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Flavour Changing Neutral Current (𝑏 → 𝑑𝑙+𝑙−)

More suppressed than 𝑏 → 𝑠𝑙+𝑙− ( Τ𝑉𝑡𝑑 𝑉𝑡𝑠
2 ≈ Τ1 22)

→ Search for New Physics

The B+ → π+μ+μ− decay

2

First observed in 2012 at LHCb
[JHEP12(2012)125]

Analysis with Run 1 dataset in 2014 
[LHCb-ANA-2014-092]

→ No significant deviations from
Standard Model predictions

𝐵+ 𝜋+

https://link.springer.com/article/10.1007/JHEP12(2012)125
https://cds.cern.ch/record/1965966
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Measurement of 𝓑(𝐵+ → 𝜋+𝜇+𝜇−) via 𝐵+ → Τ𝐽 𝜓 (→ 𝜇+𝜇−)𝜋+

Analysis strategy
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𝓑(𝐵+→𝜋+𝜇+𝜇−)

𝓑(𝐵+→ Τ𝐽 𝜓𝜋+)
=

𝑁𝜋𝜇𝜇

𝑁 Τ𝐽 𝜓 𝜋
∙
𝜀 Τ𝐽 𝜓 𝜋

𝜀𝜋𝜇𝜇
∙ 𝓑𝑃𝐷𝐺 Τ𝐽 𝜓 → 𝜇+𝜇−

Yield measurement

• Background rejection

• Fit

Efficiency calculation

• Data-simulation agreement

→ Determination of 𝓑(𝐵+ → 𝜋+𝜇+𝜇−)

(Control channel)
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Complete LHCb Run 1 dataset (3 fb−1)

Trigger & Stripping

Selection
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Physical peaking background

Misidentifications (Mis-ID)
𝐵+ → 𝐾+𝜇+𝜇− (𝐾+ → 𝜋+)

Partially reconstruction (part. reco.)
𝐵0 → 𝜋−𝜋+𝜇+𝜇−

Combinatorial background

Random tracks

Kinematic selection
PID requirement

Multivariate classifier

Backgrounds
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Charmonium veto
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Signal region # candidates

Data: Trigger & kinematic selection applied
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Charmonium veto
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Τ𝐽 𝜓(1𝑆)

𝜓(2𝑆)

Signal region # candidates

Data: Trigger & kinematic selection applied
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→ Use ProbNNk requirement (better performance)

PID selection
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Main mis-ID background:  𝐵+ → 𝐾+𝜇+𝜇− (𝐾+ → 𝜋+)

Comparison of DLL𝐾𝜋 (old analysis) and ProbNNk performance

Corrected simulation (via PID resampling)
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Combinatorial background reduction

Boosted Decision Tree (BDT), TMVA software 

Trained on Run 1 dataset

Trigger & preselected

Background proxy:  

• Upper-mass sideband

Signal proxy: 

• Control channel (𝑞2 require.)

• 𝐵+- Τ𝐽 𝜓 constrained mass

• sWeighted

Improve configuration

Multivariate classifier
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BDT cut optimised for signal significance

BDT
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Data: Trigger, kinematic & PID selection + BDT cut applied # candidates
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𝐵+ → Τ𝐽 𝜓 𝜋+ data

Complete selection 
applied

Determination of the yields – control channel
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→ Fix width of signal model

→ Fix ratio between part. reco.

Signal
Mis-ID (𝐾+ → 𝜋+)
𝐵0 → 𝜌0𝜇+𝜇−

𝐵𝑠
0 → 𝑓0𝜇+𝜇−

Comb. background

𝑁 Τ𝐽 𝜓 𝜋 = 22916 ± 179
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𝑁𝜋𝜇𝜇 = 107 ± 14

Previous analysis:

𝑁𝜋𝜇𝜇 = 92 ± 11

→ Calculate efficiencies

Determination of the yields – signal channel
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𝐵+ → 𝜋+𝜇+𝜇− data

Complete selection 
applied

Signal
Mis-ID (𝐾+ → 𝜋+)
Part. reconstructed
Comb. background
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Corrected simulated samples

PID resampled

Reweighted (nTracks & 𝑝𝑇(𝐵
+))

Uncertainties:

Stat.: Finite sample size

Syst.: Data-simulation differences
𝜀 Τ𝐽 𝜓 𝜋

𝜀𝜋𝜇𝜇
= 1.709 ± 0.010 𝑠𝑡𝑎𝑡 ± 0.031(𝑠𝑦𝑠𝑡)

Efficiencies

12



Hendrik JageI. Physikalisches Institut B 𝐵+ → π+μ+μ−06.10.17

Results
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𝓑(𝐵+→𝜋+𝜇+𝜇−)

𝓑(𝐵+→ Τ𝐽 𝜓𝜋+)
=

𝑁𝜋𝜇𝜇

𝑁 Τ𝐽 𝜓 𝜋
∙
𝜀 Τ𝐽 𝜓 𝜋

𝜀𝜋𝜇𝜇
∙ 𝓑𝑃𝐷𝐺 Τ𝐽 𝜓 → 𝜇+𝜇− =

(4.755 ± 0.623 𝑠𝑡𝑎𝑡 ± 0.090 𝑠𝑦𝑠𝑡 ± 0.026 𝑛𝑜𝑟𝑚 ) × 10−4

Relative branching fraction

Previous analysis:  [LHCb-ANA-2014-092]

18.337 ± 2.270(𝑠𝑡𝑎𝑡) ± 0.435(𝑠𝑦𝑠𝑡) × 10−9

Standard model prediction: [Phys. Rev. Lett. 115 2015 no. 15, 152002]

𝓑𝑆𝑀(𝐵
+ → 𝜋+𝜇+𝜇−) = 20.4 ± 2.1 × 10−9

𝓑(𝐵+ → 𝜋+𝜇+𝜇−) =
𝓑(𝐵+→𝜋+𝜇+𝜇−)

𝓑(𝐵+→ Τ𝐽 𝜓𝜋+)
∙ 𝓑𝑃𝐷𝐺 𝐵+ → Τ𝐽 𝜓𝜋+ =

19.496 ± 2.555(𝑠𝑡𝑎𝑡) ± 0.370(𝑠𝑦𝑠𝑡) ± 1.905(𝑛𝑜𝑟𝑚) × 10−9

Absolute branching fraction

https://cds.cern.ch/record/1965966
https://arxiv.org/abs/1507.01618
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Selection of 𝐵+ → 𝜋+𝜇+𝜇− improved

New PID requirement

BDT performance improved

Measurement of relative & absolute branching fraction

Good agreement with previous analysis & SM predictions

Conclusion and outlook
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Outlook

Analysis of LHCb Run 2 datasets

Improve measurement of Τ𝑉𝑡𝑑 𝑉𝑡𝑠
2 via  

𝓑(𝐵+→𝜋+𝜇+𝜇−)

𝓑(𝐵+→𝐾+𝜇+𝜇−)
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Thank you
for your attention!
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Selection
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Backup
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Standard Model predictions
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[LHCB-PAPER-2015-035]

https://cds.cern.ch/record/2048427
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Selection
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Selection

Optimise vetos

Branching fraction

Fit model

Efficiency calculation: 
𝜀 Τ𝐽 𝜓 𝜋

𝜀𝜋𝜇𝜇

Simulation
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1

Signal

Background
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PID variables poorly simulated -> resampling

Generating new PID values

Distribution p from calibration data

Shape modelled with Meerkat

Depending on 𝑝, 𝑝𝑇 and nTracks

→ 𝐩 𝑃𝐼𝐷 𝑝, 𝑝𝑇 , nTracks

Data-Simulation correction - resampling
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Comparison: 𝐵+ → Τ𝐽 𝜓𝜋+

- Simulation
- Data (sWeighted)

Trigger & kinematic selected
Control channel 𝑞2 veto

[LHCb-INT-2017-007]

normalised

https://svnweb.cern.ch/cern/wsvn/lhcbdocs/Notes/INT/2017/007/drafts/LHCb-INT-2017-007_v0r0.pdf
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PID variables:

Delta Log Likelihood variables (DLL𝑋𝜋)

Pseudo-probabilities, neural net (ProbNNX)

Previous analysis: Both types

𝐾+ → 𝜋+ misidentification

Comparison:

Resampled simulated samples:

• Signal: 𝐵+ → π+μ+μ−

• Background: 𝐵+ → 𝐾+μ+μ−

𝐵+ → Τ𝐽 𝜓𝐾+

Trigger & kinematical selected 

PID selection
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Signal 𝑞2 veto

normalised

normalised
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→ Use ProbNNk requirement

PID selection
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Difference in detector occupancy 
and 𝐵+ transverse momentum

𝐵+ → Τ𝐽 𝜓 𝜇+𝜇− 𝜋+ comparison

Control channel data

Simulation

Complete selection & 𝑞2 requirement

Binned weights: 𝑤𝑖 =
𝑁𝑑𝑎𝑡𝑎
𝑁𝑠𝑖𝑚

Reweighting nTracks and 𝑝𝑇(𝐵
+):

𝑤 = 𝑤nTracks ∙ 𝑤𝑝𝑇(𝐵
+)

Data-Simulation correction - reweighting
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Data-Simulation correction - reweighted
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𝐵+ → Τ𝐽 𝜓 𝜇+𝜇− 𝜋+ comparison

Control channel data

Simulation (before & after reweighting)

Complete selection & 𝑞2 requirement
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Apply sPlot technique on signal proxy:

Control variables: BDT input variables

Discriminating variable: 𝐵+- Τ𝐽 𝜓 constrained mass → Fit (RooFit)

– Signal: crystal ball with lower-mass tail

– Combinatorial background: exponential function

sWeighting
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Higher upper 𝜋+𝜇+𝜇− Τ𝐽 𝜓 limit: Fix parameters Signal proxy: Fit to calculate sWeights

[arXiv:physics/0402083]

https://arxiv.org/abs/physics/0402083
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Broad distribution

-> Large uncertainties: 𝜎𝑤 = σ𝑖=1
𝑁 𝑤𝑖

2

sWeight depend on corr(𝑁𝑆𝑖𝑔, 𝑁𝐵𝑔)

Used during BDT training

sWeighting
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Signal proxy

Higher upper 𝜋+𝜇+𝜇− Τ𝐽 𝜓 limit
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kFolding, k = 6:
4/6: Training

1/6: Testing & Optimisation

1/6: Application

Classifier: Adaboost

Performance

Configuration options

Input variables: Kinematic variables

ROC curves: - Previous analysis
- Best performance

BDT
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→ use Ada_Min5_D3_N800_New
(Ada_Min[MinNodeSize]_D[MaxDepth]_N[nTrees])
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Optimisation 

Signal & background yields in signal region

→ maximise significance

⇒ BDT variable > 0.15

Relative efficiency:

𝜀𝑆𝑖𝑔 = 58.10%

(simulated signal)

ҧ𝜀𝐵𝑘𝑔 = 99.91%

(background proxy)

BDT
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Data:Trigger, kinematic & PID selected + BDT cut applied
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BDT - variables
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Maximise significance

𝒮 = 𝜖𝑠∙S

𝜖𝑠∙S+𝜖𝐵∙B

S =
𝜀
𝜋+𝜇+𝜇−

𝜀 Τ𝐽 𝜓𝜋+

𝓑𝑆𝑀(𝐵+→𝜋+𝜇+𝜇−)

𝓑𝑃𝐷𝐺(𝐵
+→ Τ𝐽 𝜓(→𝜇+𝜇−)𝜋+)

× 𝑁 Τ𝐽 𝜓𝜋+

BDT - optimisation
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BDT - kFolding
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Physical backgrounds
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𝐵+ → Τ𝐽 𝜓 (𝜇+𝜇−)𝜋+ ( 𝜋+ → 𝜇+ & μ+→ 𝜋+)

𝐵+ → Τ𝐽 𝜓 (𝜇+𝜇−)𝐾+ ( K+→ 𝜇+ & μ+ → 𝜋+)

Resonant decays bypass 𝑞2 veto

->Reconstruct Τ𝐽 𝜓 mass:

Double Mis-ID:

𝑚𝜇− 𝜋+→𝜇+
2 =

𝐸𝜇−

Ԧ𝑝𝜇−
+

𝑚𝜇
2 + Ԧ𝑝𝜋+

2

Ԧ𝑝𝜋+

2

Corrected, truthmatched 𝐵+ → Τ𝐽 𝜓𝐾+ simulation Signal channel data
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Probability of Mis-ID AND pass selection  (𝑝𝑡𝑜𝑡)

simulated samples (truthmatched & corrected)

Physical backgrounds – expected yields
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𝑁𝑒𝑥𝑝 = 2(ℒ2011𝜎𝑏ത𝑏,2011 + ℒ2012𝜎𝑏ത𝑏,2012) ∙ 𝑓𝑢
× 𝑝𝑡𝑜𝑡 ∙ 𝐵𝑃𝐷𝐺 𝐵+ → 𝐾+𝜇+𝜇−

Significant backgrounds:

Mis-ID (𝐾+ → 𝜋+): 𝐵+ → 𝐾+𝜇+𝜇−

Part. reconstructed: 𝐵0 → 𝜌0𝜇+𝜇−

𝐵𝑠
0 → 𝑓0𝜇+𝜇−

→ include in fit model

(← Example for 𝐵+ → 𝐾+𝜇+𝜇−)
ℒ:                          integrated luminosity
𝜎𝑏ത𝑏:                    𝑏ത𝑏 production cross section
𝑓𝑋, 𝑋 ∈ {𝑢, 𝑑, 𝑠}: fragmentation fraction
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Rejection efficiencies
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Expected yields
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𝑁𝑒𝑥𝑝 = 2(ℒ2011𝜎𝑏ത𝑏,2011 + ℒ2012𝜎𝑏ത𝑏,2012) ∙ 𝑓𝑢 × 𝑝𝑡𝑜𝑡 ∙ 𝐵𝑃𝐷𝐺 𝐵+ → 𝐾+𝜇+𝜇−
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Efficiency calculation

36

After reweighting:
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Signal model:

Double crystal ball

𝐵+ → Τ𝐽 𝜓 𝜋+ simulation

Fix tail parameters & CB fraction

Determination of the yields – Fit model
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Mis-ID (𝐾+ → 𝜋+)

Crystal ball

𝐵+ → Τ𝐽 𝜓𝐾+ simulation

Fix all parameters
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Partially reconstructed background: RooKeysPdf

Determination of the yields – Fit model
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Combinatorial background:

Exponential function with free parameter

𝐵0 → 𝜌0𝜇+𝜇− 𝐵𝑠
0 → 𝑓0𝜇+𝜇−
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Control channel fit
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Signal
Mis-ID (𝐾+ → 𝜋+)
𝐵0 → 𝜌0𝜇+𝜇−

𝐵𝑠
0 → 𝑓0𝜇+𝜇−

Comb. background


