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Status of Tau branching fractions global fit

Introduction

Status

I since 2016, the PDG tau branching fractions global fit is a version of the HFLAV tau fit
I 3 differences between the post-2016-PDG fit and the HFLAV fit

I PDG fit is unitarity constrained because PDG BF fit are so, HFLAV is not
I HFLAV uses alternate set of ALEPH hadronic tau BFs measurements, PDG does not

I see next slide for details
I HFLAV uses an ALEPH estimate for B(fi → a1(→ ı‚)�), PDG does not

I ALEPH estimate is not in the PDG listings, because it is not a measurement
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Status of Tau branching fractions global fit

PDG SCHAEL 05C measurements

B(fi− → e−�̄e�
−
fi )

B(fi− → —−�̄—�
−
fi )

B(fi− → ı−�fi )
B(fi− → ı−ı0�fi )
B(fi− → ı−2ı0�fi (ex.K0))
B(fi− → ı−3ı0�fi (ex.K0))
B(fi− → h−4ı0�fi (ex.K0; ”))
B(fi− → ı−ı−ı+�fi (ex.K0

; !))
B(fi− → ı−ı−ı+ı0�fi (ex.K0))
B(fi− → h−h−h+2ı0�fi (ex.K0))
B(fi− → h−h−h+3ı0�fi (ex.K0))
B(fi− → 3h−2h+�fi (ex.K0))
B(fi− → 3h−2h+ı0�fi (ex.K0))

HFLAV SCHAEL 05C alternate set

B(fi− → e−�̄e�
−
fi )

B(fi− → —−�̄—�
−
fi )

B(fi− → h−�fi )
B(fi− → h−ı0�fi )
B(fi− → h−2ı0�fi (ex.K0))
B(fi− → h−3ı0�fi (ex.K0))
B(fi− → h−4ı0�fi (ex.K0; ”))
B(fi− → h−h−h+�fi (ex.K0

; !))
B(fi− → h−h−h+ı0�fi (ex.K0))
B(fi− → h−h−h+2ı0�fi (ex.K0))
B(fi− → h−h−h+3ı0�fi (ex.K0))
B(fi− → 3h−2h+�fi (ex.K0))
B(fi− → 3h−2h+ı0�fi (ex.K0))
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Status of Tau branching fractions global fit

Plans

I add alternate set of ALEPH hadronic tau BFs measurements into PDG
I no plan to change current PDG treatment of B(fi → a1(→ ı‚)�)

I continue to use constraint based on B(a1 → ı‚) (present in the PDG listings)
I ad-hoc corrrection to the fit result to account for the uncertainty of B(a1 → ı‚)

This presentation

I why HFLAV uses the alternate set of SCHAEL 05C measurements
I how HFLAV reconstructs the alternate set of SCHAEL 05C measurements
I what is holding off the addition of the alternate ALEPH measurements into the PDG?
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Status of Tau branching fractions global fit

ALEPH SCHAEL 05C, p.241, mainly reports measurements of exclusive modes (e.g., fi → ı nı
0
�)

ALEPH Collaboration / Physics Reports 421 (2005) 191–284 241

Table 14
Combined results for the exclusive branching ratios (B) for modes without kaons

Mode B±�stat± �syst [%]

e 17.837± 0.072± 0.036
� 17.319± 0.070± 0.032
�− 10.828± 0.070± 0.078
�−�0 25.471± 0.097± 0.085
�−2�0 9.239± 0.086± 0.090
�−3�0 0.977± 0.069± 0.058
�−4�0 0.112± 0.037± 0.035
�−�−�+ 9.041± 0.060± 0.076
�−�−�+�0 4.590± 0.057± 0.064
�−�−�+2�0 0.392± 0.030± 0.035
�−�−�+3�0 0.013± 0.000± 0.010 Estimate
3�−2�+ 0.072± 0.009± 0.012
3�−2�+�0 0.014± 0.007± 0.006
�−�0� 0.180± 0.040± 0.020 ALEPH[13]
�−2�0� 0.015± 0.004± 0.003 CLEO[27]
�−�−�+� 0.024± 0.003± 0.004 CLEO[27]
a−
1 (→ �−�) 0.040± 0.000± 0.020 Estimate

�−�(→ �0�,�+�−) 0.253± 0.005± 0.017 ALEPH[13]
�−�0�(→ �0�,�+�−) 0.048± 0.006± 0.007 ALEPH[13] + CLEO[26]
�−2�0�(→ �0�,�+�−) 0.002± 0.001± 0.001 CLEO[27]
�−�−�+�(→ �0�,�+�−) 0.001± 0.001± 0.001 CLEO[27]

The contributions from channels with� and� are given separately, the latter only for the electromagnetic� decays.All results are from this analysis,
unless explicitly stated. The “estimates” are discussed in the text.

In conclusion the two independent data and Monte Carlo samples give consistent results. The 1994–1995 results
confirm the trend of largerh�0 and 3h�0, and smallerh and 3h branching ratios compared to the previous analyses, as
observed in 1991–1993 data sample.

13.3. Final combined results

Finally the two sets of results are combined. Using only statistical or total weights—in the latter taking into account
correlated errors from dynamics and secondary interactions—gives almost identical results. The final results obtained
with the total weights are shown inTable 14.
The branching ratios obtained for the different channels are correlated with each other. On one hand the statistical

fluctuations in the data and the Monte Carlo sample are driven by the multinomial distribution of the corresponding
events, producing well-understood correlations. On the other hand the systematic effects also induce significant corre-
lations between the different channels. All the systematic studies were done keeping track of the correlated variations
in the final branching ratio results, thus allowing a proper propagation of errors. The full covariance matrices from
statistical (from data) and systematic origins are given inTables 15and16.

13.4. An independent analysis of the leptonic branching ratios

A dedicated analysis of the leptonic branching ratios has been performed as a by-product of one of the two methods
used byALEPH tomeasure the� polarization and polarization asymmetry[16]. It identifies and selects directly single�
hemispheres with leptons without a full selection of othertaudecay modes. In order to normalize the selected samples,
the number of produced� pairs is derived using thee+e− → �+�− cross section measured by ALEPH[19] and the
precise determination of luminosity using small-angle Bhabha scattering.
Particle identification is performed using a method quite similar to the one used in the global analysis and described

in Section 4.2 but using a totally independent code. The performances of the two procedures are very close. Similarly,
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Status of Tau branching fractions global fit

ALEPH SCHAEL 05C, p.242, correlations only reported for inclusive modes (e.g., fi → h nı
0
�)

242 ALEPH Collaboration / Physics Reports 421 (2005) 191–284

Table 15
Correlation matrix of the statistical errors on the branching fractions

� h h�0 h2�0 h3�0 h4�0 3h 3h�0 3h2�0 3h3�0 5h 5h�0

e −0.21 −0.15 −0.25 −0.09 −0.01 0.00 −0.15 −0.10 0.03 −0.06 0.00 0.01
� 1.00 −0.13 −0.21 −0.07 −0.06 0.00 −0.09 −0.07 0.00 −0.02 0.00 −0.04
h 1.00 −0.31 −0.02 0.01 −0.06 −0.12 −0.06 −0.02 0.01 −0.01 0.02
h�0 1.00 −0.40 0.05 0.00 −0.11 −0.06 −0.02 0.00 −0.04 −0.04
h2�0 1.00 −0.51 0.26 −0.09 0.01 −0.07 0.06 −0.01 0.03
h3�0 1.00 −0.75 0.01 −0.03 0.05 −0.02 −0.01 0.01
h4�0 1.00 −0.02 −0.02 −0.03 0.01 0.02 −0.03
3h 1.00 −0.33 0.08 −0.05 −0.04 0.00
3h�0 1.00 −0.45 0.19 −0.02 −0.02
3h2�0 1.00 −0.65 0.03 0.02
3h3�0 1.00 −0.01 −0.04
5h 1.00 −0.24
5h�0 1.00

Table 16
Correlation matrix of the systematic errors on the branching fractions

� h h�0 h2�0 h3�0 h4�0 3h 3h�0 3h2�0 3h3�0 5h 5h�0

e −0.17 −0.01 0.02 0.01 0.03 −0.08 −0.17 −0.22 −0.05 0.02 0.00 0.00
� 1.00 0.05 0.09 −0.03 0.02 −0.13 −0.11 −0.24 −0.06 0.01 0.03 −0.04
h 1.00 0.36 −0.29 −0.32 −0.42 0.34 −0.40 −0.40 −0.07 0.16 −0.09
h�0 1.00 −0.35 −0.02 −0.33 0.01 −0.54 −0.26 0.02 0.11 −0.06
h2�0 1.00 −0.01 0.13 −0.24 0.07 0.13 0.06 −0.13 0.03
h3�0 1.00 −0.13 −0.29 −0.02 0.15 0.09 −0.06 0.04
h4�0 1.00 −0.14 0.34 0.27 0.00 −0.12 −0.05
3h 1.00 −0.03 −0.16 −0.11 0.17 −0.06
3h�0 1.00 0.04 −0.03 −0.07 −0.01
3h2�0 1.00 −0.14 −0.09 0.07
3h3�0 1.00 −0.02 0.02
5h 1.00 −0.26
5h�0 1.00

the treatment of photons and the separation between genuine and fake photons follows similar philosophies, but it is
implemented separately.
Hemisphereswith�decay leptonic candidates are selected in two steps. In the preselection step, eventswith acollinear

“jets” (cos
acol<−0.9) are retained with a loose lepton identification at least on one side. Then, strict cuts are applied
to select electron andmuon hemispheres, by rejecting hadronic� decays (electron or muon identification, veto if a�0 is
reconstructed in the same hemisphere) and non-� background (usingmethods similar to those described in Section 3.3).
The selection efficiencies are about 69% and 75% for electronic and muonic decays, respectively. The corresponding
values for the� decay feedthrough contaminations are 1.0% and 0.8%, and 1.5% and 0.4% for the non-� background,
respectively. The muon identification in this method allows the detection of lower muon momenta down to 1.3GeV,
compared to 2 GeV in the global method. A total of 48,882 electron and 50,782 muon hemispheres are thus selected.
In this method the largest systematic uncertainty originates from the�-pair normalization and is completely correlated
for the electron and muon channels. The results of this specific analysis are:

B(� → ��e�e)= (17.778± 0.080± 0.049)% , (16)

B(� → �����)= (17.299± 0.077± 0.045)% , (17)

where the first errors are statistical and the second systematic.

statistical correlation
242 ALEPH Collaboration / Physics Reports 421 (2005) 191–284
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e −0.21 −0.15 −0.25 −0.09 −0.01 0.00 −0.15 −0.10 0.03 −0.06 0.00 0.01
� 1.00 −0.13 −0.21 −0.07 −0.06 0.00 −0.09 −0.07 0.00 −0.02 0.00 −0.04
h 1.00 −0.31 −0.02 0.01 −0.06 −0.12 −0.06 −0.02 0.01 −0.01 0.02
h�0 1.00 −0.40 0.05 0.00 −0.11 −0.06 −0.02 0.00 −0.04 −0.04
h2�0 1.00 −0.51 0.26 −0.09 0.01 −0.07 0.06 −0.01 0.03
h3�0 1.00 −0.75 0.01 −0.03 0.05 −0.02 −0.01 0.01
h4�0 1.00 −0.02 −0.02 −0.03 0.01 0.02 −0.03
3h 1.00 −0.33 0.08 −0.05 −0.04 0.00
3h�0 1.00 −0.45 0.19 −0.02 −0.02
3h2�0 1.00 −0.65 0.03 0.02
3h3�0 1.00 −0.01 −0.04
5h 1.00 −0.24
5h�0 1.00

Table 16
Correlation matrix of the systematic errors on the branching fractions

� h h�0 h2�0 h3�0 h4�0 3h 3h�0 3h2�0 3h3�0 5h 5h�0

e −0.17 −0.01 0.02 0.01 0.03 −0.08 −0.17 −0.22 −0.05 0.02 0.00 0.00
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the treatment of photons and the separation between genuine and fake photons follows similar philosophies, but it is
implemented separately.
Hemisphereswith�decay leptonic candidates are selected in two steps. In the preselection step, eventswith acollinear

“jets” (cos
acol<−0.9) are retained with a loose lepton identification at least on one side. Then, strict cuts are applied
to select electron andmuon hemispheres, by rejecting hadronic� decays (electron or muon identification, veto if a�0 is
reconstructed in the same hemisphere) and non-� background (usingmethods similar to those described in Section 3.3).
The selection efficiencies are about 69% and 75% for electronic and muonic decays, respectively. The corresponding
values for the� decay feedthrough contaminations are 1.0% and 0.8%, and 1.5% and 0.4% for the non-� background,
respectively. The muon identification in this method allows the detection of lower muon momenta down to 1.3GeV,
compared to 2 GeV in the global method. A total of 48,882 electron and 50,782 muon hemispheres are thus selected.
In this method the largest systematic uncertainty originates from the�-pair normalization and is completely correlated
for the electron and muon channels. The results of this specific analysis are:

B(� → ��e�e)= (17.778± 0.080± 0.049)% , (16)

B(� → �����)= (17.299± 0.077± 0.045)% , (17)

where the first errors are statistical and the second systematic.

systematic correlation
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Status of Tau branching fractions global fit

from C. Patrignani et al. (Particle Data Group), Chin. Phys. C, 40, 100001 (2016) and 2017 update

I PDG uses inclusive-modes total correlation for exclusive & semi-exclusive BFs

Citation: C. Patrignani et al. (Particle Data Group), Chin. Phys. C, 40, 100001 (2016) and 2017 update

16.8 ±0.7 ±0.9 515 5 BARTEL 86D JADE Eee
cm= 34.6 GeV

20.4 ±3.0 +1.4
−0.9 ALTHOFF 85 TASS Eee

cm= 34.5 GeV

17.8 ±0.9 ±0.6 390 5 ASH 85B MAC Eee
cm= 29 GeV

18.2 ±0.7 ±0.5 6 BALTRUSAIT...85 MRK3 Eee
cm= 3.77 GeV

13.0 ±1.9 ±2.9 BERGER 85 PLUT Eee
cm= 34.6 GeV

18.3 ±2.4 ±1.9 60 BEHREND 83C CELL Eee
cm= 34 GeV

16.0 ±1.3 459 7 BACINO 78B DLCO Eee
cm= 3.1–7.4 GeV

1Correlation matrix for SCHAEL 05C branching fractions, in percent:

(1) Γ(τ− → e−νe ντ )/Γtotal
(2) Γ(τ− → µ− νµντ )/Γtotal

(3) Γ(τ− → π−ντ )/Γtotal
(4) Γ(τ− → π−π0 ντ )/Γtotal
(5) Γ(τ− → π−2π0 ντ (ex.K0))/Γtotal
(6) Γ(τ− → π−3π0 ντ (ex.K0))/Γtotal
(7) Γ(τ− → h− 4π0 ντ (ex.K0,η))/Γtotal
(8) Γ(τ− → π−π+π− ντ (ex.K0,ω))/Γtotal
(9) Γ(τ− → π−π+π−π0 ντ (ex.K0))/Γtotal

(10) Γ(τ− → h− h− h+2π0 ντ (ex.K0))/Γtotal
(11) Γ(τ− → h− h− h+3π0 ντ )/Γtotal
(12) Γ(τ− → 3h− 2h+ ντ (ex.K0))/Γtotal
(13) Γ(τ− → 3h− 2h+π0 ντ (ex.K0))/Γtotal

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

(2) -20

(3) -9 -6

(4) -16 -12 2

(5) -5 -5 -17 -37

(6) 0 -4 -15 2 -27

(7) -2 -4 -24 -15 20 -47

(8) -14 -9 15 -5 -17 -14 -8

(9) -13 -12 -25 -30 4 -2 16 -15

(10) 0 -2 -23 -14 4 10 13 -6 -17

(11) 1 0 -5 1 4 6 0 -9 -2 -11

(12) 0 1 9 4 -8 -4 -6 9 -5 -4 -2

(13) 1 -4 -3 -5 3 2 -4 -3 -1 4 1 -24
2The correlation coefficient between this measurement and the ACCIARRI 01F measure-
ment of B(τ− → µ− νµντ ) is 0.08.

3The correlation coefficients between this measurement and the ANASTASSOV 97 mea-
surements of B(µνµ ντ ), B(µνµ ντ )/B(e νe ντ ), B(h

− ντ ), and B(h− ντ )/B(e νe ντ )

are 0.50, −0.42, 0.48, and −0.39 respectively.
4Not independent of ALBRECHT 92D Γ(µ− νµ ντ )/Γ(e

− νe ντ ) and ALBRECHT 93G

Γ(µ− νµντ )× Γ(e− νe ντ )/Γ
2
total values.

5Modified using B(e− νe ντ )/B(“1 prong”) and B(“1 prong”) ,= 0.855.
6 Error correlated with BALTRUSAITIS 85 Γ

(
µ− νµ ντ

)
/Γtotal.

7 BACINO 78B value comes from fit to events with e± and one other nonelectron charged
prong.
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Status of Tau branching fractions global fit

ALEPH tau BFs correlations in the PDG

I correlations published for SCHAEL 05C inclusive modes are used for the exclusive modes
I SCHAEL 05C documents that exclusive pion BFs are computed subtracting kaon, ”

and ! tau BFs from inclusive hadron BFs, therefore there are correlations between the
exclusive BFs and kaon, ” and ! tau BFs
I however, these correlations are not included in the PDG

I ALEPH instructed how to insert into PDG the measurements in SCHAEL 05C
I ALEPH priority: measuring exclusive modes, more directly testing tau decay models
I HFLAV priority: improve precision of global fit of tau BFs
I HFLAV addressed above issues by reconstructing the inclusive ALEPH SCHAEL 05C

measurements and by using these measurements instead of the exclusive ones
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Status of Tau branching fractions global fit

Determining inclusive BFs measured in SCHAEL 05C is non-trivial

ALEPH SCHAEL 05C, p.221, inclusive modes are measured, but only sample-specific numbers are published

ALEPH Collaboration / Physics Reports 421 (2005) 191–284 221

Table 7

Efficiency matrix for 1994–1995 data (in %)

e � h h�0 h2�0 h3�0 h4�0 3h 3h�0 3h2�0 3h3�0 5h 5h�0

e 73.26 0.01 0.41 0.45 0.34 0.25 0.74 0.02 0.02 0.05 0.00 0.00 0.00

� 0.01 74.49 0.63 0.22 0.07 0.21 0.33 0.01 0.01 0.00 0.00 0.00 0.00

h 0.25 0.75 65.03 3.56 0.34 0.06 0.00 1.44 0.10 0.08 0.00 0.80 0.00

h�0 1.02 0.26 4.70 68.19 11.31 2.15 0.49 0.48 1.28 0.62 0.05 0.24 0.00

h2�0 0.12 0.01 0.33 5.67 57.68 23.13 7.57 0.08 0.39 1.48 0.24 0.04 0.00

h3�0 0.01 0.00 0.07 0.41 6.92 43.06 38.15 0.01 0.10 0.37 0.71 0.04 0.00

h4�0 0.00 0.00 0.02 0.05 0.67 6.25 25.26 0.00 0.02 0.11 0.19 0.00 0.00

3h 0.01 0.02 0.25 0.07 0.03 0.00 0.00 67.98 6.77 0.80 0.03 22.11 2.52

3h�0 0.01 0.01 0.22 0.56 0.27 0.06 0.06 7.29 58.90 16.53 4.46 7.07 16.04

3h2�0 0.00 0.00 0.04 0.06 0.10 0.08 0.02 0.41 6.02 40.42 25.02 0.28 0.65

3h3�0 0.00 0.00 0.00 0.00 0.00 0.01 0.05 0.02 0.41 6.19 28.98 0.00 0.00

5h 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00 38.70 4.58

5h�0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.02 0.03 0.08 2.99 38.72

Class 14 3.27 4.17 6.38 0.73 1.08 1.71 1.75 0.80 3.66 9.96 13.87 5.03 9.75

Sum 77.06 79.72 78.08 79.97 78.81 76.97 74.42 78.56 77.71 76.64 73.64 77.30 72.26

Generated classes are given in the first row, and reconstructed classes in the first column. All the corrections are applied except that for nuclear

interactions and hadron misidentification in multiprong channels. The last row gives the selection efficiency for each produced class.

Table 8

Branching ratios (%) from 1991–1993 and 1994–1995 data sets; the first error is statistical and the second is systematic

Topology 91–93 94–95

e 17.859 ± 0.112 ± 0.058 17.799 ± 0.093 ± 0.045

� 17.356 ± 0.107 ± 0.055 17.273 ± 0.087 ± 0.039

h 12.238 ± 0.105 ± 0.104 12.058 ± 0.088 ± 0.083

h�0 26.132 ± 0.150 ± 0.104 26.325 ± 0.123 ± 0.090

h2�0 99.680 ± 0.139 ± 0.124 9.663 ± 0.107 ± 0.105

h3�0 1.128 ± 0.110 ± 0.086 1.229 ± 0.089 ± 0.068

h4�0 0.227 ± 0.056 ± 0.047 0.163 ± 0.050 ± 0.040

3h 9.931 ± 0.097 ± 0.072 9.769 ± 0.080 ± 0.059

3h�0 4.777 ± 0.093 ± 0.074 4.965 ± 0.077 ± 0.066

3h2�0 0.517 ± 0.063 ± 0.050 0.551 ± 0.050 ± 0.038

3h3�0 0.016 ± 0.029 ± 0.020 −0.021 ± 0.023 ± 0.019

5h 0.098 ± 0.014 ± 0.006 0.098 ± 0.011 ± 0.004

5h�0 0.022 ± 0.010 ± 0.009 0.028 ± 0.008 ± 0.007

Class 14 0.017 ± 0.043 ± 0.042 0.099 ± 0.035 ± 0.037

It should be noted that the efficiency matrix εji is independent of the � branching ratios used in the simulation,

except for the subclasses contributing to each defined class as shown in Table 3. The effect depends however on small

branching ratios for final states including kaons and the procedure used for this correction relies on theALEPHmeasured

values [9].

The analysis assumes a standard � decay description. One could imagine unknown decay modes not included in the

simulation, but since large detection efficiencies are achieved in the �� selection which is therefore robust, so that these

decays would be difficult to pass unnoticed. An independent measurement of the branching ratio for undetected decay

modes, using a direct search with a one-sided � tag, was done inALEPH [23], limiting this branching ratio to less than

0.11% at 95% CL. This result justifies the assumption that the sum of the branching ratios for visible � decays is equal

to unity.

The equations are conveniently solved by a minimization technique and all corrections not yet included in the

efficiency matrix are applied. These small final corrections are discussed in the following section on systematic studies.

The branching ratios are obtained and listed in Table 8. The results on the class-14 “branching ratio” are discussed in

Section 13.1.

I ALEPH SCHAEL 05C does not report ALEPH measurements for fully inclusive modes
(inclusive means including h = ı;K; K

0
S → ı

+
ı
−
; 2ı

0
; intermediate resonances ”; !)

I inclusive modes reported for 1991-1993 and 1994-1995 samples separately, but
I systematic correlations of uncertainties for the two samples are not reported
I reported values are unrealistic, they appear to be just analysis intermediate numbers

e.g., for B(fi → h�)
averaging above values (%) 12:130± 0:067± 0:065
from fig.42 in same paper (%) 11:524± 0:070± 0:078
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Status of Tau branching fractions global fit

Determining inclusive BFs measured in SCHAEL 05C is non-trivial

ALEPH SCHAEL 05C, p.240, corrections from inclusive to exclusive modes are reported240 ALEPH Collaboration / Physics Reports 421 (2005) 191–284

Table 12
Corrections for the exclusive non-strange branching ratios

QE class E class Correction to BR (%)

e e −0.000± 0.000
� �
h �− −1.341± 0.040
h�0 �−�0 −0.756± 0.038
h2�0 �−2�0 −0.408± 0.030
h3�0 �−3�0 −0.236± 0.032
h4�0 �−4�0 −0.085± 0.016
3h �−�−�+ −0.770± 0.057
3h�0 �−�−�+�0 −1.994± 0.100
3h2�0 �−�−�+2�0 −0.480± 0.071
3h3�0 �−�−�+3�0 −0.032± 0.006
5h 3�−2�+ −0.026± 0.004
5h�0 3�−2�+�0 −0.012± 0.002

‘QE’ and ‘E’ denote the quasi-exclusive (with kaons,� and� included) and exclusive modes, respectively. Treating the� and� contributions
separately is made necessary because of their large radiative (i.e. with photons not originating from�0’s) modes.

Table 13
Differences of branching ratios between 1991–1993 and 1994–1995 data samples; only the statistical errors in data and Monte Carlo are considered

Class � BR (%)

e 0.040± 0.148
� 0.061± 0.140
h 0.145± 0.139
h�0 −0.186± 0.197
h2�0 0.018± 0.178
h3�0 −0.105± 0.143
h4�0 0.065± 0.076
3h 0.163± 0.128
3h�0 −0.201± 0.120
3h2�0 0.046± 0.078
5h 0.006± 0.018
5h�0 −0.006± 0.014

It can be further noticed that this analysis provides a branching ratio in the 3�3�0 class which is consistent
with zero for both 1991–1993 and 1994–1995 data sets (seeTable 8). The result is therefore given as an upper limit
at 95% CL

B3�3�0 <4.9× 10−4 (15)

consistent with themeasurementmade byCLEO[29] yieldingB3�3�0=(2.2±0.5)×10−4. The final state is dominated
by � and� resonances[29] and using other channels allows a lower limit to be obtained for this branching ratio,
(2.6±0.4)×10−4. In the following a value of(3±1)×10−4 is used as input for this channel and the global analysis is
performed in terms of the remaining 12 defined channels which are refitted. As for other channels proper subtractions
are made for the contributions of modes with� which are listed separately.

13.2. Comparison of 1991–1993 and 1994–1995 results

Since the same procedure is applied for the analyses of 1991–1993 and 1994–1995 data the results must be consistent
within the statistical errors of data and Monte Carlo.Table 13shows the list of the differences of branching ratios with
their expected fluctuations. Good agreement is observed with a2 of 8.6 for 11 DF.

I undoing reported corrections on published exclusive BFs leads to unrealistic inclusive BFs
(resulting inclusive BFs are similar to Table 8 values: there is internal consistency)
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Status of Tau branching fractions global fit

How did HFLAV obtain in 2011 the inclusive BFs for SCHAEL 05C?

ALEPH SCHAEL 05C, p.244, fig. 42 reports B(fi → h�), to compare it with previous measurements

244 ALEPH Collaboration / Physics Reports 421 (2005) 191–284

17 17.5 18 18.5 19 19.5

B(µνν) (%)
–

ARGUS

CLEO 97

DELPHI 91-95

OPAL 91-95

L3 91-95

ALEPH 91-95

average

17.4±0.3±0.5

17.37±0.08±0.18

17.325±0.095±0.077

17.34±0.09±0.06

17.342±0.11±0.067

17.319±0.07±0.032

17.332±0.049

Fig. 41. Comparison ofALEPH measurement with published precise results from other experiments for � → ���̄. References for other experiments

are ARGUS [30], CLEO [31], DELPHI [32], OPAL [35], L3 [34].

11.5 12 12.5

B(hν) (%)

CLEO 97

OPAL 91-95

ALEPH 91-95

average

11.52±0.05±0.12

11.98±0.13±0.16

11.524±0.07±0.078

11.584±0.076

Fig. 42. Comparison of ALEPH measurement with published precise results from other experiments for � → h� (sum of �� and K�). References

for other experiments are CLEO [31], OPAL [36].

A meaningful comparison can be performed between the exclusive fractions and the topological branching ratios

Bi , where i refers to the charged particle multiplicity in the decay. Even though the latter have essentially no physics

interest, their determination can constitute a valuable cross check as they depend only on selection efficiency, tracking,

handling of secondary interactions and electron identification for photon conversions, and not on photon identification.
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Status of Tau branching fractions global fit

HFLAV ALEPH SCHAEL 05C (semi) inclusive BFs

descr value stat syst
Gamma5 G(e- nubar(e) nu(tau)) 0.17837 0.00072 0.00036
Gamma3 G(mu- nubar(mu) nu(tau)) 0.17319 0.00070 0.00032
Gamma8 G(h- nu(tau)) 0.11524 0.00070 0.00078
Gamma13 G(h- pi0 nu(tau)) 0.25924 0.00097 0.00085
Gamma19 G(h- 2pi0 nu(tau) (ex. K0)) 0.09295 0.00084 0.00088
Gamma26 G(h- 3pi0 nu(tau)) 0.01082 0.00071 0.00059
Gamma30 G(h- 4pi0 nu(tau) (ex. K0, eta)) 0.00112 0.00037 0.00035
Gamma58 G(h- h- h+ nu(tau) (ex. K0, omega)) 0.09469 0.00062 0.00073
Gamma66 G(h- h- h+ pi0 nu(tau) (ex. K0)) 0.04734 0.00059 0.00049
Gamma76 G(h- h- h+ 2pi0 nu(tau) (ex. K0)) 0.00435 0.00030 0.00035
Gamma103 G(3h- 2h+ nu(tau) (ex. K0)) 0.00072 0.00009 0.00012
Gamma104 G(3h- 2h+ pi0 nu(tau) (ex. K0)) 0.00021 0.00007 0.00009
Gamma805 G(a1-(pi- gamma) nu(tau)) 0.00040 0.00020 0.00000

Note

I above BF modes are not fully inclusive (in some cases, K0
S or ! are excluded)

I paper plots serve to compare with former results, not to publish fully inclusive BFs
I they should be fully inclusive, because reported correlations are for fully inclusive modes
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Status of Tau branching fractions global fit

Small inconsistencies in HVLAV inclusive BFs reconstruction

B(fi → h�) in SCHAEL 05C fig.42 is inconsistent

B(fi → ı�) ALEPH SCHAEL 05C (%) 10:828± 0:070± 0:078
B(fi → K�) ALEPH BARATE 99K (%) 0:696± 0:025± 0:014
B(fi → h�) combining (*) above two measurements (%) 11:524± 0:070± 0:073
B(fi → h�) HFLAV (SCHAEL 05C fig.42) (%) 11:524± 0:070± 0:078

(*) combination assuming B(fi → ı�) was computed subtracting B(fi → K�) from B(fi → h�),
with the total error of B(fi → K�) added in quadrature to the systematic error. This
procedure appears to be the one generally followed in SCHAEL 05C.

Using B(fi → h�) in SCHAEL 05C fig.42 makes B(fi → ı�) less precise in HFLAV

I PDG B(fi → ı�) = 10:828± 0:070± 0:078

I using SCHAEL 05C exclusive modes, directly
I HFLAV B(fi → ı�) = 10:828± 0:070± 0:083

I subtracting B(fi → K�) from B(fi → h�) (they are uncorrelated)
I note that the ALEPH measurement is the most precise for this mode
I however, in this case we could be fully consistent just combining published numbers

from sources cited by SCHAEL 05C and according to SCHAEL 05C prescriptions
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Status of Tau branching fractions global fit

Small inconsistencies in HVLAV inclusive BFs reconstruction

I inconsistencies similar to B(fi → ı�) exist also for the other modes
I these inconsistencies are small and were obfuscated by computing and listing total un-

certainties for the inclusive modes, instead of computing and listing separately statistical
and systematic uncertainties

I why did I realize all the above just recently?
because only recently I could work on the plan to add to the PDG listings the re-
constructed fully inclusive measurements for the modes studied in SCHAEL 05C and I
wanted to do that with the best possible accuracy

I since PDG data must be as stable and reliable as possible, I want to:
I complete my study of SCHAEL 05C inclusive BFs reconstruction
I carefully discuss and agree with relevant parties before making changes to the PDG
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Status of Tau branching fractions global fit

Plans

I refine HFLAV reconstruction of SCHAEL 05C inclusive measurements
I obtain as much as possible fully inclusive measurements
I rely on published numbers rather than numbers on plots in SCHAEL 05C

I discuss the results with Michel Davier (author of SCHAEL 05C), HFLAV-Tau, PDG
I insert agreed numbers in PDG

I I have discussed the matter with the last ALEPH spokesperson, Roberto Tenchini, according
to the ALEPH regulations, as former ALEPH member, I have the ability to publish the
reconstructed results as ALEPH elaborations of ALEPH results and to insert them in the
PDG as ALEPH numbers. That will probably require a refereed publication.

I remove from PDG listings the present correlation matrix for SCHAEL 05C exclusive BFs
I add the proper correlation matrix for reconstructed SCHAEL 05C inclusive BFs
I add PDG notes mentioning that exclusive SCHAEL 05C modes are derived from the

inclusive ones, which are the ones to be used in global fits, including the documented
correlations

I update PDG and HFLAV BF global fits to use the same inputs
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ALEPH SCHAEL 05C, p.239, “From reconstructed classes to exclusive modes”

ALEPH Collaboration / Physics Reports 421 (2005) 191–284 239

12. From reconstructed classes to exclusive modes

So far branching fractions have been determined in 13 classes corresponding to major� decay modes. However, as
shown inTable 3, these classes still contain the contributions from final states involving kaons. The latter are coming
from Cabibbo-suppressed� decays or modes with aKK pair, both characterized by small branching ratios compared
to the non-strange modes without kaons.
Complete analyses of� decays involving neutral or charged kaons have been performed byALEPH on the full LEP 1

data[6–8]. They are summarized in Ref.[9] where measurements withK0
S orK

0
L are combined. TheALEPH analyses

have provided measurements of branching ratios of modes with kaons containing up to 4 hadrons in the final states.
Thus they are fully adequate to cover the needs of the present analysis of the non-strange modes.
The � decays involving� or � mesons also require special attention in this analysis because of their electromag-

netic decay modes. Indeed the final state classification relies in part on the�0 multiplicity, thereby assuming that all
photons—except those specifically identified as bremsstrahlung or radiative—originate from�0 decays. Therefore the
non-�0 photons from� and� decays are treated as�0 candidates in the analysis and the systematic bias introduced
by this effect must be evaluated. The corrections are based on specific measurements by ALEPH of� decay modes
containing those mesons[13]. Thus the final results correspond to exclusive branching ratios obtained from the values
measured in the topological classification, corrected by the removed contributions fromK, � and� modes measured
separately, taking into account through the Monte Carlo their specific selection and reconstruction efficiencies to enter
the classification. This delicate bookkeeping takes into account all the major decay modes of the considered mesons
[25], including the isospin-violating� → �+�− decay mode. The main decay modes considered are��, ��0� and
��0�with branching fractions of(2.26±0.18)×10−2, (4.3±0.5)×10−3, and(1.80±0.45)×10−3 [13], respectively.
The first two values are derived from the branching ratios for the 3��0 and 3�2�0 modes obtained in this analysis and
the measured� fractions of0.431± 0.033 from ALEPH[13] and the average value, 0.78± 0.06, from ALEPH[13]
and CLEO[26], respectively.
Somemuchsmaller contributionswith�and�havebeen identifiedandmeasuredbyCLEO[27]with thedecaymodes

� → ����−�+�− ((2.4±0.5)×10−4), � → ����−2�0 ((1.5±0.5)×10−4), � → ����−�+�− ((1.2±0.2)×10−4),
and� → ����−2�0 ((1.5± 0.5)× 10−4). Even though the corrections from these channels are very small they have
been included for the sake of completeness. Finally, another very small correction has been applied to take into account
thea1 radiative decay into�� with a branching fraction of(2.1± 0.8)× 10−3 obtained from Ref.[28].
The corrections used to obtain exclusive branching ratios for the listed non-strange modes are given inTable 12.

13. Results

13.1. Overall consistency test

Rejected� hemispheres because of charged particle identification cuts are placed in class 14; these cuts include the
2GeV minimum momentum and the ECAL-crack veto for some one-prong modes, and the strict definition of higher
multiplicity channels. As already emphasized, this sample does not correspond to a nominal� decay mode and should
be explained by all other measured fractions in the other classes and the efficiency matrix. Thus the determination of a
hypothetical signal in this class is a measure of the level of consistency achieved in the analysis.
For this determination the efficiency of the possible signal in class 14 is taken to be 100%. The results, already

shown inTable 8separately for the 1991–1993 and 1994–1995 data sets, are consistent and are combined to give
B14 = (0.066± (0.027)stat ± (0.021)syst,c ± (0.025)syst,unc)%, where the last two errors refer to the common and
uncommon uncertainties from the two data sets.With a combined error of 0.042% this value is consistent with zero and
provides a non-trivial check of the overall procedure at the 0.1% level for branching ratios. It is interesting to note that
this value coincides, approximately and accidentally, with the limit achieved of 0.11% at 95% CL in a direct search for
“invisible” decays not selected in the 13-channel classification.
In the following it is assumed that all� decay modes have been properly considered at the 0.1% precision level

and no physics contribution beyond standard� decays is further allowed. Thus the quantityB14 is now constrained
to be zero.
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