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• The B rare decay is the promising way for indirect new physics 
searches
• Flavor Changing Neutral Current (FCNC) decays are suppressed in the 

SM, typical BR < 10−6

• New physics might enter at this level

• A sensitive probe to new physics 
• Branching fraction 

• Angular distribution 

• Lifetime 

Motivation of B Rare Decays

• Unique rare b→sℓℓ process 
• B→K(*)ℓℓ where multiple discrepancies 

from the SM are observed
• First full angular result by CMS 

• 𝐵𝑠 → 𝜇𝜇
• Lifetime measurement by ATLAS
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Rare B Decay Anomalies

• Global fits with the Wilson coefficients 𝐶9 and 𝐶10 of the vector and pseudo-vector 
operators 𝑂9 and 𝑂10 in the effective 4-fermion interaction

• Multiple discrepancies are observed in rare B decays

• 2-3σ anomalies in branching ratios and angular observables

• Recent B(s)→μμ measurements indicate that the abnormally comes from vector 
leptonic coupling (Only 𝑂10 contributes to B(s)→μμ).

• the C9 Wilson coefficient are consistent throughout the different b → sμμ modes
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𝐵0 → 𝐾∗ 𝜇𝜇 angular analysis at CMS
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• 𝐵0 → 𝐾∗ 𝐾∗ → 𝐾𝜋 𝜇𝜇

• Three observables: 𝜃𝑙, 𝜃𝑘, 𝜙
• Two planes for 𝐾𝜋 and 𝜇𝜇

• 𝜃𝑙, 𝜃𝑘 in rest frame

• Expressed by a set of clean observables related to the Wilson coefficients

B→K*ℓℓ Angular Rare Decay

P-wave

𝐹𝐿 is the fraction of longitudinal 
polarization of the 𝐾∗ meson

𝑃𝑖
(′)

is the base of optimized 

clean observables  

• The Kπ system could also be in S-wave configuration, which is added as 
another signal component. 
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𝑞2 : invariant mass 
squared of dimuon
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Current Experimental Results

CMS, Run1 data (20 fb-1) ~1400 signal events
Measure partial angular observables, including P5’.  

ATLAS, Run1 data (20 fb-1) 
in turn, different foldings used to measure the various parameters 

LHCb, Run1 data + 2016 (3 + 1.7 fb-1)
Full angular analysis, discrepancy in both Run 1 and 2016 data measurement

Discrepancies between LHCb results and the prediction, not seen in CMS Run 1 result.

PLB 753 (2016) 424 
PLB 781 (2018) 517 

JHEP 10 (2018) 047 

PRL 125 (2020) 011802 
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Selections

• CMS Run 2 data 2016—2018
• Final states reconstructed with 2 muons + 2 hadrons 
• BDT used to further suppress the background

• input features: decay-vertex quality and 
displacement, isolation, mass of Kπ system 

• Veto based on mass is applied 
• exclude 𝐵+ → 𝐾+𝜇𝜇, 𝐵𝑠 → 𝜙𝜇𝜇 processes  
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Angular Analysis

• In each 𝑞2 bin, a 4D unbinned maximum likelihood fit to is performed

• Fitting set up

• Mass shapes (signal and background) 𝑆𝑐 𝑚 , 𝑆𝑀 𝑚 ,𝐵𝑚(𝑚)

• Signal efficiency 𝜖𝐶 , 𝜖𝑀 from simulation.

• Angular distribution of the background 𝐵𝑎(𝑐𝑜𝑠𝜃𝐾, 𝑐𝑜𝑠𝜃𝑙 , 𝜙), determined 
using sidebands 

• Simultaneous fit on each year of collected data.
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Fit Projections

• Angular fit validated in simulation and control regions

• Projections on invariant mass and 3 angle observables 

• Good agreement between data and pdf projections

• Example 4.3 < 𝑞2 < 6 𝐺𝑒𝑉2

• Others in back up
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• Two sets of predictions are shown: FLAVIO and EOS
• FLAVIO: local form-factors (LQCD and Light-Cone Sum Rule) + non-local form-factors 

(QCDF) 

• EOS: local form-factors (LQCD and LCSR), novel parametrization of non-local form-factors

• Clear tensions in the 𝑞2 region below the J/ψ for the P5′ and P2 parameters

• The other observables are in agreement with the prediction (in back up).

Results
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• The results are among the most precise experimental measurements of 
the angular observables of this decay.

• Good agreement with LHCb result. Same tension from the predictions 
observed in 𝑃2 and 𝑃5

′.

• The combined tension from the prediction will increase.

Comparison to Experimental Results
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𝐵𝑠 → 𝜇𝜇 lifetime measurement at ATLAS 
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• 𝐵𝑠 → 𝜇𝜇 is a extremely rare decay in 
standard model

• b->u flavor changing neutral current

• Helicity suppressed

• Branching fraction (3.66 ± 0.14) × 10−9

• Why lifetime is important?

• only the 𝐶𝑃-odd heavy mass eigenstate of 
𝐵𝑠 meson decays into a dimuon final state

• Light state lifetime: 1.427 𝑝𝑠

• Heavy state lifetime: 1.616 𝑝𝑠

• Different composition of states may be 
allowed by New Physics. 

Why 𝐵𝑠 → 𝜇𝜇 lifetime ?
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• Using ATLAS 2015-2016 data (26.3 fb^-1)

• Dimuon final states 
• Invariant mass [4.766, 5.966] GeV

• Normalization channel

• 𝐵 → 𝐽/𝜓𝐾

• Proper decay time calculated from decay 
length 

• 𝑡𝜇𝜇 =
𝐿𝑥𝑦𝑚𝐵𝑠

𝑝𝑇
𝐵𝑠

(𝐿𝑥𝑦 decay length)

• Conducted fit on mass distribution

• Extract background-subtracted data in 
proper decay time using sPlot.

• Fit with different lifetime signals to 
extract the 𝐵𝑠 → 𝜇𝜇 lifetime

Lifetime Measurement Strategy
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Measured Lifetime

• The result is consistent with the SM prediction.
• Value smaller than the other measurements, which will lower the world 

average. 

• Measured Value
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1.83−0.20
+0.23

2.07 ± 0.29

1.91−0.35
+0.37

2.04 ± 0.44

1.70−0.44
+0.61

𝜏(𝐵𝑠,𝐿) = 1.427 𝑝𝑠

𝜏(𝐵𝑠,𝐻) = 1.616 𝑝𝑠
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• B rare decay is a sensitive probe to new physics

• Several B anomalies observed in the previous measurements

• 𝐵0 → 𝐾∗ 𝜇𝜇 angular measurement by CMS reported

• Among the most precise measurements of the angular observables

• Similar effect as LHCb observed in P2 and P5’ parameter 

• 𝐵𝑠 → 𝜇𝜇 lifetime measurement by ATLAS reported

• The world average will be more consistent with SM prediction

• More interesting results regarding the rare decays are on the 
way. Stay tuned …. 

Conclusion
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Back up
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Projections (1)
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Projections (2)
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Projections (3)
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Fit Setup
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Systematic Uncertainties
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Systematic Uncertainties Summary
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Results of Parameters
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