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We revisit the procedure for comparing tier spectral function measured indecays to that
obtained inete~ annihilation. We re-examine the isospin-breaking corrections using new exper-
imental and theoretical input, and find improved agreement betweer the - °v; branch-
ing fraction measurement and its prediction using the isospin-breaking-coreseted- "

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

contributions to the muog — 2 usinge™e™ andt 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 b&.9 standard deviations lower than the direct measurement.
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The precision measurement and predictions of the muon magnetic anajnbbs been an
active research field in particle physics in the last decade or so. The experimental world aver-
age [l], a;® = 116592089 + 5.45t % 3.3sys, dominated by the E821 experiment at BN2], [
has reached a precision 6f53ppm The Standard Model (SM) prediction receives contribu-
tions from all three sectorag™ = a=> + aleak 4 ahad with a~> = 11658471810+ 0.016and
a‘;,"ea": 15.4+ 0.1ha9+ 0.24iggs known to high precisioril]. The hadronic contribution is usually
further divided into three parts{}?d = afipdto | gfadHo alP*, 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 domirﬁﬁf‘Lo is calculated with a combination of
experimental cross section data involvieige~ annihilation to hadrons at low energy, and pertur-
bative QCD at high energy. Abo@8%of aj-*-° is provided by thet" 1~ (y) final state an®2%
of its total error stems from the same mode. For this reason, there has beerBefids} fo use the
accuratear— — 11 10v¢, 2 1t vy, m 310y, spectral functiongd, 7, 8] correcting for all known
isospin breaking (IB) effects to transform thénto e e~ equivalent data for providing &-based
prediction.

The previous situatior9] 1] is that thee™ e -based SM prediction is lower than the direct
measurement by abo@t3c. The 1-based prediction is, however, in agreement with the mea-
surement with the errors. This talk reports a recent %§iH] updating ther- andete -based
predictions using the reevaluated IB corrections and including the new high sta2istagsectral
function T data from Belle/12] and the published CMD218] and new KLOE [14] e"e™ data. A
newly developed software package HVPTodl§] [has been used to perform accurate data interpo-
lation and combination for bothande*e™ data.

Source AP O [, 1)(x 107 19) ABSVS, (x1072)

GS model KS model GS model KS model
Sw —1221+0.15 +0.57+0.01
Gem —1.92+0.90 —0.07+£0.17
FSR +4.67+0.47 —0.19+0.02
p—w interference +2.80+0.19 +4280+0.15 | —0.01+£0.01 —-0.02+0.01
My — Mo effect ono —7.88 +0.19
My — My effect onlp +4.09 +4.02 -0.22
Mo —Mpo 0.20"33! 0117917 | +0.084£0.08 +0.09+0.08
nity, electrom. decays| —5.914+0.59 —6.39+0.64 | +0.34+0.03 +0.37+0.04
Total —-16.07+1.22 -16.70+1.23 | +0.69+0.19 +0.72+0.19

—16.07+1.85 +0.69+0.22

Table 1: Contributions toa/?*-° [, 7] (x1071%) and BEYS, (x1072) from the isospin-breaking correc-

tions. Scw andGgy 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 Kiihn-Santamaria (KS) parametrisations, respectively.

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

LI not stated otherwise, this and the following numbersdgrare given in units o010,
2The results shown here correspond to the revised version of the paper.



Reduced discrepancy betweerandete -based predictions for the muon magnetic anomalyZ. Zhang

umn shows the new IB correctionsaf®-C calculated using the Gounaris-Sakurai (GHj] jand

Kuhn-Santamaria (KS)[7] parametrisations fitted to baege™ 2 form factor data. The total IB
corrections-16.07+ 1.85represents a net change-06.9 units ona, hadlO " jominated by the new
electromagnetic decay correctidt], compared to the previous correctiods. [

L 0 L e e e R i e et I i e O
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-133+68 L ‘ ——e—— G010
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Figure 1: Left: Compilation of recently published results fag (in units of 10-*1), subtracted by the
central value of the experimental averadz2]. The shaded band indicates the experimental error. The
SM predictions are taken from DEHZ 03][ HMNT 07 [19], J 07 2], and the present- andete -
based predictions usirgandete™ spectral functions. Right: The measured branching fractionsfor

- 1v; [6,17,18,12,122,123] compared to the predictions from teée~ 27t spectral functions, applying the

IB corrections. For the"e™ results, we have used only the data from the indicated experime@t63n-
0.958 GeVand the combined’e™ data in the remaining energy domains belmy The long and short
error bands correspond to thende™ e~ averages 0f25.42+ 0.10)% and(24.78+ 0.28)%, respectively.

Applying the new IB corrections and using the new combined tau spectral function including
Belle, we obtaira)?-C (17, 1] = 5152+ 2.0exp+ 2.25 + 1.953 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 fraBtjopcf
(25.42+0.10)%, and the third error corresponds to the uncertainty of the IB corrections.

The correspondingte -based result is had"o[mr ete | = 5035 + 3.8exp(504.6 + 4.3exp)
including (excluding) the KLOE data Therefore, the discrepancy between thandete -based
evaluations in the dominamt™ 71~ channel has reduced froB®o previously to2.40(1.90).

Including contributions from other exclusive channels at energy b&l8weV as well as the
inclusive perturbative QCD calculation at higher energy, one ob@ﬁ%o = 7053+ 3.9gyp*+
0.7;ad+0.70cp+ 2.1 andalP O et e ] = 689.8+ 4.3exp: rad+ 0. 7QCD(690915 Zexpi rad+0.70CD).
Including furthera3=" ayyeak, a0 = 09,79+ 0.0804p= 0.03a4[19] andalP- = 105+2.6[20),
one gets the total SM predictiom§™[1] = 11659192+ 4.5,0 + 2.610 8L + 0.20ED} weak aNd
aﬁ""[e+ "] =116591777+4.4 0 +2.6H0+1BL £0.20ED+weak(116591783+5.2 0 £ 2.6H0LBL £
0.20eD+weak), Which are compared with the direct measuremgy2[and other SM prediction®[

3The inclusion of the KLOE data only makes 1.1 units of dlfferen(:aa?ﬁﬂL ], the discrepancy is in fact more
pronounced in the comparison of the spectral functiddk [
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19,21) in Fig. 1(left). The newr-based result for the SM prediction is ndv® standard deviations
lower than the direct measurement, moving closer teethe value.

An alternative comparison (Fid(right)) is performed between the direct measurements of the
T branching fractiorB,; ,0 and the correspondir@ﬁ’g0 derived from thee™ e~ 25T data correcting
for the IB effects (Tabld, 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 8pectral function. The discrepancy be-
tweenB,; o andB%YS, has reduced from.50 previously to2.20(1.60) when the KLOE data is
included (excluded).
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