
< 1 >

SU(3) symmetry and its breaking 
effective in charm baryon decays

Zhi-Peng Xing
  TDLI  &  SJTU

The 2nd Asian-European-Institute workshop for BSM



< 2 >

Outline

• Introduction

• SU(3) symmetry in semi-leptonic charm baryon decays

• SU(3) symmetry in non-leptonic charm baryon decays

• Recent progress in the charm baryon decays

• Conclusion and outlook



< 3 >

Introduction



< 4 >

Introduction

The Standard Model

• The Standard Medel has shown the grest 
success in the past decades.

• The particle physics has entered the era of 
high precision.

• The precise test of Standard Model (SM) 
will help us find new physics or new 
particles indirectly
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Introduction

Precision test Standard Model

• Anomaly in B physics:

• Precision test in electroweak model

• Precision test of CKM matrix
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Introduction

charm baryon in experiment
Measurement of �� → ��−�+ decay   PRD 103, 072004(2021)
First observation of �� → ��’                JHEP 03 (2022) 090
First search for the weak radiative decays  arXiv:2206.12517

R(�� )=0.242 ± 0.026 ± 0.040 ± 0.059    (LHCb)

First observation of �� → ��+               PRL128(2022)142001
First observation of �� → ��−�+�        arXiv:2207.11483
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Introduction

Quantum Chromodynamics in SM
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Introduction

SU(3) symmetry in QCD
• The SU(3) symmetry is the symmetry of 

three light quarks (u,d,s) in hadron states.

• Using this symmetry we can easily avoide the 
non-perturbative parts and complicated 
parts in QCD.
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Introduction

SU(3) symmetry in QCD
• The SU(3) symmetry analysis is an 

important non-perturbative method.

• The SU(3) symmetry can greatly simplify the 
complexity and results of calculation.

• The SU(3) symmetry method has been 
sucessfully applied in meson and baryon 
decay processes.

The SU(3) amplitude in semi-
leptonic decays
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SU(3) symmetry in semi-leptonic 
charm baryon decays
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SU(3) symmetry in semi-leptonic charm baryon decays

SU(3) relations Hamiltonian, initial state and 
final state in SU(3) matrix

Amplitude:

expand
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SU(3) symmetry in semi-leptonic charm baryon decays

SU(3) relations
Channel experiment data(%) SU(3) symmetry(%)

input data

2σ standard deviation
6σ standard deviation
5σ standard deviation

Very large SU(3) symmetry breaking effect New Physics？
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SU(3) symmetry in semi-leptonic charm baryon decays

SU(3) symmetry analysis method

u
d
s

u      d      s

Anti-triplet:

Octet:

Hamiltonian:
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SU(3) symmetry in semi-leptonic charm baryon decays

SU(3) symmetry in semi-leptonic decays

SU(3) matrix

The SU(3) amplitude in semi-
leptonic decays
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SU(3) symmetry in semi-leptonic charm baryon decays

SU(3) symmetry in semi-leptonic decays

suppressed by 1/mbdominant
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SU(3) symmetry in semi-leptonic charm baryon decays

SU(3) symmetry in semi-leptonic decays

Need to consider the SU(3) symmetry breaking effect
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SU(3) symmetry in semi-leptonic charm baryon decays

SU(3) symmetry breaking from the quark mass
SU(3) symmetry breaking

Amplitude:
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SU(3) symmetry in semi-leptonic charm baryon decays

global fit
Helicity amplitude:

Pole model Constant

The differential branching ratio 
with two different treatments of 
form factors
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SU(3) symmetry in semi-leptonic charm baryon decays

                                  mixing effect

Symmetry breaking matrix:

Amplitude:

ω

The anti-triplet and sextet and mixing by the 
SU(3) symmetry breaking effect ω.
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SU(3) symmetry in semi-leptonic charm baryon decays

                                  mixing effect
Amplitude of sextet semi-leptonic decays:

Amplitude after sextex and anti-triplet mixing:

SU(3) amplitude
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SU(3) symmetry in semi-leptonic charm baryon decays

                                  mixing effect
SU(3) amplitudeRedefine the helicity amplitude:

Absorb the θ and �� into �� and ��

More data!
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SU(3) symmetry in semi-leptonic charm baryon decays

Prodiction Scenarios
Assuming �� has no 
contributions

Assuming �� �� and  �� 
has no contributions
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• SU(3) symmetry in non-leptonic 
charm baryon decays
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SU(3) symmetry in non-leptonic charm baryon decays

The non-leptonic charm baryon two body decays 

2021:

2022:

Belle collaboration BESIII collaboration

The non-leptonic charm baryon two body decays have received 
a lot of experimental attention 
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SU(3) symmetry in non-leptonic charm baryon decays

The non-leptonic charm baryon two body decays 

Hadron states:

Hamiltonian:
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SU(3) symmetry in non-leptonic charm baryon decays

The SU(3) analyse 

SU(3) relations
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SU(3) symmetry in non-leptonic charm baryon decays

The SU(3) analyse Experiment data

(input)
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SU(3) symmetry in non-leptonic charm baryon decays

The SU(3) analysis Experiment data(%)

prediction: 3σ standard deviation

We need further analysis
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SU(3) symmetry in non-leptonic charm baryon decays

SU(3) analysis

Helicity amplitude:

Observations:

Depending on the 
specific processes, the 
F and G linear 
functions of fi and �� 
are the scalar and 
peseudoscalar form 
factors, respectively.

9 SU(3) amplitude and 18 form fators!
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SU(3) symmetry in non-leptonic charm baryon decays

Experiment data

21 experimental data

SU(3) amplitude for 
Cabibbo allowed process



< 31 >

SU(3) symmetry in non-leptonic charm baryon decays

Globel fit
There are not enough data to deteremine 
the amplitude �� and ���.  We define the 
new amplitude:

and form factors:

No SU(3) symmetry breaking!
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SU(3) symmetry in non-leptonic charm baryon decays

Globel fit

Prediction for Cabibbo allowed process
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• Recent progress in the charm 
baryon decays
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Recent progress in the charm baryon decays

The new experiment data in 2022

BesIII

Belle
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Recent progress in the charm baryon decays

The SU(3) symmetry breaking

mixing angle arXiv:2210.07211(bag model)

The SU(3) symmetry breaking in non-
leptonic decays

arXiv:2210.12728
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Recent progress in the charm baryon decays

The SU(3) symmetry breaking
The experiment 
data in not enough 
for us to consider 
the SU(3) 
symmetry breaking 
effect in glabel fit.
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Recent progress in the charm baryon decays

The SU(3) symmetry breaking
The fit results can be good 
when we exclude two 
experiment data.

Expecting more data!
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• Conclusion and outlook
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Conclusion and outlook

• There are an obvious evidence which  show that the charm baryon 
semi-leptonic and non-leptonic two body decay processes have SU(3) 
symmetry breaking effect.

• The SU(3) symmetry breaking effect can be explained by the anti-
triplet and sextet charm baryon mixing effect.

• The charm baryon decay processes may be a new platform for search 
new physics.

•  We eagerly waiting for data from future experimental facilities.
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