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Doubly charmed baryons

Overview and status

Doubly charmed baryons (DCBs) of the form QQq (Q ≡ c; q ∈ u, d , s)

I Ground states: Ξ++
cc (ccu),Ξ+

cc(ccd) and Ω+
cc(ccs) with JP =1/2+

I Only one DCB discovered so far: Ξ++
cc (mass & lifetime measured)

I Production cross-section and quantum numbers remain unmeasured

Motivation

DCBs provide new and unique testing grounds for studies of QCD

I e.g. In HQET two heavy charm quarks can
be considered as a single static di-quark
reducing it to a simpler Qq system
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Doubly charmed baryons

Expected properties

m(Ξ+
cc) ' m(Ξ++

cc ) & m(Ω+
cc) ' m(Ξ++

cc ) + 100 MeV

I From Lattice QCD, bag model, QCD sum rules, quark model etc. [1–7]

Large spread in lifetime predictions for DCBs:

I Between 100−250fs and τ (Ξ++
cc ) > τ (Ω+

cc) > τ (Ξ+
cc) [8–11]

I τ(Ξ++
cc )/τ(Ξ+

cc) = 3−4 =⇒ main reason Ξ++
cc searches were prioritised

Generation and decay properties

Dedicated doubly heavy MC generator: Genxicc [12]
I Dominated by gg → [cc] + c̄ +c̄ process

Decay weakly with high multiplicity
=⇒ makes reconstructing decays challenging
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LHCb detector and data

Why are we good at finding doubly charmed baryons?

Excellent particle identification (RICHes & Muon stations)

Superb vertex resolution to isolate DCBs from lighter hadrons (VELO)

Most measurements discussed in this talk are from 2016 pp data (around
18% of total recorded luminosity at LHCb)
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Ξ++
cc → Λ+

c K
−π+π+

PRL 119, 112001 (2017)

Discovery of the Ξ++
cc doubly charmed baryon

LHCb announced discovery of Ξ++
cc baryon in 2017 after studying

the decay chain Ξ++
cc → Λ+

c K
−π+π+ (CF), Λ+

c → pK−π+ (CF)

Analysis selection developed using
simulated signal and data control modes

Significance > 12σ with 1.67 fb−1

(
√
s = 13 TeV) of pp data

Significance > 7σ with 2.08 fb−1

(
√
s = 8 TeV) of pp data
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m (Ξ++
cc ) = 3621.40 ± 0.72 (stat) ± 0.27 (syst) ± 0.14 (Λ+

c ) MeV/c2 [13]

I Last uncertainty is due to the limited knowledge of Λ+
c mass
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Ξ++
cc lifetime PRL 121, 052002 (2018)

Weak decay confirmed

Same data as Ξ++
cc → Λ+

c K
−π+π+ analysis with extra trigger requirement

Decay-time distribution measured relative to Λ0
b → Λ+

c π
−π+π−

I Same selection requirements applied to both decays and common
systematic effects largely cancel

I Lifetime acceptances taken from simulation

Ξ++
cc background subtracted data
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Result from fit to data: τ(Ξ++
cc ) = 0.256+0.024

−0.022 (stat) ± 0.014 (syst) ps [14]
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Ξ++
cc → Ξ+

c π
+

PRL 121, 162002 (2018)

Confirmed existence

Searching for more modes to understand decay dynamics of DCBs

Searched for Ξ++
cc → Ξ+

c π
+ (CF), Ξ+

c → pK−π+ (SCS) in 2016 data

I B(Ξ++
cc → Ξ+

c π
+) ' 10% B(Ξ++

cc → Λ+
c K

−π+π+) [15]

I 4 final-state tracks =⇒ better reconstruction efficiency

Branching fractions

B(Λ+
c → pK−π+) = 6.35% [16]

B(Ξ+
c → pK−π+) = 2.20% [15]

m(Ξ++
cc ) = 3621.24 ± 0.65 (stat) ± 0.31 (syst)
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B(Ξ++
cc →Ξ+

c π
+)×B(Ξ+

c→pK−π+)

B(Ξ++
cc →Λ+

c K−π+π+)×B(Λ+
c→pK−π+)

= 0.035 ± 0.009 (stat) ± 0.003 (syst) [17]
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Ξ++
cc → D+pK−π+

LHCb-PAPER-2019-011 (in preparation)

Trying for 3 in a row!

Searched for Ξ++
cc → D+pK−π+ (CF), D+ → K−π+π+ (CF) in 2016 data

Reasons motivated by experimental expectations:

I Excellent D+ → K−π+π+ trigger

I Long lifetime of D+ (1 ps) =⇒ flies further from Ξ++
cc decay point

I Could expect B(Ξ++
cc → D+pK−π+) ' B(Ξ++

cc → Λ+
c K

−π+π+)

Selection of data designed similarly to Ξ++
cc → Λ+

c K
−π+π+ analysis;

performed blind and with use of multivariate machine learning techniques
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Ξ++
cc → D+pK−π+

LHCb-PAPER-2019-011 (in preparation)

After selection

High purity (80%) of D+ candidates

No Ξ++
cc → D+pK−π+ signal in 2016 data

Mass distributions of wrong-signed (WS)
data and real-signed (RS) data look similar
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Ξ++
cc → D+pK−π+

LHCb-PAPER-2019-011 (in preparation)

Setting limits

Using CLs method [18] to set upper limits on:

R =
B(Ξ++

cc → D+pK−π+)

B(Ξ++
cc → Λ+

c K−π+π+)
=

N(D+pK−π+)

N(Λ+
c K−π+π+)

×
ε(Λ+

c K
−π+π+)

ε(D+pK−π+)
×
B(Λ+

c → pK−π+)

B(D+ → K−π+π+)

I N(Λ+
c K

−π+π+)
= 184 ± 29 (from data)

I ε(Λ+
c K

−π+π+)/ε(D+pK−π+)
= 0.46± 0.01 (from simulation)

I R < 1.5 (1.9)×10−2 @ 90% (95%) CL

[preliminary result]
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 < 0.015 at 90% CLR
 < 0.019 at 95% CLR

Better understanding of resonant and non-resonant contributions in
Ξ++
cc → D+pK−π+ needed to explain large difference in branching fractions
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DCB roadmap

Current work

Production cross-section σ(pp → Ξ++
cc + X ) analysis progressing well

Update on Ξ+
cc → Λ+

c K
−π+ search soon

I SELEX collaboration reported signals of Ξ+
cc in this mode in 2002 [19]

but is inconsistent with being isospin partner of LHCb’s Ξ++
cc state [20]

Searching for Ξ+
cc baryon in decays of Ξ+

cc → Ξ+
c π

+π−

Dedicated Ω+
cc search programme started as well

What about in the future?

Establishing quantum numbers (JP etc.)

Searches for excited Ξ∗cc and Ω∗cc states

LHCb aims to build an accurate and concise picture of
doubly charmed baryons as a whole
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Summary

LHCb are very active in the studies of doubly charmed baryons

Observed Ξ++
cc baryon decaying to

Λ+
c K
−π+π+ and Ξ+

c π
+ final states

I Established its mass and lifetime

No evidence of Ξ++
cc → D+pK−π+ decay in

2016 data but larger data sets are available

I Implications for dynamics of weakly
decaying doubly charmed baryons

Diverse programme of DCB studies currently in progress with more data

I Includes the much anticipated search of singly charged Ξ+
cc baryon

Hopefully some more doubly charming results coming very soon!
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