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📍

KEK 
Tsukuba

Operation finished >10 years ago 
but still steady flow of results 

Belle detector

 

• Good momentum and vertex resolution 
• Well-known initial state (up to ISR) 
• Excellent calorimetry  
• Sophisticated particle ID  

K/π separation  
Lepton identification (𝜇/π mis-ID)



OUTLINE
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𝙱→τℓ

Υ(𝟸𝚂)→Υ(𝟷𝚂)(→ℓℓ′ )ππ 𝙱→Λ + 𝙳𝙼

Ω𝟶
𝚌 →Ω−ℓ+νℓ

• Lepton Flavor Violation 
Searches 

• Baryon Number Violation 

• Lepton Flavor Universality 
Test

Covered today!

Largest  samples collected so far!Υ(𝚗𝚂) (𝚗 = 𝟷, 𝟸, 𝟺, 𝟻)

2mB

Υ ≡ {𝚋�̄�}

`continuum’



 LEPTON FLAVOR VIOLATION(charged)
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μ→𝚎γ, μ→𝟹𝚎, μ𝙽→𝚎𝙽
τ→𝟹μ, τ→μ𝚅 𝚅 ∈ {ρ, Ω, ϕ, 𝙺*𝟶}

𝙷→ℓℓ′ 

𝙱→𝙺τℓ, 𝙱(𝚜) →τℓ

It would be a clear signal 
of new physics!

LFV in final states

… not observed yet, though!

𝚅→ℓℓ′ ℓ(′ ) ∈ {𝚎, μ, τ}, 𝚅 ∈ {Υ(𝚗𝚂), 𝚉, 𝙹/ψ...}

Covered by K. Uno in 
"Tau physics at Belle"

X ν
• Neutrino mass and neutrino oscillations → the accidental lepton family symmetry in 

the SM is broken → family lepton number can be violated  
• Charged LFV can occur through oscillations in loops but it is suppressed by 

 — b.r.~10-54 
• Deviations from LFU have been measured in charged AND neutral current B-decays 

• No known symmetry principle protects lepton flavor conservation in the presence of 
lepton non-universality  PRL114,091801

(Δ𝚖𝚒𝚓/𝚖𝚆)𝟺

LFV searches in many sectors and many experiments… (LEP, LHC, BEPCII, B-factories)

PhysRevD.70.113011

? ?

https://agenda.infn.it/event/28874/contributions/169344/
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.091801


    
 - MOTIVATION&STRATEGYΥ(𝟷𝚂)→ℓℓ′ 
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• : Two-body vector meson cLFV process  
➝ probing the vector and tensor operators of the effective Lagrangian for NP
Υ(𝟷𝚂)→ℓ±ℓ′ ∓

• : First study of three-body radiative cLFV  
➝ complementary access to NP
Υ(𝟷𝚂)→γℓ±ℓ′ ∓

JHEP 05 2022, 095

Hazard, Petrov, PRD 94, 074023 (2016) 

 events preferred over  
PROS 
- higher trigger efficiency (two more tracks in the event) 
- easier QED  background suppression 
CONS 
- Smaller statistics (28M vs 119M) due to 

Υ(𝟸𝚂)→Υ(𝟷𝚂)ππ Υ(𝟷𝚂)

ℬ(Υ(𝟸𝚂)→π+π−Υ(𝟷𝚂)) ∼ 𝟷𝟾 %

 recoil consistent with  massππ Υ(𝟷𝚂)

𝙼recoil
ππ = (𝙴𝚎+𝚎− − 𝙴ππ)𝟸 − | ⃗𝚙 ππ |𝟸

𝙼recoil
ππ ∈ (𝟿 . 𝟺𝟻, 𝟿 . 𝟺𝟼𝟼) 𝙶𝚎𝚅/c𝟸

PhysRevD.91.113013

b̄

b

b̄

b

t

× 𝟶 . 𝟷𝟾∼𝟸𝟾𝙼

https://link.springer.com/content/pdf/10.1007/JHEP05(2022)095.pdf
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.94.074023
https://arxiv.org/pdf/1503.04159.pdf
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𝚎τ : τ→ μνν̄/𝟹πν
μτ : τ→ 𝚎νν̄/𝟹πν

LFC decays are used for calibration; 
The b.r.'s are compared to world average

𝙼recoil
ππℓ(γ) ∼ 𝚖τ

 - THE ANALYSISΥ(𝟷𝚂)→ℓℓ′ 

= 𝙼ππ(γ)ℓℓ − 𝙼(γ)ℓℓ

Δ𝙼 = 𝙼Υ(𝟸𝚂) − 𝙼Υ(𝟷𝚂) ∼ 𝟻𝟼𝟶 𝙼𝚎𝚅

Υ(𝟷𝚂)→τμγ

Υ(𝟷𝚂)→𝚎μ

Υ(𝟷𝚂)→𝚎+𝚎−

Expected ~9 peaking bg 
events from 

(  mis-ID evaluated from 
di-muon events)

Υ(𝟷𝚂)→μμ
μ↔𝚎

Dominant bg from 
Υ(𝟷𝚂)→τ(→ℓν/πν)τ

LFV decays : signal events will still peak in Υ(𝟷𝚂)→𝚎μ Δ𝙼

 caseeμ

 caseℓτ
The  cannot be fully reconstructed: 
- The following modes are chosen to reduce 

 background 

- The 4-momentum of the  is inferred from initial  
and  system

τ

Υ(𝟷𝚂)→ℓℓ

τ 𝚎+𝚎−

ππℓℓ(γ)

JHEP 05 2022, 095

SIGNAL (20 evts)

Fitted

SIGNAL (5 evts)

Fitted

https://link.springer.com/content/pdf/10.1007/JHEP05(2022)095.pdf
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~2x more stringent than the previous result from CLEO

The other modes are searched for the first time

 - THE RESULTSΥ(𝟷𝚂)→ℓℓ′ 

Generation model: VLL vs PHSP 
The first is chosen as it is more conservative (8% lower efficiency)

• All the U.L.'s  are dominated by statistical 
uncertainty  

• The largest source of  systematic uncertainty 
(2%) comes from 𝙽Υ(𝟸𝚂)

ℬ[Υ(𝟷𝚂)→ℓ±ℓ′ ∓] <
𝙽𝚄𝙻

𝚜𝚒𝚐

𝙽Υ(𝟸𝚂) × ℬ[Υ(𝟸𝚂)→π+π−Υ(𝟷𝚂)] × ε

(γ)𝚎μ: 𝟸𝟶−𝟹𝟶 %
(γ)ℓτ: 𝟻−𝟿 %

Signal is not found in any of the channels and the upper limit on the b.r.’s are estimated as:

JHEP 05 2022, 095

 

https://inspirehep.net/literature/790943
https://link.springer.com/content/pdf/10.1007/JHEP05(2022)095.pdf
https://inspirehep.net/literature/790943


8

b

di

ℓ

ℓ′ 

ℓ, ℓ′ = {𝚎, μ, τ}

 TRANSITIONS𝚋→𝚍𝚒ℓℓ′ 

𝙱 → 𝙺ℓℓ′ 

𝙱𝚍𝚒
→ ℓℓ′ 2-body dynamics 

Leptons energy is monochromatic 
 has p* almost beyond endpoint of SL B decaysℓ

3-body dynamics 
The final states resemble  modes 
⇒ large backgrounds

𝚋 → 𝚌𝚆*
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𝚍𝚒 = {𝚍, 𝚜}

𝙱+ →𝙺+𝚎μ
𝙱𝟶 →𝙺𝟶𝚎μ
𝙱𝟶 →𝙺*𝟶𝚎μ

𝟷𝟶−𝟿

𝟷𝟶−𝟾

𝟷𝟶−𝟾

Belle
LHCb

di=d,s

Limits are much less precise  

 's generally require special techniques due to the presence of 
missing energy and lack of a distinctive signature

𝒪(𝟷𝟶−𝟻)

τ
B-tagging is commonly used 
(full reconstruction of one B)

When ℓ, ℓ′ ≠τ

Otherwise…

Limits are very stringent 
Competitive or better than 
LHCb (neutral modes)

best limits

LHCb

https://doi.org/10.1103/PhysRevLett.123.241802
https://arxiv.org/pdf/1908.01848.pdf
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.98.071101


 SEARCH𝙱𝟶 → τℓ
9

𝙱−𝙱𝟶
ℓ−

τ+

𝙱𝟶
𝚝𝚊𝚐𝚜𝚒𝚐

HAD 
FR
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Full Reconstruction (Belle tagging algorithm) 
- Hadronic B-modes are reconstructed in a hierarchical approach 
- 1104 decay cascades 
- Use of neural networks 
- Typical efficiencies 0.28% (0.18%) for  ( )𝙱+ 𝙱𝟶

@ B-factories we exploit the knowledge of the initial 4-momentum 

Beam energy transferred to  pair: 
 

Full reconstruction of one of the B and look for signal signature in the 
other B  the  4-momentum of the 

𝙱𝙱
𝚎+𝚎− →Υ(𝟺𝚂)→𝙱𝚜𝚒𝚐𝙱𝚝𝚊𝚐

↔ τ

                                            

𝙼𝟸
miss = [( 𝚜, 0) − (𝙴*𝙱 , ⃗p *𝙱 ) − (𝙴*ℓ , ⃗p *ℓ)]𝟸

𝙴*𝙱𝚝𝚊𝚐
= 𝙴*𝙱𝚜𝚒𝚐

= s /2

⃗𝚙 *𝙱𝚝𝚊𝚐
= − ⃗𝚙 *𝙱𝚜𝚒𝚐

Reminder

NBB = 772 x 106

FR: 1102.3876

*

*

PRD 104, L091105 (2021)

https://arxiv.org/abs/1102.3876
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.104.L091105


 SEARCH𝙱𝟶 → τℓ
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ℬ(B → τμ) < 1.5 × 10−5

ℬ(B → τe) < 1.6 × 10−5

 with  

(Smooth) Background mainly  from  

Peaking background due to  in  channel 

 as control sample. Reconstruct π+ instead of 
leptons. High efficiency because of high b.r. .  
Used to determine correction factors for data fit (LFV case) 

Unbinned extended ML fit to  distribution

𝙱𝚝𝚊𝚐ℓ 𝙼𝚖𝚒𝚜𝚜 ∈ [𝟷 . 𝟺, 𝟸 . 𝟸] 𝙶𝚎𝚅/c2

𝚋 → 𝚌𝚆*/𝚞ℓν

𝙱𝟶 → 𝙳(*)−π+ τμ

𝙱𝟶 → 𝙳(*)−π+

𝙼𝚖𝚒𝚜𝚜
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                                            •Data 
SG+BG Fit 
BG 
SG ( ) b.r. 10−4

B0 → Dπ

Best limit

PRD 104, L091105 (2021)

                                            

𝙱𝟶 →𝙳(*)−π+

𝙱𝟶 →τμ

[1] → [PRL 93, 241802 (2004)]  

[2] → [PRD 77, 091104(R) (2008)]  

[3] → [PRL 123, 211801 (2019)] 

[1]

[2]

[3]

https://journals.aps.org/prd/pdf/10.1103/PhysRevD.104.L091105


                                            

                                            

LFU TEST IN  DECAYSΩ𝚌
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The study of charmed baryon decays is statistically limited  due to low production rates and/or high background

𝚎+𝚎− →𝚌�̄�→Ω𝟶
𝚌𝚇
Ω−ℓ+νℓ

↰
↰

Λ𝙺−↰

𝚙π−

𝚎+𝚎− →Υ(𝚗𝚂)→𝙱(*)
(𝚜)𝙱

(*)
(𝚜)

Ω−𝚇

↱

ℓ+𝚇

↰

1. Mis-reconstructed    (shape obtained from  sidebands) Ω− 𝙼Ω

2. BB combinatorial 

3.  with  mis-IDΩ−π+𝚇 μ↔π

Search for  from  in the decay chain:Ω𝟶
𝚌 𝚌�̄�

Background sources

• Theoretical predictions of  are uncertain 
• Only previous observation of   was performed by CLEO 

ℬ(Ω𝟶
𝚌 →Ω−ℓ+νℓ)

Ω𝟶
𝚌 →Ω−𝚎+ν𝚎 PRL.89.171803

https://journals.aps.org/prd/pdf/10.1103/PhysRevD.105.L091101
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.89.171803


LFU TEST IN  DECAYSΩ𝚌

122022.07.09 - G M -SEARCH FOR BNV AND LFV DECAYS AT BELLEd

Binned maximum-likelihood fits to the spectra 𝙼Ωπ, 𝙼Ω𝚎, 𝙼Ωμ

ℬ(Ω𝟶
𝚌 →Ω−𝚎+ν𝚎)

ℬ(Ω𝟶
𝚌 →Ω−μ+νμ)

= 𝟷 . 𝟶𝟸 ± 𝟶 . 𝟷𝟶(𝚜𝚝𝚊𝚝) ± 𝟶 . 𝟶𝟸(𝚜𝚢𝚜𝚝)

The significances for the  modes are both larger than Ω𝟶
𝚌 →Ω−ℓ+νℓ 𝟷𝟶σ

This ratio will help constraining the parameters of phenomenological models and lattice QCD calculations  
More inputs will be given from absolute b.r. measurements

Agrees with the expectation of LFU ! 


Ω𝟶
𝚌 →Ω−π+ Ω𝟶

𝚌 →Ω−𝚎+ν𝚎 Ω𝟶
𝚌 →Ω−μ+νμ

First observation!

PRD 105, L091101

https://journals.aps.org/prd/pdf/10.1103/PhysRevD.105.L091101


BARYON STUDIES
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CP violation as described in SM does not explain the matter-antimatter asymmetry, which is at the basis of 
baryogenesis. One of the conditions for baryogengesis is BNV (A. Sakharov)

Theory suggests that baryon number violation could arise from charmed baryon oscillations 
→ study it via decays of B mesons 

Baryonic B decays can be used to search for 
1. Baryon Number Violation (BNV) 

Expected sensitivities of   and  ~(2-5) x 10-5 (from MC studies)𝙱𝟶 →Λ̄𝟶Ω(*)𝟶
𝚌 𝙱− →Λ−

𝚌 Ξ𝟶
𝚌

s/ c̄c
s

s/d
s̄
s̄/d̄

d̄ /ū d̄ /ū

B0/B−

s̄/d̄
Λ0/Λ−

cū /c̄



BARYON STUDIES
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Baryonic B decays can be used to search for 
1. Baryon Number Violation (BNV) 
2. Dark Matter (DM)

(Events are produced with a PHSP model)
9 U.L. in the range (2.2-3.8)x10-5 

PRD.105.L051101

ℬ(𝙱𝟶 → Λψ𝙳𝙼) = 𝟾 × 𝟷𝟶−𝟻

𝙼(ψ𝙳𝚂) = 𝟸 . 𝟻 𝙶𝚎𝚅

Current bound from ALEPH’s input:  
[Alvarez, Elor, Escudero PRD 104.035028] 
Btag candidates are reconstructed in hadronic channels using the 
Full Event Interpretation (Belle II tagging algorithm)

ℬ(𝙱𝟶 →Λψ𝙳𝚂) ≲ 𝟸 × 𝟷𝟶−𝟺

𝒪𝚞𝚜 = ψ𝙳𝚂𝚋𝚞𝚜

Sum of the energies of ECL clusters that are not 
associated with the reconstructed Btag +  Λ candidates

9 mass hypotheses (1,3.9) GeV for ψDS

FEI: Comput Softw Big Sci 3, 6 (2019)

https://journals.aps.org/prd/pdf/10.1103/PhysRevD.105.L051101
https://link.springer.com/article/10.1007/s100520100612
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.035028
https://link.springer.com/content/pdf/10.1007/s41781-019-0021-8.pdf


SUMMARY

Belle is still delivering physics results which are sensitive to BSM

LFV in ,  
First U.L.’s for  
First Search for  @ Belle (U.L. ) 
Baryon sector: LFU, BNV 

  First observation for  
 Best limits

Υ 𝙱
Υ(𝟷𝚂)→ (γ)ℓℓ′ 

𝙱𝟶 →τℓ 𝒪(𝟷𝟶−𝟻)

Ω𝚌 →Ω−ℓ+νℓ ℓ=μ
𝙱𝟶 →Λψ𝙳𝚂

• More LFV test in B decays 

•  oscillations (BNV)Ω𝟶
𝚌, Ξ𝟶

𝚌

Soon 
from Belle

• Larger datasize ( ) 

• Improved B-tagging

𝚡𝟻𝟶
Belle II

Thank you for your attention! 
Grazie ☺
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Additional  
Material



PID PERFORMANCE - I
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PID PERFORMANCE - II
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𝙿(𝙺)>𝟶 . 𝟼 : 

- Efficiency: ~90% 
- Pion fake rate: ~7%

ℛ(𝙺)>𝟶 . 𝟼



PID PERFORMANCE - III
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ℒμ >𝟶 . 𝟿

: 

- Efficiency: ~89% 
- Pion fake rate: ~2%

ℒμ >𝟶 . 𝟿

ℒ𝚎 >𝟶 . 𝟻

: 

- Efficiency: ~93% 
- Pion fake rate: ~0.3%

ℒ𝚎 >𝟶 . 𝟿



D0

π+ π−

K+

𝚎− 𝚎+

Tagging efficiency: the fraction of Υ(4S) events which can be tagged)  
Tag-side efficiency: the fraction of Υ(4S) events with a correct tag 
Tag-side purity: the fraction of the tagged Υ(4S) events with a correct tag

arXiv:hep-ex/1807.08680v4

~10% purity

~5% purity

FEI PERFORMANCE
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 PREDICTIONS𝚅→ℓℓ′ 

PhysRevD.91.113013

https://arxiv.org/pdf/1503.04159.pdf
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BELLE II LUMINOSITY PLAN



Mode U.L. (90% CL) Exp.

B+→K+μ-e+ 7.0 x 10-9 LHCb
3.0 x 10-8 Belle

B+→K+μ+e- 6.4 x 10-9 LHCb 
8.5 x 10-8 Belle 

B0→K0μe 3.8 x 10-8 Belle
B0→K*0μ+e- 1.2 x 10-7 Belle
B0→K*0μ-e+ 1.6 x 10-7 Belle 
B0→K*0μe 1.8 x 10-7 Belle
B+→K+τμ 4.8 x 10-5 BaBar 
B+→K+τe 3.0 x 10-5 BaBar
B+→K+τ+μ- 3.9 x 10-5 LHCb

EXPERIMENTAL STATUS

LFV searches containing 1st and 2nd generation leptons 
are often performed as ``incidental” studies along with 
related non-LFV modes 
Experimental limits on  LFV modes ( ) are 
more stringent than  ( ) 
Models of LFV can produce signatures with different 
charge configurations ( ) ⇒ both limits 

are provided, in addition to the sum

μ /𝚎 𝒪(𝟷𝟶−𝟽)
τ/ ̂ℓ 𝒪(𝟷𝟶−𝟻)

ℓ+ℓ′ −, ℓ−ℓ′ +

μ /𝚎

τ/ℓ

𝟹 𝚏𝚋−𝟷

𝟽𝟷𝟷 𝚏𝚋−𝟷

𝟺𝟹𝟹 𝚏𝚋−𝟷

𝟿 𝚏𝚋−𝟷

2010 2012 2018 2021

BaBar, 
𝙺τ ̂ℓ

Belle, 
𝙺*𝟶μ𝚎

LHCb, 
𝙺+μ𝚎

LHCb, 
𝙺+τ+μ−

Belle, 
𝙺+/𝟶μ𝚎

Belle: 711 fb-1 e+e- @ Υ(𝟺𝚂)

                        
𝙺+τ−ℓ+ : S𝚊𝚖𝚎 S𝚒𝚐𝚗
𝙺+τ+ℓ− : O𝚙𝚙𝚘𝚜𝚒𝚝𝚎 S𝚒𝚐𝚗

LHCb: 3 fb-1 pp @ 7,8 TeV LHCb: 6 fb-1 pp @ 8 TeV

1999
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 AT BELLEB0 → K*0eμ

Vertex information  of the four tracks 𝙺πμ𝚎

[Belle, PRD98, 0711001]

Both B’s decay SL 
 

Hadronic decay with mis-ID
𝙱 → 𝙳(*)( → 𝚇ℓν)𝚇ℓν

2 Multivariate analyzers constructed from NN 

1. Distinguish BB events from qq using event topology and 
flavor-tagging information of the non-signal B 

2. Reduce BB background

Peaking background 
 (reduced with vetoes)𝙱𝟶→𝙺*𝟶(→𝙺+π−)𝙹/ψ (→ℓ+ℓ−)

1-D ML fit to the  distribution𝙼𝚋𝚌

 combined𝙺πμ𝚎

Mode U.L. (90% CL)

B0→K*0μ+e- 1.2 x 10-7

B0→K*0μ-e+ 1.6 x 10-7

B0→K*0μe 1.8 x 10-7

                                            𝙼𝚋𝚌 = (𝙴𝚋𝚎𝚊𝚖 /c𝟸)𝟸 − (𝚙*𝙱 /c)𝟸

𝙴𝚋𝚎𝚊𝚖 = 𝚜 /𝟸

Updated the BaBar result with ~3x larger statistics and provides the most stringent limits to date
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.98.071101


                                            

                                            

[Belle, 1908.01848] AT BELLEB → Keμ

3-D ML fit to the , and ’ distributions𝙼𝚋𝚌, Δ𝙴 𝒪

•Data
SG+BG Fit
SG
qq BG
BB BG
B➝ charmless

Δ𝙴 = 𝙴* − 𝙴𝚋𝚎𝚊𝚖

𝙼𝚋𝚌 = (𝙴𝚋𝚎𝚊𝚖 /c𝟸)𝟸 − (𝚙*𝙱 /c)𝟸

Use 89 fb-1 off-resonance data (60 MeV below ) to constrain yields from 
continuum processes ( )

Υ(𝟺𝚂)
𝚚�̄�, τ+τ−

𝙴𝚋𝚎𝚊𝚖 = 𝚜 /𝟸

Mode U.L. (90% CL)

B+→K+μ+e- 8.5 x 10-8

B+→K+μ-e+ 3.0 x 10-8

B0→K0μe 3.8 x 10-8Come as a by-product of LFU tests and benefit from  
measurements updates/improvements

𝚁𝙺(*)

Both neutral and charged B's⇒ 𝙺 = 𝙺+, 𝙺𝟶
𝚂

Similar background as for , suppressed via a single NN with output  
 and  vetoes applied

𝙱 → 𝙺*μ𝚎 𝒪
𝙳𝟶 𝙹/ψ

𝙺+μ+𝚎− 𝙺+μ−𝚎+ 𝙺𝟶
𝚂μ𝚎

Potential of neutral modes with  - 
clean and strength of B-factories

𝙺𝟶
𝚜
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 PRODUCTS𝚎+𝚎− at √s = 10.58 GeV

BB
 th

re
sh

ol
d

ℬ(Υ(𝟦𝖲) → 𝖡�̄�) > 𝟫𝟨 %
(σ = 𝟷 . 𝟷 𝚗𝚋)
σ𝚋�̄� /σ𝚑𝚊𝚍 ∼ 𝟷/𝟺

σ𝚑𝚊𝚍
𝚝𝚘𝚝 = 𝟺 . 𝟾 𝚗𝚋
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Limits on Lepton Flavor Violating Decays

LHCb
CDF
CLEO
Belle

BABAR
Our Avg.

HFLAV

April 2019

Branching Fraction × 10−6

ρe±µ∓

πe±µ∓

π0e±µ∓

π+µ±τ∓

π+µ+τ−

π+µ−τ+

π+e±τ∓

π+e+τ−

π+e−τ+

π+e±µ∓

K∗e±µ∓

K∗0e±µ∓

K∗+e±µ∓

K∗+e+µ−

K∗+e−µ+

Ke±µ∓

K0e±µ∓

K+µ±τ∓

K+µ+τ−

K+µ−τ+

K+e±τ∓

K+e+τ−

K+e−τ+

K+e±µ∓

K+e+µ−

K+e−µ+

e±τ∓

µ±τ∓

e±µ∓

 0.0  0.3 700.0

TABLES
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LHC  MEASUREMENTb JHEP 06 (2020) 129

 (using )𝙱+ → 𝙺+μ−τ+ 𝙱*𝟶
𝚜𝟸

9 fb-1 @ 7, 8 and 13 TeV (Run1 & Run2)  

Use  decay: about 1% of  production 

 pair from secondary vertex plus additional track t+  

Expect peak at τ mass also for  not from  decay, but wider distribution 

 experimentally preferred over  as it has a lower background 
from sSL B decays, because CF decays of the D mesons are likely to lead to K’s of 
the same charge as the muon 

Remaining backgrounds produce smooth  distributions 

Search performed in bins of final BDT output with increasing signal sensitivity

𝙱*𝟶
𝚜𝟸 → 𝙱+𝙺− 𝙱+

𝙺+μ−

𝙱 𝙱*𝟶
𝚜𝟸

𝙺+μ−τ+ 𝙺+μ+τ−

𝚖𝟸
𝚖𝚒𝚜𝚜

S. Weber - ICHEP 2020

(highest bin)

Mode U.L. (90% CL) Exp.

B+→K+τμ 4.8 x 10-5 BaBar 
B+→K+τe 3.0 x 10-5 BaBar
B+→K+τ+μ- 3.9 x 10-5 LHCb

𝙱+

μ+

𝙳𝟶 𝙺+

νμ
π−/μ−

νμ
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 Thrust: for a collection of N momenta pi (i = 1,···N), the thrust axis T is defined as the unit vector along which their total projection is maximal; the thrust scalar T (or thrust) is a derived quantity defined as  

 For a BB event, both B mesons are produced almost at rest in the Υ(4S) rest frame, so their decay particles are isotropically distributed, their thrust axes are randomly distributed, and thus |cos θT | follows 
a uniform distribution in the range [0,1]. In contrast for  events, the momenta of particles follow the direction of the jets in the event, and as a consequence the thrusts of both the B candidate and the 
ROE are strongly directional and collimated, yielding a |cos θT| distribution strongly peaked at large values.  

𝚚�̄�

SHAPE VARIABLES FOR CONTINUUM SUPPRESSION

𝚁𝚗 =
𝙷𝚗

𝙷𝟶

Variables related to the B meson direction: the spin-1 Υ(4S) decaying into two spin-0 B mesons results in a sin2 θB angular distribution with respect to the beam axis; in contrast for e+e− → ff  ̄events, the 
spin-1/2 fermions f, and its two resulting jets, are distributed following a 1 + cos2 θB distribution. Using the angle θB between the reconstructed momentum of the B candidate (computed in the Υ (4S ) 
reference frame) and the beam axis, the variable |cosθB| allows one to discriminate between signal B decays and the B candidates from continuum background. 

𝚃 =
∑𝙽

𝚒=𝟷 | ⃗𝚃 ⋅ ⃗𝚙 𝚒 |

∑𝙽
𝚒=𝟷 | ⃗𝚙 𝚒 |

The Fox-Wolfram moments: for a collection of N particles with momenta pi, the k-th order Fox-Wolfram moment Hk is defined as  

where θij is the angle between pi and pj, and Pk is the k-th order Legendre polynomial. Notice that in the limit of vanishing particle masses, H0 = 1; that is why the 
normalized ratio Rk = Hk/H0 is often used, so that for events with two strongly collimated jets, Rk takes values close to zero (one) for odd (even) values of k. These 
sharp signatures provide a convenient discrimination between events with different topologies. 

𝙷𝚔 =
𝚗

∑
𝚒,𝚓

| ⃗𝚙 𝚒 | | ⃗𝚙 𝚓 |𝙿𝚔(cos θ𝚒𝚓)

Cleo Cones: Set of nine variables corresponding to the momentum flow around the thrust axis of the B candidate, binned in nine cones of 10◦ around 
the thrust axis as illustrated  
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‣ “Nano-beam” scheme and higher currents 
‣ Larger crossing angle Φ 
‣ Lower βγ by 40%

E (GeV) 
LER/HER

β*y (mm) 
LER/HER

β*x (mm) 
LER/HER

Φ 
(mrad) I (A)

L (cm-2s-1) 
x1035

KEKB 3.5/8.0 5.9/5.9 120/120 11 1.6/1.2 0.2

SuperKEKB 4.0/7.0 0.27/0.30 3.2/2.5 41.5 3.6/2.6 8

ℒ =
γ±

𝟤𝖾𝗋𝖾 (𝟣 +
σ*𝗒
σ*𝗑 ) (

𝖨± ξ𝗒±

β*𝗒 ) ( 𝖱𝖫

𝖱ξ𝗒± )

KEKB SuperKEKB

Beamspot
𝟸𝟻𝟶 μ𝚖 (𝚉) × 𝟷𝟶 μ𝚖 (𝚇) × 𝟻𝟶 𝚗𝚖 (𝚈)

SUPERKEKB ACCELERATOR

W r t t o 1 s t 
generation B 
factories

Factor 20 Factor 2-3
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 LFV AND LEPTOQUARKSμ/τ

Lower and upper bounds on the exclusive  processes as 
obtained from the constraints arising both from the low-energy 
observables and those coming from the current direct searches at 
the LHC

𝚋 → 𝚜μτ

[A. Angelescu et al., 2103.12504]

[C. Cornella et al., 2103.16558]

U1 (LH)
U1 (RH + LH)

Predictions on several b.r.’s using the results of a  simplified model fit.  
The most interesting ones are the LFV decays [ , , 

] 

𝚄𝟷

𝙱 → 𝙺τμ τ → ϕμ
𝙱𝚜 → τμ, τ → μγ

1101.0755

A single LQ with (1 TeV) can satisfy both 

 and   and could enhance the 
rate of  processes

𝚖𝙻𝚀 ∼𝒪
𝚁𝙺(*) < 𝚁𝚂𝙼

𝙺(*) 𝚁𝙳(*) > 𝚁𝚂𝙼
𝙳(*)

𝚋 → 𝚜μτ

U1 ∼ (3, 1)2/3
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