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Introduction

• 𝐵𝑐
+ meson discovered by CDF in 1998  
• Only ~ 10 decay channels are currently known 

• The measured mass has larger uncertainty compared with that of other B 
meson: 6275.1 ± 1.0MeV

• 𝐵𝑐
+ meson is the ground state of the ( 𝑏𝑐) bound state

• 𝐵𝑐
+ has a much shorter lifetime than other B mesons

• Heavy quark-antiquark pair of different flavours: unique state in the 
Standard Model

• Great potential for the LHC, especially the LHCb experiment
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Phys. Rev. Lett. 81, 2432 (1998)
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http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.81.2432
http://pdg.lbl.gov/2015/tables/rpp2015-tab-mesons-bottom-charm.pdf


LHCb detector and 𝑩𝒄
+production

• 𝐵𝑐
+is produced mainly through gluon-gluon fusion at hadron colliders: 

high energy hadron colliders with high luminosity 

• Production cross section increases fast with higher central of energy
• 0.47 𝜇𝑏 @ 8 TeV, 0.9 𝜇𝑏 @ 14 TeV
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Unique geometrical acceptance: 2< η <5
Excellent Vertex Locator (VELO): 𝝈𝑷𝑽𝒙𝒚~𝟏𝟎𝝁𝒎,

𝝈𝑷𝑽𝒛~𝟔𝟎𝝁𝒎

Tracking system:  ∆𝒑
𝒑~𝟎. 𝟓 − 𝟏%

Muon system: 𝜺~𝟗𝟗%,MisID (𝒉 → 𝝁) ~ 1%



𝑩𝒄
+ production measurement

• Proton-Proton collisions at 8 TeV, 2 fb-1 of data collected in 2012

• Measured in 𝐵𝑐
+ → 𝐽/𝜑𝜋+decay, relative to 𝐵+ → 𝐽/𝜑𝐾+

• Selection: 𝐽/𝜑 + charged particle; trained BDT: 𝜒𝐼𝑃
2 , 𝑝𝑇 of 𝜇,  𝐽 Ψ , 𝜋+, decay length/time, 𝜒𝑉𝑡𝑥

2

• First double-differential cross section measurement of 𝐵𝑐
+

• Range: 0<pT<20 GeV/c, 2<y<4.5

• 𝑅 = 0.683 ± 0.018 ± 0.009 %
• Consistent with 7 TeV results

• Lower than CMS results (pT > 15 GeV/c, |y|< 1.6) as expected: 𝐵𝑐
+ pT softer than 𝐵+
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PRL 114, 132001 (2015) 

http://dx.doi.org/10.1103/PhysRevLett.114.132001


𝑩𝒄
+ production measurement

• R as function of pT and y agrees with 
theoretical prediction 
• FNOLL for 𝐵+ , BcVegPy for 𝐵c

+
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PRL 114, 132001 (2015) 

JHEP 10 (2012) 137 Comput. Phys. Commun. 174 (2006) 241

http://dx.doi.org/10.1103/PhysRevLett.114.132001
http://link.springer.com/article/10.1007%2FJHEP10%282012%29137
http://www.sciencedirect.com/science/article/pii/S0010465505005163


𝑩𝒄
+ → 𝜳 𝟐𝑺 𝝅+relative BF

• First observed by LHCb with 2011 1 fb-1 data

• Update with full Run-I data set, 3 fb-1

• Standard 𝜳 𝟐𝑺 + J/𝜳 selection + a charged pion

• BDT: With 2 independently trained BDT, to avoid bias
• 𝜒𝐼𝑃

2 , kinematic, decay length/time, 𝜒𝑉𝑡𝑥
2 , angles

• Consistent with 7 TeV results 

• The results can distinguish the
differences between theoretical calculations of 𝑅𝐵
• Nonrelativistic QCD at NLO, perturbative QCD based on kT factorization, the relativistic quark model, the 

quark potential model, the relativistic constituent quark model, the QCD relativistic potential model
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𝑹𝑩 = 𝟎. 𝟎𝟐𝟔 ± 𝟎. 𝟎𝟑𝟐 𝒔𝒕𝒂𝒕 ± 𝟎. 𝟎𝟎𝟕 𝒔𝒚𝒔𝒕 ± 𝟎. 𝟎𝟎𝟔 (𝑩𝑭)

http://journals.aps.org/prd/abstract/10.1103/PhysRevD.89.034008
http://link.springer.com/article/10.1140%2Fepjc%2Fs10052-015-3528-0
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.68.094020
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.49.3399
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.56.4133
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.61.034012
http://dx.doi.org/10.1103/PhysRevD.92.072007


First baryonic decay

• Proton-proton collisions at 7/8 TeV, 
3 fb-1 full Run-I data

• Search in 𝐵𝑐
+ → 𝐽/𝜑𝑝  𝑝𝜋+

• 𝑁 = 23.9 ± 5.3 (7.3𝜎)

• 𝑀 𝑝  𝑝 and𝑀(𝑝𝜋+) consistent with
simulation 
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PRL 113, 152003 (2014) 

http://dx.doi.org/10.1103/PhysRevLett.113.152003


Mass measurement

• LHCb average: 
6274.7 ± 1.2 MeV
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PRL 109 (2012) 232001 

PRD 87 (2013) 112012 



Lifetime measurement with 𝑩𝒄
+ → 𝑱/𝜳𝝁+𝝂𝑿

• Proton-proton collisions at 8 TeV, 2 fb-1 Run-I data

• Signal: di-muon (J/Ψ) + bachelor muon track 

• Pseudo-proper time: 𝑡𝑝𝑠 = 𝑝 ∙ 𝑣 − 𝑥
𝑀3𝜇

𝑝 2

• 𝑀3𝜇 , 𝑝: Mass, three momentum of J/Ψμ system in the lab frame

• 𝑣, 𝑥: measured position of B decay and production vertex

• K-factor method: infer B decay time and pseudo-proper time

• 2D maximum likelihood unbinned fit: 𝑡𝑝𝑠 and 𝑀3𝜇 (3.5-6.3 GeV/c^2) 
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http://link.springer.com/article/10.1140/epjc/s10052-014-2839-x


K relies on theoretical decay modes
• Decay form factor (accounting for ν
missing energy)
• Feed down modes (missing energy 
from other particles)

Lifetime measurement with 𝑩𝒄
+ → 𝑱/𝜳𝝁+𝝂𝑿
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𝝉 = 𝟓𝟎𝟗 ± 𝟖 𝒔𝒕𝒂𝒕 ± 𝟏𝟐(𝒔𝒚𝒔𝒕) fs
EPJC 74 (2014) 5, 2839 

http://link.springer.com/article/10.1140/epjc/s10052-014-2839-x


Lifetime measurement with 𝑩𝒄
+ → 𝑱/𝜳𝝅+

• Proton-proton collisions at 7/8 TeV, 3 fb-1 full Run-I data

• With 𝐵𝑐
+ → 𝐽/𝛹𝜋+ and 𝐵+ → 𝐽/𝛹𝐾+

• Measure the time evolution of 𝐵𝑐
+ and 𝐵+

• Better signal and background separation with hadronic channel 
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PLB 742 (2015) 29

http://dx.doi.org/10.1016/j.physletb.2015.01.010


PLB 742 (2015) 29

Lifetime measurement with 𝑩𝒄
+ → 𝑱/𝜳𝝅+
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Decay time distribution: 𝑵𝑩 𝒕 ∝ 𝝐𝑩(𝒕) × 𝒆−𝒕/𝝉𝑩, 𝝐𝑩(𝒕) is acceptance function
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𝑵
𝑩𝒄
+ 𝒕

𝑵
𝑩+

𝒕
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+ 𝒕
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Decay time distribution 

Acceptance, 
𝝐
𝑩𝒄
+ 𝒕

𝝐𝑩+ 𝒕

∆𝚪 = 𝟒. 𝟒𝟔 ± 𝟎. 𝟏𝟒 ± 𝟎. 𝟎𝟕 𝒎𝒎−𝟏𝒄,
𝝉𝑩+ from PDG

𝝉𝑩𝒄
+ = 𝟓𝟏𝟑. 𝟒 ± 𝟏𝟏. 𝟎 ± 𝟓. 𝟕 fs

http://dx.doi.org/10.1016/j.physletb.2015.01.010


Conclusion

• For 𝐵𝑐
+ measurement, LHCb achieved the world best measurements 

of
• Production cross section

• Mass

• Lifetime

• In the LHC Run-II, with increasing luminosity, enhanced production 
cross section
• Precision measurement of 𝐵𝑐

+ meson

• Yielding to new exciting results: excited states 
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Conclusion
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Backup
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Lifetime measurement with 𝑩𝒄
+ → 𝑱/𝜳𝝁+𝝂𝑿

• Proton-proton collisions at 8 TeV, 2 fb-1 Run-I data
• Signal: di-muon (J/Ψ) + bachelor muon track 

• Pseudo-proper time: 𝑡𝑝𝑠 = 𝑝 ∙ 𝑣 − 𝑥
𝑀3𝜇

𝑝 2

• 𝑝: three momentum of J/Ψμ system in the lab frame
• 𝑣/𝑥: measured position of B decay and production vertex

• K-factor method: infer B decay time and pseudo-proper time
• 𝑘′ ≡

𝑡𝑝𝑠

𝑡∗
=

𝑡𝑝𝑠

𝑡𝑝𝑠
∗ ×

𝑡𝑝𝑠
∗

𝑡∗
≡

𝑡𝑝𝑠

𝑡𝑝𝑠
∗ × 𝑘

• 𝑡𝑝𝑠
∗ : pseudo-proper time truth value 

• 𝑘 ≡
𝑡𝑝𝑠
∗

𝑡∗
: only kinematic effects from unobserved final state particle

• 2D maximum likelihood unbinned fit: 𝑡𝑝𝑠 and 𝑀3𝜇 (3.5-6.3 GeV/c^2) 
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