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Why do we look at 𝑩𝒔,𝒅 → 𝝁+𝝁−?

Test 𝑏 → 𝑠ℓ+ℓ− transitions in purely leptonic decays
Helicity-suppressed in Standard Model (SM)
Sensitive to possible New Physics (e.g. extended Higgs sectors, leptoquarks)

Most simple and clean signature for LHCb → Golden Modes

𝑏

𝑠

𝜇+

𝜇−

𝑡

𝑊 +

𝑊 −

𝑍
𝑏

𝑠

𝜇+

𝜇−

𝑡 𝜈𝜇

𝑊 +

𝑊 −

Penguin diagram Box diagram

Precise SM predictions for branching ratios:
ℬ(𝐵𝑠 → 𝜇+𝜇−)SM = (3.57 ± 0.17) × 10−9 [PRL 120 (2018) 011801]
ℬ(𝐵𝑑 → 𝜇+𝜇−)SM = (1.06 ± 0.09) × 10−10 [PRL 112 (2014) 101801]
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Overview of published 𝑩𝒔,𝒅 → 𝝁+𝝁− LHCb analyses

Analysing these channels has a long history at LHCb
PLB 699 (2011) 330
PLB 708 (2012) 55
PRL 108 (2012) 231801
PRL 110 (2013) 021801 → First evidence of 𝑩𝒔 → 𝝁+𝝁− (2.1 fb−1)
PRL 111 (2013) 101805
Nature 522 (2015) 68 → First observation of 𝑩𝒔 → 𝝁+𝝁− (together with CMS)
PRL 118 (2017) 191801 → First single-experiment observation of 𝑩𝒔 → 𝝁+𝝁− (4.4 fb−1)

Best single-experiment measurements:
ℬ(𝐵𝑠 → 𝜇+𝜇−) = (3.0 ± 0.6+0.3

−0.2) × 10−9

with 7.8𝜎 significance
ℬ(𝐵𝑑 → 𝜇+𝜇−) < 3.4 × 10−10 at 95% CL
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Combination of different LHC experiments (LHCb, ATLAS, CMS)
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Combination: ℬ(𝐵𝑠 → 𝜇+𝜇−) = (2.65+0.46
−0.33) × 10−9 roughly 2𝜎 below SM prediction

Latest CMS result ℬ(𝐵𝑠 → 𝜇+𝜇−) = (2.9+0.7
−0.6 ± 0.2) × 10−9 points to same direction

Will the tendency be confirmed by full LHCb data?
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Strategy of the 𝑩𝒔,𝒅 → 𝝁+𝝁− analysis with full LHCb data

Adopt previous analysis strategy where possible regarding selection strategy and scope
→ Extraction of ℬ(𝐵𝑠,𝑑 → 𝜇+𝜇−) and 𝐵𝑠 → 𝜇+𝜇− effective lifetime
Normalisation channel: 𝐵+ → 𝐽/𝜓(→ 𝜇+𝜇−)𝐾

ℬ(𝐵𝑠 → 𝜇+𝜇−) =

𝛼𝑠

⏞⏞⏞⏞⏞⏞⏞⏞⏞ℬnorm
𝑁norm

× 𝜀norm
𝜀sig⏟⏟⏟⏟⏟⏟⏟

𝛼𝑑

×𝑓𝑑
𝑓𝑠

×𝑁𝐵𝑠→𝜇+𝜇−

ℬ(𝐵𝑑 → 𝜇+𝜇−) = 𝛼𝑑 × 𝑁𝐵𝑑→𝜇+𝜇−

Dedicated trigger, kinematic and PID selection
Calibration of signal BDT with 𝐵0 → 𝐾+𝜋−

Extraction of signal yield from fits in bins of BDT output
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Datasets and mass distributions

LHCb datasets:

Year(s)
√

𝑠 ℒint

2011 7 TeV 1 fb−1

2012 8 TeV 2 fb−1

2015–2018 13 TeV 6 fb−1

Blinded signal region
First step: Data validation

Check compatibility of 2015–2018 data
Enables fast exploitation of new data
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𝐵𝑠,𝑑 → 𝜇+𝜇− sidebands

𝐵+ → 𝐽/𝜓𝐾+



2015–2018 data validation

Comparison of all selection variables after loose preselection

E.g. 𝑝T(𝐵+) and 𝜙(𝐾+) in 𝐵+ → 𝐽/𝜓𝐾+ selected data

Well understood agreement of kinematic and topological variables
→ Next step: Compare signal yields of 𝐵+ → 𝐽/𝜓𝐾+
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Normalisation channel fit

Fit of 𝑚(𝐽/𝜓𝐾) on data with full 𝐵+ → 𝐽/𝜓𝐾+ selection applied
Model = Ipatia + Exponential + KDE shape for 𝐵+ → 𝐽/𝜓𝜋+ contribution
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Check of signal/background ratio

Extract numbers of signal and background candidates from fit

Year Signal Background S/B

2015 143 948± 403 14 444± 264 9.97 ± 0.18
2016 985 981± 1191 96 486± 1158 10.22 ± 0.12
2017 1 022 490± 1125 100 333± 1003 10.19 ± 0.10
2018 1 150 811± 1298 111 620± 1260 10.31 ± 0.12

Signal/Background ratios are well under control
→ Proceed with efficiency calculation
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In progress: Efficiency calculation

Signal efficiency calculation using MC simulated samples
Known problem: Distributions for several selection variables differ in simulation
What is the effect of data-driven corrections to simulation on the efficiency ratio?
→ Do we need a reweighting for the preselection efficiencies?
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Summary & Outlook

Analysis of 𝐵𝑠,𝑑 → 𝜇+𝜇− is still interesting
Experimental results tend to prefer a lower value for ℬ(𝐵𝑠 → 𝜇+𝜇−) than the SM

Status of the current LHCb analysis

2015–2018 data distributions are well understood, S/B ratios are under control
Work on efficiency calculation and reweighting studies is ongoing

Outlook

Work on BDT calibration with 𝐵0 → 𝐾+𝜋−

Work on improving background modelling

Finale Calculation of ℬ(𝐵𝑠,𝑑 → 𝜇+𝜇−) and 𝜏(𝐵𝑠 → 𝜇+𝜇−) using full LHCb data
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