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Motivation
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 Beauty-charm hadrons composed of at least two heavy quarks (b and c 

quark) are interesting objects, investigation of which can help us better 

understand the nonperturbative nature of QCD

 Compared to minimum bias (background) 
– Relatively high mass -> high transverse momentum 
– Relatively long lifetime -> large impact parameter (IP) 

 Requires excellent vertexing, tracking, particle identification
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LHCb detector
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 Advantages

Good particle identification (Muon station & RICHes)

Excellent vertex resolution

Dedicated to precision study of b/c-hadrons

[JINST 3 (2008) S08005]

[Int. J. Mod. Phys. A30(2015) 1530022]
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LHCb integrated luminosity
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B𝑐
− meson production fraction and asymmetry
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 Signal channel 𝐵𝑐
− → 𝐽/𝜓𝜇− ҧ𝜈

 Normalized to 𝐵 → 𝐷0/+𝑋𝜇− ҧ𝜈

PHYS. REV. D100 (2019) 112006

https://journals.aps.org/prd/pdf/10.1103/PhysRevD.100.112006
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.100.112006
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B𝑐
− meson production fraction and asymmetry
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 Fraction results

PHYS. REV. D100 (2019) 112006

Use ℬ𝑠𝑙 = 10.70 ± 0.19 %, ℬ 𝐵𝑐
− → 𝐽/𝜓𝜇− ҧ𝜈 = 1.95 ± 0.46 %

𝑅𝑐 =
𝑓𝑐

𝑓𝑢 + 𝑓𝑑
≡

𝑛𝑐𝑜𝑟𝑟(𝐵𝑐
− → 𝐽/𝜓𝜇− ҧ𝜈)

𝑛𝑐𝑜𝑟𝑟 𝐵 → 𝐷0𝑋𝜇− ҧ𝜈 + 𝑛𝑐𝑜𝑟𝑟 𝐵 → 𝐷+𝑋𝜇− ҧ𝜈
⋅

ℬ𝑠𝑙
ℬ(𝐵𝑐

− → 𝐽/𝜓𝜇− ҧ𝜈)

𝑓𝑐

𝑓𝑢+𝑓𝑑
= (3.63 ± 0.08 ± 0.12 ± 0.86) × 10−3 for 7 TeV

𝑓𝑐

𝑓𝑢+𝑓𝑑
= (3.78 ± 0.04 ± 0.15 ± 0.89) × 10−3 for 13 TeV

https://journals.aps.org/prd/pdf/10.1103/PhysRevD.100.112006
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.100.112006


2019/5/16 CCNU 8

B𝑐
− meson production fraction and asymmetry
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 Production asymmetry

PHYS. REV. D100 (2019) 112006

 Averaging the B𝑐
− − B𝑐

+production asymmetries over 𝑝𝑇(𝐻𝑏) and 𝜂
−2.5 ± 2.1 ± 0.5 % for 7 TeV
−0.5 ± 1.1 ± 0.4 % for 13 TeV

https://journals.aps.org/prd/pdf/10.1103/PhysRevD.100.112006
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.100.112006
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Precision B𝑐
+ meson mass
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JHEP 07 (2020) 123

 The B𝑐
+ mesons are reconstructed via the decays B𝑐

+ → 𝐽/𝜓𝜋+ , B𝑐
+ → 𝐽/𝜓𝜋+𝜋−𝜋+ , 

B𝑐
+ → 𝐽/𝜓𝑝 ҧ𝑝𝜋+ , B𝑐

+ → 𝐽/𝜓𝐷𝑠
+(𝐷𝑠

+ → 𝐾+𝐾−𝜋+, 𝜋+𝜋−𝜋+),

B𝑐
+ → 𝐽/𝜓𝐷0𝐾+ (𝐷0 → 𝐾−𝜋+)

and B𝑐
+ → 𝐵𝑠

0𝜋+ (𝐵𝑠
0 → 𝐽/𝜓(→ 𝜇+𝜇−)𝜙(→ 𝐾+𝐾−), → 𝐷𝑠

−(𝐾+𝐾−𝜋+)𝜋+)

https://inspirehep.net/literature/1791633
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Precision B𝑐
+ meson mass
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JHEP 07 (2020) 123

 The difference between the 𝐵𝑐
+ and 𝐵𝑠

0 meson masses

∆𝑀 = 𝑀 𝐵𝑐
+ −𝑀(𝐵𝑠

0)

 Decay channels: B𝑐
+ → 𝐵𝑠

0𝜋+ (𝐵𝑠
0 → 𝐽/𝜓(→ 𝜇+𝜇−)𝜙(→ 𝐾+𝐾−), → 𝐷𝑠

−(𝐾+𝐾−𝜋+)𝜋+) 

https://inspirehep.net/literature/1791633
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Precision B𝑐
+ meson mass

2021/8/18 CCNU 11

JHEP 07 (2020) 123

 Combination of the B𝑐
+ mass and mass difference measurements 

The red (inner) cross-bars show the statistical uncertainties, and the blue (outer) cross-bars show the total uncertainties

 Result

𝑀 𝐵𝑐
+ = 6274.47 ± 0.27 𝑠𝑡𝑎𝑡 ± 0.17 𝑠𝑦𝑠𝑡 𝑀𝑒𝑉/𝑐2

∆𝑀 = 907.75 ± 0.37 𝑠𝑡𝑎𝑡 ± 0.27 𝑠𝑦𝑠𝑡 𝑀𝑒𝑉/𝑐2

https://inspirehep.net/literature/1791633
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Searching for Ξ𝑏𝑐
0
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 First search for Ξ𝑏𝑐
0 → 𝐷0𝑝𝐾− in run2 (2016+2017+2018) data

 Theory predicitons for Ξbc
0

Mass Lifetime

Ξbc
0 [6700,7200]MeV/c2 0.20 − 0.33ps

 Motivation

• Ξ𝑐𝑐
++ has been observed, but the other double heavy baryons (contains at least 

one b quark) has not been found yet

• The total branching fraction of the Ξ𝑏𝑐
0 → 𝐷0𝑝𝐾− decay chain is expected to be 

in the range of 10−5 − 10−4 [JHEP 11 (2020) 095]
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Searching for Ξ𝑏𝑐
0
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 Invariant mass m(𝐷0𝑝𝐾−) distribution of selected Ξ𝑏𝑐
0 candidates (black points) 

together with the projection of the fit (blue solid line) for the full data sample. 

 Fitting invariant mass distribution for Λ𝑏
0 → 𝐷0𝑝𝐾− candidates in the 2018 data 

sample

 Same selection requirements applied to both decays

JHEP 11 (2020) 095

https://doi.org/10.1007/JHEP11(2020)095
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Searching for Ξ𝑏𝑐
0
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 Result

➢ No Ξ𝑏𝑐
0 → 𝐷0𝑝𝐾− signal in run2(2016+2017+2018) data

➢ Using CLs method to set upper limits on:

ℛ =
𝜎(Ξ𝑏𝑐

0 )ℬ(Ξ𝑏𝑐
0 → 𝐷0𝑝𝐾−)

𝜎(Λ𝑏
0 )ℬ(Λ𝑏

0 → 𝐷0𝑝𝐾−)

Upper limit range:1.7 × 10−2 − 3.0 × 10−1 @95% C.L.

JHEP 11 (2020) 095

fiducial region: 2.0<y<4.5 & 5<𝑝𝑇<25GeV/c

https://doi.org/10.1007/JHEP11(2020)095
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Searching for 𝛺𝑏𝑐
0 and Ξ𝑏𝑐

0
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 Search for 𝛺𝑏𝑐
0 and Ξ𝑏𝑐

0 decaying to Λ𝑐
+𝜋− and Ξ𝑐

+𝜋− in run2 (2016+2017+2018) data

 Examples Feynman diagram

 Theory predicitons for Ωbc
0 and Ξbc

0

Mass Lifetime

Ξbc
0 [6700,7200]MeV/c2 0.20 − 0.33ps

Ωbc
0 about 100 MeV heavier than Ξbc

0 0.22ps

[LHCb-PAPER-2021-002]
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Searching for 𝛺𝑏𝑐
0 and Ξ𝑏𝑐

0
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 Signal channels

Invariant mass distributions of selected (left) Ω𝑏𝑐
0 (Ξ𝑏𝑐

0 ) → Λ𝑐
+𝜋− and (right) 

Ω𝑏𝑐
0 (Ξ𝑏𝑐

0 ) → Ξ𝑐
+𝜋− candidates with results of the background only fit (blue solid line)

[LHCb-PAPER-2021-002]

 Control channels

Invariant mass distributions of (left) Λ𝑏
0 → Λ𝑐

+(→ 𝑝𝐾−𝜋+)𝜋− and (right) 

Ξ𝑏
0 → Ξ𝑐

+(→ 𝑝𝐾−𝜋+)𝜋− candidates with the fit results overlaid (blue solid line)
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Searching for 𝛺𝑏𝑐
0 and Ξ𝑏𝑐

0
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Result
• The first search for the doubly heavy 𝛺𝑏𝑐

0 baryon

• No 𝛺𝑏𝑐
0 and Ξ𝑏𝑐

0 signal in run2(2016+2017+2018) data

• Using CLs method to set upper limits on:

ℛ Λ𝑐
+𝜋− =

𝜎 𝑝𝑝 → 𝐻𝑏𝑐
0 𝑋 ℬ 𝐻𝑏𝑐

0 → Λ𝑐
+𝜋−

𝜎 𝑝𝑝 → Λ𝑏
0𝑋 ℬ Λ𝑏

0 → Λ𝑐
+𝜋−

ℛ(Ξ𝑐
+𝜋−) =

𝜎(𝑝𝑝 → 𝐻𝑏𝑐
0 𝑋)ℬ(𝐻𝑏𝑐

0 → Ξ𝑐
+𝜋−)

𝜎(𝑝𝑝 → Ξ𝑏
0𝑋)ℬ(Ξ𝑏

0 → Ξ𝑐
+𝜋−)

Upper limit range:  0.5 × 10−4 − 2.5 × 10−4 ℛ Λ𝑐
+𝜋−

1.4 × 10−3 − 6.9 × 10−3 [ℛ(Ξ𝑐
+𝜋−)]

@95% C.L.

fiducial region: 2.0<y<4.5 & 2<𝑝𝑇<20 GeV/c

[LHCb-PAPER-2021-002]

Accepted by Chinese Physics C
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Summary
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World-leading works on beauty-charm hadrons spectroscopy

• Production fraction and asymmetry of B𝑐
− meson 

• Precision mass of 𝐵𝑐
+ meson

• No signal for 𝛯𝑏𝑐
0 → 𝐷0𝑝𝐾− in run2 (2016+2017+2018) data

• No signal for 𝛯𝑏𝑐
0 and 𝛺𝑏𝑐

0 decaying to Λ𝑐
+𝜋− and Ξ𝑐

+𝜋− in run2 

(2016+2017+2018) data

With LHCb upgrade (50 𝒇𝒃−𝟏) & upgrade-II (300 𝒇𝒃−𝟏), 

more exciting results are coming.

• 𝛯𝑏𝑐
+ → 𝐽/𝜓𝛯+?

Thanks for your attention!


