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Outline

• Doubly heavy mesons
– 𝐵!" production 
– Excited 𝐵!" states 
– 𝐵!" mass
Please see V. Zhovkovska’s, J.Crkovska’s talks 
for quarkonium productions 

• Doubly heavy baryons 
– Ξ!!"" production 
Please see S. Li’s talk for DHB results
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Beauty/charm signature

• Compared to minimum bias (background)
– Relatively high mass    à high transverse momentum
– Relatively long lifetime à large impact parameter (IP)

• Requires excellent vertexing, tracking, particle-
identification
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The LHCb experiment 
• Dedicated to precision study of b/c-hadrons 
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The LHCb trigger (Run-II)
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LHCb luminosity prospects
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𝐵! meson
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• Formed by two different heavy quarks, 
unique in the Standard Model. Both b- & c-
quark can decay, or annihilate
– #𝑏 → ̅𝑐𝑊", e.g., 𝐽/𝜓ℓ"𝜈ℓ
– 𝑐 → 𝑠𝑊", e.g., 𝐵$%𝜋"

– 𝑐#𝑏 → 𝑊", e.g., 𝜏"𝜈&
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𝐵! production
• Difficult to produce at 𝑒!𝑒"

machine. Mainly through 
𝑔𝑔 → 𝐵# + 𝑏 + ̅𝑐 at LHC
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• Production rate
– Theoretical prediction (in nb)

• Color octet contribution is small 
– 𝜎(2𝑆)/𝜎(1𝑆) would be 𝑅'((0)/𝑅)((0) ≈ 0.6
– 𝜎 𝐵!" ~0.9 µb for 𝑠 = 14 TeV

[C.-H. Chang, et al., PRD 71 (2005) 074012] 
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𝐵!* production w/ 𝐽/𝜓𝜋*

• Normalized to 𝐵! → 𝐽/𝜓𝐾!, as (𝑝$, 𝑦)
• With 8 TeV data (2012)
• 𝑝$ distribution well described by BcVegPy
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𝐵!* production w/ 𝐽/𝜓𝜋*
• ℛ = ! "!" ×ℬ("!"→'/)*")

! "" ×ℬ(""→'/),")
= 0.683 ± 0.018 ± 0.009 %

for 𝑝- < 20 GeV, 𝑦 ∈ [2, 4.5]
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𝐵!* production w/ 𝐽/𝜓𝜇*𝑋
• Normalized to 𝐵 →
𝐷%/!𝜇"𝑋

• With 7 and 13 TeV
• 15170 ± 710 signal
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𝐵!* production w/ 𝐽/𝜓𝜇*𝑋
• Similar trend seen in 𝑝$ > 5 GeV region

Use 𝐵#$ = 10.70 ± 0.19 %,𝐵(𝐵%& → 𝐽/𝜓𝜇&𝜈) = 1.95 ± 0.46 %
*!

*""*#
= 3.78 ± 0.04 ± 0.15 ± 0.89 ×10+, at 13 TeV
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Excited 𝐵!* states

• 𝐵# has a rich spectrum
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[S.Godfrey, PRD 70 (2004) 054017]

ππ ππ

γ
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Observation of 𝐵!
∗ 2𝑆 *

• 𝐵#(2𝑆) observed with all Run1+2 data
• Largest 𝐵#! sample
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Comparison with CMS
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[PRL 122 (2019) 132001]

Doubly heavy mesons & baryons



𝐵!* mass measurement
• Six decay modes, with all Run1+2 data
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Decay mode Yield
Fitted mass Corrected mass Resolution
[MeV/c2 ] [MeV/c2 ] [MeV/c2 ]

J/ ⇡+ 25181± 217 6273.71 ± 0.12 6273.78 ± 0.12 13.49± 0.11
J/ ⇡+⇡�⇡+ 9497± 142 6274.26 ± 0.18 6274.38 ± 0.18 11.13± 0.18
J/ pp̄⇡+ 273± 29 6274.66 ± 0.73 6274.61 ± 0.73 6.34± 0.76
J/ D+

s (K
+K�⇡+) 1135± 49 6274.09 ± 0.27 6274.11 ± 0.27 5.93± 0.30

J/ D+
s (⇡

+⇡�⇡+) 202± 20 6274.57 ± 0.71 6274.29 ± 0.71 6.63± 0.67
J/ D0(K�⇡+)K+ 175± 21 6273.97 ± 0.53 6274.08 ± 0.53 3.87± 0.57
B0

s (D
�
s ⇡

+)⇡+ 316± 27 6274.36 ± 0.44 6274.08 ± 0.44 4.67± 0.48
B0

s (J/ �)⇡
+ 299± 37 6275.87 ± 0.66 6275.46 ± 0.66 5.32± 0.74
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𝐵!* mass measurement
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6274.47 ± 0.27 ± 0.17 MeV
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• Precision improved by a factor of 2



Doubly charmed baryon
• Mass

– 𝑀 Ξ../ ≈ 𝑀 Ξ..//
= 3621.55 ± 0.38 MeV

– 𝑀 Ω../ ≈ 𝑀 Ξ..// + 100 MeV
• Lifetime

– 3𝜏 Ξ../ ≈ 3𝜏 Ω../ ≈ 𝜏 Ξ..// = 0.256 ± 0.027 ps
• Production

– 𝜎 𝑐𝑐 = 90 nb @ 13 TeV in LHCb
– 𝑓0123 𝑢: 𝑑: 𝑠 ∼ 1: 1: 0.3
𝜎 Ξ..// = 𝜎 Ξ../ ∼ 40 nb
𝜎 Ω../ ∼ 13 nb

[J.-W. Zhang et al., PRD 83 (2011) 034026]
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• First observation, in 2016 (>12σ) & Run-I (>7σ) 

• Λ#!𝐾"𝜋!𝜋! identified as the 
most promising channel

Observation of Ξ!!"" → Λ!"𝐾#𝜋"𝜋"
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[F.-S. Yu et al., CPC 42 (2018) 051001]
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Measurement of Ξ!!** production
• Measured w/ 2016 data
• Accompanying ̅𝑐 ̅𝑐 dominates 

in trigger, lots of work on 
validating efficiency
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Measurement of Ξ!!** production

• Relative to Λ#!, in 
4 < 𝑝- < 15 GeV,
2<y<4.5

Jibo HE  (UCAS) Doubly heavy mesons & baryons

𝜎 Ξ..//

𝜎 Λ./
ℬ Ξ..// → Λ./𝐾4𝜋/𝜋/

= 2.22 ± 0.27 ± 0.29 ×1045

SELEX, 20% Λ./ from Ξ../
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Summary
• LHCb has made great progress on studies of 

the doubly heavy mesons & baryons
– 𝐵!" production with both 𝐽/𝜓𝜋", 𝐽/𝜓𝜇"𝑋, 

world-best measurement of 𝐵!" mass, 
observation of 𝐵! 2𝑆 ∗ "

– Ξ!!"" production
• With LHCb upgrade (50 fb-1) & upgrade-II (300 fb-1), 

much more will be done 
• Your suggestions are always welcome! 
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