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Searches for cLFV in 𝜏 decays

• New limits on 𝜏 → 𝑉!ℓ from Belle 

• New limits on 𝜏 → 3𝜇 from CMS and Belle II
– Belle II limit better than Belle with ½ the data

Soeren Prell Tau 2023 Summary 2

Bigaran
Guzzi
Martini
Heeck

@ 90% C.L

cLFV in SM:
(not the mechanism 
we are looking for)



cLFV (theory I)
• 𝜏 decays may be good place to look for 

LFV
– LFV may only occur in some 𝜏

decays (and not in 𝜇 decays at all) if 
lepton flavor triality is conserved

• Note to experimenters: Dalitz plot 
searches can be more sensitive to 
specific models
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Bigaran



cLFV (theory II)

• Look everywhere. Sensitivities to 
NP are often complementary
– Example: strong constraints 

from 𝜇 → 𝑒𝛾 on all LFV Higgs 
(→ ℓℓ!) decays
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Altmannshofer



cLFV (theory III)
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Heeck

• Consider classes of models related by EFT operators
– Don’t be discouraged to look for ΔB tau decays! 
– … but sometimes proton decay may be more sensitive



• New limits from Belle on 𝐵! → ℓ𝜏, 𝐵 → 𝐾𝜏ℓ,
and Υ 1𝑆 → ℓℓ" 𝛾

• Many new limits from ATLAS on 𝐻 →
ℓ𝜏, 𝑍" → 𝜏ℓ, 𝐿𝑄 𝑏𝜏 , etc., 

cLFV in 𝜏 final states (I) 
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LFV and other NP with 𝜏 final states 

New limits from CMS on 
production of W’ (up to 4.8 TeV), 
LQ, QBH (6.6 TeV)

– Expect better 𝜏 reconstruction 
in Run 3 from reconstruction 
and tagging improvements
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D’Amante



cLFV at future colliders
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• FCC-ee and CEPC can provide 
constraints on CLFV complimentary 
to LFV tau decays

• EIC can provide tight constraints on 
cLFV (esp. on LQ models)

Mantry
Munbodh



Rare 𝜏 final states at future 𝑒!𝑒"colliders
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Clean environment and 
highly boosted Z’s at a
Tera-Z factory (Mega-LEP) 
provide a high sensitivity to 
b decays to 𝜏 final states

Li



Mu2e

Soeren Prell Tau 2023 Summary 10

Middleton
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• Mu2e will look for 𝜇 to e conversions in the 
electric field of a nucleus
– Expect to reach 𝐵𝐹 𝜇𝑁 → e𝑁 < 8×10"#$

• On track for commissioning to start 2024 with 
cosmics, with beam in 2025, and first physics 
data taking in 2026

• Mu2e-II will increase sensitivity by another 
order of magnitude with higher beam intensity



Dark Searches (low mass)
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Brown
Dey
Middleton

• New Belle I/II searches for
– A long-lived HNL, a leptophilic 

scalar, a scalar in 𝜏 → ℓ𝛼, a 𝜏𝜏
resonance

• New BaBar searches for 
– A HNL, a dark baryon



Dark searches at future experiments
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Xie
Hitlin
Kose

Consider 3 
final states

Also sensitive to invisible 
HNL decays via mono-jets

Extensive program of dark searches at 
fixed target and beam dump expts, also 
Faser

Dark photon limits

EIC



LFU tests in 𝜏 decays 
• Same coupling of the charged leptons to the gauge bosons

– 𝑔% = 𝑔& = 𝑔' (SM)

• Brand-new result from Belle II
– systematically limited by LID
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= 1 in SM 

Feichtinger



LFU tests with 𝑏 → 𝑐𝜏𝜈
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• New measurements of 𝑏 → 𝑐𝜏𝜈 decays
– LHCb:

– CMS: 𝑅(𝐽/𝜓)

Lupato
Brossa
Guzzi

LHCb, 
B->D* tau nu

D* long. pol.
consistent 

with SM
(1𝜎) 



SM H physics with 𝜏 final states

• ATLAS sees evidence for associated 
V𝐻(→ 𝜏𝜏) production at 4.2𝜎

• ATLAS measures CP of H (→ 𝜏𝜏)
and rejects pure CP-odd at 3.4𝜎
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Oncel



𝜏 properties I  (mass, EDM)
• Most precise tau mass measurement from Belle II

– Improved on results from threshold experiments 
by reducing systematics from beam energy and 
momentum measurement

• New measurement of tau EDM from Belle using 
spin correlations

– Expect to reduce to 
1 − 2 ×10"#( ecm

with improved 
technique and Belle II 
data, esp. with pol. 
beams   
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𝜏 properties II (𝑔 − 2)

• Photoproduction cross-section of 𝜏 pairs 
depends on 𝑎#
– ATLAS result has similar precision to 

DELPHI result; ALICE analysis is in 
progress

• Also possible at Belle II (pol. beams help)
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Buat
Buhler
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𝜏 properties III (polarization)
CMS measures tau pol. in Z decays and extracts sin$ 𝜃%

BABAR measures 𝑒& beam pol. with 𝜏 polarization

consistent with null expectation
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Miller,
Mohammadi



Chiral Belle
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Roney

Upgrade SuperKEKB 
beams at 𝑠 =10.58 GeV 
to 70% beam polarization

Plan for end of decade



Hadronic 𝜏 decays (theory)
• Updated 𝜏 generators

– KKMC for 𝑒'𝑒& → 𝜏'𝜏& 𝑛𝛾 incl. 𝜏 decays
– Emission of additional pairs of SM and NP
– Anomalous MDM and EDM

• Precise BFs of hadronic 𝜏 decays can limit NP 
contributions
– E.g., new work on structure-dep. contributions to

rad. corrections in hadronic 𝜏 decays reduces 
uncertainty x2

• New theory work 
on 𝑉$% and 𝛼%
– Unfortunately, no new 

experimental 𝜏 results
in these areas
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Miranda Sanchez
Golterman Was 
Takaura Peris
Calderon

Flash back to grad
student times →



𝜇 (𝑔 − 2)
• New FNAL 𝜇 (𝑔 − 2) result from 

Run 2+3 at 200 ppb precision
– Error is statistically limited, 

expect to < 100 ppb with Run 1-6 
(data taken this year)

• J-PARC Muon EDM / g-2 (2028+)
– Not quite at the same precision
– Different approach with low

emittance 𝜇 beam and no strong 
focusing is more sensitive to  
EDM (10")#)

– First demonstration of cooled
muons
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Cotrozzi
Mibe 



𝜇 (𝑔 − 2)

• Experimental 𝑎& value has been stable … what is the SM prediction?
• Expected theory progress

– Radiative corrections and MC generators are being scrutinized
– New LQCD results for total HVP contribution and “window observables” and data-driven 

approach … goal is < 0.5% precision
– MUonE will provide new method to compute the HVP contribution (2026+)
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Maltman 
Pilato 
Roig
Kuberski

“𝑒!𝑒" data 
are puzzling”

𝑒!𝑒" data needs to be understood!

New measurements of HVP 
contribution expected from KLOE, 
BESIII, SND, Belle II (eventually 
also from 𝜏 decays)



Some stats
• 89 plenary talks
• 90 participants
• 6 Kentucky bourbons … maybe more
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Many thanks !
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Many thanks to Sourav Patra and Naveen Kumar Baghel for taking 
care of the registration and Indico and Zoom connections
Many thanks to Swagato for hosting this great event !!!



Conclusions

We have seen a lot of exciting results 
since the last TAU conference

Tau physics is going strong !

I am looking forward to TAU 2025
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