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Introduction
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𝑩𝒄 meson family is unique in the Stand Model

• Formed by two open heavy flavor quarks: ത𝑏𝑐

• Ground state weakly decay only  relatively long lifetime

 First observation by CDF in 1998
• Experimental studies limited

 Precise measurements helpful to test theoretical models
• Mass, lifetime, cross-section
• New decay modes and excited states
• 𝑚𝐵𝑐

+ = 6275.1 ± 1.0 MeV/𝑐2

• 𝜏𝐵𝑐+ = 0.507 ± 0.009 ps

Chin. Phys. C, 38, 090001 (2014) 
and 2015 update

Phys.Rev.Lett. 81 (1998) 2432



Introduction: spectrum
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 Rich structures in the spectrum of (ത𝑏𝑐) system

• Intermediate between charmonium and bottomonium

• Can be calculated by potential model, NRQCD, Lattice QCD, …

• 𝐵𝑐 2𝑆
+ claimed by ATLAS, and confirmation is needed

S. Godfrey, PRD 70, 054017 (2004)

𝑩𝒄
+

𝑩𝒄
+(𝟐𝑺)

PRL 113 (2014) 212004



Introduction: production
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 Production at 𝒆+𝒆− colliders 
is very difficult

At high energy hadron colliders, 
dominated by gluon-gluon fusions

• Large production cross-section 
at Tevatron & LHC

• 𝜎(𝐵𝑐
+)~0.47 μb @ 8 TeV

• 𝜎 𝐵𝑐
+

LHC@14 TeV/𝜎 𝐵𝑐
+

Tevatron@1.96 TeV~𝒪(10)
PRD 71 (2005) 074012

 The LHC is a factory of 𝑩𝒄 mesons



Introduction: decays
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 Rich decay modes
• Either ഥ𝒃 or 𝒄 quark can decay with the other as spectator
• ഥ𝒃 and 𝒄 quarks can annihilate to a 𝑾+ boson

 𝒄ഥ𝒃 → 𝑾+annihilation
𝐵𝑐
+ → ഥ𝐾∗0𝐾+

𝐵𝑐
+ → 𝜙𝐾+

𝐵𝑐
+ → 𝜏+𝜈𝜏

 𝒄 → 𝒔 transition
𝐵𝑐
+ → 𝐵𝑠

0𝑙+𝜈𝑙
𝐵𝑐
+ → 𝐵𝑠

0𝜋+

 ഥ𝒃 → ത𝒄 transition
𝐵𝑐
+ → 𝐽/𝜓𝑙+𝜈𝑙

𝐵𝑐
+ → 𝐽/𝜓𝜋+

Spectator modes annihilation modes

70% 20% 10%

Phys.Atom.Nucl.67,1559
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The LHCb detector

Impact parameter:
Proper time:
Momentum:
Mass :
RICH 𝐾 − 𝜋 separation:
Muon ID:
ECAL:

𝜎𝐼𝑃 = 20 μm
𝜎𝜏 = 45 fs for 𝐵𝑠

0 → 𝐽/𝜓𝜙 or 𝐷𝑠
+𝜋−

Δ𝑝/𝑝 = 0.4 ∼ 0.6% (5 – 100 GeV/𝑐)
𝜎𝑚 = 8 MeV/𝑐2 for 𝐵 → 𝐽/𝜓𝑋 (constrainted m𝐽/𝜓 )

𝜖 𝐾 → 𝐾 ∼ 95% mis-ID 𝜖 𝜋 → 𝐾 ∼ 5%
𝜖 𝜇 → 𝜇 ∼ 97% mis-ID 𝜖 𝜋 → 𝜇 ∼ 1 − 3%

Δ𝐸/𝐸 = 1⊕ 10%/ 𝐸(GeV)

Int. J. Mod. Phys. A 30 (2015) 1530022

Beam Beam

Collision 
point



 8 new decay channels observed by LHCb since 2012

Measurements of mass, lifetime, branching fractions 
and differential cross-section (relative to 𝑩+)

𝑩𝒄 𝟐𝑺
+ states claimed by ATLAS

8

𝑩𝒄 studies at LHC(b)



𝐵𝑐
+ measurements at LHCb
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Mass

𝑴(𝑩𝒄
+ → 𝑱/𝝍𝝅+) [PRL 109 (2012) 232001]

𝑴(𝑩𝒄
+ → 𝑱/𝝍𝑫𝒔

+) [PRD 87 (2013) 112012]

𝑴 𝑩𝒄
+ → 𝑱/𝝍𝒑ഥ𝒑𝝅+ [PRL 113 (2014) 152003]

Production

𝝈 𝑩𝒄
+

𝝈 𝑩+

𝓑 𝑩𝒄
+ → 𝑱/𝝍𝝅+

𝓑(𝑩+ → 𝑱/𝝍𝑲+)

[PRL 109 (2012) 232001] 𝟕 𝐓𝐞𝐕
[PRL 114 (2015) 132001] 8 𝐓𝐞𝐕

𝝈 𝑩𝒄
+

𝝈 𝑩𝒔
𝟎
𝓑 𝑩𝒄

+ → 𝑩𝒔
𝟎𝝅+ [PRL 111 (2013) 181801]

Lifetime
𝝉(𝑩𝒄

+ → 𝑱/𝝍𝝁+𝝂𝝁𝑿) [EPJC 74 (2014) 2839]

𝝉(𝑩𝒄
+ → 𝑱/𝝍𝝅+) [PLB 742 (2015) 29-37]

Decays/BF

𝑩𝒄
+ → 𝑱/𝝍𝝅+𝝅−𝝅+ [PRL 108 (2012) 251802]

𝑩𝒄
+ → 𝑱/𝝍𝑲+ [JHEP 09 (2013) 075]

𝑩𝒄
+ → 𝝍 𝟐𝑺 𝝅+

[PRD 87 (2013) 112012] 𝟕 𝐓𝐞𝐕
[PRD 92 (2015) 072007]
𝟕&𝟖 𝐓𝐞𝐕

𝑩𝒄
+ → 𝑱/𝝍𝑫𝒔

∗ + [PRD 87 (2013) 112012]

𝑩𝒄
+ → 𝑱/𝝍𝑲+𝑲−𝝅+ [JHEP 1311 (2013) 094]

𝑩𝒄
+ → 𝑱/𝝍𝟑𝝅+𝟐𝝅−(𝐞𝐯𝐢𝐝𝐞𝐧𝐜𝐞) [JHEP 1405 (2014) 148]

𝓑 𝑩𝒄
+ → 𝑱/𝝍𝝅+

𝓑(𝑩𝒄
+ → 𝑱/𝝍𝝁+𝝂𝝁)

[PRD 90 (2014) 032009]

𝑩𝒄
+ → 𝒑ഥ𝒑𝝅+ 𝐮𝐩𝐩𝐞𝐫 𝐥𝐢𝐦𝐢𝐭 [PLB 759 (2016) 313-321]

http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.109.232001
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.87.112012
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.152003
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.109.232001
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.132001
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.111.181801
http://link.springer.com/article/10.1140/epjc/s10052-014-2839-x
http://www.sciencedirect.com/science/article/pii/S037026931500012X
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.108.251802
http://link.springer.com/article/10.1007/JHEP09(2013)075
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.87.071103
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.072007
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.87.112012
http://link.springer.com/article/10.1007/JHEP11(2013)094
http://link.springer.com/article/10.1007/JHEP05(2014)148
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.032009
http://www.sciencedirect.com/science/article/pii/S0370269316302295


Mass measurements
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Mass measurement

 PDG 2012: 𝑚𝐵𝑐
+ = 6277 ± 6 MeV/𝑐2

 The first 𝐵𝑐
+ mass measurement at the LHC 

was done by LHCb

• 0.37 fb−1 @ 7 TeV

• 𝐵𝑐
+ → 𝐽/𝜓𝜋+

11

PRL109 (2012) 232001

Signal: double-sided Crystal Ball
Background: exponential

𝑵𝐬𝐢𝐠 = 𝟏𝟕𝟗 ± 𝟏𝟕

𝒎 𝑩𝒄
+ = 𝟔𝟐𝟕𝟑. 𝟕 ± 𝟏. 𝟑𝐬𝐭𝐚𝐭 ± 𝟏. 𝟔𝐬𝐲𝐬𝐭𝐌𝐞𝐕/𝒄

𝟐

𝒎 𝑩𝒄
+ −𝒎 𝑩+ = 𝟗𝟗𝟒. 𝟔 ± 𝟏. 𝟑𝒔𝒕𝒂𝒕 ± 𝟎. 𝟔𝒔𝒚𝒔𝒕 𝐌𝐞𝐕/𝒄

𝟐

Systematics dominated by momentum scale calibration (1.4 MeV/𝑐2)



Mass measurement (cont.)

𝑩𝒄
+ mass was also measured using another two decays, 

whose 𝑸-values are small

• 𝑩𝒄
+ → 𝑱/𝝍𝑫𝒔

+:      𝒎 = 𝟔𝟐𝟕𝟔. 𝟐𝟖 ± 𝟏. 𝟒𝟒 ± 𝟎. 𝟑𝟔 𝐌𝐞𝐕/𝒄𝟐

• 𝑩𝒄
+ → 𝑱/𝝍𝒑ഥ𝒑𝝅+: 𝒎 = 𝟔𝟐𝟕𝟒. 𝟎 ± 𝟏. 𝟖 ± 𝟎. 𝟒 𝐌𝐞𝐕/𝒄𝟐

 LHCb combined results

• 𝒎 = 𝟔𝟐𝟕𝟒. 𝟕 ± 𝟏. 𝟐 𝐌𝐞𝐕/𝒄𝟐

12

PRD 87 (2013) 112012
PRL113 (2014) 152003



Lifetime measurements
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 Semileptonic decay 𝑩𝒄
+ → 𝑱/𝝍𝝁+𝝂𝝁𝑿

 Hadronic decay 𝑩𝒄
+ → 𝑱/𝝍𝝅+



Lifetime

Various theoretical predictions

• [𝟎. 𝟒, 𝟎. 𝟕] 𝐩𝐬 PRD 53 (1996) 4991

• 𝟎. 𝟓𝟗 ± 𝟎. 𝟎𝟔 𝐩𝐬 PLB 452 (1999) 129

• 𝟎. 𝟒𝟖 ± 𝟎. 𝟎𝟓 𝐩𝐬 NPB 585 (2000) 353

• ~𝟎. 𝟑𝟔 𝐩𝐬 PRD 64 (2001) 014003

 PDG 2013: 𝟎. 𝟒𝟓𝟑 ± 𝟎. 𝟎𝟑𝟑 𝐩𝐬

 Precise measurement of 𝑩𝒄
+ lifetime provide important 

test of theoretical models, and

Also helpful to reduce systematic uncertainty in many 
𝑩𝒄
+ analyses 

14



Lifetime: 𝐵𝑐
+ → 𝐽/𝜓𝜇+𝜈𝜇𝑋

High statistics due to large branching fraction

Missing energy due to partial reconstruction

• Using a 2D (𝒎𝑱/𝝍𝝁 and pseudo-proper time 𝒕𝐩𝐬) model 

for data, to enhance S/B separation

 The lifetime determined from a 2D 
unbinned maximum likelihood fit
using 2012 data (𝟐 𝐟𝐛−𝟏)
𝝉 = 𝟓𝟎𝟗 ± 𝟖 ± 𝟏𝟐 𝐟𝐬

Systematic uncertainties dominated by 
background model (±𝟏𝟎 𝐟𝐬)

15EPJC 74 (2014) 2839



Lifetime: 𝐵𝑐
+ → 𝐽/𝜓𝜇+𝜈𝜇𝑋 (cont.)

 The most precise measurement
𝝉 = 𝟓𝟎𝟗 ± 𝟖 ± 𝟏𝟐 𝐟𝐬

 Consistent with results from
other experiments

• Uncertainty much smaller

16
EPJC 74 (2014) 2839



Lifetime: 𝐵𝑐
+ → 𝐽/𝜓𝜋+

 Fully reconstructed mode, but statistics smaller 
than semileptonic decay

Measure 𝚫𝚪 ≡ 𝚪𝑩𝒄+ − 𝚪𝑩+

=
𝟏

𝝉
𝑩𝒄
+
−

𝟏

𝝉𝑩+

using ℛ 𝒕 ∝ ℛ𝜺 𝒕 𝒆
−𝚫𝚪𝒕

• ℛ 𝒕 ≡ 𝑵𝑩𝒄
+ 𝒕 /𝑵𝑩+ 𝒕

determined from fit to data

• ℛ𝜺 𝒕 ≡ 𝜺𝑩𝒄+ 𝒕 /𝜺𝑩+ 𝒕

determined from simulation

17
PLB 742 (2015) 29



Lifetime: 𝐵𝑐
+ → 𝐽/𝜓𝜋+ (cont.)

𝚫𝚪 determined from fit to ℛ 𝒕 /ℛ𝜺(𝒕)

• 𝚫𝚪 = 𝟒. 𝟒𝟔 ± 𝟎. 𝟏𝟒 ± 𝟎. 𝟎𝟕 𝒄/𝐦𝐦

 𝝉𝑩𝒄+ = 𝟓𝟏𝟑. 𝟒 ± 𝟏𝟏. 𝟎 ± 𝟓. 𝟕 𝐟𝐬

• In good agreement with 
result from semileptonic
decay

• Dominated by statistical 
uncertainty

 Combined result
𝝉𝑩𝒄+ = 𝟓𝟏𝟏. 𝟒 ± 𝟗. 𝟑 𝐟𝐬

18

PLB 742 (2015) 29



Production measurements
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 For 𝑩𝒄
+ → 𝑱/𝝍𝝅+, relative to 𝑩+ → 𝑱/𝝍𝑲+

 For other 𝑩𝒄
+ decays, (mostly) relative to 𝑩𝒄

+ → 𝑱/𝝍𝝅+



Production: 𝐵𝑐
+ → 𝐽/𝜓𝜋+

 First measurement used data at 7 TeV (𝟎. 𝟑𝟕 𝐟𝐛−𝟏)

 Relative production measured

ℛ =
𝝈 𝑩𝒄

+ × 𝓑(𝑩𝒄
+ → 𝑱/𝝍𝝅+)

𝝈 𝑩+ × 𝓑(𝑩+ → 𝑱/𝝍𝑲+)

20

PRL109 (2012) 232001

ℛ = 𝟎. 𝟔𝟖 ± 𝟎. 𝟏𝟎𝐬𝐭𝐚𝐭 ± 𝟎. 𝟎𝟑𝐬𝐲𝐬𝐭 ± 𝟎. 𝟎𝟓𝐥𝐢𝐟𝐞𝐭𝐢𝐦𝐞 %

𝒑𝐓 𝑩 > 𝟒 𝐆𝐞𝐕/𝒄 ,  𝟐. 𝟓 < 𝜼 < 𝟒. 𝟓

𝑩𝒄
+ → 𝑱/𝝍𝝅+

𝑩+ → 𝑱/𝝍𝑲+



Production: 𝐵𝑐
+ → 𝐽/𝜓𝜋+ (cont.)

Differential production measured at 8 TeV (𝟐 𝐟𝐛−𝟏)

• ℛ measured as a function of 𝒑𝐓 and 𝒚 for the first time

21

PRL114 (2015) 132001

𝑩𝒄
+ → 𝑱/𝝍𝝅+

𝑩+ → 𝑱/𝝍𝑲+
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Production: 𝐵𝑐
+ → 𝐽/𝜓𝜋+ (cont.)

ℛ in bins of (𝒑𝐓, 𝒚) well agree with BCVEGPY and FONLL

 Fiducial kinematic range: 
𝒑𝐓 < 𝟐𝟎 𝐆𝐞𝐕/𝒄, 𝟐. 𝟎 < 𝒚 < 𝟒. 𝟓

ℛ integrated over bins
ℛ = 𝟎. 𝟔𝟖𝟑 ± 𝟎. 𝟎𝟏𝟖 ± 𝟎. 𝟎𝟎𝟗 %

Normalization takes 𝝈(𝑩𝒄
+) = 𝟎. 𝟒𝟕 𝛍𝐛 and 𝓑 𝑩𝒄

+ → 𝑱/𝝍𝝅+ = 𝟎. 𝟑𝟑%

22

PRL114 (2015) 132001

𝑩𝒄
+ → 𝑱/𝝍𝝅+

𝑩+ → 𝑱/𝝍𝑲+
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Compt. Phys. C174 (2006) 241
JHEP 10 (2012) 137

𝟐. 𝟎 < 𝒚 < 𝟒. 𝟓 𝒑𝐓 < 𝟐𝟎 𝐆𝐞𝐕/𝒄



Decays and BF measurements

23

 8 new decay modes observed by LHCb

• 𝑩𝒄
+ → 𝑩𝒔

𝟎𝝅+: 𝒄 quark as a spectator, the first weakly 𝑩 − 𝑩 decay

• 𝑩𝒄
+ → 𝑱/𝝍𝒑ഥ𝒑𝝅+: the first baryonic decay of 𝑩𝒄

+ meson

• 𝑩𝒄
+ → 𝑱/𝝍𝑫𝒔

∗ +
: the first charmonium+open charm decays

• 𝑩𝒄
+ → 𝑱/𝝍𝑲+: a Cabibbo-suppressed decay

• 𝑩𝒄
+ → 𝝍 𝟐𝑺 𝝅+: a decay to excited charmonium

• 𝑩𝒄
+ → 𝑱/𝝍𝝅+𝝅−𝝅+

• 𝑩𝒄
+ → 𝑱/𝝍𝑲+𝑲−𝝅+

 Upper limits: 
• 𝑩𝒄

+ → 𝒑ഥ𝒑𝝅+

• 𝑩𝒄
+ → 𝑫𝒔

+𝝓,   𝑫 𝒔
+ 𝑲∗𝟎, 𝑫 𝒔

+ ഥ𝑲∗𝟎

 An evidence of 𝑩𝒄
+ → 𝑱/𝝍𝟑𝝅+𝟐𝝅−



𝐵𝑐
+ → 𝐵𝑠

0𝜋+

 The bachelor 𝜋+ allows self-tagging of 𝐵𝑠
0

 Both 𝐵𝑠
0 → 𝐷𝑠

−𝜋+ and 𝐵𝑠
0 → 𝐽/𝜓𝜙 used

24

7.5𝜎 5.5𝜎

PRL 111 (2013) 181801



𝐵𝑐
+ → 𝐵𝑠

0𝜋+ (cont.)

 The relative production measured

𝜎 𝐵𝑐
+

𝜎(𝐵𝑠
0)
× ℬ 𝐵𝑐

+ → 𝐵𝑠
0𝜋+

= 2.37 ± 0.31 stat ± 0.11 syst −0.13
+0.17 𝜏𝐵𝑐 × 10−3

Assuming ℬ 𝐵𝑐
+ → 𝐽/𝜓𝜋+ ≈ 0.15%

⇒ ℬ 𝐵𝑐
+ → 𝐵𝑠

0𝜋+ ≈ 10%

 The largest exclusive BF of any known weak 𝐵 meson 
decay

25

PRL 111 (2013) 181801



𝐵𝑐
+ → 𝐽/𝜓𝑝 ҧ𝑝𝜋+

 Baryonic decay of 𝒃 hadron is useful to understand baryon 
production mechanism, to search for new baryons/multiquarks

 Good hadron identification is essential for such analysis


𝓑 𝑩𝒄

+→𝑱/𝝍𝒑ഥ𝒑𝝅+

𝓑(𝑩𝒄
+→𝑱/𝝍𝝅+)

= 𝟎. 𝟏𝟒𝟑−𝟎.𝟎𝟑𝟒
+𝟎.𝟎𝟑𝟗 ± 𝟎. 𝟎𝟏𝟑, consistent with

𝓑(𝑩𝟎→𝑫∗−𝒑ഥ𝒑𝝅+)

𝓑(𝑩𝟎→𝑫∗−𝝅+)
= 𝟎. 𝟏𝟕 ± 𝟎. 𝟎𝟐

26

3 fb−1 3 fb−1

𝑁sig = 23.9 ± 5.3 (7.3 𝜎) 𝑁sig = 2835 ± 58

PRL 113 (2014) 152003



𝐵𝑐
+ → 𝐽/𝜓𝐷𝑠

∗ +

 Expected Feynman diagrams of this process includes all 
three kind of decay modes: 𝑐-spectator, 𝑏-spectator, 
and annihilation

 𝐽/𝜓𝐷𝑠
+ fully reconstructed

 𝐽/𝜓𝐷𝑠
∗+ partially reconstructed with missing 𝛾/𝜋0, and 

split for helicity

• 𝒜±± 𝐽/𝜓: ±1; 𝐷𝑠
∗+: ±1;

• 𝒜00 𝐽/𝜓: 0; 𝐷𝑠
∗+: 0;
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𝐵𝑐
+ → 𝐽/𝜓𝐷𝑠

∗ +
(cont.)

𝑵𝒔𝒊𝒈 = 𝟐𝟖. 𝟗 ± 𝟓. 𝟔 for 𝑱/𝝍𝑫𝒔
+

in 2011+2012 data
significance > 𝟗 𝝈


𝑵(𝑱/𝝍𝑫𝒔

∗+ )

𝑵(𝑱/𝝍𝑫𝒔
+)

= 𝟐. 𝟑𝟕 ± 𝟎. 𝟓𝟔


𝓐±±

𝓐±±+𝓐𝟎𝟎
= 𝟎. 𝟓𝟐 ± 𝟎. 𝟐𝟎

28

PRD 87 (2013) 112012

ℬ(𝑩𝒄
+ → 𝑱/𝝍𝑫𝒔

∗+ )

ℬ(𝑩𝒄
+ → 𝑱/𝝍𝑫𝒔

+)
= 𝟐. 𝟑𝟕 ± 𝟎. 𝟓𝟔 ± 𝟎. 𝟏𝟎

ℬ(𝑩𝒄
+ → 𝑱/𝝍𝑫𝒔

+ )

ℬ(𝑩𝒄
+ → 𝑱/𝝍𝝅+)

= 𝟐. 𝟗𝟎 ± 𝟎. 𝟓𝟕 ± 𝟎. 𝟐𝟒



Search for 𝐵𝑐
+ → 𝑝 ҧ𝑝𝜋+

 First search for 𝑩𝒄
+ annihilation decay mode using 

𝟑. 𝟎 𝐟𝐛−𝟏 data at 𝒔 = 𝟕 𝐓𝐞𝐕 & 𝟖 𝐓𝐞𝐕

Using 𝑩+ → 𝒑ഥ𝒑𝝅+ as control channel, measuring 

𝑹𝒑 ≡
𝒇𝒄

𝒇𝒖
× 𝓑(𝑩𝒄

+ → 𝒑ഥ𝒑𝝅+)

• 𝒎 𝒑ഥ𝒑 < 𝟐. 𝟖𝟓 𝐆𝐞𝐕/𝒄𝟐, to exclude 𝒄ത𝒄 → 𝒑ഥ𝒑

• 𝒑𝐓 𝑩 < 𝟐𝟎 𝐆𝐞𝐕/𝒄

• 𝟐. 𝟎 < 𝒚 𝑩 < 𝟒. 𝟓

 Signal yield determined from 
simultaneous fit in 3 BDT bins 
to gain sensitivity
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Search for 𝐵𝑐
+ → 𝑝 ҧ𝑝𝜋+(cont.)

𝑁 𝐵𝑐
+ → 𝑝 ҧ𝑝𝜋+ = −2.7 ± 6.3 (stat. uncertainty only)

Upper limits estimated from 𝑝-value profile for 𝑅𝑝
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ATLAS measurements
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ATLAS-CONF-2012-028

𝑵𝐬𝐢𝐠 = 𝟏𝟎𝟖 ± 𝟏𝟗

CMS

PRL 113 (2014) 212004

 𝑩𝒄
+ → 𝑱/𝝍𝝅+ based on 𝟒. 𝟑 𝐟𝐛−𝟏 of data in 2011 (7 TeV)

• 𝒎 = 𝟔𝟐𝟖𝟐 ± 𝟕𝐌𝐞𝐕/𝒄𝟐; 𝝈 = 𝟑𝟐 ± 𝟗𝐌𝐞𝐕/𝒄𝟐

 Observed 𝑩𝒄 𝟐𝑺
+ states: 𝒎 = 𝟔𝟖𝟒𝟐 ± 𝟒 ± 𝟓𝐌𝐞𝐕/𝒄𝟐

 Signal yield at 7 TeV
• 𝑵 𝑩𝒄 = 𝟏𝟎𝟎 ± 𝟐𝟑

• 𝑵 𝟐𝑺 = 𝟐𝟐 ± 𝟕

 Signal yields at 8 TeV

• 𝑵 𝑩𝒄 = 𝟐𝟐𝟕 ± 𝟐𝟓

• 𝑵 𝟐𝑺 = 𝟑𝟓 ± 𝟏𝟑



ATLAS measurements

 𝑩𝒄
+ → 𝑱/𝝍𝑫𝒔

(∗)+

• Based on ATLAS Run-I data
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𝑵𝐬𝐢𝐠 = 𝟖𝟐 ± 𝟏𝟕 𝑵𝐬𝐢𝐠 = 𝟑𝟑𝟎 ± 𝟑𝟔 𝑵𝐬𝐢𝐠 = 𝟏𝟎𝟖 ± 𝟏𝟗

ATLAS

CMS CMS

EPJC 76(2016) 4



CMS measurements

 Relative production measured using 7 TeV data (5.1 fb−1)

 𝑅𝑐/𝑢 ≡
𝜎 𝐵𝑐

+ ℬ 𝐵𝑐
+→𝐽/𝜓𝜋+

𝜎 𝐵+ ℬ 𝐵+→𝐽/𝜓𝐾+
= 0.48 ± 0.05 ± 0.03 ± 0.05 𝜏𝐵𝑐 %

𝑝T 𝐵 > 15 GeV/𝑐, 𝑦 < 1.6

 𝑅𝐵𝑐 ≡
ℬ 𝐵𝑐

+→𝐽/𝜓𝜋+𝜋−𝜋+

𝜎 𝐵+ ℬ 𝐵𝑐
+→𝐽/𝜓𝜋+

= 2.55 ± 0.80 ± 0.33−0.01
+0.04 𝜏𝐵𝑐

𝑝T 𝐵 > 15 GeV/𝑐, 𝑦 < 1.6
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Summary

 The LHC provides a good opportunity of 𝑩𝒄 studies 

Many results obtained using the Run-I data, and we 
know more and more about 𝑩𝒄

+ mesons

• Precisely measured mass and lifetime

𝒎 𝑩𝒄
+ = 𝟔𝟐𝟕𝟒. 𝟕 ± 𝟏. 𝟐 𝐌𝐞𝐕/𝒄𝟐

𝝉 𝑩𝒄
+ = 𝟓𝟏𝟏. 𝟒 ± 𝟗. 𝟑 𝐟𝐬

• Measurements of relative production cross-sections and 
branching fractions

• 8 new decay modes observed, including the 𝒃-spectator 
mode, the baryonic decay

• Searching for annihilation decays

• Excited states 𝑩𝒄 𝟐𝑺
+ claimed by ATLAS

Data in Run-II will provide more opportunities
34
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Backup slides
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𝐵𝑐 results from Tevatron

 Experimental studies of 𝑩𝒄 before 2011 

dominated by Tevatron (CDF/D0)

 First observed by CDF in 1998 through 𝑩𝒄
+ → 𝑱/𝝍𝒍+𝝂

 Fully reconstructed channel 𝑩𝒄
+ → 𝑱/𝝍𝝅+ in 2005

 Relative production of semileptonic decay measured


𝓑 𝑩𝒄

+→𝑱/𝝍𝒍+𝝂

𝓑 𝑩+→𝑱/𝝍𝑲+ = 𝟎. 𝟏𝟑𝟐−𝟎.𝟎𝟑𝟕
+𝟎.𝟎𝟏𝟒 ± 𝟎. 𝟎𝟑𝟏−𝟎.𝟎𝟐𝟎

+𝟎.𝟎𝟑𝟐

 Mass/lifetime measurements through both semileptonic and 

hadronic decays
37
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Mass measurements from Tevatron

 PDG  2012:   𝑚𝐵𝑐 = 6277 ± 6 MeV/𝑐2
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𝐵𝑐
+ → 𝐽/𝜓𝑙+𝜈

𝐵𝑐
+ → 𝐽/𝜓𝜋+



9% uncertainty

Lifetime measurements from Tevatron

 Systematic uncertainties ∼ 0.03 ps for all

 PDG  2012:   𝜏𝐵𝑐 = 0.453 ± 0.041 ps
39

𝐵𝑐
+ → 𝐽/𝜓𝑙+𝜈

𝐵𝑐
+ → 𝐽/𝜓𝜋+

𝐵𝑐
+ → 𝐽/𝜓𝑒+𝜈𝑒

𝐵𝑐
+ → 𝐽/𝜓𝜇+𝑋


