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Outline

 Leptonic decays

 Hadron decays

 Breaking the SM rules

 Messages

I. Inclusive tau decays:  αS(Mτ)

II. Exclusive tau decays: Hadronization of QCD currents

E. g.   
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What can we get?

1. Inclusive decays:  full hadron spectra. 

Study of Standard Model parameters : αS(Mτ), |Vus|, mS

2. Exclusive decays: specific hadron spectrum. 

Study of form factors, resonance parameters (MR, ΓR),

hadronization of QCD currents.
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What can we get?

1. Inclusive decays:  full hadron spectra. Precision physics.

Study of Standard Model parameters : αS(Mτ), |Vus|, mS

2. Exclusive decays: specific hadron spectrum. 

Study of form factors, resonance parameters (MR, ΓR),

hadronization of QCD currents.

Non-precision 
physics

P = pseudoscalar 
meson
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Reference Method
Baikov et al. [15] CIPT, FOPT 0.1998 (43) - 0.332 (16) 0.1202 (19)

Davier et al. [11] CIPT 0.2066 (70) -0.0059 (14) 0.344 (09) 0.1212 (11)

Beneke-Jamin [19] BSR + FOPT 0.2042 (50) -0.007 (03) 0.316 (06) 0.1180 (08)

Maltman-Yavin [20] PWM + CIPT - +0.012 (18) 0.321 (13) 0.1187 (16)

Narison [21] CIPT, FOPT - - 0.324 (08) 0.1192 (10)

Caprini-Fischer [22] BSR + CIPT 0.2037 (54) - 0.322 (16) -

Abbas et al. [23] IFOPT 0.2037 (54) - 0.338 (10) -

Cvetic et al. [24] βexp + CIPT 0.2040 (40) - 0.341 (08) 0.1211 (10)

Boito et al. [25] FOPT, DV - - 0.308 (8) 0.1171 (10)

Pich-Rodríguez [26] CIPT, FOPT - - 0.328 (13) 0.1197 (15)

C. Ayala et al. [27] FOPT, PV - - 0.312 (7) 0.1176 (10)

CIPT :   Contour-improved perturbation theory βexp :       Expansion in derivatives of αs
FOPT : Fixed-order perturbation theory PWM :    Pinched-weight moments
BSR :    Borel summation of renormalon series           DV :        Duality violation
IFOPT: Improved FOPT                                               PV :        Principal Value of Borel summation
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SM

LFV is large in the neutrino sector :

Oscillations

Solar neutrinos
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Model-independent analysis in SMEFT [37]

[38,39]

Field content of SM

New Physics scale

NA64 input



D = 6  ∆L = 1 operators



Tau decays

HEPfit [40]
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conversion in nuclei



Tau decays



4. Messages 

Physics of the tau lepton has many interesting aspects:

 To explore QCD, both at perturbative level (inclusive processes) and in the
non-perturbative energy región (study of hadronization).

 If we look for violation of Universality in the lepton families we will have to
pay close attention to the processes that involve the tau lepton in 
comparison with those involving the lighter leptons. 

 We already have seen neutral lepton flavour violation: the neutrinos mix. 
There seems to be no reason why charged lepton flavour violation should
not happen in Nature: the quest on the experimental side is a major task. 



EXERCISE

Within Resonance Chiral Theory, using the antisymmetric formulation to
describe the vector resonances, determine the vector form factor of the pion

defined by

,

where and .

1) Obtain information on the couplings of the vector resonance to the pions,
and by imposing the proper high-energy behaviour of the form

factor.

2) In some extensions of the Standard Model it is suggested an extra
contribution to the pion form factor, given by the following lagrangian

.

What do you think? Is that posible for all values of ?
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mS and |Vus| from inclusive tau data decays

[A.1, A.2]
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