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Abstract

We describe the updated tau lepton averages performed by the Heavy Flavour Averaging Group (HFLAV) for the incoming edition of the Heavy Flavour measurements averages, and
we use the results to update several Lepton Flavour Universality tests and the computation of |Vus| with tau measurements.
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Tau branching fraction fit inputs

inputs examples

171 measurements of τ branching
fractions & branching ratios B(τ− → π−ντ ),

B(τ− → µ−ν̄µντ )

B(τ− → e−ν̄eντ )

1 nuisance fit parameter measurement
(new feature)

B(a−1 → π−γ) = 0.0021 ± 0.0008
[Schael et al., 2005]

91 constraints

B3/5 =
B3
B5

with

• B3/5 =
B(τ− → µ−ν̄µντ )

B(τ− → e−ν̄eντ )
,

• B3 = B(τ− → µ−ν̄µντ ), B5 = B(τ− → e−ν̄eντ )

1 uncertainty scale factor
5.44 scale factor applied to inconsistent
BABAR and Belle B(τ− → K−K−K+ντ )

χ2 minimization

χ2 =
∑
ijkl

(
mi − Mikqk

) (
V−1

)
ij

(
mj − Mjlql

)
+
∑

r

(nr − pr )
2

σ2
nr

,

mi measurement result
qk fit parameter
Mik model matrix applied to fit parameters to predict measurements
Vij measurements covariance matrix
pr nuisance fit parameter
nr ± σnr

measurement of nuisance fit parameter

Tau branching fractions fit results

137 fit parameters 1 nuisance fit parameter (new feature)
covariance matrix of fit parameters and nuisance fit parameters
χ2/d.o.f. = 138/125 P(χ2) = 20.2%
unitarity residual Bur = 1 − Ball = 0.0007 ± 0.0011

Tau mass and lifetime fits
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 1.40± 2.40 ±1776.30 
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 0.18+
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CLEO 1997

 1.20± 0.80 ±1778.20 

OPAL 2000

 1.00± 1.60 ±1775.10 

BELLE 2007

 0.35± 0.13 ±1776.61 

BABAR 2009

 0.41± 0.12 ±1776.68 

BES3 2014

 0.13−

 0.10+
 0.12 ±1776.91 

BELLE II 2023

 0.11± 0.08 ±1777.09 

KEDR 2023

 0.15± 
 0.19−

 0.17+
1776.69 

HFLAV 2023 prelim.

 0.09±1776.94 

HFLAV
2023 prelim.

τ mass fit

NEW

NEW

285 290 295

 [fs]ττ

OPAL 1996

 1.20± 1.70 ±289.20 

CLEO 1996

 4.00± 2.80 ±289.00 

ALEPH 1997

 1.10± 1.50 ±290.10 

L3 2000

 1.50± 2.00 ±293.20 

DELPHI 2004

 1.00± 1.40 ±290.90 

Belle 2014

 0.33± 0.53 ±290.17 

HFLAV 2023 prelim.

 0.53±290.29 

HFLAV
2023 prelim.

τ lifetime fit

τ mass [MeV]
PDG 2023 1776.86 ± 0.12
PDG 2024 1776.93 ± 0.09
HFLAV 2023 prelim. 1776.94 ± 0.09

(slightly different treatment
of asymmetric uncertainties)

Ratio of tau hadronic to leptonic branching fractions

Buni
e = (17.815 ± 0.023)%, average of (see [Davier, Hocker, and Zhang, 2006])

▶ Be = B(τ− → e−ν̄eντ )

▶ Be from Bµ = B(τ− → µ−ν̄µντ ) assuming Lepton Flavour Universality
▶ Be from τ lifetime assuming Lepton Flavour Universality

Rhad =
Γ(τ → hadrons)
Γ(τ → eν̄eντ )

=
Bhad

Buni
e

= 3.634 ± 0.008

Lepton Flavour Universality: coupling ratios(
gτ
gµ

)
=

√√√√Bτe
Bµe

τµm5
µfµeRµ

γRµe
W

ττm5
τ fτeRτ

γRτe
W

= 1.0016 ± 0.0014
(

gτ
ge

)
=

√√√√Bτµ

Bµe

τµm5
µfµeRµ

γRµe
W

ττm5
τ fτµRτ

γRτµ
W

= 1.0018 ± 0.0014

(gµ
ge

)
=

√√√√Bτµ

Bτe

fτeRτe

fτµRτµ = 1.0002 ± 0.0011
improved by Belle II recent prelim. measurement of
Bτµ/Bτe [Adachi et al., 2024], was 1.0019 ± 0.0014m2

ρ

m2
λ

 = 1 − 8x + 8x3 − x4 − 12x2 ln x with x =
m2
ρ

m2
λ

, λ, ρ =lepton flavours

Rλ
γ , Rλρ

W radiative corrections [Pich, 2014]

Lepton Flavour Universality, gτ/gµ coupling ratio

(
gτ
gµ

)
π

=

√√√√√B(τ → πντ )

B(π → µν̄µ)

2mπm2
µτπ

(1 + δRτ/π)m
3
τ ττ

1 − m2
µ/m2

π

1 − m2
π/m2

τ

= 0.996 ± 0.004

(
gτ
gµ

)
K

=

√√√√√B(τ → Kντ )

B(K → µν̄µ)

2mK m2
µτK

(1 + δRτ/K )m3
τ ττ

1 − m2
µ/m2

K

1 − m2
K/m2

τ

= 0.986 ± 0.008

δRτ/π, δRτ/K radiative corrections [Arroyo-Ureña et al., 2021; Amhis et al., 2023](
gτ
gµ

)
τ+π+K

= 1.0011 ± 0.0014

“Canonical” tau Lepton Flavour Universality plot

68% CL contour
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mτ PDG 2023
mτ HFLAV 2023 prelim. (with Belle II and KEDR 2023) B′

e = average of Be = B(τ− → e−ν̄eντ ) and

Be prediction from Bµ, Bµ

f (m2
e/m2

τ )

f (m2
µ/m2

τ )

Rτe
W

Rτµ
W

proportional to ge, gµ

B′
e Standard Model prediction from tau lifetime

B(µ → eν̄eνµ)
ττ
τµ

m5
τ

m5
µ

f (m2
e/m2

τ )

f (m2
e/m2

µ)

Rτe
W

Rµe
W

Rτ
γ

Rµ
γ

represented by oblique bands, whose widths are
determined primarity by the tau mass precision
(improved by recent Belle II [Adachi et al., 2023] &
KEDR [Anashin et al., 2023] results)

|Vus| from B(τ → “strange hadronic system” + ν), – “inclusive”

|Vus|τs =

√√√√Rs/

[
RVA

|Vud |
2 − δRτ -SU(3)-break

]
[Gámiz et al., 2003]

▶ δRτ -SU(3)-break accounts for SU(3)-breaking effects

▶ Rs = B(τ → strange hadronic)/Buni
e , RVA = B(τ → non-strange hadronic)/Buni

e

|Vus| from B(τ → πν)/B(τ → Kν) and B(τ → πν) – “exclusive”

|Vus| = |Vud |

√√√√√√B(τ− → K−ντ )

B(τ− → π−ντ )

f 2
π±

f 2
K±

(
m2
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π

)2

(
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)2
1

1 + δτK/τπ
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1

GF fK±

(
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K/m2
τ

)
√√√√16πℏB(τ− → K−ντ )

ττm3
τSτh

EW(1 + δτK )

calculations require decay constants
(obtained from lattice QCD averages)
and radiative corrections

details in incoming HFLAV report
(updated from previous HFLAV report)

|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 ±0.2224 

  exclusive averageτ

 0.0017±0.2225 

  averageτ

 0.0014±0.2209 

HFLAV
2023 prelim.

|Vus| computed using tau measurements (red)
compared with the determinations based on kaon
measurements (green) [Cirigliano et al., 2023] and
|Vus| prediction assuming unitarity of first row of CKM
matrix and the measured value of |Vud | [Cirigliano
et al., 2023]

details in incoming HFLAV report
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