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We show the discrepancy between the isospin-rotated eTe™ — na~x

T cross section—measured by

various collaborations—and the Belle 7~ — yz~7"v, spectrum, which cannot be explained by heavy new
physics nonstandard interactions. We give for the first time the framework needed to study these beyond the
standard model contributions in three-meson tau decays.
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I. INTRODUCTION

In the very accurate isospin symmetry limit, the eTe™ —
hadrons cross section is related to the spectral function
of semileptonic tau decays (see, e.g., Ref. [1]). Beyond
tests of this property, based on the conservation of the
vector current (CVC), it gave rise to tau-based evaluations
of the leading-order hadronic vacuum polarization
(HVP,LO) contributions to the muon g-2 [2-9], a, =
(9. —2)/2. However, uncertainties associated to isospin-
breaking effects relating both observables are currently
too large to make this determination competitive with
the one using hadronic e*e™ cross section data [10-17].
Notwithstanding, checking the consistency between
o(eTe™ — hadrons) and exclusive hadron tau decay data
is still motivated by the tension exhibited by lattice QCD
evaluations [18-20] of a,’f VPLO and the ete~-based data-
driven extraction [10]. Depending on which number is
compared to the experimental average of the recent FNAL
measurement [21] and the final result from the BNL
experiment [22], new physics significance varies sizeably,
between barely one and slightly more than four standard
deviations.

In this work, we study the discrepancy—which goes
beyond isospin breaking effects—between both sets of data
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(ete™ and 7) for the exclusive nzz channels, and show that
it cannot be explained by heavy new physics.

The isovector component (I = 1) of the eTe™ — nata~
cross section data can be converted to the decay
distribution in 7= — n2~ 7, decays using the approximate
CVC, which becomes exact in the isospin symmetry
limit [1,23-26]:

dr(z= — na~ ;)
dg?

GrV,al*Sew 7 (M2 2 2
(@) F(2n)é|1v1,Ew4a2<Q2_l> (1 2M§>Q6’

= f(@o(ete” — ' x7)]1-1(Q%).

with Q% = mj,, the invariant mass squared of the nzx
system and Sgw = 1.0201(3) [27] the short-distance
electroweak radiative correction. We note that /V:; differs
from V,, by possible nonstandard effects (see Sec. II).
Using Eq. (1), Belle [28] data on 7~ — yz~2"v, decays
are seen to be incompatible with e*e~™ — yz~ 2" measure-
ments published by DM2 [29], ND [30], CMD2 [31],
BABAR [32], SND [33-35], and CMD3 [36]. We use
the best fits obtained in Refs. [37,38] to the ete™ —
(n/2°)n* 7~ data for the Standard Model prediction. Since
possible heavy new physics effects are negligible compared
to the photon exchange driving these processes, a possible
discrepancy between the isospin-rotated eTe™ — nat ™
cross section and the 7~ — nz~ 2%, decay rate [1,23-25]
(besides small isospin breaking effects) could in principle

Published by the American Physical Society


https://orcid.org/0000-0002-1439-3226
https://orcid.org/0000-0002-4070-4729
https://orcid.org/0000-0001-5366-372X
https://orcid.org/0000-0002-6612-7157
https://crossmark.crossref.org/dialog/?doi=10.1103/PhysRevD.106.096016&domain=pdf&date_stamp=2022-11-17
https://doi.org/10.1103/PhysRevD.106.096016
https://doi.org/10.1103/PhysRevD.106.096016
https://doi.org/10.1103/PhysRevD.106.096016
https://doi.org/10.1103/PhysRevD.106.096016
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

ARTEAGA, DAI, GUEVARA, and ROIG

PHYS. REV. D 106, 096016 (2022)

be due to nonstandard interactions (NSI) modifying the
latter. Thanks to the limits set on possible NSI in semi-
leptonic tau decays [39—47] we will show that this seeming
CVC violation is incompatible with other hadron tau
decays data. Belle-II will improve the measurement of
this tau decay channel [48], as understanding semileptonic
tau decays with eta mesons is required to search for second-
class currents and heavy new physics through the discovery
of the 7~ — 77 n)u, decays [39,49,50]. The rest of the
paper is structured as follows: in Sec. II we briefly recall
the formalism encoding nonstandard interactions in
semileptonic tau decays. In Sec. IIl we derive the
7~ — na~ 7'y, decays amplitude, in the Standard Model
and including the NSI (involving new hadron contribu-
tions, which we account for). In Sec. IV we study the
possible effects of NSI on the observables of interest,
and show that the discrepancy between e"e™ and 7 data
|

GF Vud

=5

cannot be explained by heavy new physics, according to
the NSI bounds. We conclude in Sec. V. The Appendix
summarizes the setting in which structure-dependent
contributions were evaluated.

II. EFFECTIVE FIELD THEORY ANALYSIS
OF NSI IN SEMILEPTONIC TAU DECAYS

We consider the most general effective field theory
description of 7~ — udy, decays,1 assuming massless
purely left-handed neutrinos [39-47] (see, e.g.,
Refs. [51-61] for other semileptonic processes involving
light quarks within this framework), which only rests on
the SU(3). x U(1) local gauge symmetry below the
electroweak scale. For later convenience we introduce
ey =€, +ep and €, = —€; + €g, so that the relevant
Lagragian at dimension six is

{zr* (1L —ys)v, - lay, (1 —ys)d + ay, (€}, + €4y5)d]

+7(1 —ys)v, - u(€§ — €pys)d + 2e570* (1 — ys)v, - ii6,,d} + H.c., (2)

where GV, ,; = GF/\};(I +¢%,) [61]. We neglect higher-
dimensional operators, suppressed by powers of M_./A,
since current limits on the ¢; coefficients [39-47] corre-
spond to A ~ O(TeV) (under the weak-coupling hypoth-
esis). As we only compute CP-conserving observables,” the
€; coefficients are taken real. They are translated straight-
forwardly [51,58] into the SMEFT [66,67] couplings. For
vanishing e;, the SM is recovered. We will work in the MS
scheme at a scale of 4 =2 GeV.

I - — yn~n", AMPLITUDE

We will assign momenta as’ 7 (P) = v.(p1)n(p,) X
7~ (p3)7°(p,) and use Kumar kinematics [68], so that
the outermost integration variable, (P — p;)*=
(P2 + p3 + pa)?, gives us Q* = m2,,, whose distribution
was measured by Belle [28].

Hadronic interactions will be considered in the next section.

%See, e.g., Refs. [42,62-65] for studies of CP violation in 7 —
Kgrv, decays within this low-energy effective field theory.

3Unlike Ref. [68], we do not use QO as the momentum of the
decaying particle, since this corresponds to the invariant mass of
the nzz system in our notation.

“In Ref. [69] it was shown that the kinematics adopted in, e.g.,
Ref. [25] is not appropriate when tensor interactions are consid-
ered, as the factorization of the lepton and hadron parts (with the
latter only depending on three independent invariants, which can
be written in terms of the meson momenta) no longer holds.

|
A. Hadronization: Standard Model and beyond

In the Standard Model, the 7~ — yz~ 2%, decay
amplitude is
M==SEy oot (1 =y uH, (3
\/z ud EW%y, 5%zl by

where H,, encodes the hadronization into the three final-
state mesons (h; =1, hy = 7=, h; = 2° in our case and
with our conventions). Lorentz invariance determines the
most general decomposition of H* to be

H = <h1(P2)h2(P3)h3(P4)|(V —A)”|O>
= FHQ? 55, )V + F5(Q% 50, 15) V5
+iFY(Q% 50, 55)Vs + FL(Q%, 55, 15) 0%, (4)

where the chosen set of independent Lorentz structures is

, 0ro”
Vi = <g" — (P2 = P4),s
, Q'O
Vg - <gﬂ - Q2 (p3 - p4)y’
VA = €4, PSPAPE. 0" = (p2+ p3+ pa)t
s = (0 — pa2)*, ty = (P2 + pa)*, (5)
and the relevant form factors (F;,i = 1, ..., 4) are driven by

either vector or axial-vector currents (as indicated by their
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superscript, V/A) and carry quantum numbers of pseudo-
scalar (F), vector (F3), or axial-vector (F';,) degrees of
freedom. Very approximate G-parity conservation by the
strong interactions’ produces vanishing axial-vector form
factors in this channel, in such a way that—to an excellent
accuracy—the dynamics of the considered decays are
driven solely by the vector form factor, F3, which will
be taken from the best fits of Refs. [37,38].

As explained, F{,, vanish in the limit of G-parity
conservation. We will however compute the isospin-
breaking contributions to these form factors given by scalar
resonance exchanges. Our motivation to include these
subleading effects only for the scalar mesons contributions
is twofolded: on the one hand isospin-violating f, — ag
mixing is enhanced with respect to other isospin breaking
effects by the approximate degeneracy of these states
and their comparable value to the kaon-antikaon thresholds
[70]. On the other hand, Belle-II shall measure the dimeson
|

mass spectra6 in 7= — na~ 7', decays and a theoretically
motivated parametrization of scalar meson exchanges in
these processes will benefit their analysis. In this way, we
will construct the hadronic input needed for NSI contri-
butions to the considered decays.

There are three possible contributions with intermediate
scalar resonances (all of them in the axial-vector current),
one per channel. Schematically, they are

1. A¥ - agn, with ay — 772" via ") — «
the s; channel (T below).

2. A* = adz~, with @ — 2% via f, — ay mixing, in
the s, channel (T, below).

3. A" — ajza®, with aj — 777" via n) -z
in the s3 channel (7, below).

The corresponding scalar resonance exchange contribu-
tions, computed within resonance chiral theory [73] (RyT,
see the Appendix), are

O mixing, in

0 mixing,

W2C  Chep + Coepy s
T?l :pg F3q M? _qs '7_ qu F’? (S )cd Cd<5_m72t) +Cmm72::|v
ag 1 apt ag\P1 L
. a4\/§Cq</> €ayf, (52) [ (sy—mi—m} 5
T§, = p3 R M T Ca|Ca\ = ) T Cwhz|;
\/gF a, — 52 — WMy, ao(s2) L
4V2C ) Ceny+ Coépy [ [s3—m2 —m2
o Cont o [ (sombond) 9
; F° Mg —s3—iM, T, (s3) " 2

where [74] €47, (52) = €47, (0k0(52) — 0+ (52))/2, with
€anfo ™ O(1).  Short-distance QCD  constraints  set
4cyc,, = F* [77,78] (with F ~92 MeV) and c,, ~ 3¢, is
preferred phenomenologically (see [79] and references
therein). C () are given in terms of the #—#' mixing
parameters [80]

G parity is built from C parity and isospin symmetry. For
consistency, ignoring the effect of the F, , 4 form factors requires
to describe F3 in the isospin symmetry limit.

®Unexpectedly, Belle [28] found a disagreement between their
measured 7~ 7" spectra and the Monte Carlo event generator
[71,72], validated with precise previous data on the weak pion
vector form factor.

7T§.’2 has been obtained assuming, for simplicity, that f,(980)
is a pure octet state. If it comes from the mixing of the octet and
singlet f states, then the corresponding mixing coefficient can be
absorbed in the constant €, s, which we will fix to unity for
definiteness. This and other ambiguities present in the description
of the scalar mesons (like possible tetraquark components [75]
and more complicated mixing pattern [76]) prevent us from
attempting to derive the real part of the meson-meson loops,
which should be present in the a, propagators in Eq. (6) to fulfill
analyticity.

c = 1 (cos 0, +/2sin 98>
T Bcos(0g —0y) \ fs fo ’
1 <\/§cos O n sin 9()) )

C/E
fo I3

T V/3cos(B — 6,)

and €,,=(9.8£0.3) x 1073 and €y = (25 1.5) x 10~
[50]. We will take the numerical values for Cqm from
Ref. [81] (see also Ref. [82]): C,=0.69+0.03 and
C, = 0.60 £ 0.03, obtained in the chiral limit.

The I, (s;) energy-dependent width is given by [50]

(8)

R O] (N

M;,)  h(MG)’

with (6p¢(s;) :ﬂl/z(si,m%,ng)/s X O(s;— (mp —|—mQ)2) is
a kinematical factor and A(a, b,c) = (a — b — ¢)?> — 4bc)

)2%-:7(5:')

2 Ary)?
+ 2sin*¢,,; <1 + ) O (i) 9)

i

Ay

h(s;) = og-go(s;) + 2c0s? ¢, <1 +
sl
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Apg = mp —mp and ¢,y = (41.4 £ 0.5)° [83]. Mass and
on-shell width of the a, resonance will be taken from the
PDG [75]. Scalar contributions in Eq. (6) can be written in
terms of the F{,, form factors using

o 2V Y
PQZZ—QQ(Qz—Sl‘Fm)‘FT—?,

o Vi 2Vh
p§=2—Q2(Q2—s2+m,2,)—?+T,

Qﬂ VI‘ Vﬂ
Py sy mmi—m) = S22 1)

For consistency—as scalar resonance contributions
are included—axial-vector current contributions induced
from 7= — 77 7°2° decays coming from z° —# mixing
need to be accounted for as well. This is done following
Refs. [84-86] (including also the KKz cuts [87] into the
energy-dependent I', ). The overall factor €2 7 suppresses
strongly this contnbutlon which does not introduce any
additional free parameter.

Beyond the Standard Model, the vector and axial-vector
matrix elements (corresponding to the dy*u and dy*ysu
quark currents) can be written in terms of the {F;},_; 4
form factors (we omit their dependence on Q2,
below)

Hy, = iFy™'Vh,
—H', = F{™SWE 4+ FONSIVE + FE>Nor (1)
which are defined by the currents
Hl(lv/A) = €(v/A) <1’]71'_7T0|6_11]/”(1,}/5)M|0>. (12)

We can relate the previous terms with the hadronization in
Eq. (3) with the relation

H* = Hg + HY, (13)

where H; contains all SM interactions and H"'/ 4 € Hys-
The (pseudo)scalar matrix elements can be related to the
former using Dirac equation. This shows the vanishing of
the hadron matrix element of the scalar current, while the
pseudoscalar one (for the dysu quark current) can be related
to H';, which is defined as

Hp = ep(na~n°|dysul0), (14)
yielding
FA 2
Hy— 129 (15)
m, + mgy

We will finally address the hadronization of the tensor
current ({nz~z°|de**u|0)) for which we will employ chiral

perturbation theory [88] with tensor sources [89]. The
leading contribution in the chiral counting is given in
terms of a single coupling constant, A,, which can be
determined from the lattice [90] to be A, = (11.1+
0.4) MeV [43]. In terms of it, the hadron matrix element
for the tensor current is

. AC
HY = lﬂ §€ﬂmﬂ(l73ap2ﬁ = P2aP3p)- (16)

B. Decay amplitude
The = — nz~ 2%, decay amplitude can be written®
M :MSM+Mv+MA+MP+MT,

G ud V SE

=————F7=—I[L,(H" + evHY, + e HY)

V2
—epLHp + 2erL,, H"], (17)
where the following lepton currents were introduced
L=u(p))(1 +ys)u(P), L, =u(p)r,(1-7ys)u(P),
L/w = u(pl)o-[ll/<1 + YS)M(P)' (18)

Using the Dirac equation, L,Q" = ML is obtained. This,
together with Eq. (15), allows the convenient rewriting
€AL,MHZ - GPLHP = €AL”HIZ, where

Fi0*0"

€
H", = H, — ML - 19
EAMr(mu+md) ( )

which in turn allows us to recast Eq. (17) as

./\/l :MSM+MV+MA’ +MT»
GrVua /S
=L wYEW \ji EV L, (H + eyHYy + e,H'Y)

+2erL,, H"), (20)

which we have used to compute the observables presented
in the following section. We provide Supplemental Material
[91] with the analytic results for the different contributions
to |M|?, for which we used FeynCalc [92-94].

IV. CVC PREDICTION OF THE 7~ — ya~ 7',
DECAY RATE AND NSI

For our isospin-rotated prediction of the 7~ — a2~ 7°v,

decays in absence of new physics we will use the CVC

8Although the effect of the short-distance radiative electro-
weak corrections encoded in Sgw affects only the SM contribu-
tion, we approximate it as a global factor in the equation below.
Its accuracy is sufficient for our precision and renders simpler
expressions.
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FIG. 1. The prediction of = — yz~2%, from e*e™ — yatz~

amplitudes. The black solid line is calculated from Fit I of
Ref. [38] and the red dashed line is from Fit 4 of Ref. [37]. The
cyan band describes the uncertainty obtained by a combined
statistics of the error band of Fit II in Ref. [38] and the difference
between the red and black lines. Belle data are represented by
purple dots.

relation [see Eq. (1)], with eTe™ — natz~ given by the
best fit solutions of Refs. [37,38] (see also Ref. [95]).
Specifically, Fit 4 in Ref. [37] and Fit II in Ref. [38],
respectively. The amplitudes were calculated using RyT
[73] and confronted with the latest high statistics exper-
imental measurements of e™ e~ — nx T~ cross sections up
to 2.3 GeV, including those of BABAR [32], SND [33,35],
and CMD3 [36]. By isospin rotation, the prediction of the
invariant mass spectrum of 7~ — na~z°v, decays is given
in Fig. 1. It can be seen that the prediction from e*e™ —
nrtr~ is quite different from that of the Belle data [28],
especially in the region of 0.9-1.4 GeV. The t — nz~ 7',
branching ratio is (1.71 & 0.13) x 1073, using the Fit II in
Ref. [38], and (1.55 £ 0.18) x 1073 from Fit 4 of Ref. [37].
The PDG quotes (1.39 4 0.07) x 1072 instead, from which
our previous numbers are 2.2 and 0.8c away, respectively.
Meanwhile, eTe™ — naztz~ data are considered much
more accurate and trustworthy. Hence, it would be rather
important for Belle-II to improve the measurement of this
decay channel in the future.

The effects of NSI are constrained thanks to the most
recent determination (in agreement with previous ones) of
these couplings [47], yielding

€] — €] +e€g —eq 24+26
et 0.7+ 14
K = x 1072, (21)
e 04+1.0
€l -33+6.0

1.4e-03
1.2e-03
o
|
= 1.0e-03
S
~— 8.0e04 |
L<| &' 6.0e-04 -
=
~ 4.0e-04 |
=
2.0e-04 |
Ooe+00 1 1 1 1 1 1 1 1
08 09 10 11 12 13 14 15 16 1.7 18
Myrr (GeV)
FIG. 2. Invariant mass spectrum of the 7~ — gz~ 7', transi-

tion. The purple stripe is the error band obtained from the
Gaussian variation of parameters at each bin, the solid purple line
represents the mean of the distribution.

600
500 |
AN
400 \\
2 \
= K
o 300 1
>
0
200 |
{ \
% \
100 | J e
/"/ \
O o | 1 1 1 1
0.8 1.0 1.2 14 1.6 1.8 2.0
My (GeV)
FIG. 3. Comparison between the spectra obtained using the

complete amplitude (purple line) with the NSI turned off (green
line) and the Belle data (pale blue dots). The difference between
both lines can be slightly appreciated only near the peak.

with the correlation matrix

1 087 -0.18 —0.98
1 -059 —0.86
C. = . (22)
1 018
1

In our numerical analysis we used 2500 points9 gen-
erated randomly following a Gaussian distribution using

*This amount of points was chosen to obtain a kurtosis near
to 3, getting K = 3.17, which guarantees their distribution is
Gaussian.
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FIG. 4. Enlargement of Fig. 3 in the small region where the data
differ.

the parameters and errors in Eq. (21) and the correlation
matrix of Eq. (22). The vector form factor in Ref. [25] was
used in the following.

We also computed the invariant mass m,,, spectrum for
which we again used a Gaussian variation of the param-
eters, generating 2500 points at each bin of the spectrum,
shown in Fig. 2.

When comparing the result of the total differential decay
width to that obtained only from the SM contribution to the
amplitude and the Belle spectrum, shown in Fig. 3, we
confirm that the possible NSI contribution is undetectable
with current data. In Fig. 4 we show a close up of the region
where both curves of Fig. 3 differ a bit more.

le-02

le-04 |
Ch ¢
E 1le-06 F
~

1e-08 F

le-10

1ar
'y dsp

le-12 |

le-14

08 09 10 11 1.2 13 14 15 16 1.7 18

Myrr (GeV)

FIG. 5. Different contributions to the differential decay width,
shown in a logarithmic scale. Because of this, some of them
cannot be shown in this figure, since interference terms are
negative in certain regions of the invariant mass range. The color
code follows: pure SM (dark green), SM-V (dark blue), SM-A
(red), SM-T (black), A-V (lilac), V-T (green), A-T (purple), |V|2
(pale blue), |A|* (yellow), |T|?> (orange).

3.0¢-05 ——————————————
2.5e-05 -
S 20005 |
>
Q/ 1.5e-05 F
1.0e-05 F
—
%Lé’ 5.0e-06 |
—l5 00000 |
-5.0e-06 |
1005 b—o v v

08 09 1.0 1.1 12 13 14 15 16 1.7 18

My (GCV)
FIG. 6. Same contributions from Fig. 5, without the SM
contribution. The color code is the same as in the previous figure.

We also obtained the contributions to the decay width
from the different terms in the squared amplitude, this is,
pure V, A, P, T, SM terms or only one of the interference
terms among them, in turn. This is shown in Fig. 5 in a
logarithmic scale. In Fig. 6 we show all such contributions,
except for the pure SM one, in a normal scale. For most of
the phase space the interference of the SM with the vector
nonSM interaction dominates. At low invariant masses
there is a small window where the SM-tensor and SM-axial
interferences overcome it slightly. It is also seen that the
SM-tensor interference dominates near the end point. It
must be noted, however, that the tensor effects at high
invariant masses may be smaller than depicted, as we are
using for this form factor only the leading order contribu-
tion in the chiral expansion. Going beyond this approxi-
mation should—in particular—reduce the effects shown
for the SM-tensor interference at high m,,,. These results
can be used to study possible new physics effects in the
7= — na~ v, decays with future improved data.

V. CONCLUSIONS

We have studied whether the discrepancy between
isospin-rotated (e*e™ — na*a~) and dT'(v~ = natau,)/
dm,,, data can be explained by heavy new physics beyond
the SM. Within an effective field theory approach for
the NSI (assuming left-handed neutrinos), and using the
bounds obtained previously on the corresponding new physics
couplings, we have shown that it is impossible to explain this
tension between e’ e~ and 7 databy heavy new physics. Future
measurement of the 7 decay channel at Belle-1I will shed light
on the origin of this controversy. As a byproduct of our
analysis, we have developed the formalism needed to study
NSIin three-meson tau decays (see the Supplemental Material
[91]), which can be useful for other decay channels where
hadronization is more complicated.
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APPENDIX: BRIEF OVERVIEW OF RESONANCE
CHIRAL THEORY

In this appendix we recapitulate briefly the framework
in which the model-dependent contributions have been
evaluated [25,37,38], RyT [73]. See, for instance Ref. [96]
for further details.

Resonances are added as explicit degrees of freedom to
the yPT Lagrangian, which is enlarged by terms including
them,'’ where the yPT chiral tensors also appear. The
symmetries determining the Lagrangian operators are the
chiral one for the lightest pseudoscalar mesons (which are

"We note that xPT operators coefficients are different in RyT
according to the contributions, to the yPT low-energy constants,
of integrating resonances out.

pseudo-Goldstone bosons) and unitary symmetry for the
resonances, SU(3), ® SU(3)x = SU(3), and U(3),,
respectively, for the three lightest quark flavors. The
expansion parameter of RyT is the inverse of the number
of colors [97], where the leading order corresponds to tree
level diagrams with an infinite tower of mesons per
quantum number [97,98] (the most important subleading
correction comes from finite resonance widths).
Symmetries do not restrict the coupling values, so these
should in principle be determined phenomenologically.
However, assuming that the theory with resonances can
interpolate between the chiral and parton regimes, Green
functions in Ry T need to comply with the known (from the
corresponding operator product expansion) QCD short-
distance behavior. This determines or relates some of the
couplings, increasing the predictivity of RyT. At the same
time, this requirement tightly constrains contributions from
operators with high-order chiral tensors. Complementarily,
the number of resonance fields is limited by the process at
hand (via the number of initial and final state mesons, to which
exchanged resonances couple). Altogether, this restricts, in
practice, the number of operators of the RyT Lagrangians in
the large-N - limit. The minimal interactions with (pseudo)
scalar and (axial) vector resonances are given by [73]

FV v ~GV v
ﬁV = 2—\/§<vﬂvfljr> + l\/_§<vﬂuuﬂu >’
Fy
L= —A (A fm,
A 2\/§< ﬂf >
Lsg= Cd<Suﬂu;4> + Cm<S)(+>’
Lp = id,(Py_), (A1)

see Ref. [73] for further details.

Recent applications of Ry'T include Refs. [8,38,45,46,81,99—
103], mostly focused on tau decays and hadronic contribu-
tions to the muon g-2.
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