], aexp

µ = 11659208.9± 5.4stat± 3.3syst
1, dominated by the E821 experiment at BNL [2],

has reached a precision of0.53ppm. The Standard Model (SM) prediction receives contribu-
tions from all three sectors,aSM

µ = aQED
µ + aweak

µ + ahad
µ , with aQED

µ = 11658471.810±0.016and
aweak

µ = 15.4±0.1had±0.2Higgs known to high precision [1]. The hadronic contribution is usually

further divided into three parts,ahad
µ = ahad,LO

µ + ahad,HO
µ + aLBL

µ , involving quark and gluon loops
in leading-order (LO), higher-order (HO) and light-by-light (LBL) scattering, respectively. They
cannot be predicted from first principles. The dominantahad,LO

µ is calculated with a combination of
experimental cross section data involvinge+e− annihilation to hadrons at low energy, and pertur-
bative QCD at high energy. About73%of ahad,LO

µ is provided by theπ+π−(γ) final state and82%
of its total error stems from the same mode. For this reason, there has been effort [3, 4, 5] to use the
accurateτ−→ π−π0ντ ,2π−π+π0ντ ,π−3π0ντ spectral functions [6, 7, 8] correcting for all known
isospin breaking (IB) effects to transform theτ into e+e− equivalent data for providing aτ-based
prediction.

The previous situation [9, 10] is that thee+e−-based SM prediction is lower than the direct
measurement by about3.3σ . The τ-based prediction is, however, in agreement with the mea-
surement with the errors. This talk reports a recent work2 [11] updating theτ- ande+e−-based
predictions using the reevaluated IB corrections and including the new high statistics2π spectral
functionτ data from Belle [12] and the published CMD2 [13] and new KLOE [14] e+e− data. A
newly developed software package HVPTools [15] has been used to perform accurate data interpo-
lation and combination for bothτ ande+e− data.

∆ahad,LO
µ [ππ,τ ](×10−10) ∆BCVC

π−π0(×10−2)
Source

GS model KS model GS model KS model

SEW −12.21±0.15 +0.57±0.01
GEM −1.92±0.90 −0.07±0.17
FSR +4.67±0.47 −0.19±0.02
ρ–ω interference +2.80±0.19 +2.80±0.15 −0.01±0.01 −0.02±0.01
mπ±−mπ0 effect onσ −7.88 +0.19
mπ±−mπ0 effect onΓρ +4.09 +4.02 −0.22
mρ±−mρ0

bare
0.20+0.27

−0.19 0.11+0.19
−0.11 +0.08±0.08 +0.09±0.08

ππγ, electrom. decays −5.91±0.59 −6.39±0.64 +0.34±0.03 +0.37±0.04

−16.07±1.22 −16.70±1.23 +0.69±0.19 +0.72±0.19
Total −16.07±1.85 +0.69±0.22

Table 1: Contributions toahad,LO
µ [ππ,τ] (×10−10) andBCVC

π−π0 (×10−2) from the isospin-breaking correc-
tions. SEW andGEM are the short and long distance radiative corrections, respectively. FSR stands for the
final state radiative corrections. Corrections shown in two separate columns correspond to the Gounaris-
Sakurai (GS) and Kühn-Santamaria (KS) parametrisations, respectively.

The main new results are summarised in Table1 and Fig.1. In Table1, the middle col-

1If not stated otherwise, this and the following numbers foraµ are given in units of10−10.
2The results shown here correspond to the revised version of the paper.
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umn shows the new IB corrections toahad,LO
µ calculated using the Gounaris-Sakurai (GS) [16] and

Kühn-Santamaria (KS) [17] parametrisations fitted to baree+e− 2π form factor data. The total IB
corrections−16.07±1.85 represents a net change of−6.9 units onahad,LO

µ , dominated by the new
electromagnetic decay correction [18], compared to the previous corrections [4].
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Figure 1: Left: Compilation of recently published results foraSM
µ (in units of 10−11), subtracted by the

central value of the experimental average [1, 2]. The shaded band indicates the experimental error. The
SM predictions are taken from DEHZ 03 [5], HMNT 07 [19], J 07 [21], and the presentτ- and e+e−-
based predictions usingτ ande+e− spectral functions. Right: The measured branching fractions forτ−→
π−π0ντ [6, 7, 8, 12, 22, 23] compared to the predictions from thee+e− 2π spectral functions, applying the
IB corrections. For thee+e− results, we have used only the data from the indicated experiments in0.63−
0.958GeVand the combinede+e− data in the remaining energy domains belowmτ . The long and short
error bands correspond to theτ ande+e− averages of(25.42±0.10)% and(24.78±0.28)%, respectively.

Applying the new IB corrections and using the new combined tau spectral function including
Belle, we obtainahad,LO

µ [ππ,τ ] = 515.2±2.0exp±2.2B±1.9IB where the first error is associated
with the experimental uncertainty on the shape of the spectral function, the second error on the
normalisation is due to the measurement uncertainty of the averaged branching fraction ofBπ−π0 =
(25.42±0.10)%, and the third error corresponds to the uncertainty of the IB corrections.

The correspondinge+e−-based result isahad,LO
µ [ππ,e+e−] = 503.5± 3.8exp(504.6± 4.3exp)

including (excluding) the KLOE data3. Therefore, the discrepancy between theτ- ande+e−-based
evaluations in the dominantπ+π− channel has reduced from2.9σ previously to2.4σ(1.9σ).

Including contributions from other exclusive channels at energy below1.8GeVas well as the
inclusive perturbative QCD calculation at higher energy, one obtainsahad,LO

µ [τ] = 705.3±3.9exp±
0.7rad±0.7QCD±2.1IB andahad,LO

µ [e+e−] = 689.8±4.3exp+rad±0.7QCD(690.9±5.2exp+rad±0.7QCD).
Including furtheraQED

µ , aweak
µ , ahad,HO

µ =−9.79±0.08exp±0.03rad [19] andaLBL
µ = 10.5±2.6 [20],

one gets the total SM predictionsaSM
µ [τ] = 11659193.2±4.5LO±2.6HO+LBL ±0.2QED+weak and

aSM
µ [e+e−] = 11659177.7±4.4LO±2.6HO+LBL±0.2QED+weak(11659178.8±5.2LO±2.6HO+LBL±

0.2QED+weak), which are compared with the direct measurement [1, 2] and other SM predictions [5,

3The inclusion of the KLOE data only makes 1.1 units of difference onahad,LO
µ [ππ], the discrepancy is in fact more

pronounced in the comparison of the spectral functions [11].
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19, 21] in Fig. 1(left). The newτ-based result for the SM prediction is now1.9 standard deviations
lower than the direct measurement, moving closer to thee+e− value.

An alternative comparison (Fig.1(right)) is performed between the direct measurements of the
τ branching fractionBπ−π0 and the correspondingBCVC

π−π0 derived from thee+e− 2π data correcting
for the IB effects (Table1, right column). The advantage of a such comparison is that the branch-
ing fractions are integrated mass spectrum, hence are essentially insensitive to those experimental
systematic uncertainties connected with the shape of theτ spectral function. The discrepancy be-
tweenBπ−π0 andBCVC

π−π0 has reduced from4.5σ previously to2.2σ(1.6σ) when the KLOE data is
included (excluded).

References

[1] A. Hoecker and W. Marciano, “The Muon Anomalous Magnetic Moment” in Particle Data Group
(C. Amsler et al.), Phys. Lett. B 667, 1 (2008); update for 2009 in preparation.

[2] Muon g−2 Collab. (G.W. Bennett et al.), Phys. Rev. D 73, 072003 (2006).

[3] R Alemany, M. Davier and A. Hoecker, Eur. Phys. J. C 2, 123 (1998).

[4] M. Davier, S Eidelman, A. Hoecker and Z. Zhang, Eur. Phys. J. C 27, 497 (2003).

[5] M. Davier, S Eidelman, A. Hoecker and Z. Zhang, Eur. Phys. J. C 31, 503 (2003).

[6] ALEPH Collab. (S. Schael et al.), Phys. Rep. 421, 191 (2005).

[7] CLEO Collab. (S. Anderson et al.), Phys. Rev. D 61, 112002 (2000).

[8] OPAL Collab. (K. Ackerstaff et al.), Eur. Phys. J. C 7, 571 (1999).

[9] M. Davier, Nucl. Phys. Proc. Suppl. 1699, 288 (2007).

[10] Z. Zhang, Proceedings of 42th Rencontres de Moriond, 2007 EW Interactions and Unified Theories,
arXiv:0801.4905 [hep-ph].

[11] M. Davier et al., arXiv:0906.5443 [hep-ph].

[12] Belle Collab. (M. Fujikawa et al.), Phys. Rev. D 78, 072006 (2008).

[13] CMD-2 Collab. (V. M. Aulchenko et al.), JETP Lett. 82, 743 (2005); CMD-2 Collab.
(R. R. Akhmetshin et al.), JETP Lett. 84, 413 (2006); CMD-2 Collab. (R.R. Akhmetshin et al.), Phys.
Lett. B 648, 28 (2007).

[14] KLOE Collab. (F. Ambrosino et al.), Phys. Lett. B 670 285 (2009).

[15] The HVPTools source code (C++, relying on ROOT functionality) and database (XML format) can be
made publicly available. Please contact the authors.

[16] G.J. Gounaris and J.J. Sakurai, Phys. Rev. Lett. 21, 244 (1968).

[17] J.H. Kühn and A. Santamaria, Z. Phys. C 48 (1990) 445.

[18] F. Flores-Baez, G. Lopez Castro and G. Toledo Sanchez, Phys. Rev. D 76, 096010 (2007).

[19] K. Hagiwara, A.D. Martin, D. Nomura and T. Teubner, Phys. Lett. B 649, 173 (2007).

[20] J. Prades, E. de Rafael and A. Vainshtein, arXiv:0901.0306.

[21] F. Jegerlehner, Acta Phys. Polon. B 38, 3021 (2007); Nucl. Phys. Proc. Suppl. 181-182, 26 (2008).

[22] DELPHI Collab. (J. Abdallah et al.), Eur. Phys. J. C 46, 1 (2006).

[23] L3 Collab. (M. Acciarri et al.), Phys. Lett. B 345, 93 (1995).

4


