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Motivation

CCNU 2

p Ξ!!""(ccu): Observed by the LHCb experiment in 2017 using Ξ##"" → Λ#"𝐾$𝜋"𝜋"

p To date, no baryons containing one b and one c quark, or two b quarks, 
have been observed experimentally. An observation would enrich our 
knowledge of baryon spectroscopy and improve our understanding of the 
quark structure inside baryons.

2021/11/25
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LHCb detector

CCNU 3

p 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]

2021/11/25

LHCb integrated luminosityLHCb detector
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Previous result from LHCb

CCNU 4

p First search for Ξ!"# → 𝐷#𝑝𝐾$ in run2 (2016+2017+2018) data

2021/11/25

p No Ξ!"# → 𝐷#𝑝𝐾$ signal (top-right)

p Using CLs method to set upper limits on:

ℛ =
𝜎(Ξ!"# )ℬ(Ξ!"# → 𝐷#𝑝𝐾$)
𝜎(Λ!# )ℬ(Λ!# → 𝐷#𝑝𝐾$)

Upper limit range:1.7×10$% − 3.0×10$& @95% C.L.

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

Λ!" → 𝐷"𝑝𝐾# candidates (2018) Ξ!"# candidates 

JHEP 11 (2020) 095

p Control channel: Λ!# → 𝐷#𝑝𝐾$ (top-middle)

https://doi.org/10.1007/JHEP11(2020)095
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Searching for 𝛺!"# and Ξ!"# in Λ"$𝜋% and Ξ"$𝜋% decays
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p Examples Feynman diagram

2021/11/25

p Theory predicts for Ξ%!& and Ω%!&

Mass Lifetime Production cross-
section

Branching fractions

Ξ!"# [6700,7200]MeV/c! 0.09 − 0.28ps 19 − 39nb ~10"#

Ω!"
# about 100 MeV heavier than Ξ!"# 0.22ps ~40nb ~10"#

CCNU



Ø Multivariate selector to suppress combinatorial background

Simulation as signal, data upper sideband as background

Ø Open signal window

ü > 3𝜎 signal: mass measurement

ü Otherwise: set upper limit on the BR

CCNU 6

Ø Event selection of Ξ'#& → Λ#"𝜋$,Ξ'#& → Ξ#"𝜋$candidates in run2

(2016+2017+2018) data

Searching for 𝛺!"# and Ξ!"# in Λ"$𝜋% and Ξ"$𝜋% decays

p Analysis strategy (Blinded analysis)
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Searching for 𝛺!"# and Ξ!"# in Λ"$𝜋% and Ξ"$𝜋% decays
pEvent selection 
Ø Pre-selection

Ø Particle misidentification background

Physics background Veto mass window

ϕ K"K$ [1014,1024]MeV/c!

D$(D%$)
K"π$π$ [1869,1875]MeV/c!

K"K$π$
[1860,1874]MeV/c! and 

[1962,1976]MeV/c!

2021/11/25

• Tracks: 
• good quality, inconsistent with originating from any PV in the event

• Vertex: 
• The tracks must also form a common vertex of good fit quality

• Λ"( Ξ"( mass windows:
• The Λ"( Ξ"( candidate is required to have an invariant mass in the range 2271–

2301 ⁄MeV c% (2450 –2488 ⁄MeV c%), 
• corresponding to approximately six times the Λ"( Ξ"( mass resolution, and to be 

inconsistent with originating from any PV



Searching for 𝛺!"# and Ξ!"# in Λ"$𝜋% and Ξ"$𝜋% decays
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Ø 23 input variables: similar to 𝛯$$%% → 𝛯$%𝜋% analysis, but we add four PID 
variables(after PID resamping)

pMultivariate selection(MVA)

2021/11/25 CCNU



Searching for 𝛺!"# and Ξ!"# in Λ"$𝜋% and Ξ"$𝜋% decays
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Λ$%𝜋& Ξ$%𝜋&
pMVA performance

2021/11/25
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Ø The FOM is used to quantify the performance of the selectors and to choose a working 
point

Ø The FOM is defined as :

Ø Optimization results: BDT is the best

Searching for 𝛺!"# and Ξ!"# in Λ"$𝜋% and Ξ"$𝜋% decays
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ü 𝑎 = 5
ü 𝜀 t from signal MC
ü Β t extrapolated from sideband

𝐹(𝑡) ≡
𝜀(𝑡)

𝑎
2 + 𝐵(𝑡)

p Punzi figure of merit (FoM)

Optimal cut 𝜺(𝒕) 𝑭(𝒕)

Λ$%𝜋& 0.2370 0.46±0.01 0.97±0.01

Ξ$%𝜋& 0.2760 0.52±0.02 0.51±0.01

2021/11/25
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Searching for 𝛺!"# and Ξ!"# in Λ"$𝜋% and Ξ"$𝜋% decays

CCNU 11

p Signal channels
Invariant mass distributions of selected (left) Ω'$# (Ξ'$# ) → Λ$%𝜋& and (right) 

Ω'$# (Ξ'$# ) → Ξ$%𝜋& candidates with results of the background only fit (blue solid line)

p Control channels
Invariant mass distributions of (left) Λ'# → Λ$%(→ 𝑝𝐾&𝜋%)𝜋& and (right) 

Ξ'# → Ξ$%(→ 𝑝𝐾&𝜋%)𝜋& candidates with the fit results overlaid (blue solid line)

2021/11/25

Yields: 191000± 500 Yields: 5490± 80
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Searching for 𝛺!"# and Ξ!"# in Λ"$𝜋% and Ξ"$𝜋% decays

CCNU 12

pSystematic uncertainty

2021/11/25

Fit model: signal: double-sided CB -> Ipatia function
background: double exponential -> first-order polynomial function

Size of simulated samples: track detection efficiency largely cancel, the uncertainty due to limited size of simulation samples

Particle identification efficiency:  bins of particle momentum, pseudorapidity, and track multiplicity using control channels in the data

Mass resolution: Ξ$% mass resolution difference between data and simulation.

Simulation model: BDT response correction and the kinematic modeling of the simulated control samples

χ&'( simulation: mismatch between the data and simulation, studied in the previous Ξ)$# → 𝐷#𝑝𝐾* analysis to be 5%.

https://link.springer.com/article/10.1007%2FJHEP11%282020%29095
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Searching for 𝛺!"# and Ξ!"# in Λ"$𝜋% and Ξ"$𝜋% decays

CCNU 13

pResult
Ø The first search for the doubly heavy 𝛺'$# baryon
Ø No 𝛺'$# and Ξ'$# signal in run2(2016+2017+2018) data
Ø Using CLs method to set upper limits on:

ℛ Λ"(𝜋$ =
𝜎 𝑝𝑝 → 𝐻!"# 𝑋 ℬ 𝐻!"# → Λ"(𝜋$

𝜎 𝑝𝑝 → Λ!#𝑋 ℬ Λ!# → Λ"(𝜋$
ℛ(Ξ"(𝜋$) =

𝜎(𝑝𝑝 → 𝐻!"# 𝑋)ℬ(𝐻!"# → Ξ"(𝜋$)
𝜎(𝑝𝑝 → Ξ!#𝑋)ℬ(Ξ!# → Ξ"(𝜋$)

Upper limit range:  0.5×10&( − 2.5×10&( ℛ Λ$%𝜋&
1.4×10&) − 6.9×10&) [ℛ(Ξ$%𝜋&)]

@95% C.L.

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

[CHIN. PHYS. C 45 093002]

2021/11/25

https://iopscience.iop.org/article/10.1088/1674-1137/ac0c70


Summary
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pThe first search for the doubly heavy baryon Ω9:; and a search 
for the baryon Ξ9:; decaying to Λ:<π= and Ξ:<π= in run2 
(2016+2017+2018) data

pWith LHCb upgrade (50 %b=>) & upgrade-II (300 %b=>), 
more exciting results are coming.

Ø 𝛯'#" → 𝐽/𝜓𝛯"?
Ø Ξ%!" → Ξ!!""𝑋 ?

ØNo signal
ØUsing CLs method to set upper limits:

0.5×10"& − 2.4×10"& (Ξ'() (Ω'() )→ Λ($𝜋")
1.4×10"* − 6.9×10"* (Ξ'() (Ω'() ) → Ξ($𝜋")

2021/11/25

Thanks for your attention!

CCNU
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Back up

2021/11/25
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The BDT efficiencies in different channels before and after reweighting

s-weighted data 

MVA_BDT_response

𝚵𝒃𝒄𝟎 → 𝚲𝒄(𝝅$ 𝚲𝒃𝟎 → 𝚲𝒄(𝝅$ Ratio 𝚵𝒃𝒄𝟎 → 𝚵𝒄(𝝅$ 𝚵𝒃𝟎 → 𝚵𝒄(𝝅$ Ratio

Before 0.572±0.005 0.683±0.003 1.194±0.012 0.618±0.002 0.779±0.001 1.261±0.004

After 0.431±0.005 0.561±0.003 1.261±0.004 0.442±0.002 0.595±0.001 1.346±0.006

BDT check using 𝚵𝒃𝟎 or 𝚲𝒃𝟎 channel



Efficiencies
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Efficiency dependence on the 𝚵𝒃𝒄𝟎 mass

l Efficiencies with different 𝚵𝒃𝒄𝟎 mass hypotheses 
for Ξ'$# → Λ$%𝜋&

l Fitted result with a polynomial 
function
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Efficiency dependence on the 𝚵𝒃𝒄𝟎 lifetimne

l Efficiencies with different 𝚵𝒃𝒄𝟎 lifetime 
hypotheses for Ξ'$# → Λ$%𝜋&

l Fitted result with a polynomial 
function



Upper limit: CLs
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l Define signal range [6700,7300] MeV/c2

l After all cuts, fit lower and upper sideband data to
get background shape 

l Use true data to calculate CLs

𝑅 Λ$%𝜋& =
𝜎 𝑝𝑝 → Ξ'$# 𝑋 𝐵(Ξ'$# → Λ$%(→ 𝑝%𝐾&𝜋%)𝜋&)
𝜎 𝑝𝑝 → Λ'#𝑋 𝐵(Λ'# → Λ$%(→ 𝑝%𝐾&𝜋%)𝜋&)

=
𝑁(Ξ'$# → Λ$%𝜋&)
𝑁(Λ'# → Λ$%𝜋&)

𝜀(Λ'# )
𝜀(Ξ'$# )


