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e Lepton Universality. Lorentz Structure

e Hadronic Decays: QCD Tests, ms, |Vus|

e New Physics: Lepton Number Violation, Q\u,
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Present Accuracy

Bro, = (17.334+0.06)% 3.5-103
Bre = (17.81 4+ 0.06)% 3.4.1073
7 = (290.6 + 0.9) fs 3.1-103
m; = (1776.99 1322 ) MeVv 1.6-104
m2 0.8-1073
7, = (2.19703 4+ 0.00004) - 107° s 1.8-107°
New Experiments: BELLE, BABAR, CLEO-C, BESII, TWIST, PSI

Improved Theoretical Calculations:

e ete™ — 7T7= (threshold, NNLO) Ruiz-Femenia—A.P., Voloshin

e 1 decay (lifetime /spectrum) van Ritbergen-Stuart-Malde,
Steinhauser-Seidensticker, Arbuzov-Czarnecki-Gaponenko-Melnikov, Freitas et al,

Awramik-Czakon, Davydychev-Schilcher-Spiesberger, Fisher et al, ...



LORENTZ STRUCTURE
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HADRONIC TAU DECAYS
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Muon Anomalous Magnetic Moment
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ae = (115965218.69+0.41) x 10711 = o1 =137.03599875 (52)

ay = (11 659 203 +£8) x 10710 BNL-E821
109 xa) = 116584704 + 1.5 QED Kinoshita—Nio
+ 154 4+ 0.2 EW Czarnecki—Marciano—Vainshtein
+ hvp  (711.04+5.8), , (696.3+£7.2).+.  Davier
— 10.0 + 0.6 hvp NLO Krause

I_l

11 659 194.6 £+ 8.2

0.73 ¢

light — by — light Melnikov—Vainshtein, Knecht et al

(11 659 200.4 + 7.0),; , (11 659 185.7 + 8.2).+c

0.24 o 1.51 ¢




PION FORM FACTOR
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Onﬂv l_lmml_lm Braaten—Narison—Pich
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op = ar + 5.20 Qw —+ 26 @w + .- &~ 20% , ar = as(mr)/m
Sgw = 1.0194 ; &@S\ = 0.0010 X oNp = M QMMM ~ Q|M < 1%
n>?2 mr my
sl | . C(ALEPH) .w =3 o;(M32)=0.120 & 0.003

= Z (LEP + SLD)
03k ]

Similar predictions for 7., 7. 4, H. g

0.25

L H w N
02} ] : 0] S S dR
m | Ry (s0) = \o s AH - %v Asmv is

T T
0.15

Ol e Snp = —0.003 +0.004 (fitted from data)

10 10




SPECTRAL FUNCTIONS
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(k,1)

SR* (ALEPH)

ms(m,;) (MeV)

K'n (MC)

(0,0) | 0.374 +£0.133 | 1324 29.,, + 14y,
(1,0) | 0.398+0.078 | 120 + 16.p + 164,
(2,0) | 0.399+0.054 | 117 + 12,5, + 214,

}

SmAgﬂv = A”_.MO + 1lexp & m<:m + H@ﬁjv MeV

ms(1 GeV) = ?o.o wwmv MeV

me(2 GeV) = ?5 wwmv MeV




e Bad perturbative convergence of D@?L

msp J =0 spectral function from non-r data / theory

e Strong sensitivity to |Vys|

Unitarity CKM fit: ms(2 GeV) (117 £17) MeV

PDG average: ms(2 GeV) (103 £17) MeV

O { eq. (4.4
~ This work 9. (4.4)
O i eq. (4.5)
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m, %0 =» NEW PHYSICS

Lepton Number Violation. Lepton Mixing. Leptonic Q\u

Cd
L = h%§ I_l MU >&|m_. Q&
d

1 SU(2);, ®U(1)y invariant operator with d =5
Cij 7 ogatrc — Ll ML yC M. — S 2
A iPP J 2 Vil Mij Vs, , ij — >d

Small Majorana Mass: my, 2 0.05eV  —  A/c;; S 101° Gev

Present Limits on decays ~ 2x 107

N/ ce > 6 TeV



SUMMARY

LLepton Universality tested to rather good accuracy
V —A Structure verified in . but not vyet in

The 7 is a wonderful QCD Laboratory

— Exclusive: Resonances, yP T, ...

Open questions in (g —2),

First hints of New Physics: v Masses and Mixings

There is an exciting future ahead



