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B factories are also  factoriesτ

2

 billion -pairs produced at Belle with of data 1 τ ≃ 1 ab−1

 billion -pairs expected at Belle II with of data 50 τ ≃ 50 ab−1

Projected luminosity at SuperKEKB/Belle II

stop 2008
stop 2010

 million -pairs produced at BABAR with of data 500 τ ≃ 0.5 ab−1

At ϒ(4S): e+e-➝Z*/γ➝τ+τ- . 
Also e+e-➝ ϒ(nS) ➝τ+τ- for n = 1, 2, 3

B(ϒ(1,2,3S) ➝τ+τ-) ~ 2%, < 0.002% at ϒ(4S)
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w/ QCS upgrade
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w/o QCS upgrade
in LS2[ ]

w/ QCS upgrade
in LS2

w/o QCS upgrade
in LS2[ ]

Projected by SuperKEKB/Belle II

LS1 LS2

• σ(e+e− → τ+τ−) = (0.919± 0.003) nb
SwB, B. Pietrzyk, J.Roney, Z.Was Phys.Rev.D 77 (2008) 054012 

https://arxiv.org/abs/0706.3235
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Physics results from tau leptons
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• Cabibbo angle anomaly  (BaBar, Belle (II)) 

• Precision improved by additional measurements of 

•  (BaBar, Belle (II), STCF, FCC-ee) 

•  (BaBar, Belle (II)) 

• Lepton flavor violation (charge conjugate modes implied) 
• τ →  γ (BaBar, Belle (II), STCF, FCC-ee) 
• τ → (scalar/pseudoscalar/vector mesons) (BaBar, Belle (II)) 
• τ →  (BaBar, Belle II, ATLAS, CMS, LHCb, STCF, FCC-ee) 
• τ →  h h (non-resonant states with h=π/K) (BaBar, Belle (II), STCF) 
• τ →  invisible ( ) (Belle (II)) 
• e → τ transitions (EIC) 

• Lepton number violation 
• τ- → e+ h- h- (non-resonant final states with h=π/K) (BaBar, Belle (II)) 
• τ- → µ+ h- h- (non-resonant final states with h=π/K) (BaBar, Belle (II)) 

• Baryon number violation 
• τ- → Λ π-, Λ̅ π- (Belle II) 
• τ- → p̅ µ+ µ-, p µ- µ-  (Belle)

|Vus |

mτ, ττ

|gμ/ge | , |gτ /ge | , |gτ /gμ |

ℓ
ℓ
ℓℓℓ
ℓ
ℓ α

PRD 108 (2023) 3, 032006

JHEP 08 (2024) 205

2504.15745 [hep-ex]

JHEP 09 (2024) 062

2503.22195 [hep-ex]PRL 130 (2023) 18, 181803

PRD 110 (2024) 11, 112003

τ → ℓK0
S

τ → μμμ

https://inspirehep.net/literature/2663717
https://inspirehep.net/literature/2789574
https://inspirehep.net/literature/2914939
https://inspirehep.net/literature/2785988
https://inspirehep.net/literature/2905657
https://inspirehep.net/literature/2611490
https://inspirehep.net/literature/2805696
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 decaysτ
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Including QED &
QCD corrections:

τ 

υ
e 
υµ 

W 

e µ u 

d' 

u u 

d' d' 

20%   20%                60% 

|d’> = Vud|d> + Vus|s>

Naive prediction:

17.8

17.4

10.8

25.5
9.3
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τ branching fractions are relatively well measured

5

Most of the branching fractions are highly correlated. 
Sources of correlation between the same experiment: 

Track reconstruction ~ 1% for 1-vs-1 topology 
Secondary vertex reconstruction ~ 1.5% for KS 
Calorimeter bump reconstruction ~ 2-4% for π0 
Kaon/Pion identification ~ 2-4 % 
Luminosity uncertainty ~ 1% 

Sources of correlation between different experiments: 
Tau-pair cross-section uncertainty ~ 0.36% 
Uncertainty on Branching Fractions of backgrounds 

➡Simultaneous averaging of all branching fractions
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Heavy Flavor Averaging Group (HFLAV)
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Minimize total  of 172 measurements with uncertainties: 
39 from ALEPH 
35 from CLEO 
24 from BaBar 
19 from OPAL 
15 from Belle 
1 from Belle II 
14 from DELPHI 
11 from L3 
6 from CLEO3 
3 from TPC 
2 from ARGUS 
2 from HRS 
1 from CELLO

χ2

• correlations between measurements 
• common external parameters such 

as tau-pair cross-section and 
background normalization 

• avoid inflating uncertainties using 
PDG-style scale factors  

• instead, quote confidence level 

HFLAV 2023 fit [e-Print: 2411.18639 [hep-ex]]

• 137 fit parameters (1 nuisance parameter) 
•  
• Unitarity residual  

χ2/d . o . f . = 138/125,P(χ2) = 20.2 %
1 − ℬall = 0.0007 ± 0.0011

https://arxiv.org/abs/2411.18639
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The route to |Vus| from inclusive strange τ decays
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fractions similarly to the kaon case, using the same lattice QCD estimates, in order to check the overall experimental
consistency.

In the following Sections 5.1 and 5.2 we update the CKM coefficient |Vus | determinations that were shown in the
previous report using the 2015 determination of |Vud | [73] and the updated averages from HFAG 2016 and PDG
2015 for the other quantities.

5.1 |Vus| from B(⌧ ! Xs⌫)

The ⌧ hadronic partial width is the sum of the ⌧ partial widths to strange and to non-strange hadronic final states,
�had = �s + �VA. The suffix “VA” traditionally denotes the sum of the ⌧ partial widths to non-strange final states,
which proceed through either vector or axial-vector currents.

Dividing any partial width �x by the electronic partial width, �e , we obtain partial width ratios Rx (which are equal
to the respective branching fraction ratios Bx/Be) for which Rhad = Rs + RVA. In terms of such ratios, |Vus | is
measured as [72]

|Vus |⌧s =

s

Rs/


RVA

|Vud |2
� �Rtheory

�
,

where �Rtheory can be determined in the context of low energy QCD theory, partly relying on experimental low energy
scattering data. The literature reports several calculations [72, 74, 75]. In this report we use Ref. [72], whose
estimated uncertainty size is in between the two other ones. We use the information in that paper and the PDG 2015
value for the s-quark mass ms = 95.00 ± 5.00 MeV [8] to calculate �Rtheory = 0.242 ± 0.032.

We proceed following the same procedure of the 2012 HFAG report [2], using the universality improved Buni
e =

(17.815 ± 0.023)% (see Section 4) to compute the Rx ratios, and using the sum of the ⌧ branching fractions to
strange and non-strange hadronic final states to compute Rs and RVA, respectively.

Using the ⌧ branching fraction fit results with their uncertainties and correlations (Section 2), we compute Bs =
(2.909±0.048)% (see also Table 13) and BVA = Bhadrons �Bs = (61.85±0.10)%, where Bhadrons is equal to �hadrons
defined in section 4. PDG 2015 averages are used for non-⌧ quantities, including |Vud | = 0.97417 ± 0.00021, which
comes from Ref. [76] like for the previous HFAG report.

We obtain |Vus |⌧s = 0.2186 ± 0.0021, which is 3.1� lower than the unitarity CKM prediction |Vus |uni = 0.22582 ±
0.00091, from (|Vus |uni)2 = 1 � |Vud |2. The |Vus |⌧s uncertainty includes a systematic error contribution of 0.47%
from the theory uncertainty on �Rtheory. There is no significant change with respect to the previous HFAG report.

5.2 |Vus| from B(⌧ ! K⌫)/B(⌧ ! ⇡⌫) and from B(⌧ ! K⌫)

We follow the same procedure of the HFAG 2012 report to compute |Vus | from the ratio of branching fractions
B(⌧ ! K�⌫⌧ )/B(⌧ ! ⇡�⌫⌧ ) = (6.438 ± 0.094) · 10�2 from the equation

B(⌧ ! K�⌫⌧ )
B(⌧ ! ⇡�⌫⌧ )

=
f 2
K |Vus |2

f 2
⇡ |Vud |2

�
1 � m2

K/m
2
⌧

�2

(1 � m2
⇡/m2

⌧ )
2 R⌧K/⌧⇡

We use fK/f⇡ = 1.1930 ± 0.0030 from the FLAG 2016 Lattice averages with Nf = 2 + 1 + 1 [77].

The ratio of radiative corrections R⌧K/⌧⇡ is estimated as R⌧K/⌧⇡ = R(⌧�!K�⌫/K�!µ�⌫) /R(⌧�!⇡�⌫/⇡�!µ�⌫)·
R(K�!µ�⌫ /⇡�!µ�⌫), where R(⌧�!K�⌫/K�!µ�⌫) /R(⌧�!⇡�⌫/⇡�!µ�⌫) = [1 + (0.90 ± 0.22)%] / [1 +
(0.16 ± 0.12)%] [78] and R(K�!µ�⌫ /⇡�!µ�⌫) = 0.9930 ± 0.0035 [79, 80].

We compute |Vus |⌧K/⇡ = 0.2231 ± 0.0018, 1.3� below the CKM unitarity prediction.

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

B(⌧� ! K�⌫⌧ ) =
G 2

F f 2
K |Vus |2m3

⌧ ⌧⌧
16⇡ �h

✓
1 � m2

K
m2

⌧

◆2

SEW .

We use fK = 155.6 ± 0.4 MeV from FLAG 2016 with Nf = 2 + 1 + 1 [77] and the radiative correction SEW =
1.02010 ± 0.00030 [81]. We obtain |Vus |⌧K = 0.2223 ± 0.0016, which is 1.9� below the CKM unitarity prediction.
The physical constants have been taken from PDG 2015 (which uses CODATA 2014 [82]).

21

 = (2.908 ± 0.048)%ℬs

To get R, we normalize by
 = (17.84 ± 0.04)%ℬe

• Improve  using 
• lepton universality  
• mass (mτ)  
• lifetime (ττ)

ℬe

ℬhadrons = ℬall − ℬe − ℬμ

 = (61.82 ± 0.10)%ℬVA = ℬhadrons − ℬs

 = (99.93 ± 0.11)% instead of 100%ℬall
to account for correlations  

& unobserved hadronic modes 

HFLAV 2023 fit [e-Print: 2411.18639 [hep-ex]]

https://arxiv.org/abs/2411.18639
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Tau mass and lifetime
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Lepton universality from leptonic decays
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• Lepton universality tests limited by precision of , not any more by ττℬτμ/τe

JHEP 08 (2024) 205

• Improved due to Belle measurement of  lifetime [PRL 112 (2014) 031801)τ

(
gμ

ge )2 =
ℬ(τ− → μ−ν̄μντ)
ℬ(τ− → e−ν̄eντ)

f (m2
e /m2

τ )
f (m2

μ /m2
τ ) ( gτ

ge )2 =
τμ

ττ
ℬ(τ− → μ−ν̄μντ)(

mμ

mτ )5
f (m2

e /m2
μ)rμ

EW

f (m2
μ /m2

τ )rτ
EW ( gτ

gμ )2 =
τμ

ττ
ℬ(τ− → e−ν̄eντ)(

mμ

mτ )5
f (m2

e /m2
μ)rμ

EW

f (m2
e /m2

τ )rτ
EW

Precision before B-Factories; end of 2024 ∼ [0.20, 0.23] % ∼ [0.14, 0.15] %

https://inspirehep.net/literature/2789574
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Lepton universality from hadronic decays
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( gτ

gμ )2 =
2mhm2

μτh

(1 + δτ/h)m3
τ ττ

ℬ(τ− → h−ντ)
ℬ(h− → μ−ν̄μ) (

1 − m2
μ /m2

h

1 − m2
h /m2

τ )2

Measure:
mτ, ττ, ℬ(τ− → h−ντ) [h− = π−/K−]

Normalized with muons rather than 
helicity-suppressed electronic channel.

Radiative corrections:  
                                           M. A. Arroyo-Ureña et al.,  Phys. Rev. D 104 (2021) L091502

δπ = (0.18 ± 0.57) % , δK = (0.97 ± 0.58) %

(from leptonic modes & )mτ
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Lepton Universality Sensitivity
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•  from standalone measurements ℬe
•  from  measurements assuming   ℬe ℬμ |gμ/ge | = 1ℬ′ e

Comparison of  with  from  assuming   ℬ′ e ℬe mτ & ττ |gτ /gμ | = 1

Belle II input to ESPPU

Statistical errors ; assume factor of 2 improvement in systematic: 
momentum scale, beam energy, lepton identification, statistics of calibration

∝ 1/ ℒ
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Lepton universality improved |Vus| from inclusive τ decays
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Correlated average :

fractions similarly to the kaon case, using the same lattice QCD estimates, in order to check the overall experimental
consistency.

In the following Sections 5.1 and 5.2 we update the CKM coefficient |Vus | determinations that were shown in the
previous report using the 2015 determination of |Vud | [73] and the updated averages from HFAG 2016 and PDG
2015 for the other quantities.

5.1 |Vus| from B(⌧ ! Xs⌫)

The ⌧ hadronic partial width is the sum of the ⌧ partial widths to strange and to non-strange hadronic final states,
�had = �s + �VA. The suffix “VA” traditionally denotes the sum of the ⌧ partial widths to non-strange final states,
which proceed through either vector or axial-vector currents.

Dividing any partial width �x by the electronic partial width, �e , we obtain partial width ratios Rx (which are equal
to the respective branching fraction ratios Bx/Be) for which Rhad = Rs + RVA. In terms of such ratios, |Vus | is
measured as [72]

|Vus |⌧s =

s

Rs/


RVA

|Vud |2
� �Rtheory

�
,

where �Rtheory can be determined in the context of low energy QCD theory, partly relying on experimental low energy
scattering data. The literature reports several calculations [72, 74, 75]. In this report we use Ref. [72], whose
estimated uncertainty size is in between the two other ones. We use the information in that paper and the PDG 2015
value for the s-quark mass ms = 95.00 ± 5.00 MeV [8] to calculate �Rtheory = 0.242 ± 0.032.

We proceed following the same procedure of the 2012 HFAG report [2], using the universality improved Buni
e =

(17.815 ± 0.023)% (see Section 4) to compute the Rx ratios, and using the sum of the ⌧ branching fractions to
strange and non-strange hadronic final states to compute Rs and RVA, respectively.

Using the ⌧ branching fraction fit results with their uncertainties and correlations (Section 2), we compute Bs =
(2.909±0.048)% (see also Table 13) and BVA = Bhadrons �Bs = (61.85±0.10)%, where Bhadrons is equal to �hadrons
defined in section 4. PDG 2015 averages are used for non-⌧ quantities, including |Vud | = 0.97417 ± 0.00021, which
comes from Ref. [76] like for the previous HFAG report.

We obtain |Vus |⌧s = 0.2186 ± 0.0021, which is 3.1� lower than the unitarity CKM prediction |Vus |uni = 0.22582 ±
0.00091, from (|Vus |uni)2 = 1 � |Vud |2. The |Vus |⌧s uncertainty includes a systematic error contribution of 0.47%
from the theory uncertainty on �Rtheory. There is no significant change with respect to the previous HFAG report.

5.2 |Vus| from B(⌧ ! K⌫)/B(⌧ ! ⇡⌫) and from B(⌧ ! K⌫)

We follow the same procedure of the HFAG 2012 report to compute |Vus | from the ratio of branching fractions
B(⌧ ! K�⌫⌧ )/B(⌧ ! ⇡�⌫⌧ ) = (6.438 ± 0.094) · 10�2 from the equation

B(⌧ ! K�⌫⌧ )
B(⌧ ! ⇡�⌫⌧ )

=
f 2
K |Vus |2

f 2
⇡ |Vud |2

�
1 � m2

K/m
2
⌧

�2

(1 � m2
⇡/m2

⌧ )
2 R⌧K/⌧⇡

We use fK/f⇡ = 1.1930 ± 0.0030 from the FLAG 2016 Lattice averages with Nf = 2 + 1 + 1 [77].

The ratio of radiative corrections R⌧K/⌧⇡ is estimated as R⌧K/⌧⇡ = R(⌧�!K�⌫/K�!µ�⌫) /R(⌧�!⇡�⌫/⇡�!µ�⌫)·
R(K�!µ�⌫ /⇡�!µ�⌫), where R(⌧�!K�⌫/K�!µ�⌫) /R(⌧�!⇡�⌫/⇡�!µ�⌫) = [1 + (0.90 ± 0.22)%] / [1 +
(0.16 ± 0.12)%] [78] and R(K�!µ�⌫ /⇡�!µ�⌫) = 0.9930 ± 0.0035 [79, 80].

We compute |Vus |⌧K/⇡ = 0.2231 ± 0.0018, 1.3� below the CKM unitarity prediction.

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

B(⌧� ! K�⌫⌧ ) =
G 2

F f 2
K |Vus |2m3

⌧ ⌧⌧
16⇡ �h

✓
1 � m2

K
m2

⌧

◆2

SEW .

We use fK = 155.6 ± 0.4 MeV from FLAG 2016 with Nf = 2 + 1 + 1 [77] and the radiative correction SEW =
1.02010 ± 0.00030 [81]. We obtain |Vus |⌧K = 0.2223 ± 0.0016, which is 1.9� below the CKM unitarity prediction.
The physical constants have been taken from PDG 2015 (which uses CODATA 2014 [82]).

21

s

The measured |Vus| values & errors are numerically almost identical using 
• measured Bhad = Bnon-strange + Bs from non-unity-constrained τ BR fit, OR 
• Bhad = 1 - (1 + fµ/fe) Beuniv  from unity constrained τ BR fit 

Dominant contribution to error on |Vus| comes from error on the measured Rstrange. 
δRtheory  [Gamiz 2007] contributes to 0.47% of the error on |Vus|.= 0.239 ± 0.032

⇒ |Vus| = (0.2184 ± 0.0021)
[relative error = 0.96%]

•  from standalone measurements ℬe
•  from  measurements assuming   ℬe ℬμ |gμ/ge | = 1
•  from  measurements assuming   ℬe mτ & ττ |gτ /gμ | = 1

⇒ improvement by almost a factor of 2 from the value of Be = (17.84 ± 0.04)%
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|Vus| from exclusive τ decays
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• Independent of convergence of OPE/FESR, as many QCD corrections cancel.

• EW corrections SEW =1.01910 ± 0.00030 [Erler 2004, Pich 2014, Davier 2023]
• τK/τπ known [Decker & Finkmeier 1995, Marciano 2004,  Arroyo-Ureña 2021]

•All non-perturbative QCD effects encapsulated as ratio of meson decay constants:        
fK/fπ = 1.1934 ± 0.0019, fK = 155.7 ± 0.3 MeV [FLAG 2021 Lattice Averages]

δ
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Summary of |Vus| results
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HFLAV 2023 fit [e-Print: 2411.18639 [hep-ex]]

V. Cirigliano,  A. Crivellin, M. Hoferichter,  M. Moulson, 
Phys.Lett.B 838 (2023) 137748     e-Print: 2208.11707 [hep-ph]

Kl3/Kl2
Kl3

β decays
Neutron decays

Unitarity

68% C.L. ellipse shown in yellow 
from combination of all four 

constraints deviates from  
the unitarity prediction by -2.8 σ

https://arxiv.org/abs/2411.18639
https://arxiv.org/pdf/2208.11707
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Lepton Flavor Violation (LFV)
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In SM, finite neutrino mass allows LFV via following diagram:

Any observation of LFV ⇒ unambiguous signature of new physics

Lee & Shrock: Phys.Rev.D 16 (1977) 1444

⇒ Several models prediction LFV in tau sector at 10-8 -10-10 level  
which is just below current experimental sensitivity

https://inspirehep.net/literature/118973
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New Physics illustrations for LFV in  decaysτ
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Tree level:

Loop induced:

• Expected rates from New Physics are slightly less than current experimental bounds.
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Salient features of LFV in  decays from  collidersτ e+e−
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Two independent variables:

➡ ΔE close to  0 for signal
➡ Mass of tau daughters close to τ mass 

ΔE = ECMS
μμμ − ECMS

beam

Mτ = E2
μμμ − P2

μμμ

Higher signal efficiency is foreseen at Belle II than at Belle or BaBar
• improved vertex tracking / calorimetry / muon detectors 
• momentum dependent particle identification optimizations 
• inclusive tagging optimized using BDT for signal extraction

• Known initial conditions (beam energy constraint) 
• Clean environment (fewer backgrounds)

e+e− → τ+τ−



Tau physics Swagato Banerjee

 at B-Factoriesτ → μμμ
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 < 2.1 x 10-8  with 782 fb-1ℬ(τ → μμμ)
Phys. Lett. B687 (2010) 139Phys.Rev.D 81 (2010) 111101

 < 3.3 x 10-8  with 468 fb-1ℬ(τ → μμμ)
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 at B-Factoriesτ → μμμ
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Observed (expected) limits:  < 1.9(1.8) x 10-8  with 424 fb-1ℬ(τ → μμμ)

0.7+0.6
−0.5

2405.07386 [hep-ex]

J. High Energ. Phys. 2024, 62 (2024).

CMS:  < 2.9 x 10-8  at 90% C.L. with 131 fb-1ℬ(τ → μμμ) Phys.Rev.D 81 (2010) 111101 arXiv:2312.02371 [hep-ex]
LHCb:  < 4.6 x 10-8  at 90% C.L. with 3 fb-1ℬ(τ → μμμ) JHEP 02 (2015) 121 arXiv:1409.8548 [hep-ex]

https://arxiv.org/abs/2405.07386
https://arxiv.org/abs/2312.02371
http://www.arxiv.org/abs/1409.8548
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Ongoing search for  at Belle IIτ → μγ
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BELLE2-NOTE-PH-2025-02
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Ongoing search for  at Belle IIτ → μγ
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Estimates of experimental sensitivity in LFV searches
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 S. Banerjee

Upper Limit

B90
UL = N90

UL/(Nτ × ε)

ε: high statistics signal MC simulated for different Data-taking periods

Cumulative:

90%      70%        70%       50%    50%        50%

90%      63%        44%       22%    11%        ~5%

Trigger . Reco . Topology . PID . Cuts . Signal−Boxε =

στ+τ−(10.6GeV) ∼ 0.89 nb, L ∼ 339 fb−1 ( BABAR Summer 2006)
⇒ Nτ = 2 × L× στ+τ− ∼ 6.0 × 108

N90
UL: 90% C.L. Upper Limit for (Nobs, Nbkg) from Data

Naive Sensitivity : N90
UL = 2.3 ×

√
Nbkg, Nbkg ∼ O(1) ⇒ B90

UL ∼ O(10−7)

τ Physics @ BABAR

s
Luminosity (L) Nτ = 2Lσ

BaBar 10.58 GeV 0.5 ab-1 1 x109

Belle 10.58 GeV 1 ab-1 1.8 x109

Belle II 10.58 GeV 50 ab-1 9.2 x1010

HL-LHC    14 TeV 3 ab-1   1015  

(Low Trigger efficiency)STCF 2-7 GeV 1 ab-1 7.0 x109

FCC-ee 91.2 GeV 150 ab-1 3.4 x 1011

s
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Current status of LFV  decaysτ

23
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Projected limits at Belle II using expected limits
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Belle II to probe LFV in several channels ≃ 𝒪(10-10) to  𝒪(10-9) with 50 ab-1

 2207.06306 [hep-ex]

Projections

Snowmass White Paper: Belle II 
physics reach and plans for 
the next decade and beyond

2.44 [Feldman − Cousins for Nobs = 0]

Background limited search 
τ → ℓγ

Background free search  
(all other LFV  decays shown below)

(Nbkg < 1)
τ

https://arxiv.org/abs/2207.06307


Tau physics Swagato Banerjee

Summary of experimental prospects of  decaysτ

25

Snowmass 2021:  cLFV in  sector e-Print: 2203.14919 [hep-ph]τ

https://arxiv.org/abs/2203.14919
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Global analysis of all LFV data
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V.Cirigliano, K.Fuyuto, C.Lee, E.Mereghetti, B.Yan,  
JHEP03, 256 (2021) arXiv:2102.06176 [hep-ph]

Constrain 
  

transitions 
at EIC

τ → e

https://arxiv.org/abs/2102.06176


Tau physics Swagato Banerjee

Global fit:  decays and transitions with  in the final stateτ → e τ
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ep → τ + X
pp → τe + X

Model-independent probes of new physics at scale   
encoded as Wilson coefficients (Cn) via EFT approach. 

For certain operators, Higgs decay and LFV Drell-Yan compete, 
which are assumed to scale by factor of 4 at HL-LHC.  

For many other operators, bounds dominated by τ and B-decays.

(Λ)

ep → τ + X

pp → τe + X

Z → τe
h → τe Z → τe Z → τe Z → τe

e-Print: 2203.14919 [hep-ph]e-Print: 2102.06176 [hep-ph]

https://arxiv.org/abs/2203.14919
https://arxiv.org/abs/2102.06176
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Global fit:  decays and transitions with  in the final stateτ → μ τ
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Model-independent probes of new physics at scale   
encoded as Wilson coefficients (Cn) via EFT approach. 

For certain operators, Higgs decay and LFV Drell-Yan compete, 
which are assumed to scale by factor of 4 at HL-LHC.  

For many other operators, bounds dominated by τ and B-decays.

(Λ)

e-Print: 2203.14919 [hep-ph]

https://arxiv.org/abs/2203.14919
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Global analysis of all LFV data: Leptoquark interpretation
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Courtesy: Emanuele Mereghetti, Kaori Fuyuto  [Tau2023]
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Summary & Outlook
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• Observation of LFV in the charged lepton sector would completely change our 
understanding of physics and herald a new period of discoveries in particle physics. 
Synergies between different experiments compliment discovery potential/confirmation. 

• Now is a very interesting era in the searches for LFV in decays of the  lepton, as the 
current limits will improve by an order of magnitude down to a few parts in 10-10 to 10-9   

            at the Belle II and other experiments. 

• Similar sensitivities will be probed at ATLAS, CMS & LHCb with high luminosity upgrade. 

• Proposed experiments at STCF, EIC & FCC-ee will continue searches for LFV in tau sector.

τ

• The mystery of |Vus| deepens from kaon and tau sector 

• Lattice calculations providing intriguing insights to calculate δRtheory:  
       Reduce theory error down to 0.0007, but long distance isospin breaking corrections pending 
       ETC collaboration, Phys.Rev.Lett. 132 (2024) 26, 261901, e-Print: 2403.05404 [hep-lat] 

https://arxiv.org/abs/2403.05404

