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Tau Decays
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Including QED &
QCD corrections:
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Lepton Flavor universality: muon vs electron  (
gμ

ge
)
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Lepton Flavor universality: tau vs electron  ( gτ

ge
)
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Measure:
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Lepton Flavor universality: tau vs muon  ( gτ

gμ
)
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Lepton Flavor universality: tau vs muon  ( gτ

gμ
)

7

Measure:

( 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

mτ, ττ, ℬ(τ− → h−ντ) [h− = π−/K−]



Tau physics Swagato Banerjee

Lepton Flavor universality
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τ mass and lifetime
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Alberto Lusiani – Pisa Tau Decay Measurements

Tau mass

]2 [MeV/cτm
1776 1776.5 1777 1777.5 1778

PDG 2015 average
 0.12±1776.86 

BES 2014

 0.13−
 0.10+ 0.12 ±1776.91 

BaBar 2009
 0.41± 0.12 ±1776.68 

KEDR  2007
 0.15±  0.23−

 0.25+1776.81 
Belle 2007

 0.35± 0.13 ±1776.61 
OPAL  2000

 1.00± 1.60 ±1775.10 
CLEO  1997

 1.20± 0.80 ±1778.20 
BES   1996

 0.17−
 0.25+  0.21−

 0.18+1776.96 
ARGUS 1992

 1.40± 2.40 ±1776.30 
DELCO 1978

 4.00−
 3.00+1783.00 

PDG 2015

• most precise measurements by
e+e� colliders at ⌧+⌧� threshold
I few events but very significant

New Vistas in Low-Energy Precision Physics (LEPP), 4-7 April 2016, Mainz, Germany 5 / 40

Alberto Lusiani – Pisa Tau Decay Measurements

Tau lifetime

 s]-15  [x 10ττ
285 290 295

HFAG Summer 2014
  0.52±290.29 

PDG 2014 average
  0.50±290.30 

Belle 2013
  0.33±  0.53 ±290.17 

Delphi 2004
  1.00±  1.40 ±290.90 

L3 2000
  1.50±  2.00 ±293.20 

ALEPH 1997
  1.10±  1.50 ±290.10 

OPAL 1996
  1.20±  1.70 ±289.20 

CLEO 1996
  4.00±  2.80 ±289.00 

HFAG-Tau
Summer 2014

• LEP experiments, many methods
I impact parameter sum (IPS)
I momentum dependent impact

parameter sum (MIPS
I 3D impact parameter sum (3DIP)
I impact parameter difference (IPD)
I decay length (DL)

• Belle
I 3-prong vs. 3-prong decay length
I largest syst. error: alignment

New Vistas in Low-Energy Precision Physics (LEPP), 4-7 April 2016, Mainz, Germany 6 / 40

Most precise measurements 
at  thresholdτ−τ+

Most precise measurement by 
Belle using 3-vs-3 topology
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Tau-pair event at Belle II
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1-vs-3 topology
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Tau Mass at Belle II

11

arXiv:2008.04665 [hep-ex]

https://arxiv.org/abs/2008.04665
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luminosity projection

Tau Mass at Belle II
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Current syst: 0.33 MeV

Current lumi: 360 fb-1

arXiv:2008.04665 [hep-ex]

https://arxiv.org/abs/2008.04665


Tau physics Swagato Banerjee

Tau Lifetime at Belle II
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Tau Lifetime at Belle II
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Lepton Flavor universality at Belle II
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arXiv:1607.06832 [hep-ph]

Feynman diagram for the 
Z’ contribution to the 
lepton flavor universality 
violating tau decay.

https://arxiv.org/abs/1607.06832
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Leptonic branching fractions
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Rμ ≡
ℬ(τ− → μ−ν̄μντ)
ℬ(τ− → e−ν̄eντ)

Belle II will significantly improve the precision on inputs to lepton-flavor 
universality-violating quantities yielding some of the most stringent 
constraints on non-SM deviations from charged current lepton universality.
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The |Vus| element of CKM Matrix
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J.C.Hardy & I.S. Towner, PRC 102 (2020) 045501

Particle Data Group 2021

Precision measurement of |Vus| is a test of CKM unitarity

Vij: Mixing between Weak and Mass Eigenstates

• |Vud| = 0.97373 ± 0.00031 (from nuclear β decays) 

• |Vub| = (3.82 ± 0.24) x 10-3 (from B → Xu ℓ ν decays) 

 ⇒  |Vus|CKM = 0.2277 ± 0.0013
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CKM Unitarity
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V-A interaction via W-exchange with quarks have Vij

CKM Unitarity violation: |Vud|2 + |Vus|2 + |Vub|2 = 1 + ΔCKM

 ΔCKM  ~ (v/Λ)2 sensitive to new physics in large class of  models

Standard  
Model

New 
Physics
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Approaches to |Vus|
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� |Vus|f+(0)

� |Vus|
|Vud|

FK
F�

� |Vus|f1(0)

Kl3 decays:

Kl2 decays:

Hyperon decays:

τ decays:
� ms, |Vus|
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Hadronic width of the τ lepton
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2.2  Theory 

  
Rτ ≡

Γ τ − →ντ + hadrons( )
Γ τ − →ντe

−ν e( ) ≈ NC

Emilie Passemar 

  Rτ = Rτ
NS + Rτ

S ≈ Vud

2
NC + Vus

2
NC

8 

M. González-Alonso /23 

  Extraction$of$αS$and$Vus.$The$idea$is$simple:$

(Inclusive) Hadronic tau decays 

Tau physics 
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QCD switch 

(αS=0) 
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Vus
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ud usd V d V sθ = +

Parton model:

∝|Vud|2 ∝|Vus|2
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Hadronic width of the τ lepton
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•                                                                                    naïve QCD prediction         
 
 
 

  Experimentally 
 
 
 
 

•  Difficulty            QCD corrections : 
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2.1  Introduction 

  
Rτ ≡

Γ τ − →ντ + hadrons( )
Γ τ − →ντe

−ν e( ) = Rτ
NS + Rτ

S ≈ Vud

2
NC + Vus

2
NC

1
3.6291 0.0086e

e

B B
R

B
µ

τ

− −
= = ±

Emilie Passemar 

( )2 2
ud C us C SR V N V Nτ α= + +Ο

CKM 2014, 9 September 2014 

( )2 2 2 2(0) ( ) ( )

2
1 D D

C EW us ud ud ud us us
D

R N S V V V Vτ δ δ δ
≥

⎧ ⎫⎡ ⎤⎡ ⎤= + + + +⎨ ⎬⎣ ⎦ ⎣ ⎦⎩ ⎭
∑

QCD part determined using OPE 

Spectral Moments:

Finite energy sum rules ⇒ SU(3) breaking sensitive to ms :

Rkl
� =

� 1
0 dz(1� z)kzl dR�

dz , z = q2

m2
�

Zeroth order moments are simply the τ branching fractions 

Truncation errors studied with QCD lattice inputs in terms of weights:

10th International Workshop on e+e− collisions from φ to ψ (PhiPsi15)

δRw
V +A(s0) ≡

Rw
V +A;ud(s0)

|Vud|2
−

Rw
V +A;us(s0)

|Vus|2
, one then has

|Vus| =

√

Rw
V +A;us(s0)/

[

Rw
V +A;ud(s0)

|Vud|2
− δRw,OPE

V +A (s0)

]

.

(3)
The resulting |Vus| should be independent of s0 and the
choice of weight, w, provided all experimental data, and
any assumptions employed in evaluating δRw,OPE

V +A (s0),
are reliable. Since integrated D = 2k+2 OPE contri-
butions scale as 1/sk0, problems with assumptions about
higher D non-perturbative contributions, e.g., will pro-
duce an unphysical s0-dependence in |Vus|.

The conventional implementation of Eq. (3) [1] em-
ploys w=wτ and s0 =m2

τ . With this choice, the spectral
integrals Rwτ

V +A;ud,us(m
2
τ ) are determinable from inclu-

sive non-strange and strange hadronic τ branching frac-

tions, but assumptions about higher dimension D = 6,8
OPE contributions, in priniciple present for a degree 3
weight like wτ , are unavoidable. Using a single w and
single s0 precludes subjecting these assumptions to w-
and s0-independence tests. It is a long-standing puz-
zle that this implementation produces inclusive τ |Vus|
determinations > 3σ below 3-family-unitarity expecta-
tions (the most recent version, |Vus|=0.2176(21) [7], e.g.,
lies 3.6σ below the current unitarity expectation, |Vus|=
0.2258(9) [6]). Tests of the conventional implementation,
however, show sizeable s0- and w-dependence [8] (see
also, e.g., the left panel, and solid lines in the right panel,
of Fig. 1), indicating the existence of systematic prob-
lems in the conventional implementation. The dashed
lines in the right panel show the results of the alternate
implementation discussed below.

2 2.5 3
s0 [GeV2]

0.215

0.22

0.225

0.23

|V
us

|

w
τ
(y)

ŵ(y)

2 2.5 3
s0 [GeV2]

0.222

0.225

0.228

|V
us

|

w2(y), VSA D=6
w3(y), VSA D=6
w4(y), VSA D=6
w2(y), fitted C6
w3(y), fitted C8
w4(y), fitted C10

Fig. 1. Left panel: |Vus| from the wτ and ŵ FESRs with standard [1] OPE treatment (including CIPT for the D=2
series). Right panel: Comparison of conventional implementation results with those obtained using central fitted
C6,8,10 values and the FOPT D=2 prescription favored by lattice results, for the weights w2,3,4 defined in the text.

Two obvious theoretical systematic issues exist which
might account for the observed w- and s0-instabilities.
The first concerns the treatment of D = 6, 8 OPE con-
tributions. Both the conventional implementation and
generalized versions just mentioned [8], estimate D = 6
contributions using the vacuum saturation approxima-
tion (VSA) and neglect D = 8 contributions. The VSA
D= 6 estimate is very small due to significant cancella-
tions, both in the individual ud and us V+A sums and in
the subsequent FB difference of these sums. With size-
able channel-dependent VSA breaking observed in the
flavor ud V and A channels [9], such strong cancellations
make the VSA estimate potentially quite unreliable. The
second possibility concerns the slow convergence of the
D = 2 OPE series for ∆Πτ . With ā = αs(Q2)/π, and
ms(Q2), αs(Q2) the running strange quark mass and

coupling in the MS scheme, one has, to four loops [10]
(neglecting O(m2

u,d/m
2
s) corrections)

[∆Πτ (Q
2)]

OPE

D=2 =
3

2π2

ms(Q2)

Q2

[

1+
7

3
ā+19.93ā2

+208.75ā3+ · · · ] . (4)

Since ā(m2
τ )# 0.1, convergence at the spacelike point on

|s|= s0 is marginal at best, raising questions concerning
the choice of truncation order and truncation error esti-
mates for the corresponding integrated series. The D=2
convergence/truncation issue is also evident in the signif-
icant difference (increasing from ∼ 0.0010 to ∼ 0.0020 be-
tween 3- and 5-loop truncation order) in |Vus| results ob-
tained using alternate (fixed-order (FOPT) and contour-
improved (CIPT)) prescriptions (prescriptions differing

PhiPsi15-2

[PDG2020]
E.Gamiz, M.Jamin, A.Pich, J.Prades & F. Schwab, arXiv 0709.0282 [hep-ph]

R. J. Hudspith, R. Lewis, K. Maltman, and J. Zanotti, arXiv:1702.01767 [hep-ph]
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|Vus| from inclusive strange 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

Bs = (2.908 ± 0.048)%

To get R, we normalize by
(Be)univ = (17.812 ± 0.022)%

The error on Be is improved using lepton 
universality & improved measurements 

of mass (mτ) and lifetime (ττ).

BVA =  Bhadrons - Bs = (61.83 ± 0.10)%

 [Preliminary]

⇒ |Vus| = (0.2184 ± 0.0021)

Dominant contribution to error on |Vus| 
comes from error on the measured Bs. 
δRtheory contributes to Δ|Vus| = 0.0011.
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|Vus| from exclusive τ decays
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• Independent of convergence of OPE, as electroweak corrections cancel

• Radiative corrections SEW =1.02320 ± 0.00030 [Erler 2004]
• Long Distance effects (RτK/τπ) known [Decker & Finkmeier 1995, Marciano 2004]

•All non-perturbative QCD effects encapsulated as ratio of meson decay constants:        
fK/fπ = 1.1932 ± 0.0021, fK = 155.7 ± 0.3 MeV [FLAG 2019 Lattice Averages]
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Summary of |Vus| results
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• |Vus| from kaon and tau falls short of CKM unitarity value by ~3σ 
• |Vus| from inclusive tau decays independent of Lattice errors used for kaons 
• New physics affecting 3rd generation only affects |Vus| from taus 
• Tau decays at Belle II offers unique and complementary insight

-3.7σ

-2.1σ

-2.6σ

-2.5σ

-3.5σ

-3.2σ

-2.7σ

 [Preliminary]

M. Moulson, E. Passemar
CKM2021

Cabibbo-angle anomaly
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Search for lepton number/flavor violation in τ decays
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 S. Banerjee

LFV τ decays

Mass dependent couplings enhance tau LFV w.r.t. lighter leptons

Some models predict LFV upto existing experimental bounds

eg. SUSY models: non-diagonal slepton mass matrix ⇒ LFV

Normal (Inverted) hierarchy for slepton ⇒ τ → µγ ( τ → eγ)

∼ O(10−6)
(CLEO ’00)

(J. Ellis, J. Hisano, M. Raidal and Y. Shimizu, Phys. Rev. D 66 (2002) 115013)

τ Physics @ BABAR
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New Physics expectations
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 S. Banerjee

LFV τ decays

Neutrinoless 2 and 3 body τ decays have different sensitivity

B(τ → "γ) B(τ → """)
mSUGRA+seesaw (EPJC14(2000)319, PRD66(2002)115013) 10−7 10−9

SUSY SO(10) (NPB649(2003)189, PRD68(2003)033012) 10−8 10−10

SUSY Higgs (PLB549(2002)159, PLB566(2003)217) 10−10 10−7

Non-Universal Z′ (PLB547(2002)252) 10−9 10−8

SM+Heavy Majorana νR (PRD66(2002)034008) 10−9 10−10

Illustrative scenarios ...
ν µ

χ
γ

τ − −
∼ −

τ −
µ
µ

−
−µ

+H0

! Search for τ → "γ/P 0, τ → """, τ → "hh′ decays (" = e, µ; h = π, K)

τ Physics @ BABAR
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LFV τ decays

Neutrinoless 2 and 3 body τ decays have different sensitivity
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New Physics expectations
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Tree level :

Loop induced :
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e−e+ → τ−τ+

28
 S. Banerjee

e+e− → τ+τ− (clean environment)

!" #$τ → "γ

Signal−Side
γ

l 1 or 3 prong

ν
Tag−Side

Backgrounds:

τ → eγ (τ → µγ):

Radiative Bhabha (di-muon)
τ+τ−γ(τ → #νν)

qq (γ)

!" #$τ → """ (τ → "hh′)

Signal−Side

l

ν
Tag−Side

1 prong
l(h)
l(h)

Backgrounds:

τ− → #′−#+#−:

Bhabha, di-muon

τ− → #+#′−#′−, τ → #hh′:

τ+τ−, qq

# of ν(s) in Signal-side Signal: 0 τ+τ−: 1-2 Bhabha, di-muon, qq: 0
# of ν(s) in Tag-side Signal: 1-2 τ+τ−: 1-2 Bhabha, di-muon, qq: 0

τ Physics @ BABAR

• Known initial conditions (beam energy constraint) 
• Clean environment (less backgrounds)
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Signal characteristics
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≃ mτ

≃ 0

Phys. Rev. Lett. 104, 021802 JHEP 10 (2021) 019

τ- → e- γ 
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Upper limit estimation
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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
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Current status of LFV limits
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Current and future prospects
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2.44 [Feldman − Cousins for Nobs = 0]
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Synergy with other experiments
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e-Print: 2203.14919 [hep-ph]

C(1)
LQ

C(3)
LQ

Ceu

Ced

CLu

CLd

CQe

C ′

LedQ

C(1)′
LeQu

C(3)
LeQu

C(1)′
ϕL

Cϕe

Cγ

CZ

Ceϕ

10−7 10−6 10−5 10−4 10−3 10−2 10−1 100 101

µω, µK0

µπ+π−, µρ0

µω, µπ+π−

µω, µK0

µω, µπ+π−

µω, µK0

µω, µK0

µπ+π−, µK+π−

µπ+π−, µK+K−

µω, µπ+π−

µπ0, µπ+π−

µπ0, µπ+π−

µπ+π−, µρ0

µπ+π−, µρ0

µπ+π−, µK+K−

|C|/(GFΛ2)

0

Belle

Belle II

≈
≈

≈
≈

≈
≈

≈
≈

≈
≈

≈
≈

≈
≈

≈
≈

≈

Tau to electron transitions Tau to muon transitions

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

(Λ)

https://arxiv.org/abs/2203.14919


Tau physics Swagato Banerjee

Electric dipole moment of τ
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• Charge asymmetry along spin direction

• EDM   P, T violation. Search for CP violation in  vertex.≠ 0 ⇒ τ−τ+γ

• SM prediction  far below experimental sensitivity≃ 𝒪(10−37e ⋅ cm)

• EDM   unambiguous signature of New Physics≠ 0 ⇒

• New Physics contributions in loops can enhance EDM ≃ 𝒪(10−19e ⋅ cm)
W. Bernreuther, A. Brandenburg, and P. Overmann, Phys. Lett. B 391, 413 (1997). 

Huang, W. Lu, and Z. Tao, Phys. Rev. D 55, 1643 (1997). 
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Electric dipole moment of τ
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• Current Status:

• Belle; 833 fb-1 data (arXiv:2108.11543 [hep-ex])

• Future Projections:

• Consistent with zero EDM

• Systematic errors similar to statistical

• Dominant systematics: Data-MC mismatch 

       in momentum/angular distributions

• Preliminary studies at Belle II show much better control of data-MC mismatch 

• After improved control of systematics, extrapolation based on statistical errors only

• Probe  with 50 ab-1 data at Belle II. 

• Further improvement expected from proposed upgrade of polarized e- beams.

≃ 𝒪(10−19e ⋅ cm)

https://arxiv.org/abs/2108.11543
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Magnetic dipole moment of τ
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• Tensions are seen in electron and muon. 

• Current bound in tau ~ 10-2  [DELPHI, Eur. Phys. J. C 35, 159 (2004)].

• Belle II will explore (g-2)τ. Polarized beam can enhance sensitivity.
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Magnetic dipole moment of τ
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Nucl.Phys.B790:160-174,2008

Andreas Crivellin, 
Martin Hoferichter,
 J. Michael Roney

arXiv:2111.10378 [hep-ph]

Precision 

with 40 ab-1 of data

with polarized beam

≃ 𝒪(10−5)

http://www.hep.caltech.edu/~hitlin/tau_polarization_bibliography/bernabeu_NPB_790_08_160.pdf
https://arxiv.org/search/hep-ph?searchtype=author&query=Crivellin%2C+A
https://arxiv.org/search/hep-ph?searchtype=author&query=Hoferichter%2C+M
https://arxiv.org/search/hep-ph?searchtype=author&query=Roney%2C+J+M
https://arxiv.org/abs/2111.10378
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Second class currents
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Hadronic current in τ decays: 

Charge Conjugation: 

Isospin Rotation: 
G-Parity combines C & R:

Isospin violating Second Class Current (SCC) in  decays:τ− → π−ηντ

enhanced by new physics contributions

S. Weinberg, Phys. Rev. 112, 1375 (1958). 

C. Leroy and J. Pestieau, Physics Letters B 72, 398 (1978). 
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Scalar contributions from extended Higgs/Leptoquark sector
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Charged Higgs exchange Leptoquark exchange

A precision measurement, accompanied by improved theoretical knowledge of the scalar form 
factor, will set stringent bounds on charged Higgs exchange competitive to those obtained 
from B− → τ−ντ data,  even if no excess is seen over second class current predictions.

E. A. Garc ́es, M. H. Villanueva, G. L. Castro, and P. Roig, J. High Energy Phys. 12, 027 (2017). 
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Lots of interesting physics with tau’s

40

τ


