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Overview 

● Motivation

● State-of-the-art

● Search strategy

● Sensitivity study

● Data/MC – control channel
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Where to look for BSM physics?

Motivation

Clear differences with the predictions of 

the SM 
New particles

• Axion-like particles

• Z’ gauge bosons
• Dark matter particles

𝝉 sector:

LFV decay



Motivation
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Phys. Rev. Lett. 130, 181803-Belle II

• New invisible NPGB

• Could potentially solve several 
discrepancies in the SM

• DM candidate

Channel Belle II (3x1 topology) UL

(x10-4)

Electron (1.96 – 17.4)

Muon (1.21 – 21.2)

State-of-the-art

o Mass structure of charged leptons

o Neutrino oscillations
o Strong CP problem



Lepton Alpha search: Reconstruction 

● Signal side: 𝜏 decay into ℓ+invisible
● Tag side:  𝜏 decay into 𝜋+neutrino
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Event requirements and selection cuts

Track selection
● Originated from the interaction point (IP):

● |dz| < 0.05 m and |dr| < 0.01 m 
● good tracks = 2

Gamma list
● -0.8660 < cosTheta < 0.9563 (in the CDC 

acceptance)
● E > 0.2 GeV
● clusterNHits > 1.5
● All photons with efficiency correction
-PhotonEfficiencyDataMCRatio_Run1MC15rd_Ap
ril2024

𝜋0’s list
● same as gammas
● 0.115 < M < 0.152
● Correct the efficiency is a pending task
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Electron channel
● signal side: 

● pid_BDT_e > 0.9
●
●

● tag side: 
● pionID > 0.9 
●
●

Muon channel
● signal side: 

● muonID_noSVD > 0.9
●
●

● tag side: 
● pionID > 0.9 
●
●



Mmin and Mmax variables
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Selection cuts based on Simulated Annealing

We optimized with 𝜏→ℓ(e,𝜇)𝜈𝜈 as our “signal”, due to the lack of a precise model 

for the decay 𝜏→ℓ𝛼.

- 10 variables were used to extract the best cuts using the following FOM 

Purity-focused optimization*

*Another optimization with FOM = S/(S+B)^(1/2) was made, we stayed with 

the better performance
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Selection cuts (e-channel)
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Luminosity: 15/fb

(Sample -> Events)

SM  ->  118226
tau  ->  59003

qqbar ->  446
mixed+charged -> 5
ee  ->  10994800

eeee  ->  624400
eemumu  ->  4476

mumu  ->  114
llXX  ->  12528
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exp20_bucket26_v1
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Luminosity: 15/fb
after cuts
(Sample -> Events)

SM  ->  25610
tau  ->  6768

qqbar ->  4
mixed+charged -> 0
ee  ->  40

eeee  ->  0
eemumu  ->  8

mumu  ->  0
llXX  ->  64
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Selection cuts (𝜇-channel)
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Luminosity: 15/fb

(Sample -> Events)

SM  ->  125581
tau  ->  79716

qqbar ->  2400
mixed+charged -> 5
ee  ->  5360

eeee  ->  13824
eemumu  ->  1048740

mumu  ->  81566
llXX  ->  408196
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Luminosity: 15/fb
after cuts
(Sample -> Events)

SM  ->  56677
tau  ->  23838

qqbar ->  44
mixed+charged -> 0
ee  ->  0

eeee  ->  0
eemumu  ->  56

mumu  ->  70
llXX  ->  156
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Mmin and Mmax Distributions (e-channel) - MC15rd
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Mmin and Mmax Distributions (𝜇-channel) - MC15rd
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2D distributions (e-channel)
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Signal Signal

SM



2D distributions (𝜇-channel)
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Signal Signal

SM



Upper Limit Estimation

We used the following PDF

where , and is

constructed with the histogram of the remaining tau decays and the remaining

background (qqbar, lowmulti, etc.). We determined upper limits with the asymptotic

CLs technique, implemented in the RooStats package.
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2D Method - Luminosity scaled to 362/fb

UL estimation 

2323

UL at 95% CL*

0.0 0.748

0.5 1.113

0.7 1.268

1.0 1.370

1.2 1.300

1.4 1.035

1.6 0.533

UL at 95% CL*

0.0 0.685

0.5 0.903

0.7 1.043

1.0 1.148

1.2 1.139

1.4 0.891

1.6 0.485

Channel Belle II (3x1) –

62.8/fb

(x10-4)

Belle II (1x1) – 362/fb

(x10-4)

Electron (1.96 – 17.4) (0.9 – 2.4)

Muon (1.21 – 21.2) (0.8 – 2.6)

UL in the branching ratio (               )



Data/MC using a control channel
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Control channel

Using the same selection criteria from the original

channels in the analysis, except by 
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● signal side: 
● pionID > 0.9
●

●

● tag side: 
● pionID > 0.9 
●

●



Data/MC comparison 
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Electron case Muon case

Note: Applying corrections

- 𝜋0

- 𝜋ID
- Triggers



Data/MC comparison 
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Electron case Muon case



Data/MC comparison 
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Muon caseElectron case



Summary

● Our results (w/o systematics) are more restrictive than previous Belle II 

results.
○ ULs on Br are arranged in (0.9 - 2.4)x10-4 and (0.8 - 2.6)x10-4 for the electron and muon 

channels respectively.

● The Data/MC comparison was made in a control channel.
● A good agreement is observed in the Data/MC (shape).
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Backup
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Differences between approaches

Belle

- A data luminosity of 792/fb is used 

- 3 different tags are used (1-prong (leptonic, 

hadronic) + 3-prong).

- The pseudo-rest frame method is used as a 

discriminant variable.

- UL computed using likelihood fits - 10K Toy MC

- The POI is the number of signal events
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This study

- A pseudo-data luminosity of 362/fb is used

- Only 1-prong is used as tag

- 2D method (Mmin2, Mmax2)

- Asymptotic CLs is used to compute the ULs

- The POI is the ratio of branching fractions



As Belle did … 

In order to do a comparison, the PDF was modified. Now, the number of signal 

events is set as POI, 10K pseudo-experiments were generated and POI is 

extracted from the fits. A gaussian UL at 95% C.L was estimated.
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UL at 95% C.L. using Toy MC
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Kinematic constraints
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We summarized all the 

available kinematic 
information of the 
process
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Brazilian plots

e-channel
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Brazilian plots

𝜇-channel



Toy MC POI distribution
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Toy MC POI distribution
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Skim study
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𝜏→e𝛼 search 𝜏→𝜇𝛼 search

No skim TauGeneric skim No skim TauGeneric skim

Samples Efficiencies (%) Efficiencies (%)

m𝛼 = 0.0 8.16 7.96 14.31 14.29

m𝛼 = 0.5 8.56 8.44 14.55 14.54

m𝛼 = 0.7 8.52 8.46 13.89 13.88

m𝛼 = 1.0 8.49 8.44 12.28 12.21

m𝛼 = 1.2 8.32 8.27 10.42 10.34

m𝛼 = 1.4 7.73 7.69 9.25 9.18

m𝛼 = 1.6 5.84 5.80 5.36 5.30

𝜏+𝜏-→e𝜈𝜈, 𝜋𝜈 6.80 6.75 - -

𝜏+𝜏-→𝜇𝜈𝜈, 𝜋𝜈 - - 9.82 9.79

After apply the optimization cuts and pionID09 as wp. Comparing 

the different efficiencies without and with the skims



Event Reconstruction

● Signal (New 10M events MC15rd):
● 𝜏→e+𝛼: sig_mcPDG = ∓11, genMotherPDG =∓15, 

tag_mcPDG = ∓211
● 𝜏→𝜇+𝛼: sig_mcPDG = ∓13, genMotherPDG =∓15, 

tag_mcPDG = ∓211
● Background: MC samples Luminosity (1/fb)

𝜏𝜏 1444
u(u) 1444
d(d) 1444
s(s) 1444
c(c) 1444
Charged 1444
Mixed 1444

Low multiplicity
𝜇𝜇(𝛾) 1444
ee(𝛾) 36.1
ee𝜇𝜇 361.0
eeee 361.0
eekk 361.0
ee𝜋𝜋 361.0
eepp 361.0 40
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