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to study Charm Baryons

Recent experimental developments in charmed baryons:

At BEPCII:  If ECM          >4.95 GeV 𝚵c: absolute rates



TABLE I. Experimental data for charmed baryons given by the BES-III collaboration, where the

first and second uncertainties are statistic and systematic errors, respectively, while the relative

branching ratios are measured B(Λ+
c → pK−π+) and X refers to any possible final state particles.

Decay channels Absolute (∗Relative) branching ratio Up-down asymmetry

Λ+
c → Λe+νe (3.63 ± 0.38 ± 0.20) × 10−2 [1]

Λ+
c → pK0

S (1.52 ± 0.08 ± 0.03) × 10−2 [2] 0.18 ± 0.43± 0.14 [11]

Λ+
c → pK−π+ (5.84 ± 0.27 ± 0.23) × 10−2 [2]

Λ+
c → pK0

Sπ
0 (1.87 ± 0.13 ± 0.05) × 10−2 [2]

Λ+
c → pK0

Sπ
+π− (1.53 ± 0.11 ± 0.09) × 10−2 [2]

Λ+
c → pK−π+π0 (4.53 ± 0.23 ± 0.30) × 10−2 [2]

Λ+
c → Λπ+ (1.24 ± 0.07 ± 0.03) × 10−2 [2] −0.80± 0.11 ± 0.02 [11]

Λ+
c → Λπ+π0 (7.01 ± 0.37 ± 0.19) × 10−2 [2]

Λ+
c → Λπ+π−π+ (3.81 ± 0.24 ± 0.18) × 10−2 [2]

Λ+
c → Σ0π+ (1.27 ± 0.08 ± 0.03) × 10−2 [2] −0.73± 0.17 ± 0.07 [11]

Λ+
c → Σ+π0 (1.18 ± 0.10 ± 0.03) × 10−2 [2] −0.57± 0.10 ± 0.07 [11]

Λ+
c → Σ+π+π− (4.25 ± 0.24 ± 0.20) × 10−2 [2]

Λ+
c → Σ+ω (1.56 ± 0.20 ± 0.07) × 10−2 [2]

Λ+
c → pπ+π− ∗(6.70 ± 0.48 ± 0.25) × 10−2 [3]

Λ+
c → pK+K− ∗(9.36 ± 2.22 ± 0.71) × 10−3 [3]

Λ+
c → pφ ∗(1.81 ± 0.33 ± 0.13) × 10−2 [3]

Λ+
c → Λµ+vµ (3.49 ± 0.46 ± 0.27) × 10−2 [4]

Λ+
c → pπ0 < 2.7× 10−4 [5]

Λ+
c → pη (1.24 ± 0.28 ± 0.10) × 10−2 [5]

Λ+
c → Ξ0K+ (5.90 ± 0.86 ± 0.39) × 10−2 [6] 0.77 ± 0.78 [6]

Λ+
c → Ξ(1530)0K+ (5.02 ± 0.99 ± 0.31) × 10−2 [6] −1.00± 0.34 [6]

Λ+
c → Σ+η′ 1.34 ± 0.53± 0.21) × 10−2 [7]

Λ+
c → ΛX 38.2+2.8

−2.2 ± 0.8) × 10−2 [8]

Λ+
c → Xe+νe 3.95 ± 0.34± 0.09) × 10−2 [9]

Λ+
c → Ληπ+ 1.84 ± 0.21 ± 0.15) × 10−2 [10]

Λ+
c → Σ(1385)+η (9.1± 1.8 ± 0.9)× 10−3 [10]

2

Many newly measured   
charmed baryon decays.
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LHCb is a charm factory 
and has the world’s largest 

sample of charm decays
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• Effective Hamiltonians for weak decays of charmed 
baryons with SU(3) flavor symmetry 

The effective Hamiltonian for the semileptonic c → q l+ νl transition with q=(d or s):

For the non-leptonic c → s u d, c → u q q and c → u d s transitions,

Cabibbo-allowed Cabibbo-suppressed doubly Cabibbo-suppressed
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SU(3)F:

The Hamiltonian without QCD corrections:

The first order QCD corrections:

Summing up all orders:
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• Semileptonic decays of charmed baryons 

Under SU(3)F flavor symmetry:

C.D. Lü, W. Wang and F.S. Yu,``Test flavor SU(3) symmetry in exclusive Λc decays,'' 
Phys. Rev. D93, 056008 (2016)
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Under SU(3)F flavor symmetry:

Light front approach*
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C.Q. Geng, C.W. Liu and T.H. Tsai, “Semileptonic Decays of 
Anti-triplet Charmed Baryons,” Phys. Lett. B792, 214 (2019). 
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Differential decay rate:

Up-down asymmetry:

Note that A and B are relatively real if CP is conserved and FSIs are negligible.

• Two-body nonleptonic decays of charmed baryons 
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Two reasons: 
1. (c-/c+)2 ~ 5.5;
2. is symmetric, whereas the baryon wave function  

is totally antisymmetric in color indices.

Vanishing nonfactorizable contributions

What is about the factorizable parts of H(15)? C.Q. Geng, C.W. Liu and T.H. Tsai,  
Phys. Lett. B790, 225 (2019).



16 data points above to fit with 10 real parameters:

C.Q. Geng, C.W. Liu and T.H. Tsai, “Asymmetries of anti-triplet 
charmed baryon decays,” Phys. Lett. B794, 19 (2019).
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KS-KL asymmetries in charmed baryon decays 



9.1±1.6

-3.7±0.4

-11.3 ~ 39.0

-1.0 ~ 8.7

D. Wang, P.F. Guo, W.H. Long and F.S. Yu, ``KS0−KL0 asymmetries and CP violation  
in charmed baryon decays into neutral kaons,’' JHEP 1803, 066 (2018)

KS-KL asymmetries in charmed baryon decays 



• Three-body nonleptonic decays of charmed baryons 

Remarks:

1. Consider only the S-wave (L=0) contributions from MM’ in the amplitudes. 

2. Neglect the contributions from H(15).

3. Take the data with only the non-resonant parts.

Under SU(3)F flavor symmetry:

J.Y. Cen, C.Q. Geng, C.W. Liu and T.H. Tsai, “Up-down asymmetries 
in charmed baryon three-body decays,” arXiv:1906.01848 [hep-ph].
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♦ SU(3)F is a real flavor symmetry,  which is very useful and powerful to study  
     Charmed Baryons. The results can be tested by BESIII, LHCb, BELLE(II) ……  
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Thank you!

謝謝！




