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Introduction 
• Huge double-charm, !" events @ LHCb

• Ξ""$$ first observed @ LHCb, high signal yield

• Ξ%" ('()) also at horizon?
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Prediction: mass & lifetime
• Predicted Ξ"#$ mass ~6.9 GeV

• Predicted Ξ"#$ lifetime 100~500 fs
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Prediction: cross-section 
• ! "# = 39 nb@ 14 TeV in LHCb

• !,-,./ for 0T > 4 GeV & |6| < 1.5, !(Ξ=>): !(Ξ>>)~1: 2.5

• Fragmentation fraction, C: D: E~1: 1: 0.3
!(Ξ=>G ) = !(Ξ=>H ) ~17 nb, !(Ω=>H ) ~5 nb
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Prediction: branching fraction
• Semi-leptonic decay

e.g. Ξ"#$ → Ξ"&'()* , ℬ~10&/ ;  Ξ"#$ → Ξ##( '&)̅* , ℬ~10&/
• Weak scattering

e.g. Ξ"#$ → 12& , ℬ~10&3~&4 ;  Ξ"#$ → 5$12& , ℬ~10&6
• Charged current by 7

e.g. Ξ"#$ → Ξ"&8( , ℬ~10&9 ;  Ξ"#$ → Ξ"&:( , ℬ~10&/
• Charged current by ;

e.g. Ξ"#$ → Ξ##( 8& , ℬ~10&/ ;  Ξ"#$ → Ξ##( :& , ℬ~10&/
• FCNC

e.g. Ξ"#$ → Ξ#$'('& , ℬ~10&4 ;  Ξ"#$ → Σ#$'('&, ℬ~10&=
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LHCb detector and data-taking
• Acceptance 2 < # < 5, with excellent vertexing, 

tracking, PID

• Run1 (2011-2012): 
1 &b() @ + = 7 TeV, 2 &b() @ + = 8 TeV

• Run2 (2011-2012): 
5.9 &b() @ + = 13 TeV
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Searching for Ξ"#$ ⟶ &$'()

• Analysis blind in 6.7~7.2 GeV/32

• Observation
• measure mass

• No observation
• setting upper limit of production ratio with 2016, 2017 

and 2018 data

4 ≡
6 789

: ;[789
: ⟶=:>?@]

6 B8
: ;[B8

: ⟶=:>?@]
=

DEFG/HEFG
DIJK/HIJK

• fiducial range: 5 < 'N < 25 GeV/3, 2.0 < P < 4.5
• quote 4 on Ξ"#

$ lifetime R = 100, 200, 300, 400, 500 fs

• In simulation: W~6.9 GeV/3 2, R~400 fs
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Candidate selection
• Expecting large hadronic backgrounds, a MVA-

based “online” pre-selection applied
• All final states
• large !T
• tight PID required

• #0
• large !T
• good end vertex quality
• has fly distance
• ∆m from PDG < 25 MeV

• Ξ*+,
• good end vertex quality
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The machine learning
• Multivariate selector further explores
• decay fit quality
• kinematics & PID of final states
• Ξ"#$ vertex separation from PV

• Selector optimized using                            
simulated decays for                                        
signal and backgrounds                                     
from far upper sideband
• good performance
• no obvious overtraining
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Control mode Λ"# ⟶ %#&'(
• Same selection with signal mode
• Tighter PID for '(Λ"#) to suppress CF Λ"# ⟶ %#&+(
• Obtained about 400 Λ"# candidates for each year
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Year ,(Λ"# ⟶ %#&'()
2016 376±26 
2017 371±26 
2018 425±28 
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Efficiency on Ξ"#$ lifetime hypotheses
• To mimic different lifetime hypotheses %, per-

event weight is assigned as & % =
(
)*+,(.

/
))

(
)1
*+,(. /

)1
) , 

where 2$ = 400 fs
• Efficiency strongly depends on the lifetime 2(Ξ"#$ )
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Efficiency on Ξ"#$ mass hypotheses
• Generator level MC with 6.7, 6.9, 7.1 GeV//0 hypotheses
• Reweighting full simulated sample according 

generator level daughters’ 12 differences with other 
mass hypotheses 
• Efficiency depends weakly on 3(Ξ"#$ )
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Results
• With 2016, 2017 and 2018 LHCb datasets
• Not observe significant Ξ"#$ signal, setting upper limit
• % varying from 3.0×10+, to 1.7×10+. @ τ(Ξ"#$ ) = 100~500 fs
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Summary
• First search for the Ξ"#$ baryon with Ξ"#$ ⟶ &$'()

• No significant signal is observed

• Upper limit on the ratio of production cross-
section times branching fraction to Λ"$ is set

• Lots of efforts from LHCb-China group on the 
doubly heavy baryon studies 

Thanks for your attention!
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Backup
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MVA input variables
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Control mode Λ"# ⟶ %#&'(
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Year )(Λ"# ⟶ %#&'()
2016 376±26 
2017 371±26 
2018 425±28 


