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New Physics ?
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τ Data Samples

ALEPH: 3.3 ·105 reconstructed τ decays
BaBar / Belle: 1.4 ·109 τ+τ− pairs
Belle-II: 4.6 ·1010 τ+τ− pairs
sτcF: 2.1 ·1010 τ+τ− pairs (108 near threshold)
Tera-Z: 1.7 ·1011 τ+τ− pairs
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Luminosity is important.   Systematics & backgrounds also!

Different experimental conditions at different energies 
(τ+τ− threshold, ψ, ϒ, Ζ)
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Preliminary Belle-II measurement of mτ

A. Pich                                                                                            τ Physics                                                                                                  5

mτ = (1776.96 ± 0.09)  MeV
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Lepton  Universality  in  W  decays

2007.14040
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2201.07861
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Lorentz  Structure: 
Effective  Hamiltonian:

High-precision  τ data needed!

Normalization:

A. Pich                                                                                            τ Physics                                                                                                  10



µ- Longitudinal Polarization in  τ-→µ-νµντ

Probability to decay into a right-handed muon:

A. Pich                                                                                            τ Physics                                                                                                  11

_

( ) ( )2 2 2 2 21 1| | | | 3 '| | | | | | 1
4 2R

S S T V V
RR RL RR RL RL RR RLQ Q Q g g g g gµ ξ= + = + + + + = −

MC τ+τ− event

Belle, 2303.10570
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Not yet constraining. Error dominated by statistics…

Tiny probability of muon decaying inside the
detector compensated by huge statistics



Bounds on Lepton Flavour Violation
τ Decays (90% CL)

Br(µ→ eγ) < 4.2 × 10−13 (MEG, 90% CL) ,              Br(µ→ 3e) < 1.0 × 10−12 (SINDRUM, 90% CL)

Br(KL → µe) < 4.7 × 10−12 (BNL-E871, 90% CL) ,       Br(K+→ π+µ+e−) < 1.3 × 10−11 (BNL-E865, 90% CL)

Br(B0 → eµ) < 1.0 × 10−9 (LHCb, 90% CL) ,              Br(D0 → eµ) < 1.3 × 10−8 (LHCb, 90% CL)

Br(Z0→ eµ) < 7.5 × 10-7 (ATLAS, 95% CL) ,            Br(H→ eµ) < 6.1 × 10-5 (ATLAS, 95% CL)

Br(Z0→ eτ) < 5.0 × 10−6 (ATLAS, 95% CL) , Br(H→ eτ) < 2.2 × 10−3 (CMS, 95% CL)

Br(Z0→ µτ) < 6.5 × 10−6 (ATLAS, 95% CL) , Br(H→ µτ) < 1.5 × 10−3 (CMS, 95% CL)
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prospects



CP  Asymmetry

Belle does not see any asymmetry at the 10-2 level
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Rendón-Roig-Toledo, 1902.08143
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Invariant  Mass  Spectra  

Useful tests of QCD Dynamics
Form Factors

Non-perturbative parameters

Resonance Chiral Theory (RχT)τ−→ ντ π− KS

Jamin-Pich-Portolés, 0803.1786

Belle data

τ−→ ντ π− π0 τ−→ ντ Κ− ΚS

Gónzàlez-Solís – Roig, 1902.02273
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A.P., Prog. Part. Nucl. Phys. 117 (2021) 103846



(0 1)
1 ,v ( ) 2 Im ( )ud Vs sπ += Π

(0 1)
1 ,a ( ) 2 Im ( )ud As sπ += Π

Davier et al, 1312.1501

SPECTRAL  FUNCTIONS

Better  
data

needed
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Moments:

Detailed analyses by ALEPH, CLEO and OPAL
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Sensitivity to power corrections (k,l)

Spectral  Function  Distribution

The non-perturbative contribution to Rτ can be obtained
from the invariant-mass distribution of the final hadrons
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NP 0.0064 0.0013δ = − ±
Davier et al., 1312.1501

(ALEPH data)2
exp th( ) 0.332 0.005 0.011s mτα = ± ±
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N3LO

Rodríguez-Sánchez, Pich,  1605.06830

αs at  N3LO  from  τ and  Z

Improved spectral function data Better control of non-perturbative contributions

Better theoretical understanding of higher-order perturbative corrections needed
(CIPT / FOPT, K5, renormalons…)       Hoang et al, Golterman et al…

Rodríguez-Sánchez, Pich,  2205.07587



µ Anomalous 
Magnetic  Moment
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Aoyama et al, 2006.04822

Muon g-2, 2104.03281

M. Davier
Tau 10

Z. Zhang, 1302.1896

Dominated (75%) by 2π



Euclidean Adler Function (Q2=-q2)
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Strange Spectral Function
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Sensitive to SU(3) breaking:   ms ,  Vus

Very low statistics.  Large experimental uncertainties



Vus Determination      Gámiz-Jamin-Pich-Prades-Schwab ’03
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Sizeable discrepancy.  Improvements needed
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Vus & Vud Cabibbo Anomaly

Sizeable violation of CKM unitarity



Hadronic τ Decay  &  New Physics

Cirigliano, Falkowski, González-Alonso, Rodríguez-Sánchez, 1809.01161

10-3 units95% CL

A. Pich                                                                                            τ Physics                                                                                                  27



SUMMARY
Many interesting τ topics
 Tests of QCD and the Electroweak Theory

 Looking for Signals of New Phenomena 

 Superb Tool for New Physics Searches  

Better data samples needed

Lots of data will be produced @ Belle-II & sτcF
& TeraZ…

Improving systematics brings a great reward
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LORENTZ   STRUCTURE

ee   

   

 

 

1a  

95% CL                   Stahl, PDG2020

ee   

90% CL                            Fetscher-Gerber, PDG2020
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probes the
hadronic V-A   current
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Exhaustive Analysis of ALEPH Data
Rodríguez-Sánchez, Pich, 1605.06830
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Chiral Sum Rules
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( ) 2 4
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' / ( 4.5 1.8) 10I
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Electron  Anomalous Magnetic Moment
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τ Anomalous Magnetic  Moment
exp ( 0.018 0.017)aτ = − ± DELPHI

108 ·    = 117 324     ± 2          QED
+ 47.4  ± 0.5        EW
+ 337.5 ± 3.7        hvp
+ 7.6  ± 0.2        hvp NLO
+ 5     ± 3           light-by-light

=  117 721  ± 5

thaτ

New Phys0.007 0.005aτ− < < González-Springer, Santamaria, Vidal ‘00 (LEP/SLD data)

Eidelman, Passera

Enhanced sensitivity to 
new physics:  2 283m m  

Difficult  to  measure!

Essentially unknown
May be accessible at BFs through 

radiative leptonic decays (Fael et al) or 
with a polarized e− beam (Crivellin et al)
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EFT analysis of  τ→ντKπ
Rendón-Roig-Toledo, 1902.08143

NP 2 5 TeVΛ ≥ −

Complementary to kaon and hyperon data analyses
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τ’s @  LHC
 Excellent signature to probe New Physics  

Difficult to identify light objects (Z,W±) with only Jets
QCD Jets orders of magnitude larger
Must rely on leptons

 LHC produces high-momenta τ’s
Tightly collimated decay products  (mini-jet like)
Momentum reconstruction possible

 Low multiplicity.  Good tagging efficiency

 Heaviest lepton coupling to the Higgs  (4th H Br)

 Polarization information
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W→τν

Pτ = -1.05±0.07



Flavour-Violating Higgs Couplings

( ) )Br 0.15 9 % CL% ( 5H µτ→ <
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Effective Field Theory Analysis
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Global fit to all data
(q2 distributions included)

Murgui-Peñuelas-Jung-Pich, 1904.09311



B→D*ν Observables with different FFs
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Fedele et al 2305.15457

Smaller [larger] discrepancy on R(D*)  [R(D)] would bring back 
a possible new-physics scalar explanation



τ Data Samples
ALEPH: 3.3 ·105 reconstructed τ decays
BaBar / Belle: 1.4 ·109 τ+τ− pairs

Belle-II: 4.6 ·1010 τ+τ− pairs

sτcF: 2.1 ·1010 τ+τ− pairs (108 near threshold)
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Luminosity (1035 cm-2 s-1)  is important.  Systematics also!

Advantages of the threshold región:
 Ability to measure backgrounds (running below threshold)
 Free of heavy quark backgrounds
 Single-Tagging Precise measurement of absolute branching fractions
 Monochromatic spectra for two-body decays (π, K)
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τ+τ−
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Calibration
Highest σ(τ+τ−)  
below open c

Highest σ(τ+τ−) 

σ(e+e− →τ+τ−) 
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