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•  What are the new ideas and information presented at this workshop?  
•  What should we focus on?  
•  Where can Tau physics play an important role?  

  

 
 

 
 

 
 
 

 

 

Discussion topics 
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Talks by S. Banerjee, M. Bruno, M. Hoferichter, E.P., S. Prell, P. Roig  



•  Improve on mτ measurement : fundamental parameter of the SM 
               Improve Lepton Universality test + (g-2) τ

�
�

•  Measure the absolute Brs, they have not been updated since LEP 
 
 

 

 
 

 

  

 
 
 

 

 

1.  Leptonic τ   decays 
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ent in simulated and experimental data. The simulated
M

min

distribution is weighted according to the observed
di↵erences between the experimental and simulated dis-
tributions in p

⇤
3⇡. The impact on the result is found to

be 0.02MeV/c2.
Systematic uncertainties due to the simulation mis-

modeling of photon and neutral-pion reconstruction,
transverse-momentum resolution, track-finding, trigger
e�ciencies, and background processes are found to be
below or equal to 0.01MeV/c2 each.

E. Consistency checks

We check the stability of the result throughout vari-
ous data-taking periods and observe no evidence for a
time dependence. To exclude a potential dependence
of the measured ⌧ mass on the kinematic properties of
the three-pion system or the ⌧ -decay products, we di-
vide the data into sub-regions of various kinematic vari-
ables. Specifically, we use the cosine of the polar angle
of the three-pion system and the individual pions, M

3⇡

and p

3⇡, and the momentum of the highest-momentum
decay product. We obtain consistent results, indicat-
ing no significant unaccounted-for systematic e↵ects. Fi-
nally, we explicitly test for a dependence of the mea-
surement on the modeling of the ⌧ decay. In the ver-
sion of the TAUOLA program used for the simulation of
⌧ decays [39] the modeling of the three-pion mass dis-
tribution in the ⌧

� ! ⇡

�
⇡

+

⇡

�
⌫⌧ channel is based on

form factors from Ref. [40]. As an alternative we use a
sample simulated with form factors based on resonance
chiral-Lagrangian currents for the hadronic ⌧ decays [41–
44]. Using 6.6 ab�1 of simulated samples, the fit to the
generator-level M

min

distributions of ⌧ decays simulated
with the two models show negligible variation in the re-
sulting P

1

values. The P

1

values from fits to the re-
constructed distributions are in agreement within 1.7�.
Therefore no additional source of systematic uncertainty
is considered.

VI. SUMMARY

We measure the mass of the ⌧ lepton to be

m⌧ = 1777.09± 0.08± 0.11MeV/c2 (7)

using e

+

e

� ! ⌧

+

⌧

� data collected with the Belle II de-
tector at a center-of-mass energy of

p
s = 10.579GeV and

corresponding to an integrated luminosity of 190 fb�1.
The statistical uncertainty per unit sample size is smaller
compared to the previous results [8, 9] owing to the im-
proved event selection and momentum resolution of the
Belle II detector, which result in a steeper slope of the
M

min

distribution in the threshold region. The main
sources of systematic uncertainty arise from the knowl-
edge of the beam energy and from the uncertainty of
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Figure 5: Summary of the most precise ⌧ -mass measure-
ments [5–9] compared with the result of this work. The ver-
tical gray band indicates the average value of previous mea-
surements [32]. The inner bars represent the statistical uncer-
tainties, while the outer bars indicate the total uncertainties.

the charged-particle momentum correction. As shown in
Fig. 5, our result is consistent with previous measure-
ments [5–9] and is the most precise to date.
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•  For constraints on the Lorentz structure: 
 

           Michel parameters   
 
One can constrain sterile neutrinos 
�

•  Prospects on (g-2) τ with polarized beams         see M. Hoferichter’s talk 

 

 
 

 

  

 
 
 

 

 

1.  Leptonic τ   decays 
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see talks by S. Prell  and P. Roig  



•  Several anomalies where τ physics can help 
–  Cabibbo angle anomaly: Vus extraction 

 
–  CP asymmetry in τ       Kπντ  

 
 
 
 
–  g-2 of the muon 

 
 

 
 

  

 
 
 

 

 

2. Hadronic τ   decays 
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AQ =

Γ τ + →π +KS
0ντ( ) − Γ τ − → π −KS

0ντ( )
Γ τ + →π +KS

0ντ( ) + Γ τ − → π −KS
0ντ( )

BaBar measurement: Rate asymmetry 
BaBar measures the CP rate asymmetry in the decay    
 
 
Observable 
Selection 

   one Ks, one charged track not identified as Kaon 
    up to 3 T0’s, tag-side is e or Q��

Observed level asymmetry 
 
 
 
 
 
Correction 1 

The asymmetry arises from the different K0 and anti-K0 nuclear cross section 
The asymmetry is corrected by –(0.07 +/- 0.01) % 
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2.5  Recent Developments 
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•  New result from CMD3 in Novosibirsk 
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Figure 36: The ⇡

+
⇡

�(�) contribution to a

had,LO
µ from

energy range 0.6 <

p
s < 0.88 GeV obtained from this

and other experiments.

Experiment a

⇡+⇡�,LO
µ , 10�10

before CMD2 368.8± 10.3
CMD2 366.5± 3.4
SND 364.7± 4.9
KLOE 360.6± 2.1
BABAR 370.1± 2.7
BES 361.8± 3.6
CLEO 370.0± 6.2
SND2k 366.7± 3.2
CMD3 379.3± 3.0

Table 4: The ⇡

+
⇡

�(�) contribution to a

had,LO
µ

from energy range 0.6 <

p
s < 0.88 GeV ob-

tained from this and other experiments.

in Table. 4, where the first line in the table corresponds to the combined result of all
measurements before CMD-2 experiment.

The pion formfactor mesuarements from the di↵erent RHO2013 and RHO2018 seasons
of the CMD-3 give the statistically consistent result in the ahad,LOµ integral as:

a⇡⇡,LOµ (RHO2013) = (380.06± 0.61± 3.64)⇥ 10�10

a⇡⇡,LOµ (RHO2018) = (379.30± 0.33± 2.62)⇥ 10�10

a⇡⇡,LOµ (average) = (379.35± 0.30± 2.95)⇥ 10�10 (18)

Two CMD-3 values are in very good agreement in spite of a very di↵erent data taking
conditions (as was discussed earlier). The combined CMD-3 result was obtained in very
conservative assumption of 100% correlation between systematic errors of two data sets. The
CMD-3 result is significantly higher compared to other e+e� data, both energy scan and ISR.
Although this evaluation was done in the limited energy range only and the full evaluation
of ahad,LOµ is yet to be done, it is clear that our measurement will reduce tension between
the experimental value of the anomalous magnetic moment of muon and its Standard Model
prediction.

9. Conclusions

The measurement of e+e� ! ⇡+⇡� cross section was performed by the CMD-3 exper-
iment at the VEPP-2000 collider in the energy range

p
s = 0.32 ÷ 1.2 GeV in 209 energy

points. The analysis was based on the biggest ever used collected statistics at ⇢ resonance
region with 34 ⇥ 106 ⇡+⇡� events at

p
s < 1 GeV. The large statistics allows to study the

possible systematic e↵ects in details. The development of the analysis strategy, cross-checks

42

Ignatov et al., CMD-3,  
2302.08834 [hep-ex] 12

cays. The last four corrections are a�ected by a sys-
tematic uncertainty from the choice of the analytic
model for the fl lineshape, which we estimate from
the di�erence between the Gounaris-Sakurai and Kühn-
Santamaria resonance parameterisations and add lin-
early.

Due to its fast bipolar dependence on mass the con-
tribution of fl – Ê interference to the dispersion integral
is relatively small. It depends on the Ê mass, the mixing
amplitude ÁflÊ and its phase „flÊ, all determined from
fits to the pion form factor in e+e≠ data. The value for
„flÊ used in our previous analyses [48, 76] was unexpect-
edly large [86]. Here, we use updated results from a fit
to the combined e+e≠ data before CMD-3 [56, 87] giv-
ing mÊ = 782.07±0.15 MeV, ÁflÊ = (1.99±0.03)◊10≠3,
and „flÊ = (3.8 ± 1.8)¶. Including CMD-3 [57, 87] gives
similar results with the full di�erence added as system-
atic uncertainty. The resulting IB correction from fl – Ê
mixing is +(4.0 ± 0.4) ◊ 10≠10.

Summing up all the e�ects, the total IB correction to
the · -based 2fi contribution is estimated to be ≠(14.9±
1.9)◊10≠10 to be compared to our previous estimate of
≠(16.1 ± 1.9) ◊ 10≠10 [48, 76]. Finally the contribution
to aµ from the combined · data reads

a·
µ[2fi] = (517.3 ± 1.9 ± 2.2 ± 1.9) ◊ 10≠10 , (4)

where the uncertainties are from the combined mass
spectrum, the branching fractions, and the IB correc-
tions, respectively.

The result (4) di�ers from that obtained in Ref. [79],
(519.6 ± 2.8[exp]+1.9

≠2.1[IB]) ◊ 10≠10 using O(p4) ChPT.
Most of the di�erence is accounted for by their SEW
value (1.0201), which does not take into account dou-
ble counting between SEW and GEM for the subleading
non-logarithmic short-distance correction for quarks.
This e�ect is responsible for a shift of 1.7 ◊ 10≠10 in
a·

µ[2fi]. The remaining di�erence7 (0.6 ◊ 10≠10) origi-
nates mostly from the fl width corrections in the pion
form factor.

7 A new perspective on the muon g – 2
HVP contribution from the dispersive
method

Having discussed the tensions among the e+e≠ æ fi+fi≠

cross-section measurements and their possible origins,
and reappraised the use of the complementary · spec-
tral functions, we proceed with a quantitative study of
the dominant HVP contributions to aµ. We consider
here only the most precise results. We do not include
the CMD-2 measurements [51, 52], whose discrepancy
with CMD-3 is currently under investigation [88], and
the SND results, which are in a state of flux from the

7 Larger di�erences are seen when comparing results from
individual experiments.

E
xp

 =
 0

 ±
 2

2

-400 -350 -300 -250 -200 -150 -100 -50 0-450 50

aµ - aµ
   exp    [ × 10

-11
 ]

BABAR (100% of 2π below 1.8 GeV)

−168 ± 38 ± 29

CMD-3 (98.9%)

−50 ± 42 ± 29

KLOEwide
(97.1%)

−263 ± 51 ± 29

KLOEpeak
(75.3%)

−265 ± 23 ± 29

Tau (100%)

−135 ± 34 ± 29

BMW (lattice QCD)
−105 ± 55

Fig. 11. Compilation of aµ predictions subtracted by the
central value of the experimental world average [2]. The
predictions are computed from the individual fi+fi≠ con-
tributions between threshold and 1.8 GeV, complemented
by common non-fi+fi≠ contributions taken from Ref. [3]
(circles). The quoted uncertainties correspond to the two
contributions and do not include that of the subtracted ex-
perimental value shown by the vertical band. The error bars
indicate the fi+fi≠ and total uncertainties, respectively. The
percentage given for each experiment represents the frac-
tion of aµ[fi+fi≠, threshold–1.8 GeV ] used from a given ex-
periment (see text for details, particularly concerning the
two values for KLOE). The lattice result from BMW [37] is
shown as filled square.

older [53] to the new measurements [49] that are still
being updated [89].

For the following exercise, we consider the LO HVP
contributions from the fi+fi≠ channel in the wide mass
range from threshold to 1.8 GeV for each experiment.
BABAR and the · spectral functions extend over the
entire interval, while the other experiments cover a
more restricted range and are completed near thresh-
old and at large mass with the combination discussed in
Section 2. For KLOE, we use the original combined data
from Ref. [33] and consider two cases: the full available
range and a restricted range of 0.6–0.975 GeV, where
the data are most precise and KLOE’s weight in the
combination is largest (cf. top panel of Fig. 4). The two-
pion contributions are complemented by the remain-
ing LO HVP, NLO and NNLO HVP, hadronic light-by-
light, as well as QED and electroweak contributions, all
taken from Ref. [3]. The di�erences in the resulting aµ

predictions therefore reflect the di�erences in the two-
pion contributions from each experiment, whose uncer-
tainties correspond to the original ones, that is without
rescaling to accommodate inconsistencies among data
sets.

The results are shown in Fig. 11 as di�erences be-
tween the aµ predictions and experiment [2]. The un-
certainties drawn are from the fi+fi≠ measurements (in-

Davier et al.’24 
e+e- à π+π- 
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Status and plans of tau fits for HFLAV/PDG

|Vus | from tau measurements

0.22 0.225

|
us

|V

 = 2+1+1
f

, Nl3 KusV

 0.0005±0.2233 

 = 2+1+1
f

, Nl2 KusV

 0.0005±0.2250 

ub & V
ud

CKM unitarity & V

 0.0011±0.2272 

νs X→  τ

 0.0010± 0.0018 ±0.2184 

νπ → τ / ν K→  τ

 0.0010± 0.0016 ±0.2229 

ν K→  τ

 0.0008± 0.0015 ±0.2223 

  exclusive averageτ

 0.0017±0.2224 

  averageτ

 0.0014±0.2208 

HFLAV
2023 prelim

I |Vud | and |Vub| from
PDG 2023 reviews

I |Vus | from Kaons from
Cirigliano et al. PLB
838 (2023) 137748

I there are other
determinations of |Vus |
from tau inclusive (by
Kim Maltman et al.,)
however they cannot be
used in a simple way as
the procedure by Gamiz,
Pich et al.: this is the
reason why HFLAV Tau
continues to use the
original calculation

Alberto Lusiani (orcid.org/0000-0002-6876-3288) – TAU2023, 4-8 December 2023, Louisville, USA 13 / 16



2.1  Important experimental inputs 

7 Emilie Passemar 

Table 350: A summary of the averaged ⌧ branching fractions to strange final states.

Branching fraction HFLAV 2023 fit (%)

B(⌧� ! K�⌫⌧ ) 0.6959 ± 0.0096

B(⌧� ! K�⇡0⌫⌧ ) 0.4321 ± 0.0148

B(⌧� ! K�
2⇡0⌫⌧ (ex.K0

)) 0.0634 ± 0.0219

B(⌧� ! K�
3⇡0⌫⌧ (ex.K0, ⌘)) 0.0465 ± 0.0213

B(⌧� ! ⇡�K
0
⌫⌧ ) 0.8375 ± 0.0139

B(⌧� ! ⇡�K
0
⇡0⌫⌧ ) 0.3810 ± 0.0129

B(⌧� ! ⇡�K
0
2⇡0⌫⌧ (ex.K0

)) 0.0234 ± 0.0231

B(⌧� ! K
0
h�h�h+⌫⌧ ) 0.0222 ± 0.0202

B(⌧� ! K�⌘⌫⌧ ) 0.0155 ± 0.0008

B(⌧� ! K�⇡0⌘⌫⌧ ) 0.0048 ± 0.0012

B(⌧� ! ⇡�K
0
⌘⌫⌧ ) 0.0094 ± 0.0015

B(⌧� ! K�!⌫⌧ ) 0.0410 ± 0.0092

B(⌧� ! K��(K+K�
)⌫⌧ ) 0.0022 ± 0.0008

B(⌧� ! K��(K0
SK

0
L)⌫⌧ ) 0.0015 ± 0.0006

B(⌧� ! K�⇡�⇡+⌫⌧ (ex.K0,!)) 0.2924 ± 0.0068

B(⌧� ! K�⇡�⇡+⇡0⌫⌧ (ex.K0,!, ⌘)) 0.0388 ± 0.0142

B(⌧� ! K�
2⇡�

2⇡+⌫⌧ (ex.K0
)) 0.0001 ± 0.0001

B(⌧� ! K�
2⇡�

2⇡+⇡0⌫⌧ (ex.K0
)) 0.0001 ± 0.0001

B(⌧� ! X�
s ⌫⌧ ) 2.9078 ± 0.0478

12.6.3 |Vus| from B(⌧ ! K⌫)5354

We also determine |Vus| from the branching fraction B(⌧� ! K�⌫⌧ ) using

B(⌧� ! K�⌫⌧ ) =

G2
F

16⇡}f 2
K±|Vus|2⌧⌧m

3
⌧

✓

1 � m2
K

m2
⌧

◆2

S⌧h
EW(1 + �⌧K) . (323)

We use fK± = 155.7± 0.3 MeV from the 2023 web update of the FLAG 2021 lattice QCD aver-5355

ages with Nf = 2+1+1 [1510,1812–1814,1816,1818]. The universal short-distance electroweak5356

correction for ⌧ hadronic decays is S⌧h
EW = SR⌧h

EW · Ssub,lep
EW = 1.01910 ± 0.00030, where the ra-5357

diative correction for the tau spectral functions is SR⌧h
EW = 1.02350 ± 0.00030 [1797, 1819, 1820]5358

and the sub-leading universal short-distance correction for the ⌧ leptonic decays is Ssub,lep
EW =5359

0.9957 [1819]. The long-distance radiative correction for B(⌧� ! K�⌫⌧ ) is �⌧K = (�0.15 ±5360

0.57)% [1801]. The physical constants GF and } are taken from CODATA 2018 [1800]. We5361

obtain |Vus|⌧K = 0.2224 ± 0.0017, which is 2.3� below the CKM unitarity prediction.5362

507

•  Modes measured in the strange channel for              :   
 
 
 
 
 
 

 

 
        

 
 
 
 
 

 

sτ →
HFLAV’23 
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Table 350: A summary of the averaged ⌧ branching fractions to strange final states.
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•  Modes measured in the strange channel for              :   
 
 
 
 
 
 

 

 
        

 
 
 
 
 

 

sτ →
HFLAV’23 

~70% of the decay  
modes    
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Table 350: A summary of the averaged ⌧ branching fractions to strange final states.

Branching fraction HFLAV 2023 fit (%)

B(⌧� ! K�⌫⌧ ) 0.6959 ± 0.0096

B(⌧� ! K�⇡0⌫⌧ ) 0.4321 ± 0.0148

B(⌧� ! K�
2⇡0⌫⌧ (ex.K0

)) 0.0634 ± 0.0219

B(⌧� ! K�
3⇡0⌫⌧ (ex.K0, ⌘)) 0.0465 ± 0.0213

B(⌧� ! ⇡�K
0
⌫⌧ ) 0.8375 ± 0.0139

B(⌧� ! ⇡�K
0
⇡0⌫⌧ ) 0.3810 ± 0.0129

B(⌧� ! ⇡�K
0
2⇡0⌫⌧ (ex.K0

)) 0.0234 ± 0.0231

B(⌧� ! K
0
h�h�h+⌫⌧ ) 0.0222 ± 0.0202

B(⌧� ! K�⌘⌫⌧ ) 0.0155 ± 0.0008

B(⌧� ! K�⇡0⌘⌫⌧ ) 0.0048 ± 0.0012

B(⌧� ! ⇡�K
0
⌘⌫⌧ ) 0.0094 ± 0.0015

B(⌧� ! K�!⌫⌧ ) 0.0410 ± 0.0092

B(⌧� ! K��(K+K�
)⌫⌧ ) 0.0022 ± 0.0008

B(⌧� ! K��(K0
SK

0
L)⌫⌧ ) 0.0015 ± 0.0006

B(⌧� ! K�⇡�⇡+⌫⌧ (ex.K0,!)) 0.2924 ± 0.0068

B(⌧� ! K�⇡�⇡+⇡0⌫⌧ (ex.K0,!, ⌘)) 0.0388 ± 0.0142

B(⌧� ! K�
2⇡�

2⇡+⌫⌧ (ex.K0
)) 0.0001 ± 0.0001

B(⌧� ! K�
2⇡�

2⇡+⇡0⌫⌧ (ex.K0
)) 0.0001 ± 0.0001

B(⌧� ! X�
s ⌫⌧ ) 2.9078 ± 0.0478

12.6.3 |Vus| from B(⌧ ! K⌫)5354

We also determine |Vus| from the branching fraction B(⌧� ! K�⌫⌧ ) using

B(⌧� ! K�⌫⌧ ) =

G2
F

16⇡}f 2
K±|Vus|2⌧⌧m

3
⌧

✓

1 � m2
K

m2
⌧

◆2

S⌧h
EW(1 + �⌧K) . (323)

We use fK± = 155.7± 0.3 MeV from the 2023 web update of the FLAG 2021 lattice QCD aver-5355

ages with Nf = 2+1+1 [1510,1812–1814,1816,1818]. The universal short-distance electroweak5356

correction for ⌧ hadronic decays is S⌧h
EW = SR⌧h

EW · Ssub,lep
EW = 1.01910 ± 0.00030, where the ra-5357

diative correction for the tau spectral functions is SR⌧h
EW = 1.02350 ± 0.00030 [1797, 1819, 1820]5358

and the sub-leading universal short-distance correction for the ⌧ leptonic decays is Ssub,lep
EW =5359

0.9957 [1819]. The long-distance radiative correction for B(⌧� ! K�⌫⌧ ) is �⌧K = (�0.15 ±5360

0.57)% [1801]. The physical constants GF and } are taken from CODATA 2018 [1800]. We5361

obtain |Vus|⌧K = 0.2224 ± 0.0017, which is 2.3� below the CKM unitarity prediction.5362

507

•  Modes measured in the strange channel for              :   
 
 
 
 
 
 

 

 
        

 
 
 
 
 

 

sτ →
HFLAV’23 

~70% of the decay  
modes    

Up to ~90%  
Including the  
2π modes    

Useful for Vus  
inclusive and  
exclusive 
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A possible scenario
Gedanken experiment

Lattice spectral density (two-point correlator) fully inclusive
comparison with fully inclusive experimental data
known tensions in |Vus| with exclusive modes K¸3, K¸2

0.0 0.5 1.0 1.5
GeV

true

quoted

missing

�

suppose systematics at
high-energies

family of kernels Ÿ w/ smooth
cuto�
æ beneficial for Lattice QCD
(finite-volume)
æ examine inclusivity problem

several kernels w/ similar goals already proposed [Boyle et al ’10][Boito et al]

11 / 19

ETMC’24 
M. Bruno 
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•  Key measurements:  
–  ππ  vector form factor for g-2 of the muon + also e+e- à π+π- with ISR 

 

 
 

 
 
 
IB corrections should be precisely known (see talk by M. Bruno) 

  

 
 
 

 

 

,QYDULDQW��0DVV��6SHFWUD�� 

Useful tests of QCD Dynamics 
Form Factors 

Non-perturbative parameters 
 

Resonance Chiral Theory  (RFT) 

W�o QW�S��S0 

Belle data 

Gómez Dumm - Roig 

W�o QW�S��KS Jamin-Pich-Portolés 

Belle data 

A. Pich                                                                                            W  Physics                                                                                                  16 

BaBar 

τ- à π-π0ντ e+e- à π+π- 
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•  Key measurements: Kπ invariant mass distribution + FB asymmetry         info 
on Kπ vector and scalar FFs:  Crucial inputs for phenomenology  

 

 
 

 
 

  

 
 
 

 

 

K ∗
0 (800) + K ∗(892) + K ∗(1410) model

The K ∗(892) alone is not sufficient to describe the K 0
Sπ spectrum

10
-1

1

10

10 2

10 3

10 4

0.8 1 1.2 1.4 1.6
√s, GeV/c2

N
EV

EN
TS

Signal
KSKLπ
KSππ

0

KSK
3π
non-ττ

MK∗(892) = 895.47± 0.20 MeV/c2

ΓK∗(892) = 46.19± 0.57 MeV

|a(K∗(1410))| = (75± 6) × 10−3

arg(a(K∗(1410))) = 1.44± 0.15

|a(K∗
0 (800))| = 1.57± 0.23

χ2/Ndf = 90.2/84, P(χ2) = 30%

We take K∗
0 (800) parameters:

MK∗
0 (800) = (878± 23± 60)MeV/c2 , ΓK∗

0 (800) = (499± 52± 71) MeV/c2 from:
M. ABLIKIM et al., [BES COLLABORATION], PHYS. LETT. B 633, 681 (2006).
There is large systematic uncertainty in the near K 0

Sπ production threshold part of the
spectrum due to the large background from the τ− → K 0

Sπ−K 0
L ντ decay, whose

dynamics is not precisely known. Careful study of the τ− → K 0
Sπ−ντ near the K 0

Sπ
production threshold is needed.

SCTF-2019 Workshop, Moscow Search for CPV in τ → Kπν at e+e− colliders, effect of the polarized electron beam D. Epifanov (BINP, NSU) 11/25

Belle’07 
  
Kπ  sγ µu 0 = pK − pπ( )µ −

ΔKπ

s
pK + pπ( )µ

⎡

⎣
⎢

⎤

⎦
⎥  f+ (s) +

ΔKπ

s
pK + pπ( )µ  f0(s)

vector scalar 

τ → Kπντ  



2.3  Exclusive hadronic Tau decays 

13 

 

•  Key measurements: Kπ invariant mass distribution + FB asymmetry         info 
on Kπ vector and scalar FFs:  Crucial inputs for phenomenology  

 

 
 

 
 

  

 
 
 

 

 

  
Kπ  sγ µu 0 = pK − pπ( )µ −

ΔKπ

s
pK + pπ( )µ

⎡

⎣
⎢

⎤

⎦
⎥  f+ (s) +

ΔKπ

s
pK + pπ( )µ  f0(s)

vector scalar 

  
AFB =

dΓ cosθ( ) − dΓ -cosθ( )
dΓ cosθ( ) + dΓ -cosθ( )

Beldjoudi & Truong’94 
Moussallam, B2TIP 
Von Detten’21,  
Rendon et al.’24 

Never measured before! 

K0 

Kπ FFs: building block for many phenomenological analyses:  
B → K* ll, B →Kπlν, D →Kππ, … 
    

K0 K0 

K0 

K K 

K 

K0 

K 
 
cos δ1

1/2 − δ 0
1/2( )



Theoretical improvements & Experimental needs 

•  Inclusion and calculations of Isospin breaking and EM effects which are 
crucial at the level of precision:  

 analytical (talk by P. Roig) and with lattice QCD (talk by M. Bruno) 
       
     Measurement of  τ → PPγ  ντ  needed  

 test the structure-dependent radiative corrections 
 
•  Focus on Br with 1 K then Kπ then Kππ  

•  Invariant mass distribution  

•  Importance of providing efficiency corrected data with covariance matrix 

•  Collaboration between experimentalists and theorists is crucial 

•  Other ideas?  
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3.   Back-up 



τ → Kπντ CP violating asymmetry: new physics

16 

 

•  We need a tensor interaction to get some interference:  

 
 

•  When integrating the interference term between vector and tenson does not 
vanish:  

 
 
  
 

 
 

How to understand BaBar’s rate asymmetry 

A recent paper discuss the possibility about the tensor interaction 
(H.Devi, L.Dhargyal,N. Sinha, PRD 90,013016(2014). 
Effective Hamiltonian of Tensor int. 
 
 
G’ is an imaginary coupling 
 
The Vector-Tensor interference term does not vanish after 
angular integration. 
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FIG. 3: Diagrammatic representation of the electromagnetic
dipole operator contributing to the neutron EDM produced
by inserting the (τ̄σµνRτ )(ūσµνRu) operator (left), and the
contribution to D–D̄ mixing originating from the double in-
sertion of the operator (τ̄σµνRτ )(c̄σµνRu) (right, the second
permutation is omitted).

involving the τ and the up quark only. The renormaliza-
tion group evolution [41] of this operator then produces
an up-quark EDM du(µ),

LD = −
i

2
du(µ)ūσ

µνγ5uFµν , (31)

via the diagram shown in Fig. 3. Solving the RG follow-
ing [42–44] we find

du(µ) =
emτ

v2
V 2
us

π2
Im cT (µ) log

Λ

µ

≃ 3.0× Im cT (µ) log
Λ

µ
× 10−21 e cm. (32)

Using the 90% C.L. bound dn = guT (µ)du(µ) < 2.9 ×
10−26 e cm [45] and the recent lattice result [46] guT (µ =
2GeV) = −0.233(28) we obtain (µτ = 2GeV)

|Im cT (µτ )| ≤
4.4× 10−5

log Λ
µτ

<∼ 10−5, (33)

where the last inequality holds for Λ >∼ 100GeV. This
bound is based on the assumption that there are no other
contributions to the neutron EDM canceling the effect of
cT . However, for values of Im cT (µτ ) ∼ 0.1 required to
explain the tau CP asymmetry, the cT contribution alone
would predict a neutron EDM four orders of magnitude
larger than the current bound, requiring an extraordinary
cancellation at the level of one part in 104.
Such a cancellation could in principle occur with op-

erators related to the flavor structure C3311 in (28),
since the neutron EDM is sensitive to the combination
VudIm c11T + VusIm c21T , where c21T = cT and c11T is defined
analogously to (30). However, yet another combination
appears in D–D̄ mixing, which is very sensitive to the
imaginary part of the Wilson coefficients (as for example
defined in [47])

C′

2 =
1

2
C′

3 = 4G2
F
m2

τ

π2
log

Λ

µτ
V 2
us

(

Vcdc
11
T +Vcsc

21
T

)2
, (34)

where we have neglected the effect of external momenta,
i.e. the mass of the charm quark. Using the global fit
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FIG. 4: Allowed regions in the Im c21T –Im c11T plane from the
neutron EDM and D–D̄ mixing (for φ = ±π/4 and Λ =
1TeV), compared to the favored region from the τ → KSπντ
CP asymmetry. The exclusion regions for φ = ±π/4 differ
due to the asymmetric form of the fit result in [48].

of [48] and assuming the phase of Vcdc11T + Vcsc21T to be
equal to φ = ±π/4,3 this leads to the situation depicted
in Fig. 4. Since (34) requires the insertion of two effective
operators, the leading contribution here is of dimension 8,
while in an ultraviolet complete model there is in general
already a dimension-6 contribution, making the bounds
from D–D̄ mixing even stronger than the one shown in
Fig. 4. To evade all bounds, one would therefore not
only have to cancel the cT contribution to the neutron
EDM at the level of 10−4, but also tune the combination
Vcdc11T + Vcsc21T close to purely imaginary to evade the
constraint from D–D̄ mixing.

CONCLUSIONS

In this article we examined non-standard contributions
to the CP asymmetry in τ → KSπντ . We find that at the
dimension 6 level only the tensor operator can lead to di-
rect CP violation, with negligible QED corrections from
the scalar operator. However, the effect of the tensor
operator is much smaller than previously estimated as a
consequence of Watson’s final-state-interaction theorem.
Therefore, a very large imaginary part of the Wilson co-
efficient of the tensor operator would be required in order
to account for the current tension between theory and ex-
periment. In fact, we find in a model-independent analy-
sis that this is in general in conflict with the bounds from
the neutron EDM and D–D̄ mixing, making a BSM ex-
planation (realized above the electroweak breaking scale)

3 In general, the constraint is diluted by
√

| tan φ| and therefore
disappears for φ = ±π/2.

In conflict with bounds from  
neutron EDM and DD mixing  

How to understand BaBar’s rate asymmetry 

A recent paper discuss the possibility about the tensor interaction 
(H.Devi, L.Dhargyal,N. Sinha, PRD 90,013016(2014). 
Effective Hamiltonian of Tensor int. 
 
 
G’ is an imaginary coupling 
 
The Vector-Tensor interference term does not vanish after 
angular integration. 
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dipole operator contributing to the neutron EDM produced
by inserting the (τ̄σµνRτ )(ūσµνRu) operator (left), and the
contribution to D–D̄ mixing originating from the double in-
sertion of the operator (τ̄σµνRτ )(c̄σµνRu) (right, the second
permutation is omitted).

involving the τ and the up quark only. The renormaliza-
tion group evolution [41] of this operator then produces
an up-quark EDM du(µ),

LD = −
i

2
du(µ)ūσ

µνγ5uFµν , (31)

via the diagram shown in Fig. 3. Solving the RG follow-
ing [42–44] we find

du(µ) =
emτ

v2
V 2
us

π2
Im cT (µ) log

Λ

µ

≃ 3.0× Im cT (µ) log
Λ

µ
× 10−21 e cm. (32)

Using the 90% C.L. bound dn = guT (µ)du(µ) < 2.9 ×
10−26 e cm [45] and the recent lattice result [46] guT (µ =
2GeV) = −0.233(28) we obtain (µτ = 2GeV)

|Im cT (µτ )| ≤
4.4× 10−5

log Λ
µτ

<∼ 10−5, (33)

where the last inequality holds for Λ >∼ 100GeV. This
bound is based on the assumption that there are no other
contributions to the neutron EDM canceling the effect of
cT . However, for values of Im cT (µτ ) ∼ 0.1 required to
explain the tau CP asymmetry, the cT contribution alone
would predict a neutron EDM four orders of magnitude
larger than the current bound, requiring an extraordinary
cancellation at the level of one part in 104.
Such a cancellation could in principle occur with op-

erators related to the flavor structure C3311 in (28),
since the neutron EDM is sensitive to the combination
VudIm c11T + VusIm c21T , where c21T = cT and c11T is defined
analogously to (30). However, yet another combination
appears in D–D̄ mixing, which is very sensitive to the
imaginary part of the Wilson coefficients (as for example
defined in [47])
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where we have neglected the effect of external momenta,
i.e. the mass of the charm quark. Using the global fit
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FIG. 4: Allowed regions in the Im c21T –Im c11T plane from the
neutron EDM and D–D̄ mixing (for φ = ±π/4 and Λ =
1TeV), compared to the favored region from the τ → KSπντ
CP asymmetry. The exclusion regions for φ = ±π/4 differ
due to the asymmetric form of the fit result in [48].

of [48] and assuming the phase of Vcdc11T + Vcsc21T to be
equal to φ = ±π/4,3 this leads to the situation depicted
in Fig. 4. Since (34) requires the insertion of two effective
operators, the leading contribution here is of dimension 8,
while in an ultraviolet complete model there is in general
already a dimension-6 contribution, making the bounds
from D–D̄ mixing even stronger than the one shown in
Fig. 4. To evade all bounds, one would therefore not
only have to cancel the cT contribution to the neutron
EDM at the level of 10−4, but also tune the combination
Vcdc11T + Vcsc21T close to purely imaginary to evade the
constraint from D–D̄ mixing.

CONCLUSIONS

In this article we examined non-standard contributions
to the CP asymmetry in τ → KSπντ . We find that at the
dimension 6 level only the tensor operator can lead to di-
rect CP violation, with negligible QED corrections from
the scalar operator. However, the effect of the tensor
operator is much smaller than previously estimated as a
consequence of Watson’s final-state-interaction theorem.
Therefore, a very large imaginary part of the Wilson co-
efficient of the tensor operator would be required in order
to account for the current tension between theory and ex-
periment. In fact, we find in a model-independent analy-
sis that this is in general in conflict with the bounds from
the neutron EDM and D–D̄ mixing, making a BSM ex-
planation (realized above the electroweak breaking scale)

3 In general, the constraint is diluted by
√

| tan φ| and therefore
disappears for φ = ±π/2.
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by inserting the (τ̄σµνRτ )(ūσµνRu) operator (left), and the
contribution to D–D̄ mixing originating from the double in-
sertion of the operator (τ̄σµνRτ )(c̄σµνRu) (right, the second
permutation is omitted).

involving the τ and the up quark only. The renormaliza-
tion group evolution [41] of this operator then produces
an up-quark EDM du(µ),

LD = −
i

2
du(µ)ūσ

µνγ5uFµν , (31)

via the diagram shown in Fig. 3. Solving the RG follow-
ing [42–44] we find

du(µ) =
emτ

v2
V 2
us

π2
Im cT (µ) log

Λ

µ

≃ 3.0× Im cT (µ) log
Λ

µ
× 10−21 e cm. (32)

Using the 90% C.L. bound dn = guT (µ)du(µ) < 2.9 ×
10−26 e cm [45] and the recent lattice result [46] guT (µ =
2GeV) = −0.233(28) we obtain (µτ = 2GeV)

|Im cT (µτ )| ≤
4.4× 10−5

log Λ
µτ

<∼ 10−5, (33)

where the last inequality holds for Λ >∼ 100GeV. This
bound is based on the assumption that there are no other
contributions to the neutron EDM canceling the effect of
cT . However, for values of Im cT (µτ ) ∼ 0.1 required to
explain the tau CP asymmetry, the cT contribution alone
would predict a neutron EDM four orders of magnitude
larger than the current bound, requiring an extraordinary
cancellation at the level of one part in 104.
Such a cancellation could in principle occur with op-

erators related to the flavor structure C3311 in (28),
since the neutron EDM is sensitive to the combination
VudIm c11T + VusIm c21T , where c21T = cT and c11T is defined
analogously to (30). However, yet another combination
appears in D–D̄ mixing, which is very sensitive to the
imaginary part of the Wilson coefficients (as for example
defined in [47])
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where we have neglected the effect of external momenta,
i.e. the mass of the charm quark. Using the global fit
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FIG. 4: Allowed regions in the Im c21T –Im c11T plane from the
neutron EDM and D–D̄ mixing (for φ = ±π/4 and Λ =
1TeV), compared to the favored region from the τ → KSπντ
CP asymmetry. The exclusion regions for φ = ±π/4 differ
due to the asymmetric form of the fit result in [48].

of [48] and assuming the phase of Vcdc11T + Vcsc21T to be
equal to φ = ±π/4,3 this leads to the situation depicted
in Fig. 4. Since (34) requires the insertion of two effective
operators, the leading contribution here is of dimension 8,
while in an ultraviolet complete model there is in general
already a dimension-6 contribution, making the bounds
from D–D̄ mixing even stronger than the one shown in
Fig. 4. To evade all bounds, one would therefore not
only have to cancel the cT contribution to the neutron
EDM at the level of 10−4, but also tune the combination
Vcdc11T + Vcsc21T close to purely imaginary to evade the
constraint from D–D̄ mixing.

CONCLUSIONS

In this article we examined non-standard contributions
to the CP asymmetry in τ → KSπντ . We find that at the
dimension 6 level only the tensor operator can lead to di-
rect CP violation, with negligible QED corrections from
the scalar operator. However, the effect of the tensor
operator is much smaller than previously estimated as a
consequence of Watson’s final-state-interaction theorem.
Therefore, a very large imaginary part of the Wilson co-
efficient of the tensor operator would be required in order
to account for the current tension between theory and ex-
periment. In fact, we find in a model-independent analy-
sis that this is in general in conflict with the bounds from
the neutron EDM and D–D̄ mixing, making a BSM ex-
planation (realized above the electroweak breaking scale)

3 In general, the constraint is diluted by
√

| tan φ| and therefore
disappears for φ = ±π/2.

Devi, Dhargyal, Sinha’14 
 Cirigliano, Crivellin, Hoferichter’17 

 Cirigliano, Crivellin, Hoferichter’17 



 
2.2  f+(0) from lattice QCD 

•  Recent progress on Lattice QCD for determining f+(0) 
 
 

 

2011: Vus = 0.2254(5) exp(11)lat    à  Vus = 0. 2231(4)exp(4)lat    

  
f+ (0)N f =2+1+1

FLAG 21 = 0.9698(17)

0.18% uncertainty 

to be compared to  

  
f+ (0)N f =2+1+1

FLAG16 = 0.9704(32)

Uncertainty divided by ~2 w/ 
2016 and by 25 w/ 2011!  

  
f+ (0)N f =2+1

2010 = 0.959(50)

Lattice uncertainties  
at the same level as exp.  

-3.2σ	away	from	unitarity!	 
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Vus/Vud from Kl2/πl2

 
 
 

 
 
•  Recent progress on radiative corrections computed on lattice: 

 
 
•  Main input hadronic input: fK/fπ

•  In 2011: Vus/Vud = 0.2312(4) exp(12)lat  

•  In 2021: Vus/Vud = 0. 2311(3)exp(4)lat the lattice error is reducing by a factor 
of 3 compared to 2011! It is now of the same order as the experimental 
uncertainty.  

 
 

 

Di Carlo et al.’19  

-1.8σ	away	from	unitarity	 

18 Emilie Passemar 



Progress since 2018:             new results from ETM’21 and CalLat’20 

 

 

 
 

 
 

 

 

 

 

 
 
 

     
 
 

     
 

 
 

 

2.2  fK/fπ from lattice QCD 

Now Lattice collaborations  
include SU(2) IB corr.  
For Nf=2+1+1, FLAG2021 
 
 
 
 
Results have been stable  
over the years 
 
For average substract IB corr. 

  fK + f
π + = 1.1932(21)

0.18% uncertainty 

  fK fπ = 1.1967(18)

Vus/Vud = 0. 23108(29)exp(42)lat  

In 2011:   fK fπ = 1.193(6)

Emilie Passemar 



 
 
 
 
 
 
•  Quantity of interest : 

 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
	
	
	

	
  

 
 
 
 
 

 
 

 
 
      

 
 

Inclusive τ-decays  
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Braaten,	Narison,	Pich’92	

  
Rτ ≡

Γ τ − →ντ + hadrons( )
Γ τ − →ντe

−ν e( )



•  Calculation of Rτ: 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
	
	
	

	

  
 
 
 
 
 

 
 

 
 
      

 
 

3.2  Calculation of the QCD corrections 
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Braaten,	Narison,	Pich’92	

( ) ( ) ( ) ( )
2 2

1 02
2 2 2

0

( ) 12 1 1 2 Im Im
m

EW
ds s sR m S s i s i
m m m

τ

τ τ
τ τ τ

π ε ε
⎡ ⎤⎛ ⎞ ⎛ ⎞

= − + Π + + Π +⎢ ⎥⎜ ⎟ ⎜ ⎟
⎢ ⎥⎝ ⎠ ⎝ ⎠⎣ ⎦

∫

[7]

[8]

[6]

+
V V A A

J



•  Calculation of Rτ: 

 
 
 
 
 

•   Spectral functions:  

  

 
•  ALEPH and OPAL at LEP measured  

with precision not only the total BRs  
but also the energy distribution of the  
hadronic system  

 mix of non-perturbative and  
 perturbative effects 

 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
	
	
	

	
  

 
 
 
 
 

 
 

 
 
      

 
 

3.2  Calculation of the QCD corrections 
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Braaten,	Narison,	Pich’92	

(0 1)
1 ,v ( ) 2 Im ( )ud Vs sS � 3

(0 1)
1 ,a ( ) 2 Im ( )ud As sS � 3

Davier et al, 1312.1501 

SPECTRAL  FUNCTIONS 

BF  data 
needed 

A. Pich                                                                                      Leptons & QCD                                                                                            5 

Zhiqing Zhang (zhang@lal.in2p3.fr, LAL, Orsay) /13 3 Tau 2014, Aachen, Sept. 15-19, 2014 

Theoretically, Rτ can be expressed in terms of vacuum polarization functions as 

R⌧,V +A = 12⇡SEW

Z m2
⌧

0

ds

m2
⌧

✓
1� s

m2
⌧

◆2 ✓
1 + 2

s

m2
⌧

◆
Im⇧(1)(s + i") + Im⇧(0)(s + i")

�

with ⇧(J) = |Vud|2
⇣
⇧(J)

ūd,V + ⇧(J)
ūd,A

⌘

Im⇧(1)
ūd,V/A(s) =

1
2⇡

v1/a1(s), Im⇧(0)
ūd,A =

1
2⇡

a0(s)

Therefore, Rτ is a weighted integral of spectral functions 
 Basis for comparing measurements with theoretical predictions 

similar in e+e- 
annihilation 
into hadrons: 

 Im[                    ]  ∝  |                     hadrons |2 

BNP, NPB373 (1992) 581 

( ) ( ) ( ) ( )
2 2

1 02
2 2 2

0

( ) 12 1 1 2 Im Im
m

EW
ds s sR m S s i s i
m m m

τ

τ τ
τ τ τ

π ε ε
⎡ ⎤⎛ ⎞ ⎛ ⎞

= − + Π + + Π +⎢ ⎥⎜ ⎟ ⎜ ⎟
⎢ ⎥⎝ ⎠ ⎝ ⎠⎣ ⎦

∫



Measurements 
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Rτ ≡

Γ τ − →ντ + hadrons( )
Γ τ − →ντe

−ν e( ) = ?•    

 
 
 

•   Decomposition as a function of observed and separated final states:  
  
 
 
 
 
 
 
 

 

 
 
 
 
 
	
	
	

	

  
 
 
 
 
 

 
 

 
 
      

 
 

,, ,V A SR R RRt tt t= + +

,VRt , 0v shtt n-
=® +

,ARt , 0A shtt n-
=® +

,SRt , 1V A shtt n-
+ =® +

(even number of pions)

(odd number of pions)



Measurements 
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Rτ ≡

Γ τ − →ντ + hadrons( )
Γ τ − →ντe

−ν e( ) = ?•    

 
 
 

•   Decomposition as a function of observed and separated final states:  
  
 
 
 
 
 
 
 

 

 
 
 
 
 
	
	
	

	

  
 
 
 
 
 

 
 

 
 
      

 
 

, , ,V SARR R Rtt t t= + +

,VRt , 0v shtt n-
=® +

,ARt , 0A shtt n-
=® +

,SRt , 1V A shtt n-
+ =® +

(even number of pions)

(odd number of pions)



Measurements 
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Rτ ≡

Γ τ − →ντ + hadrons( )
Γ τ − →ντe

−ν e( ) = ?•    

 
 
 

•   Decomposition as a function of observed and separated final states:  
  
 
 
 
 
 
 
 

 

 
 
 
 
 
	
	
	

	

  
 
 
 
 
 

 
 

 
 
      

 
 

, , ,V SAR R R Rt tt t= + +

,VRt , 0v shtt n-
=® +

,ARt , 0A shtt n-
=® +

,SRt , 1V A shtt n-
+ =® +

(even number of pions)

(odd number of pions)



•  Calculation of Rτ: 

	
	
	

•  We are in the non-perturbative region:  
we do not know how to compute! 

 
 
 

•  Trick: use the analytical properties of Π! 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
	
	
	

	
  

 
 
 
 
 

 
 

 
 
      

 
 

3.2  Calculation of the QCD corrections 
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Braaten,	Narison,	Pich’92	

( ) ( ) ( ) ( )
2 2

1 02
2 2 2

0

( ) 12 1 1 2 Im Im
m

EW
ds s sR m S s i s i
m m m

τ

τ τ
τ τ τ

π ε ε
⎡ ⎤⎛ ⎞ ⎛ ⎞

= − + Π + + Π +⎢ ⎥⎜ ⎟ ⎜ ⎟
⎢ ⎥⎝ ⎠ ⎝ ⎠⎣ ⎦

∫

Non-Perturba;ve 

Perturba;ve 



•  Calculation of Rτ: 

	
	
	
	

•  Analyticity: Π is analytic in the entire complex plane except for s real positive 
 

                     Cauchy Theorem 

	
	
	

•  We are now at sufficient energy to use OPE: 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
	
	
	

	

  
 
 
 
 
 

 
 

 
 
      

 
 

3.2  Calculation of the QCD corrections 
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Braaten,	Narison,	Pich’92	( ) ( ) ( ) ( )
2 2

1 02
2 2 2

0

( ) 12 1 1 2 Im Im
m

EW
ds s sR m S s i s i
m m m

τ

τ τ
τ τ τ

π ε ε
⎡ ⎤⎛ ⎞ ⎛ ⎞

= − + Π + + Π +⎢ ⎥⎜ ⎟ ⎜ ⎟
⎢ ⎥⎝ ⎠ ⎝ ⎠⎣ ⎦

∫

   
Rτ (mτ

2 ) = 6iπ SEW
ds
mτ

2 1 − s
mτ

2

⎛

⎝⎜
⎞

⎠⎟

2

1 + 2 s
mτ

2

⎛

⎝⎜
⎞

⎠⎟
Π 1( ) s( ) + Π 0( ) s( )⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥s =mτ

2!∫

( ) ( )
2

0,2,4... dim

1( ) ( , ) ( )
( )

JJ
DD

D O D
s s O

s
µ µ

= =
Π =

−∑ ∑ C

Wilson	coefficients	 Operators	
μ:	separation scale between               
 short and long distances 



 
 

	 

	

 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
	
	
	

	
  

 
 
 
 
 

 
 

 
 
      

 
 

3.3  Operator Product Expansion 
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( ) ( )
2

0,2,4... dim

1( ) ( , ) ( )
( )

JJ
DD

D O D
s s O

s
µ µ

= =

P =
-å å C

separation scale
between short and 
long distances

µ

Wilson coefficients Operators

• D=0: Perturbative contributions

• D=2: Quark mass corrections

• D=4: Non perturbative physics operators,

• D=6: 4 quarks operators,  

• D³8: Neglected terms, supposed to be small…

similar for              and 

,s GGa
p j iim q q

1 2i j j iq q q qG G

2 (0) ( )
, 0 ,

2,4..

3( ) 1
2

ud D
V EW ud V

D
R s V St d d

=

æ ö
= + +ç ÷

è ø
å , 0( )AR st , 0( )SR st



•  Calculation of	Rτ: 

 
 
•  Electroweak corrections: 

•   Perturbative part (D=0):		
	

 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
	
	
	

	

  
 
 
 
 
 

 
 

 
 
      

 
 

Perturbative Part 
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Braaten,	Narison,	Pich’92	

( ) ( )2  1C EW P NPR m N Sτ τ δ δ= + +

1.0201(3)EWS = Marciano &Sirlin’88, Braaten & Li’90, Erler’04 

2 3 45.20 26 127 ... 20%P a a a aτ τ τ τδ = + + + + ≈ Baikov, Chetyrkin, Kühn’08 

( )s ma τ
τ

α
π

=



•  Calculation of	Rτ: 

 
 
•  Electroweak corrections: 

•   Perturbative part (D=0): 

•  D=2: quark mass corrections, neglected for                       but not for 

•  D ≥ 4: Non perturbative part, not known, fitted from the data 
             Use of weighted distributions 
 
Ex: In the non-strange sector: 

   
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
	
	
	

	

  
 
 
 
 
 

 
 

 
 
      

 
 

Non-perturbative part 
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Braaten, Narison, Pich’92 

( ) ( )2  1C EW P NPR m N Sτ τ δ δ= + +

1.0201(3)EWS = Marciano &Sirlin’88, Braaten & Li’90, Erler’04 

2 3 45.20 26 127 ... 20%P a a a aτ τ τ τδ = + + + + ≈ Baikov, Chetyrkin, Kühn’08 

( )s ma τ
τ

α
π

=

( ) ,NS
u dR m mτ ∝ ( ) s

SR mτ ∝

  δ NP
NS = −0.0064(13) Davier et al.’14 



•  	D ≥ 4: Non perturbative part, not known, fitted from the data 
           Use of weighted distributions 
 

Exploit shape of the spectral functions  
to obtain additional experimental  
information 

 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
	
	
	

	

  
 
 
 
 
 

 
 

 
 
      

 
 

Non-Perturbative part 
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Le	Diberder&Pich’92	

( ) s
SR mτ ∝

Zhiqing Zhang (zhang@lal.in2p3.fr, LAL, Orsay) /13 5 Tau 2014, Aachen, Sept. 15-19, 2014 

Exploit shape of SFs to obtain additional  
experimental information: Le Diberder-Pich,                

PL B289, 165 (1992) 

Weighting factor suppresses the region where  
OPE fails and we have small statistics. 

 with corresponding perturbative and nonperturbative OPE terms 

  Theory prediction very similar to Rτ: 

  Because of the strong correlations, only four moments are used. 

 Five experimental inputs (Rτ + 4 moments) for four unknowns  

R⌧ ⌘ R00
⌧

Zhiqing Zhang (zhang@lal.in2p3.fr, LAL, Orsay) /13 5 Tau 2014, Aachen, Sept. 15-19, 2014 

Exploit shape of SFs to obtain additional  
experimental information: Le Diberder-Pich,                

PL B289, 165 (1992) 

Weighting factor suppresses the region where  
OPE fails and we have small statistics. 

 with corresponding perturbative and nonperturbative OPE terms 

  Theory prediction very similar to Rτ: 

  Because of the strong correlations, only four moments are used. 

 Five experimental inputs (Rτ + 4 moments) for four unknowns  

R⌧ ⌘ R00
⌧

Zhang’Tau14	


