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We estimate the uncertainties on the experimental measurements of the tau mass and the tau
leptonic branching fractions at FCC-ee at the Z peak. These measurements can be used to test
the Standard Model lepton universality.
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1 Tau mass and tau leptonic branching fractions measurements at
FCC-ee(2)

We summarize the estimate of the FCC-ee experimental precision on the measurements of the tau mass
and the tau leptonic branching fractions, which have been documented in an FCC internal note [1]1. These
measurements can be used to test the Standard Model lepton universality. We assume that FCC-ee will
observe at the Z peak NZFCC =610z decays [2], corresponding to 2.0-10" tau pairs, and to an integrated

luminosity of £/ °° = 210ab™".

1.1 Tau mass

Recently, the Belle Il collaboration reported the most precise measurement of the tau mass, 1777.09 +
0.08 +0.11 MeV/c? [3]. The systematic uncertainties have been substantially reduced with respect to the pre-
vious B-factories’ measurements, and the total uncertainty is smaller than the uncertainties of the measure-
ments performed at the tau pair production threshold [4, 5]. The Belle Il statistical uncertainty of 0.08 MeV/c?
(45 ppm) has been obtained with 175-10° tau pairs (190 fo" of integrated luminosity), and could be improved
to 1.3 ppm with 2.0-10" tau pairs at FCC-ee, without taking into account the larger efficiency that can be ex-
pected at FCC-ee from the comparison of LEP versus B-factories tau measurements. Rescaling the statistical
uncerytainty of the OPAL tau mass measurement [6] to number of Z decays expected at FCC-ee gives an
estimated statistical precision of 0.9 ppm. The Belle Il leading systematic uncertainty of 0.07 MeV/c? (39 ppm)
is related to the knowledge of the beam energy, and is expected to be significantly smaller at FCC-ee, where
the beam energy can be known with 1 ppm precision. The other Bellell leading systematic uncertainty of
0.06 MeV/c? (34 ppm) is related to the understanding of the charged tracks reconstructed momentum scale,
which can probably be calibrated with 2 ppm precision at FCC-ee by matching the measured J/y mass
to its world average, presently known to 2ppm. Belle Il reports systematics related to the estimator bias
(0.03 MeV/cz), to the choice of the fit function of the pseudo-mass distribution (0.02,MeV/c2), to the detector
material (0.03 MeV/cz), and to the modeling of ISR, FSR and tau decay (0.02 MeV/cz), for a total of 29 ppm.
We expect that these systematics may be reduced by a factor 3 to 10 ppm at FCC-ee, which we take as the
estimated precision of the measurement of the tau mass at FCC-ee.

1.2 Tau leptonic branching fractions

ALEPH measured the tau leptonic branching fractions #(t~ — u v,v;) and Z(t — e V,v;) with a pre-
cision of about 0.44% (0.40% statistical and 0.19% systematic), using 5.9-10° Z decays. The extrapolated
statistical precision at FCC-ee with 6-10"2 Z decays amounts to 4.0 ppm. The measurement is complex and
reducing the systematic uncertainties is challenging. We guess that at FCC-ee the ALEPH systematic un-
certainty may be reduced by a factor 10 to 0.019%, 100% correlated between the muon and the electron tau
decay modes, and that would set the estimated precision at FCC-ee.

1.3 Lepton universality test with the tau leptonic branching fractions

Figure 1 reports the status and prospects of the lepton universality test with the tau leptonic branching frac-
tions and its tau-related input measurements (tau mass, tau lifetime [1] and tau leptonic branching fractions).
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Figure 1: Status and prospects of the lepton universality test using tau measurements. The dates of the future
measurements are speculative and mainly chosen for plotting purposes.
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