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In Collaboration with



Lifetimes
q Singly charmed baryons
q Doubly charmed baryons
q Charm-bottom baryons
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Evolution of lifetimes

𝟏𝟎!𝟏𝟑s
Ξ$% 4.56 ± 0.05
Λ$% 2.024 ± 0.031
Ξ$& 1. 53 ± 0.06
Ω$& 2. 68 ± 0.26
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PDG 2018

PDG 2020

LHCb, 2019

LHCb, 2018

LHCb, 2021

How to understand 
the dramatic change of lifetimes?
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q 𝐴! term: decay of heavy quark
In the limit of 𝑚" → ∞, all heavy hadrons have identical lifetimes.

q 𝐴# term: dim-6 four-quark operators inducing spectator effects responsible 
for lifetime differences.

q Luke’s theorem à lack of 1/𝑚" corrections.

q 𝐴$ term: interaction of heavy quark spin and gluon

Theory: Heavy Quark Expansion

q HQE in 1/𝑚! expansion up to 1/𝑚!
" works very well for B mesons and bottom baryons.
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W-exchange
(or weak annihilation)

Destructive P. I., 
(Pauli interference)

Constructive P. I.

Additional constructive P. I.

Spectator effects: dim-6 operators



• Lifetime hierarchy (PDG 2018):
• It is difficult to explain

• Ω0 has the shortest lifetime as it receives a large contribution from 
constructive Pauli interference.
• 1/m0 expansion not well convergent and sensible
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Dec Ann Int (-) Int (+) Semi t (10-13s) Expt (10-13s)

Xc+ 1 s2 1 c2 small P.I. 3.06 4.42±0.26
Lc+ 1 c2 1 s2 no P.I. 2.91 2.00±0.06
Xc0 1 1 c2 small P.I. 1.62 1.12+0.13-0.10
Wc

0 1 6s2 10/3 c2 large P.I. 1.06 0.69±0.12

s=sinqC, c=cosqC



Incorporating dim-7 operators

• Consider subleading 1/𝑚0 corrections to spectator effects 
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Charmed baryon lifetimes
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q to 1/m(
)

q to 1/m(
#

• Right trend: Γ(Λ$%) enhanced, Γ(Ξ$%) suppressed

• Lifetime of Ω$:  shortest          longest



• Destructive contributions from  Γ*+,- & Γ*./0+ are too large to justify the validity of HQE
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The guideline for introducing 𝛼:
§ positive Γ*+,- & Γ*./0+

§ results close to that of  Ξ(!

prescription
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Conjecture
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PDG(2018) LHCb Theory(𝟏/𝒎𝒄
𝟑) Theory(𝟏/𝒎𝒄

𝟒)

𝚵𝒄& 4.42±0.26 4.568±0.055 2.91 3.92

𝚲𝒄& 2.00±0.06 2.035±0.022 3.06 2.12

𝚵𝒄𝟎 𝟏. 𝟏𝟐(𝟎.𝟏𝟎&𝟎.𝟏𝟑 1.545±0.025 1.62 1.56

𝛀𝒄𝟎 0.69±0.12 2.68±0.26 1.06 2.3 ~ 3.3



Lifetimes of doubly charmed baryons

12



Lifetimes of doubly charmed baryons
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q to 1/m(
)

q to 1/m(
#

• 𝜏(Ξ++&&) becomes shorter, while 𝜏(Ω++& ) becomes longer

• The use of HQE for constructive P.I. & semileptonic contribution is not valid
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• Ξ((= :  insensitive to 𝛼 (Cabibbo suppressed)

LHCb  ’18



Summary (I)

nHQE in 1/mc fails to provide a satisfactory description of  the lifetimes of charmed 

baryons to O(1/mc
3).  Need to consider sub-leading 1/mc corrections to spectator effects. 

nLifetime pattern of singly charmed baryon is dramatically changed in the presence of 

dim-7 effects:  𝜏 Ξ!" > 𝜏 Ω!# > 𝜏 Λ!" > 𝜏(Ξ!#).

nFor doubly charmed baryons, we found t(Xcc
++) > t(Wcc

+) > t(Xcc
+)  with                               

t(Xcc
++) ~ 0.30 ps, t(Xcc

+) ~ 0.05 ps.

n The lifetime pattern of charm-bottom baryons are predicted as t(Xbc
+) > t(Wbc

0) > t(Xbc
0).
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Non-leptonic decays
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q Antitriplet singly charmed baryons
q One sextet charmed baryon
q Doubly charmed baryons



Experimental progress
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Current situation

The situation we confront with:
q more and more modes of charmed baryon decays are being measured,
q explore the dynamics at charm scale,
q be a good helper to the experimentalist.

The requirement of a universal tool :
ü can identify all types of contributions,
ü can give instructions to further estimations.
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L.-L. Chau, H.-Y. Cheng and B. Tseng, Phys. Rev. D 54(1996)2132
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• fac. and nonfac. contribution 
can be identified

• the estimation of two types 
of contribution resort to 
different methods

The application of topological-diagram in charmed baryons



Factorizable part: naive factorization
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Lattice results of FFs
q Stefen Meinel, Λ+ → Λ, PRL 2017; Λ+ → N, PRD 2018



Factorizable part: form factor

• MIT bag model estimation 
Static limit

Run
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Non-factorizable part: pole model

S-wave: ½A:

P-wave: ½=:
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Current algebra
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• Advantage: avoid ½!

• P-wave: generalized Goldberg-Treiman relation 

• S-wave: commutator 



Baryon matrix elements & axial form factors

• MIT bag model estimation 
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Selected results

• Some modes are consistent well with experimental results.
• Most predictions for branching fraction and decay asymmetry are consistent with fitting 

results based on SU(3) symmetry. 

Belle’21BESIII’17
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Discussion
1. Resolve the branching ratio of ΛB= → Ξ!K=

2. Ξ(= → Ξ!𝜋= &  Ξ(! → ΞA𝜋= tension
3. Promising modes to discover Ξ((= & Ω((=
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Λ"# → Ξ$𝐾# : diagrams
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Type-III
W-exchange

identical under SU(3)

cancellation

vanishing S-wave zero alpha



28

Prediction for 𝛬"# → Ξ$𝐾#

different from Korner-Kramer:  SU(4)

similar
big and positive alpha

J.G. Korner, M. Kramer ‘92
P. Zenczykowski ‘94



Ξ"# → Ξ$𝜋# &  Ξ"$ → Ξ%𝜋#
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constructive

destructive



q Our prediction
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Ξ""## → Ξ"#𝜋#: the examining channel

q Experimental hint q Comparison

q Promising channels

B Ξ$$%% → Ξ′$%𝜋% = 4.65%



Ξ""# and Ω""# : present situation
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LHCb, Sci. China Phys. Mech. Astron. 63 221062 (2020) LHCb, 2105.06841

q Explanation

H.-Y. Cheng, G. Meng, FX, J. Zou, 
Phys. Rev. D 101 (2020), 034034

L.J. Jiang, B. He, R.H. Li, 
EPJC 78(2018)no.11,961



Ξ""# and Ω""# : the suggested discovering mode
q A suggested discovering channel for Ξ!!" : 
Ξ!!" → Ξ!#𝜋" → Ξ$𝜋" 𝜋" → Λ𝜋$ 𝜋"𝜋" → p𝜋$ 𝜋$𝜋"𝜋"

𝐵(Ξ!!" → Ξ!#𝜋")= 3.84%  (large Br) 

𝐵(Ξ!# → Ξ$𝜋")= 6.47%  (the largest channel)        
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H.-Y. Cheng, G. Meng, FX, J. Zou, 
Phys. Rev. D 101 (2020), 034034

J. Zou, FX, G. Meng and H.-Y. Cheng, 
PRD101(2020), 014011

q A similar suggested discovering channel for Ω((= :
Ω((= → Ξ!2K! 𝜋=→ Λ𝜋!2K! 𝜋=→ p𝜋A𝜋!2K! 𝜋=

𝐵(Ω((= → Ω(!𝜋=)= 3.96%   (large Br)          

𝐵(Ω(! → Ξ!2K!)= 3.78%   (CF, the largest channel)                 

H.-Y. Cheng, G. Meng, FX, J. Zou, 
Phys. Rev. D 101 (2020), 034034

S. Hu, G. Meng , FX, 
PRD101 (2020), 094101



Summary (II)

• Weak decays of singly & doubly charmed baryons are predicted.
• Branching fraction of Λ0: → Ξ;𝐾: is resolved.
• A tension exists in Ξ0: → Ξ;𝜋: and Ξ0; → Ξ<𝜋:.
• Promising modes to discovery the remaining 2 doubly charmed 

baryons are proposed.
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