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INTRODUCTION 5TH ANNIVERSERY OF Ξ++
cc AT LHCb

Ξ++
cc PROPERTIES AT LHCb up to this talk

Ξ++
cc (ccu) baryon observed in two decay modes:
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Ξ++
cc → Λ+

c K−π+π+

Phys.Rev.Lett. 119 (2017) 11, 112001
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Phys.Rev.Lett. 121 (2018) 16, 162002
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JHEP 10 (2019) 124

With properties:

Mass m = 3621.55 ± 0.23 ± 0.30 MeV (JHEP 02 (2020) 049)

Lifetime τ = 0.256+0.024
−0.022 ± 0.014 ps (Phys.Rev.Lett. 121 (2018) 5, 052002)

(
σ(Ξ++

cc )B(Ξ++
cc →Λ+

c K−π+π+)

σΛ+
c

)
fid

= (2.22 ± 0.27 ± 0.29)× 10−4

(Chin.Phys.C 44 (2020) 2, 022001)
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A 3RD MODE: Ξ++
cc → Ξ′+

c π+ JHEP 05 (2022) 038

OBSERVATION OF Ξ++
cc → Ξ ′+

c π
+

Search in the Ξ+
c π

+ mass spectrum (with Ξ+
c → pK−π+),

Signature of Ξ++
cc → Ξ ′+

c π+, Ξ ′+
c → Ξ+

c γ with unreconstructed γ,
Appears as a peaking structure at a lower mass than the previously
observed Ξ++

cc → Ξ+
c π

+ signal.
Analyzed in two statistically independent subsets
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> 9σ significance with B(Ξ++
cc →Ξ′+

c π+)

B(Ξ++
cc →Ξ+

c π
+)

= 1.41 ± 0.17 ± 0.10
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SEARCH FOR Ξ+
cc → Ξ+

c π
−π+ JHEP 12 (2021) 107

Ξ+
cc : ITS ELUSIVE ISOSPIN PARTNER

Ξ+
cc (ccd) baryon expected to have a shorter lifetime,

τ(Ξ+
cc) <∼ 1

3τ(Ξ
++
cc )

Not yet evidence for Ξ+
cc at LHCb,

Not near LHCb’s observed Ξ++
cc mass ∼ 3622 MeV,

Nor at SELEX’s claimed Ξ+
cc mass 3518.7 ± 1.7 MeV

Phys.Lett.B 628 (2005) 18-24
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LHCb’s search for Ξ+
cc → Λ+

c K−π+

Sci.China Phys.Mech.Astron. 63 (2020) 2, 221062

Extended LHCb’s first double charm
search to the full Run 1 and Run 2
dataset, JHEP 12 (2013) 090.

Upper limits set as functions of mass
for several hypothetical lifetimes.
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SEARCH FOR Ξ+
cc → Ξ+

c π
−π+ JHEP 12 (2021) 107

SEARCH FOR Ξ+
cc → Ξ+

c π
−π+

Search with a two-tiered selection.

Most restricted: default trigger set,

Selection and trigger
requirements matched to
Ξ++

cc → Ξ+
c π

+,
Best precision/upper limits of
production × branching fraction
ratio.
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Superset: extended trigger set.

More inclusive set of triggers.

Intended to offer best chance of
detecting a signal.

Full analysis, including decision tree of
how to present results in all scenarios,
fully defined before unblinding.
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SEARCH FOR Ξ+
cc → Ξ+

c π
−π+ JHEP 12 (2021) 107

COMBINATION OF Ξ+
c π

−π+ AND Λ+
c K−π+

No evidence for Ξ+
cc → Ξ+

c π
−π+.

Determination of mass-dependent
upper limit for

R ≡ σ(Ξ+
cc)× B(Ξ+

cc → Ξ+
c π

−π+)

σ(Ξ++
cc )× B(Ξ++

cc → Ξ+
c π+)

R estimated for several hypothetical
lifetimes.
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Statistical combination with
Ξ+

cc → Λ+
c K−π+ search

Sci.China Phys.Mech.Astron. 63 (2020) 2, 221062

Joint fit to the mass spectra.

No evidence for Ξ+
cc

Largest deviation: 2.9σ after
relevant systematics and
look-elsewhere effect.
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A FIRST SEARCH FOR Ω+
cc SCI.CHINA PHYS.MECH.ASTRON. 64 (2021) 10, 101062

A FIRST SEARCH FOR Ω+
cc AT LHCb

Expect existence of a third weakly
decaying doubly-charmed baryon

Ω+
cc : ccs

LHCb recently performed its first
search for Ω+

cc via Ω+
cc → Ξ+

c K−π+

No evidence for Ω+
cc

Largest excursion: 1.8σ global
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Determination of mass-dependent
upper limit for R defined as

σ(Ω+
cc )B(Ω+

cc → Ξ+
c K−π+)B(Ξ+

c → pK−π+)

σ(Ξ++
cc )B(Ξ++

cc → Λ+
c K−π+π+)B(Λ+

c → pK−π+)

for several hypothetical lifetimes.
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SEARCH FOR Ξ+
bc → J/ψΞ+

c ARXIV:2204.09541 [HEP-EX]

A FIRST SEARCH FOR Ξ+
bc → J/ψΞ+

c
Previous LHCb searches for bc-baryons:

Ξ0
bc → D0pK−: JHEP 11 (2020) 095

Ξ0
bc and Ω0

bc → (Λ+
c or Ξ+

c )π−:
Chin.Phys.C 45 (2021) 9, 093002

This search: Ξ+
bc → J/ψΞ+

c

No evidence for Ξ+
bc ,

Largest excursion: 2.8σ.
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Determinations of mass-dependent
upper limits for
R ≡ σ(Ξ+

bc)×B(Ξ+
bc→J/ψΞ+

c )×B(Ξ+
c →pK−π+)

σ(B+
c )×B(B+

c→J/ψD+
s )×B(D+

s→K+K−π+)

for both LHCb’s
√

s = 8 TeV and
13 TeV datasets.
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SUMMARY

SUMMARY

5 years on from its discovery, we know a
lot about Ξ++

cc ,
Observed in 3 decay modes,
Mass, lifetime, and relative production
all measured!

However, its partners Ξ+
cc and Ω+

cc remain
to be found.

The search for the next generation of
doubly-heavy baryons—Ξ+

bc , Ξ0
bc , and

Ω0
bc—is well underway.

Artist’s depiction of the Ξ++
cc baryon observed at

the LHCb experiment, from CERN Press Release.

With the recent resumption of data collection for LHC Run 3

It is an exciting time to study doubly-heavy hadrons!
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