Measurement of the branching fraction ratio B(B - Y (2S)n™)/B(BF - J/Yym™)
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1. Introduction

v' B.: unigue meson family consisting of two different heavy
flavor quarks, charm and beauty.
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** Rich set of decay modes
¢ Less explored limited by statistics

N/

** Improve understanding of QCD
v Bf - yQS)n™:

*Charge conjugation implied
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¢ First observed using 2011 LHCb data

* Result dominated by statistical uncertainty
Phys. Rev. D 87 (2013) 071103(R)

% Rg =B(B} - Y(2S)n™)/B(B}f - J/Ym*) measured
using 3 fb~! RUN-I data
e Statistical uncertainty reduced
* Analysis method improved

2. LHCb detector

v’ Study particles containing b or ¢ quarks
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. capable of separating B} production and
decay vertices
v Ring Imaging CHerenkov detector: efficient identification of
pions, kaons and protons
v" Muon System: efficient muon identification and trigger

3. Analysis strategy
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Candidates / ( 5SMeV/c?)

N(BF -y 2S)n*,p(2S) » utu~) y e(Bf = J/Yyr™, ]/ - utu”)
N(Bf = J/Yyn*, ]/ Y > u*u™) e(Bf » Y Q2S)nt,(2S) - utu-)

Bf - yY(2S)n*t or BYf - J/ym™ candidate selection:
v’ Trigger
¢ Muon track with high pt and of good quality
* Invariant mass of muon pair > 2.95 GeV/c?
v’ Loose preselection
v Boosted decision tree selection
% Input variables: B and @ kinematic properties;
B} decay length; B vertex quality; Bf and m* impact
parameters
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BDT response

v’ Signal yields extracted from unbinned maximum likelihood fits
to the invariant mass distributions of Y (2S)n™ or J /Ym™
% Bf - yQ2S)n™
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v’ Efficiencies determined using simulated samples
* PID efficiency calibrated using
D* - D%(-» K nt)m° decays
** Most of the efficiencies cancelled due to the use of the
same final state decays

pions  from

5. Systematic uncertainties

Uncertainty

Signal shape 0.6%

2.4%

0.2%

0.3%

1.1%

0.1%

2.7%

v Background shape: reducing fit range to exclude contribution
from partially reconstructed background; vary the

parameters of background model

v’ Trigger efficiency: determined using data driven methods
LHCb-PUB-2011-016; Eur. Phys. J. C72 (2012) 2118

Background shape
BDT classifier
Monte-Carlo statistics
Trigger efficiency

B lifetime

Total

6. Results

Rz = 0.268 + 0.032(stat) + 0.007(syst) + 0.006(BF)
BF: uncertaintyon B(J /Y —» u*u™)/B(2S) - u*tu™)
v Consistent with previous measurement and uncertainty
significantly reduced owing to increased sample size and

improved analysis method

** 2011 result: Phys. Rev. D 87 (2013) 071103(R)
Ry = 0.250 + 0.068(stat) + 0.014(syst) + 0.006(BF)

v’ Consistent with theoretical predictions (0.07 — 0.29), especially

<» NRQCD at NLO: 0.2610-02  Phys. Rev. D89 (2014) 034008

» pQCD based on kr factorization: 0.29+0-17
Eur. Phys. J. C (2015) 75:293
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