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Abstract

The HFAG-Tau sub-group has performed in 2016 two similar global fits on the 7 lepton branching fractions mea-
surements. One, unitarity constrained, has been published in the 2016 edition of the Review of Particle Physics [1]
and a second one, without the unitarity constraint, is currently preliminary and is expected to be published soon on
the HFAG 2016 report [2]. The resulting 7 branching fractions are used to test the Standard Model lepton universality

predictions and to measure the Cabibbo-Kobayashi-Maskawa (CKM) matrix element |V,
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1. Introduction

We report in the following the preliminary results of
the 7 branching fraction fit prepared by the HFAG-Tau
sub-group for the HFAG 2016 report. We also summa-
rize the main differences between that fit and its uni-
tarity constrained variant that has been included for the
first time in the 2016 edition of the Review of particle
physics [1]. Finally, we report elaborations of the pre-
liminary HFAG 2016 results to test the Standard Model
(SM) lepton universality and to compute the Cabibbo-
Kobayashi-Maskawa (CKM) matrix element |V,

2. Branching fractions fits

A global fit of the available experimental measure-
ments is used to determine the 7 branching fractions,
together with their uncertainties and statistical correla-
tions. The measurements used in the fit consist of either
7 decay mode branching fractions, labelled as I';, or ra-
tios of two T decay mode branching fractions, labelled
asI';/T';. A minimum ¥ fitis performed for all the mea-
sured quantities. Some fitted quantities are constrained
to be equal to the ratio of two other fitted quantities, as
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implicit in the notation just mentioned above, and some
fitted quantities are constrained to be the sum of other
fitted quantities, for instance I's = B(t — h™v;) is the
sum of 'y = B(t —» nv;)and 'y = B(t —» K v;).
The symbol % is used to mean either a 7 or K. The fit
x* is minimized subject to all these above mentioned
constraints for the HFAG 2016 version of the fit. An ad-
ditional unitarity constraint is used for the PDG 2016
version of the fit, which requires that the sum of all
non-overlapping 7 branching fractions is equal to one.
In computing the x?, all published statistical correla-
tions are used, and a selection of measurements, partic-
ularly the most precise and the most recent ones, were
studied to take into account the significant systematic
dependencies from external parameters and common
sources of systematic uncertainty. Therefore, follow-
ing the HFAG methodology [3], no error scaling is per-
formed unless a significant inconsistency is detected in
the measurements. In the 7 branching fraction fits, a
scale factor of 5.44 has been applied to the published
uncertainties of the two severely inconsistent measure-
ments of ['g¢ = 7 — KKKv by BABAR and Belle.
The scale factor has been determined using the Parti-
cle Data Group procedure for the Review of Particle
Physics. Additional details on the fit will be available
in the forthcoming HFAG report [2].

The HFAG 2016 7 branching fractions fit has
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x?/d.of. = 137.3/123, corresponding to a confidence
level CL = 17.84%. The procedure uses a total of 170
measurements to fit 135 quantities subjected to 88 con-
straints. The fit is statistically consistent with unitarity,
and the unitarity residual is 1 —I'a; = (0.0355+0.1031)-
1072

2.1. Changes with respect to the HFAG 2014 fit

The following changes have been introduced with re-
spect to the previous HFAG report [4].
Two old preliminary results have been removed:

e I35 = B(t — nKsv), BABAR [5],
e 'y = B(r - nKsn’v), BABAR [6].

They where announced in 2008 and 2009, respectively,
but have not been published yet.

The Belle result on 7= — KS(particles)‘vT [7] has
been discarded, because it was determined that the pub-
lished information does not permit a reliable determina-
tion of the correlations with the other results in the same
paper. The correlations estimated for the HFAG 2014
report were inconsistent and made the covariance matrix
of the results in the corresponding paper non positive-
definite, as well as the overall correlation matrix for the
branching ratio fit results. It has been found that the in-
consistency had negligible impact on lepton universality
and |V,;| measurements.

The ALEPH result on T'ys (t— — 7~ K°K%y;) [8] has
been removed from the fit inputs, since it is the simply
sum of twice I'y; = 7" KJK{v; and Tys = 7~ KoK v,
from the same paper, hence 100% correlated with them.

Several minor corrections have been applied to the
constraints. All the the parameters corresponding to the
measurements systematic biases and uncertainties and
all the parameters appearing in the constraint equations
have been updated to the PDG 2015 results [9].

2.2. Differences between the HFAG 2016 fit and the
PDG 2016 fit

As is standard for the PDG branching fraction fits,
the PDG 2016 7 branching fraction fit is unitarity con-
strained, while the HFAG 2016 fit is unconstrained.

The HFAG-Tau fit uses the ALEPH measurements of
branching fractions defined according to the final state
content of “hadrons” and kaons, where a “hadron” cor-
responds to either a pion or a kaon, since this set of re-
sults is closer to the actual experimental measurements
and facilitates a more comprehensive treatment of the
experimental results correlations [3]. The PDG 2016
fit on the other hand continues to use — as in the past

editions — the ALEPH measurements of modes with pi-
ons and kaons, which correspond to the final set of pub-
lished measurements of the collaboration. It is planned
to eventually update the PDG fit to use the same ALEPH
measurement set that is used by HFAG.

The HFAG 2016 fit, as in 2014, uses the ALEPH es-
timate for I'gps = B(t — a;(— 7~ y)vy), which is not
a direct experimental measurement. The PDG 2016 fit
uses the PDG average of B(a; — my) as a parameter
and defines I'sops = B(a; — ny) X B(t — 37nv). As a
consequence, the PDG fit procedure does not take into
account the large uncertainty on B(a; — my), resulting
in an underestimated fit uncertainty on I'gys. Therefore,
in this case an appropriate correction has to be applied
after the fit.

3. Tests of lepton universality

We update the lepton universality tests using the
HFAG 2016 preliminary results using the Standard
Model predictions for the partial widths of a heavier lep-
ton A decaying to a lighter lepton p [10],
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Weuse R}, = 1-43.2- 10™* and Ry = 1-42.4-107* [10]
and My from PDG 2015 [9]. We use HFAG 2016 aver-
ages and PDG 2015 for the other quantities. Using pure
leptonic processes we obtain
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Figure 1 shows the test of the SM prediction of the
relation between the 7 leptonic branching fractions B, =
B(t — {vpv,), with € = e, u, the 7 lifetime 7, the T mass
m;, and the respective muon parameters,
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