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Outline
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➢ Introduction

➢Recent results of 𝑩𝒄
+ study

𝑏 quark decays

𝑐 quark decays

mass

➢Conclusion and outlook



LHCb detector

Tracking System 

 𝚫𝒑/𝒑 = 𝟎. 𝟓%@𝟓 𝐆𝐞𝐕/𝒄
          to 𝟏%@𝟐𝟎𝟎 𝐆𝐞𝐕/𝒄

VELO

𝝈𝐈𝐏 ∼ 𝟐𝟎 𝛍𝐦 

Decay time resolution: 

45 fs (𝝉)~1.5 p 

beam 2beam 1
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Muon System

𝝐 𝝁 → 𝝁 ∼ 𝟗𝟕%
𝝅 → 𝝁 mis-id: 𝟏 ∼ 𝟑%

RICH1 & RICH2

𝝐 𝑲 → 𝑲 ∼ 𝟗𝟓%
𝝅 → 𝑲 mis-id: ∼ 𝟓%

Calorimeters

ECAL: 𝝈𝑬/𝑬 ∼ 𝟏% + 𝟏𝟎%/

𝑬[𝐆𝐞𝐕] 

JINST 3 (2008) S08005

IJMPA 30 (2015) 1530022Pseudorapidity acceptance
2 < 𝜂 < 5
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𝑩𝒄
+ physics
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➢Unique state that contains two heavy quarks of different flavors

➢Rich decay modes
 𝑏 quark decay ~20%

 𝑐 quark decay  ~70%

 annihilation decay ~10%

➢ Precise measurements of mass, lifetime, branching fractions can 

provide information to test theoretical models



➢  Run-I: 3 fb-1, Run-II: 6 fb-1, Run-III: 14 fb-1

LHCb data samples
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➢ Luminosity levelling 𝑳 ∼ 𝟑 × 𝟏𝟎𝟑𝟐 𝐜𝐦−𝟐𝐬−𝟏 

➢ All 𝒃 hadrons: 𝑩𝟎, 𝑩±, 𝑩𝒔
𝟎,  𝑩𝒄

± … 

𝑩𝟎 𝑩+ 𝑩𝐬
𝟎 b baryons (𝜦𝒃 …) 𝑩𝒄

+

Fraction(%) 40 40 10 10 0.1

Component ത𝑏d ത𝑏u ത𝑏𝑠 bqq ഥ𝒃𝒄

LHCb: 𝝈 𝒑𝒑 → 𝑩𝒄
+

𝐢𝐧𝐜𝐥 ≈ 𝟎. 𝟑 𝛍𝐛

PRD 85.032008
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𝑩𝒄
+ studies at LHCb

Mass

𝑀(𝐵𝑐
+ → 𝐽/𝜓𝜋+) 𝑀(𝐵𝑐

+ → 𝐽/𝜓𝜋+𝜋−𝜋+)

𝑀(𝐵𝑐
+ → 𝐽/𝜓𝐷𝑠

+) 𝑀(𝐵𝑐
+ → 𝐽/𝜓𝐷 ∗ 𝐾(∗))

𝑀 𝐵𝑐
+ → 𝐽/𝜓𝑝 ҧ𝑝𝜋+ 𝑀(𝐵𝑐

+ → 𝐵𝑠
0𝜋+)

Production
𝜎 𝐵𝑐

+

𝜎 𝐵+

ℬ 𝐵𝑐
+ → 𝐽/𝜓𝜋+

ℬ(𝐵+ → 𝐽/𝜓𝐾+)

𝜎 𝐵𝑐
+

𝜎 𝐵𝑠
0 ℬ 𝐵𝑐

+ → 𝐵𝑠
0𝜋+

Lifetime 𝜏(𝐵𝑐
+ → 𝐽/𝜓𝜇+𝜈𝜇𝑋) 𝜏(𝐵𝑐

+ → 𝐽/𝜓𝜋+)

Decays

𝐵𝑐
+ → 𝐽/𝜓𝜋+𝜋−𝜋+ 𝐵𝑐

+ → 𝜓(2𝑆)𝜋+𝜋−𝜋+

ℬ(𝐵𝑐
+ → 𝐽/𝜓𝐾+) 𝐵𝑐

+ → (𝜓 2𝑆 → 𝐽/𝜓𝜋+𝜋−)𝜋+

ℬ(𝐵𝑐
+ → 𝜓 2𝑆 𝜋+) 𝐵𝑐

+ → (𝜓 2𝑆 → 𝐽/𝜓𝜋+𝜋−)𝜋+𝜋−𝜋+

𝐵𝑐
+ → 𝐽/𝜓𝐾+𝐾−𝜋+ 𝐵𝑐

+ → 𝜓(2𝑆)𝐾+𝐾−𝜋+(evidence)

𝐵𝑐
+ → 𝐽/𝜓3𝜋+2𝜋− 𝐵𝑐

+ → 𝐽/𝜓𝐾+𝐾−𝜋+𝜋−𝜋+

ℬ 𝐵𝑐
+ → 𝐽/𝜓𝜋+ /ℬ(𝐵𝑐

+ → 𝐽/𝜓𝜇+𝜈𝜇) 𝐵𝑐
+ → 𝐽/𝜓4𝜋+3𝜋−(evidence)

𝐵𝑐
+ → 𝑝 ҧ𝑝𝜋+ upper limit 𝐵𝑐

+ → 𝐵𝑠
0𝜋+

𝐵𝑐
+ → 𝐾+𝐾−𝜋+ 𝐵𝑐

+ → 𝜒𝑐𝑗𝜋+

𝐵𝑐
± → 𝐷0𝜋± 𝐵𝑐

(∗)+
(2𝑆) → 𝐵𝑐

+𝜋+𝜋−



𝒃 quark decays
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𝐵𝑐
+ → [𝑐 ҧ𝑐]𝑋



𝑩𝐜
+ → 𝑱/𝝍𝝅+𝝅𝟎 with Run-I and Run-II data
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➢ In the SM, theoretical prediction ℛ :(2.5~5.7) 

➢ 𝐵𝑐
+ → 𝐽/𝜓𝜋+𝜋0 has not yet been observed

ℛ ≡
ℬ 𝐵𝑐

+ → 𝐽/𝜓𝜋+𝜋0

ℬ(𝐵𝑐
+→ 𝐽/𝜓𝜋+)

➢ 𝐵𝑐
+ → 𝐽/𝜓𝜋+as a normalization mode

➢ 𝐵+ → 𝐽/𝜓𝐾∗+(→ 𝐾+𝜋0) as a control mode

 detector resolution 

 mass bias



Results of 𝑩𝐜
+ → 𝑱/𝝍𝝅+𝝅𝟎
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➢ First observation

1080 ± 60

ℛ ≡
ℬ 𝐵𝑐

+ → 𝐽/𝜓𝜋+𝜋0

ℬ(𝐵𝑐
+→ 𝐽/𝜓𝜋+)

= 2.80 ± 0.15 ± 0.11 ± 0.16

➢ Dominance 𝜌+ and small 𝜌+(1450) 

arXiv:2402.05523v1



𝑩𝐜
+ → 𝑱/𝝍(𝝍(𝟐𝑺))𝒉+𝒉−𝒉+
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➢ Only two 𝐵𝑐
+ → 𝜓3ℎ decay mode were 

observed 

ℛ ≡
ℬ 𝐵𝑐

+ → 𝜓3ℎ

ℬ(𝐵𝑐
+→ 𝐽/𝜓𝜋+)

➢ 𝐵𝑐
+ → 𝐽/𝜓𝜋+as a normalization mode

Phys. Rev. Lett. 108 (2012) 251802

JHEP 11 (2013) 094

135±14

➢ ℛ 𝐽/𝜓𝜋+𝜋−𝜋+ = 2.41 ± 0.30 ± 0.33

➢ ℛ 𝐽/𝜓𝐾+𝐾−𝜋+ = 0.53 ± 0.10 ± 0.05

➢ Theoretical prediction ℛ 𝐽/𝜓𝜋+𝜋−𝜋+ : (1.5~2.3)

➢ Prefers the latter predictions

➢ Theoretical prediction ℛ 𝐽/𝜓𝐾+𝐾−𝜋+ : 

(0.49 and 0.47)
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𝑩𝐜
+ → 𝑱/𝝍(𝝍(𝟐𝑺))𝒉+𝒉−𝒉+ with Run-I and Run-II data

JHEP01(2022)065

https://doi.org/10.1007/JHEP01(2022)065
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𝑩𝐜
+ → 𝑱/𝝍(𝝍(𝟐𝑺))𝒉+𝒉−𝒉+ with Run-I and Run-II data

➢ Agree with BLL model based on 
QCD factorisation

➢ Consistent with Run I result

JHEP01(2022)065

➢ Agree with the ratios of branching fraction for the multibody decays 
of 𝐵+, 𝐵0 and 𝐵𝑠

0

https://doi.org/10.1007/JHEP01(2022)065
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𝑩𝐜
+ → 𝑱/𝝍 𝝍 𝟐𝑺 𝒏𝒉 with Run-I and Run-II data

➢ Agree with BLL model based on QCD factorization (backup)

➢ ℛ
𝐽/𝜓𝜋+𝜋−𝜋+
𝐽/𝜓𝐾+𝐾−𝜋+

= 18.5 ± 1.3 ± 0.6 × 10−2 < ℛ
𝐽/𝜓3𝜋+2𝜋−
𝐽/𝜓𝐾+𝐾−𝜋+𝜋−𝜋+

JHEP 07 (2023) 198



𝒄 quark decays
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𝑩𝒄
+ → 𝑩𝒔

𝟎𝝅+
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➢ 𝐵𝑐
+ → 𝐵𝑠

0𝜋+ was first observed by 
LHCb with Run I data

Phys. Rev. Lett. 111 (2013) 181801

➢ A wide range of predictions ℬ 𝐵𝑐
+ → 𝐵𝑠

0𝜋+ : 

(16.4% ~2.5%)

➢ 𝑅 ≡
𝜎 𝐵𝑐

+

𝜎 𝐵𝑠
0 × ℬ 𝐵𝑐

+ → 𝐵𝑠
0𝜋+ = (

)

2.37 ±

0.31 ± 0.11−0.13
+0.17 × 10−3

➢ 𝐵𝑠
0 → 𝐷𝑠

+𝜋+ and 𝐵𝑠
0 → 𝐽/𝜓𝜙 as normalization 

mode

➢ℬ 𝐵𝑐
+ → 𝐵𝑠

0𝜋+ ≈ 10%



Study of 𝑩𝒄
+ → 𝑩𝒔

𝟎𝝅+ with Run II data
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➢ ℬ 𝐵𝑐
+ → 𝐵𝑠

0𝜋+ = (
)

8.3 ± 0.7(stat) ± 0.3(syst) ±
2.2(ℬ) %

➢ 𝐵𝑐
+ → 𝐽/𝜓𝜋+as a normalization mode

➢ ℛ ≡
ℬ 𝐵𝑐

+→𝐵𝑠
0𝜋+

ℬ(𝐵𝑐
+→𝐽/𝜓𝜋+)

= 91 ± 10(stat) ± 8(syst) ± 3(ℬ)

186±𝟐𝟓

6𝟓 ±12

➢ Consistent with Run I result

JHEP 07 (2023) 066

➢ The largest branching fraction of 𝐵𝑐
+



Mass
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𝑩𝒄
+ mass
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➢ Theoretical predictions range: 6.2  ~ 6.4 GeV/𝑐2

➢ First measured at Tevatron with 𝐵𝑐
+ → 𝐽/𝜓𝜋+: 

𝑚 𝐵𝑐
+ = 6275.6 ± 2.9 stat ± 2.5(syst) MeV/𝑐2

➢ LHCb measured 𝐵𝑐
+ mass with many decay channels

PRL 100(2008)182002, PRL 101(2008)012001

Mode Lum (𝐟b−𝟏) Result (MeV/𝑐2) Lum (𝐟b−𝟏) Result (MeV/𝑐2)

𝐵𝑐
+ → 𝐽/𝜓𝜋+ 1.0 6273.7 ± 1.3 ± 1.6 9.0 6273.78 ± 0.12 ± 0.92

𝐵𝑐
+ → 𝐽/𝜓𝐷𝑠

+ 3.0 6276.3 ± 1.4 ± 0.3 9.0 6274.11 ± 0.27 ± 0.38

𝐵𝑐
+ → 𝐽/𝜓𝑝 ҧ𝑝𝜋+ 3.0 6274.0 ± 1.8 ± 0.4 9.0 6274.61 ± 0.73 ± 0.37

𝐵𝑐
+ → 𝐽/𝜓𝐷0𝐾+ 3.0 6274.3 ± 1.4 ± 0.3 9.0 6274.08 ± 0.53 ± 0.28

𝐵𝑐
+ → 𝐽/𝜓𝜋+𝜋−𝜋+ x x 9.0 6274.38 ± 0.18 ± 0.84

𝐵𝑐
+ → 𝐵𝑠

0(𝐷𝑠
+𝜋−)𝜋+ x x 9.0 6274.08 ± 0.44 ± 0.43

𝐵𝑐
+ → 𝐵𝑠

0(𝐽/𝜓𝜙)𝜋+ x x 9.0 6275.46 ± 0.66 ± 0.41

JHEP 07(2020) 123

PRL 109,232001(2012)    PRD 87.112012 PRL 113(2014)152003PRD 95.032005



𝑩𝒄
+ mass
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𝐋𝐇𝐂𝐛𝐚𝐯𝐞𝐫𝐚𝐠𝐞 = 𝟔𝟐𝟕𝟒. 𝟔 ± 𝟏. 𝟎 𝐌𝐞𝐕/𝒄𝟐

𝐋𝐇𝐂𝐛𝒄𝒐𝒎𝒃 = 6274.47 ± 𝟎. 𝟐𝟕 ± 𝟎. 𝟏𝟕 𝐌𝐞𝐕/𝒄𝟐

JHEP 07(2020) 123



Summary and Outlook

➢Many results on 𝑩𝒄
+mesons physics by LHCb

 𝑏 quark decays: 𝐵𝑐
+ → [𝑐 ҧ𝑐]𝑋

 𝑐 quark decays: ℬ 𝐵𝑐
+ → 𝐵𝑠

0𝜋+ ~10%

 Mass: 6274.47 ± 0.27 ± 0.17 𝑀𝑒𝑉/𝑐2

20

➢ Opportunities with Run-III (14 𝐟𝐛−𝟏) 

 Search for annihilation decay: 𝐵𝑐
+ → 3ℎ

 CPV？ 

 Search for more 𝑐 quark decays: 𝐵𝑐
+ → 𝐵+𝑋, 𝐵0𝑋?

 Form factor never be measured

 Lepton universality
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Outlook of 𝑩𝒄
+ → 𝒉+𝒉−𝒉+

➢ Decay modes for 𝐵𝑐
+ → 𝐾+𝐾−𝜋+

1. ത𝑏 → ത𝑞 : 𝐵𝑐
+ → 𝐾+𝐷0(→ 𝐾−𝜋+)

2. ҧ𝑐 → ത𝑞 : 𝐵𝑐
+ → 𝜋+𝐵𝑞

0(→ 𝐾−𝐾+) 

3. ത𝑏 → ҧ𝑐 : 𝐵𝑐
+ → 𝜋+[𝑐 ҧ𝑐](→ 𝐾−𝐾+) 

4. ഥ𝒃𝒄 annihilation: NR

𝝌𝒄𝟎

PRD 94(2016) 091102

𝑫𝟎

𝑩𝒔
𝟎

➢ In the SM, theoretical prediction 
𝐵𝑐

+ annihilation decays :10−8~10−6) 

➢ Any significant enhancement could 
indicate the particles beyond the SM 
(like 𝐻+)

𝑯+
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Outlook of CPV
PhysRevD.56.4133

Mode

Prediction: 𝐴𝑐𝑝

Lum 

(𝐟b−𝟏)

N

Precision of 

𝐴𝑐𝑝

Lum 

(𝐟b−𝟏)

N

Precision of 

𝐴𝑐𝑝

𝑩𝒄
+ → 𝑱/𝝍𝑫+

𝑨𝒄𝒑 = 𝟎. 𝟒%
9.0 x 14.0 x

𝑩𝒄
+ → 𝑱/𝝍𝑫𝒔

+

𝑨𝒄𝒑 = 𝟎. 𝟎𝟐%
9.0 𝟏𝟏𝟑𝟓 ± 𝟒𝟗

~𝟓%
14.0 ~2000

~𝟑%

𝑩𝒄
+ → 𝑫𝟎𝑲+

𝑨𝒄𝒑 = 𝟒. 𝟔%
3.0 𝟐𝟎 ± 𝟓

x

9.0

14.0

~𝟏𝟎𝟎
𝟏𝟓~𝟐𝟎%
200~300

10%

𝑩𝒄
+ → 𝑫𝒔

+𝑲∗𝟎

𝑨𝒄𝒑 = 𝟏𝟑. 𝟑%
9.0 x 14.0 x



Backup 
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Resonance structure of 𝑩𝐜
+ → 𝑱/𝝍(𝝍(𝟐𝑺))𝒉+𝒉−𝒉+ 

➢ BLL model: 𝐵𝑐
+ → 𝐽/𝜓𝑎1(1260)(→ 3𝜋)
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Resonance structure of 𝑩𝐜
+ → 𝑱/𝝍 𝝍 𝟐𝑺 𝒏𝒉
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