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𝑩 → 𝝉𝝂 decay with Hadronic FEI 
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Very clean theoretically, hard experimentally

Standard Model is helicity suppressed

Hadronic FEI Skim

• TagProb > 0.001

• |Δ𝐸| < 0.2 GeV

• 𝑀𝑏𝑐 > 5.24 GeV

Rest of Event

• 0 Extra Tracks (from IP)

• Extra Energy in ECL must be 0 in signal

events and larger in background. 

Very clean theoretically, hard experimentally

Standard Model is helicity suppressed

• 1 track with PID request (𝑒, 𝜇 or 𝜋) with 

𝑝 > 0.4 GeV

• 𝜋0 for 𝜏 → 𝜌𝜈 → 𝜋𝜋0𝜈 decay

Dataset: 189/fb on res – 14/fb off  res – 1000/fb MC14ri



Analysis workflow
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BDT

We choose the best candidate with respect to the tag probability and divide the sample in 4 channels (one for each

𝜏 decay); 

The 𝑞𝑞 MC background is

1. Reweighted with a BDT-weight

2. Normalized to off peak yield

The 𝐵𝐵 background is normalized

with the FEI Calibration factors.

Taken from here

In order to reject the 𝑞𝑞 background, a BDT-qq has been trained and the 

following cuts have been applied:

• 𝑀𝑏𝑐 > 5.27 GeV

• R2 < 0.4

BDT output

https://indico.belle2.org/event/6872/contributions/37447/attachments/17127/25504/FEIperformance_B2GM.pdf
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We performed a fit to data in Δ𝐸 distribution to normalize the 𝐵𝐵
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The 𝚫𝐄 distribution
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The Δ𝐸 distribution, after a cut at 0.5 on the Continuum Suppression BDT output, looks like this and we tried to 

fit the MC on data to find a personal calibration value.

Calib. factor = 1.19

𝐸𝐸𝐶𝐿 > 0.5 𝐺𝑒𝑉

Electron channel
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The Δ𝐸 distribution, after a cut at 0.5 on the Continuum Suppression BDT output, looks like this and we tried to 

fit the MC on data to find a personal calibration value.  

Calib. factor = 1.73

𝜌 channel



Results and conclusions

1.154891.191271.161031.169461.356131.420191.393651.7311
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We obtained these values:

Checks and questions

1. Should we also apply the scaling factor to signal MC?

2. The scaling factor changes in the different channels and in the different

Tag Probability cuts: has this behaviour a physical explaination?
𝝉 →

Tag Prob > 

10−3 10−2

𝒆𝝂𝝂 1.15±0.02 1.19±0.02

𝝁𝝂𝝂 1.16±0.02 1.17±0.02

𝝅𝝂 1.35±0.04 1.42±0.07

𝝆𝝂 1.39±0.04 1.73±0.06



Backup slides



Best 𝑬𝑬𝑪𝑳 distributions: leptons
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𝜏 → 𝑒𝜈𝜈 𝜏 → 𝜇𝜈𝜈



Best 𝑬𝑬𝑪𝑳 distributions: leptons

Giovanni Gaudino – 29/11/22 – Physics Week

𝜏 → 𝜋𝜈 𝜏 → 𝜌𝜈



Sensitivity study on Branching Ratio measurement
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Optimal cut configuration by minimizing relative uncertanty on the Branching Ratio with TOY MC

The fit will be performed on «the best» 𝐸𝐸𝐶𝐿 distribution: that is the one that gives the best relative

error

Branching Ratio prediction in a

simultaneous fit @ 364 /fb

𝐵𝑅 = 1.08 ± 0.29

Relative Error = 0.2677

𝝉 → 𝑷𝒎𝒊𝒏(GeV) TagProb 𝑬𝒎𝒊𝒔𝒔(GeV) BDT

𝑒𝜈𝜈 0.4 0.01 2.5 0.5

𝜇𝜈 0.4 0.01 2.5 0.5

𝜋𝜈 1.2 0.01 2 0.5

𝜌𝜈 1.3 0.01 2 0.5



Reconstruction and preselections
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• FEI Hadronic for 𝑩𝒕𝒂𝒈 with TagProb > 0.001

• 𝑩𝒔𝒊𝒈 → 𝝉𝝂 →

1. 𝝉 → 𝒆 (Track criteria + PID > 0.9)
2. 𝝉 → 𝝁 (Track criteria + PID > 0.9)
3. 𝝉 → 𝝅 (Track criteria + PID > 0.6 + !e + ! 𝝁)
4. 𝝉 → 𝝅𝝅𝟎 (same as 𝝅 and 𝜸 𝒇𝒐𝒓 𝝅𝟎 criteria) (best 𝝆

mass)

• We choose the candidate with the Best Tag Probability
after the signal reconstruction

• Rest of Event requirements
1. 𝟎 Extra Tracks
2. Extra neutral clusters with photon criteria

Track criteria:
1. 𝒅𝒓 < 𝟎. 𝟓 cm
2. 𝒅𝒛 < 𝟐 cm
3. 𝝑 in CDC Acceptance
4. 𝒑𝑪𝑴𝑺 > 𝟎. 𝟏 GeV
5. 𝒏𝑪𝑫𝑪 𝑯𝒊𝒕𝒔 > 𝟐𝟎

Photon criteria:
1. 𝑬 > 𝟓𝟎 MeV
2. 𝝑 in ECL Acceptance
3. 𝒎𝒊𝒏𝑪𝟐𝑻𝒅𝒊𝒔𝒕 > 𝟐𝟎 cm
4. 𝒕 < 𝟐𝟎𝟎 𝒏𝒔
5. 𝒕 /𝝈𝒕 < 𝟐

𝜸 for 𝝅𝟎 criteria: 𝝅𝟎𝒆𝒇𝒇𝟒𝟎 list 


