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Disclaimer

This is a personal selection of important topics that might not fully 
include all aspects for the development of the field

so...if I missed your (expected) results, apologies!
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Disclaimer II

I am (proudly) a member of Belle II, but will not talk on its behalf
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I am (proudly) a member of Belle II, but will not talk on its behalf
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In principle, I could just provide you with a list of items that I select 
as wishlist for 2025 and end the talk here.

I will try to instead tell you first why these items are important. 



● τ mass poorly known compared to e or µ (a few orders of magnitude less precise)

τ mass, it’s not just for the sake to know its mass..

Me= 0.51099895000±0.00000000015 MeV/c²

Mµ= 105.6583755±0.0000023 MeV/c²

Mτ= 1776.86±0.12 MeV/c²
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● τ mass poorly known compared to e or µ (a few orders of magnitude less precise)

τ mass, it’s not just for the sake to know its mass..

Me= 0.51099895000±0.00000000015 MeV/c²

Mµ= 105.6583755±0.0000023 MeV/c²

Mτ= 1776.86±0.09 MeV/c²
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See Alberto 
Lusiani’s slides

https://indico.cern.ch/event/1303630/contributions/5628292/


● τ mass poorly known compared to e or µ (a few orders of magnitude less precise)

τ mass, it’s not just for the sake to know its mass..

Phys. Rev. D 108, 032006

Phys. Rev. D 90, 012001

● Both BES III (~x5) and Belle II (~x2) have 
accumulated more data in the past, can we 
imagine to have a more precise 
determination of the τ mass by 2025? 

Energy 
scan

Pseudo
-mass
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.032006
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.012001


Experimental absolute leptonic Bf determination

● Some of you weren’t even born when the last measurements of the absolute leptonic Bf 
took place. 

● What were you doing, say, in 1990?
● Anyone else thinking it’s time for an update?
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Mean lifetime of tau lepton
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Mean lifetime of tau lepton

11



Mean lifetime of tau lepton

n+
*=n+

* (x* , y* , z*)

n*
±  converted to a 4-momentum using 

e± beam energy and τ mass

Phys. Rev. Lett. 112, 031801

Belle II measured with world’s best precision the lifetime of D0, D+ and Λc, can we expect also the τ lifetime 
to be measured in the near future? 12

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.112.031801


● τ mass poorly known compared to e or µ 
(a few orders of magnitude less precise)

● Important parameter in lepton universality tests

Bτ→l
SM ∝Bμ→e

ττ
τμ

m τ
5

mμ
5

τ mass, it’s not just for the sake to know its mass..

Bτ→l
SM ∝Bμ→e

ττ
τμ

m τ
5

mμ
5
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● τ mass poorly known compared to e or µ 
(a few orders of magnitude less precise)

● Important parameter in lepton universality tests

Bτ→l
SM ∝Bμ→e

ττ
τμ

m τ
5

mμ
5

τ lifetime, it’s not just for the sake to know its lifetime..

Private plot
Credits: A. 
Rostomyan, N. Rad et 
al. 

14



Two reference papers, of experimental measurements and their combinations
ALEPH, DELPHI, L3, OPAL, LEP Electroweak Collaboration, “Electroweak
Measurements in electron-positron collisions at W-boson-pair energies at LEP”, Phys. Rept. 532 (2013) 119, 
doi:10.1016/j.physrep.2013.07.004, arXiv:1302.3415.
Particle Data Group, P. A. Zyla et al., “Review of particle physics”, Prog. Theor. Exp. Phys. 2020 (2020) 083C01, 
doi:10.1093/ptep/ptaa104.

LEP results from W boson decays to leptons indicated a ~2.5σ tension with the 
predicted value of Rτ/l = 0.9996 (0709.1075, 0005060)

Using τ for LFU tests, LEP and hadron colliders
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https://arxiv.org/abs/0709.1075
https://arxiv.org/abs/hep-ph/0005060
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Using τ for LFU tests, LEP and hadron colliders

Two reference papers, of experimental measurements and their combinations
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Measurements in electron-positron collisions at W-boson-pair energies at LEP”, Phys. Rept. 532 (2013) 119, 
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Particle Data Group, P. A. Zyla et al., “Review of particle physics”, Prog. Theor. Exp. Phys. 2020 (2020) 083C01, 
doi:10.1093/ptep/ptaa104.

LEP results from W boson decays to leptons indicated a ~2.5σ tension with the 
predicted value of Rτ/l = 0.9996 (0709.1075, 0005060)
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https://arxiv.org/abs/0709.1075
https://arxiv.org/abs/hep-ph/0005060


Test of lepton flavour universality

362 fb-1, 1x1

467 fb-1, 3x1

It is in principle it is a very simple test: compare the rates of τ→µνν vs τ→eνν

18Details in Paul Feichtinger’s slides 

https://indico.cern.ch/event/1303630/contributions/5571692/


Test of lepton flavour universality

It is in principle it is a very simple test: compare the rates of τ→µνν vs τ→eνν

19Details in Paul Feichtinger’s slides 

https://indico.cern.ch/event/1303630/contributions/5571692/
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https://arxiv.org/pdf/1607.06832.pdf

Within this Abelian symmetry, Lµ-Lτ , LFV terms are allowed

LFU tests in tau decays, implications on BSM

Phys.Lett. B762 (2016) 389-398
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https://arxiv.org/pdf/1607.06832.pdf
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https://arxiv.org/pdf/1607.06832.pdf

Within this Abelian symmetry, Lµ-Lτ , LFV terms are allowed

LFU tests in tau decays, implications on BSM

Phys.Lett. B762 (2016) 389-398

https://arxiv.org/pdf/1607.06832.pdf
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PL, R=(1∓γ5) /2

A “standard” Lµ-Lτ Z’ 

LFU tests in tau decays, implications on BSM
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PL, R=(1∓γ5) /2

A “standard” Lµ-Lτ Z’ 

LFU tests in tau decays, implications on BSM
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PL, R=(1∓γ5) /2

A “standard” Lµ-Lτ Z’ 

Lepton doublets→(νl,l)L
Lepton singlets→lR

U(1)Y gauge field U(1)’ gauge field

LFU tests in tau decays, implications on BSM
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25The sensitivity to a LFV Z’ depends on the level of systematics 
in the test of LFU in tau decays.

Z’ contribution to the 
anomalous magnetic 
moment of the muon

g’R

g’L

1
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0.01 0.03 0.1

g’R

10-2

10-3

10-4

10-5

10-6

10-1

(MZ’=100 GeV/c²)

BaBar: Rµe=0.976 ± 0.004(=0.0016stat ± 0.0036sys)
SM: Rµe=0.972559  ± 0.000005 (see here)
PDG: Rµe=0.979  ± 0.004
Rµe

PDG/Rµe
SM-1=0.0064±0.004

LFU tests in tau decays, implications on BSM

https://arxiv.org/pdf/1310.7922.pdf


26The sensitivity to a LFV Z’ depends on the level of systematics 
in the test of LFU in tau decays.

Z’ contribution to the 
anomalous magnetic 
moment of the muon
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Using Belle II new average: Rµe=0.935±0.0026
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0.01 0.03

LFU tests in tau decays, implications on BSM

https://arxiv.org/pdf/1310.7922.pdf
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A 3x3 matrix is defined by 18 parameters, however
VCKM is a unitary matrix VV†=V†V=I : 9 unitarity conditions..

Only 9 parameters are “free”, and these are 3 angles and 6 
phases, however

5 phases are non-physical (unobservable)
VCKM can be parametrised by 4 parameters: 3 Euler angles and 1 
complex phase. The complex phase in VCKM violates CP.

q

q'

W
Vqq'

With probability 
proportional to 
|Vqq'|

2

Transitions between quarks: the CKM matrix
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∑
i
V ijV ik

* =δ jk

∑
j
V ijV kj

* =δ ik

Column 
orthogonality

row 
orthogonality

CKM matrix and the unitarity relations
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∑
i
V ijV ik

* =δ jk

∑
j
V ijV kj

* =δ ik

Column 
orthogonality

row 
orthogonality

CKM matrix and the unitarity relations

See Matthew Kirk slides at Anomalies and precision in the Belle II era workshop
Or Andreas Crivellin, explaining the Cabibbo Angle Anomaly, 2207.02507

https://indico.cern.ch/event/1037087/contributions/4494942/attachments/2304342/3920112/Kirk_BelleII_CAA.pdf
https://arxiv.org/abs/2207.02507


CKM matrix element, tension from different determinations?

Kaon decays provide 
a very precise 
determination of Vus 
and indicate a 
tension with CKM 
unitarity 

Hadronic τ decays 
provide a less precise 
determination of Vus, 
but its an independent 
approach that 
provides a 
consistency check 
indicate a tension with 
CKM unitarity 

31

See Alberto 
Lusiani’s slides

https://indico.cern.ch/event/1303630/contributions/5628292/
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LFU in τ→hν  and Vus

BaBar has performed a precision test using hadronic τ decays

Systematic uncertainties here are 
much larger than in the case of 
leptonic decays.
Is it foreseeable that by 2025 we 
see an update of these 
measurements, from Belle II? https://arxiv.org/pdf/2102.02825.pdf

https://arxiv.org/abs/2002.07184
New 
physics?

|V us|=0.2193±0.0032

|V us|=0.2255±0.0024

Phys. Rev. Lett.105 051602

https://arxiv.org/pdf/2102.02825.pdf
https://arxiv.org/abs/2002.07184
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.105.051602


Lepton flavour violation

While luminosities are integrated, could we know something in between?
@Belle, what about the ~2ab-1 of Belle+Belle II data expected by next summer?

33see here, from P. Rados

See Alberto Martini’s slides 

https://docs.belle2.org/record/1369/files/BELLE2-TALK-CONF-2019-026.pdf
https://indico.cern.ch/event/1303630/contributions/5571690/


CP violation in τ decays

● Two different analysis 
techniques adopted by 
BaBar and Belle.

● BaBar looked at the   
asymmetry in decays to a 
specific final state (and 
reported the
observation of CP violation 
with a significance of 2.8 σ)

● Belle looked instead into 
possible effects in angular 
distributions (and reported 
basically no CP violation)

● What about Belle II? A 
measurement to be 
presented at τ2025?

see here, from P. Rados 34

https://docs.belle2.org/record/1369/files/BELLE2-TALK-CONF-2019-026.pdf


Polarization measurements

Abdollah Mohammadi

Measurement of the tau lepton polarisation in Z boson decays by CMS detector

Left, CMS, used only partial 
data samples, much more data 

available that might help 
shrinking  Systematics 

→ hope for better precision 
by 2025

Below, BaBar new tau 
polarimetry technique allowed

to measure “nothing” 
with good precision!

Can you try to measure 
“nothing” at Belle II by 2025?

Caleb Miller
Measurement of beam polarization at an $e^+e^-$ $B$-Factory with a new tau polarimetry technique
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● Flavour-changing neutral currents forbidden at 
tree-level proceeds via loops

● Belle II studied 

and reported the
observation of the process with a significance of 
3.5 σ, and a tension with SM predictions at the 
level of 2.8 σ. 

B+→K + ν ν

36

B decays involving missing energy

2311.14647, submitted to PRD

https://arxiv.org/pdf/2311.14647.pdf


B decays involving missing energy
● Flavour-changing neutral currents forbidden at 

tree-level proceeds via loops

● Belle II studied 

and reported the
observation of the process with a significance of 
3.5 σ, and a tension with SM predictions at the 
level of 2.8 σ. 

● How does this relate to τ?
→ because some models (ex. 2309.0005) 
assuming heavy NP, would predict 

enhancements of other channels, such us:

B+→K + ν ν

B→K (*) τ τ Bs→τ τ B→K (*) τ l

See this presentation for details

Can we expect some updates (LHCb), or 
maybe a measurement from Belle II, by 
2025?

37

2311.14647, submitted to PRD

https://arxiv.org/pdf/2309.00075.pdf
https://indico.cern.ch/event/1166059/contributions/5305420/attachments/2655290/4598485/GdM_fpcp2023.pdf
https://arxiv.org/pdf/2311.14647.pdf


2311.14647, submitted to PRD
● Flavour-changing neutral currents forbidden at 

tree-level proceeds via loops

● Belle II studied 

and reported the
observation of the process with a significance of 
3.5 σ, and a tension with SM predictions at the 
level of 2.8 σ. 

● How does this relate to τ?
→ because some models (ex. 2309.0005) 
assuming heavy NP, would predict 

enhancements of other channels, such us:

B+→K + ν ν

B→K (*) τ τ Bs→τ τ B→K (*) τ l

See this presentation for details

Can we expect some updates (LHCb), or 
maybe a measurement from Belle II, by 
2025?2311.14629, submitted to PRD
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B decays involving missing energy

https://arxiv.org/pdf/2311.14647.pdf
https://arxiv.org/pdf/2309.00075.pdf
https://indico.cern.ch/event/1166059/contributions/5305420/attachments/2655290/4598485/GdM_fpcp2023.pdf
https://arxiv.org/abs/2311.14629


Gravitational waves probing fundamental physics, leptophilic Z’

This data 
used

We are 
here

Enhanced 
sensitivity with 

already available 
new set of data

● Heavy boson fields might be responsible for phase transitions, 
strong enough to generate gravitational waves → stochastic, not 
observed so far → set upper limits

● New, complementary, way with respect to typical HEP 
measurements with even more accessible parameter space.

● More analysis methodologies and results can be expected in the 
very near future.

Leptophilic Dark Portals

Bhupal Dev
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Take home message, my wishlist for 2025

● Understanding the properties of τ is a fundamental step towards gaining a more 
complete understanding of the standard model and beyond.

● Many players: hadron colliders, high/middle/low-energy electron-positron colliders.

● The τ mass is being measured with higher precision using different techniques, but 
absolute Bf and lifetime need an update. 
● Current understanding is based on measurements performed in the 90s. Facilities 

that could update these measurements should do so.
● Also new CP violation tests are needed.

● Precision tests of the SM from τ processes (i.e. LFU, CKM, LFV, EDM, etc.) can be 
used to discover or constrain new physics. It’s not always about adding more data, but 
we need to understand better the data→lower systematics should be a priority.

● If the excess reported by @Belle II in  is due to NP, then we might observe 
something also in rare B decays involving τ, updates would be welcome.
  

●  Unconventional ways to study fundamental physics are being developed (gravitational 
waves, first-order phase transitions), let’s keep an eye on that and see what O4 brings 
that could be relevant to us.

B+→K + ν ν



Thank you!!
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Y(nS)→Y(nS)→τμτμ decays at Belle 2 decays at Belle 2
Lepton flavor violating quarkonium decays

Derek E. Hazard and Alexey A. Petrov

Phys. Rev. D 94, 074023 – Published 17 October 2016

“Any new physics model that incorporates flavor and involves flavor-violating interactions at high energy scales can be cast in terms of the 
effective Lagrangian of Eq. (1) at low energies. We argued that Wilson coefficients of this Lagrangian could be effectively probed by 
studying decays of quarkonium states with different spin-parity quantum numbers, providing complementary constraints to those obtained 
from tau and mu decays” 

https://arxiv.org/pdf/1607.00815.pdf

https://arxiv.org/pdf/1607.00815.pdf
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