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FROM QUARK TO BARYON



CHARMED BARYON: RECENT PROGRESSES （I）
• Opportunities brought by BESIII：  Λ+

c
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2014

PDG 2016:    

PDG 2021:    

(6.35 ± 0.33) %
(6.28 ± 0.32) %



• Progresses made by Belle/Belle-II


• competitive role in  measurement (benchmarking channel, DCS decays)


• one important provider for   &  

Λc

Ξc Ωc
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CHARMED BARYON: RECENT PROGRESSES （II）



• Progresses made by LHCb


• one important provider for   &  ：decays vs. lifetimes


• discovery and measurement of doubly charmed baryons


• measurement of bottom baryons

Ξc Ωc
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CHARMED BARYON: RECENT PROGRESSES （III）



• The Pioneering work has been done in 1990s.  


                     (Hai-Yang Cheng, B Tseng, ’92 & ’93 PRD)


• More modes have been studied and completed in recent years.
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CHARMED BARYON WEAK DECAYS

H.-Y. Cheng, F. Xu et. al. 

series of works, 2018-2020



• Weak decay via heavy quark


• Weak decay via light quark: Heavy-Flavor-Conserving weak decays


      the heavy quark behaves as a spectator [heavy quark symmetry, chiral symmetry]


      emitted light mesons are soft [effective Hamiltonian, current algebra]

9

HEAVY BARYON WEAK DECAYS



• Ξ−
b → Λ0

bπ
−
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EXPERIMENTS OF HFC WEAK DECAYS
• Ξ0

c → Λ+
c π−

0.1 ~ 0.3

Order:  10−3



• The early considerations


Cheng [ )] 1992(CLY)2
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THEORETICAL STUDIES OF HFC WEAK DECAYS

heavy quark plays the role of spectator quark

• Some properties


• PV S-wave:  poles


• PC P-wave:  poles; the amplitudes vanish for antitriplet in heavy quark limit


1/2−

1/2+

diquark of antitriplet is scalar: JP = 0+

angular momentum conservation forbids  0+ → 0+ + 0−



• The early considerations


Gronau-Rosner 2016


Cheng [ )] 2016(CLY)2
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THEORETICAL STUDIES OF HFC WEAK DECAYS

      constructive interference: W-exchange & S-wave amp.

      destructive interference: W-exchange & S-wave amp.

branching ratio order:  10−4



• After 2021: spectator W-exchange enhance  P-wave amplitude


Niu-Wang-Zhao, 2022


Groote-Korner, 2021


How about make use of Current Algebra?
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THEORETICAL STUDIES OF HFC WEAK DECAYS

 pole terms enhance Σc Ξc → Λ+
c π

calculate in NR constitute quark model

Don’t forget the origin!



GENERAL DESCRIPTION



• at quark level


• at hadron level
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DEPICT THE TWO-BODY WEAK DECAY

light quark

“spectator” quark
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TOPOLOGICAL APPROACH
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TOPOLOGICAL APPROACH



S-WAVE AMPLITUDES
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FACTORIZABLE S-WAVE AMP.
 decays：s decayΞc
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NONFACTORIZABLE S-WAVE AMP.
Pole model

intermediate state: 

complicated!

1/2−
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NONFACTORIZABLE S-WAVE AMP.
current algebra technique

soft-pion limit:  

Goldberger-Treiman relation:

tedious calculation related to  can be avoided 1/2−
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NONFACTORIZABLE S-WAVE AMP.
An example

total s-wave amp.
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NONFACTORIZABLE S-WAVE AMP.
other results

heavy quark W-exchange

A(Ω−
b → Ξbπ) = 0



P-WAVE AMPLITUDES
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FACTORIZABLE P-WAVE AMP.
 decays：s decayΞc

vanishes in heavy quark limit
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NONFACTORIZABLE S-WAVE AMP.
Pole model
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NONFACTORIZABLE P-WAVE AMP.

 decaysΞb

→ 0 (heavy quark limit)

no P-wave contributions!

no extra W-exchange diagram

⟹

,     for  is forbidden for p-wave, angular momentum conservationJP(diquark in 3̄) = 0+ 0+ → 0+ + 0− ℬ3̄ → ℬ3̄ + P
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NONFACTORIZABLE P-WAVE AMP.

 decays: only non-spectator W-exchange diagrams contributeΞc

enhanced P-wave contributions!

• factorizable amplitudes vanish
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NONFACTORIZABLE P-WAVE AMP.

 and  decaysΩc Ωb

• receive factorizable amplitudes

• non-factorizable amplitudes



MODEL ESTIMATIONS
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THE REMAINING TASK: 

FORM FACTORS AND MATRIX ELEMENTS

MIT bag model
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THE RESULTS: 

FORM FACTORS AND MATRIX ELEMENTS

Form factors
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THE RESULTS: 

FORM FACTORS AND MATRIX ELEMENTS
Matrix elements

• diquark model



RESULTS & SUMMARY
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PREDICTIONS

• matrix element result of X is taken in diquark model


•  is consistent with LHCb measurement,   is close to exp.Ξ−
b → Λ0

bπ
− Ξ0

c → Λ+
c π−
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COMPARISON I: Ξ0
c → Λ+

c π−

• factorizable and W-exchange (light quark): this work destructive while GR 
constructive


• spectator W-exchange diagram contribution is destructive


• only S-wave contribution is considered, and predicted branching fraction is smaller 
than experimental measurement.
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COMPARISON II:  DECAYS Ξc

• the order is correct and approaches to experimental value



• P-wave amplitudes of  vanish, provided heavy quark does not participate 
weak interaction.


• In presence of nonspectator W-exchange, S-wave amplitude receive destructive 
contribution.


•   will be smaller than experimental value when X is evaluated in bag 
model hence diquark model is adopted.


•  is dominated by PC pole terms, induced by nonspectator W-exchange.


•  receive only factorizable P-wave contributions;   acquire 
additional nonspectator W-exchange for both PV and PC amplitudes.

ΞQ → ΛQπ

Ξ−
b → Λ0

bπ
−

Ξc → Λcπ

Ω−
b → Ξ0

bπ Ωc → Ξcπ
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SUMMARY
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