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Talk Outline

1. Normalising Bc
+→ τ+ν

2. Simulated Data

3. Sneak Peek: 2024 data!
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Why Bc
+ → τ+ντ?

▪ No experimental data

▪ Sensitive to LFU violations

o Up to 18-30 times SM for pseudoscalar

▪ Similar process to R(D)
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The LHCb detector
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Runs of Data Taking
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Upgrade 1 Upgrade 2



Reconstructing Bc
+→ τ+ντ

J. De Jong (2022)

▪ Trigger line

▪ τ→3πν sub-decay

▪ Problems:

Neutrinos carry vital information

Pions do not identify Bc
+→τ+ντ
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B-Tracking

▪ Use direct hits in the VELO

▪ Search in PV-TV cylinder

▪ Assume first hit from Bc
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Finding a 
Normalisation 

Channel

▪ Report value as a ratio relative to another decay mode

▪ Choose decay to minimize systematic uncertainty

▪ Considerations:

o Sufficient yield

o Similar reconstruction
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To B+ 
or not to B+?

(LHCb 2019)

Bc:

+ Cross-section ratio drops out

- Statistics becomes an issue, especially with B-hit

- Branching fractions poorly understood

B+:

+ Abundant 

+ Branching fractions well understood

- Cross-section ratio poorly determined
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My Work

▪ Selecting normalisation mode candidates

▪ LHCb MC samples

▪ RapidSim vs LHCb MC

▪ Estimating efficiencies
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Run 1 results

▪ Scaled to 41 fb-1 for Run 4

RapidSim Simulations

▪ Hit-filtering with MD's script
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Efficiency 
Analysis

Split into sub-efficiencies:

▪ Acceptance: daughters in 1.595979 < eta < 5.298309

▪ Tau/D cuts: transverse fd > 4mm & PT > 5 GeV

▪ HLT2: PID, vertex, mass cuts, etc.

▪ Sensor Crossing: VELO sensor in PV-TV cylinder

▪ VELO hit: Actual VELO hit

Cuts on true data Reconstruction B-tracking
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Comparing LHCb MC with RapidSim

B+→ D−π+π+

Before cuts After cuts
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The Efficiencies

B+ → τ+ν

B+ → D−π+π+
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Estimating Total Uncertainty

Lower limit:

No contribution from efficiencies

Upper limit:

These efficiencies with no cancelations
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δR/R = 24.3-27.2 %

δR/R = 24.4-27.8 %

B+ → τ+ν

B+ → D−π+π+
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Real Data

2023 vacuum incident

▪ VELO RF foil deformed

2024 Data

▪ B+ → τ+ν and B+ → D−π+π+ lines 

now implemented

▪ 8 pb-1 of data
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K. Akiba & W. Hulsbergen (2024)
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Conclusions

▪ B+→ D−π+π+ is an adequate normalisation channel

▪ RapidSim VELO-hit efficiencies are good enough 

for feasibility study

▪ LHCb MC samples small after HLT2 + VELO-hit

o Bc
+→ τ+ν simulation would be nice

▪ Real data shows high amount of material interactions
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Outlook

▪ More MC data needed!

▪ What's going on with these backgrounds?

▪ More detailed efficiency analysis
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