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 Research background

CP violation is an important area for testing the Standard Model and searching 
for new physics signals. In recent years, it has attracted extensive attention. 
The B meson system, which contains rich physical information, is a good way 
to explore CP violation. Therefore, the study of B mesons occupies an 
extremely important position in the field of particle physics.

At present, theoretically, with the gradual in-depth study of B mesons, the 
research on CP violation in the two-body decay process has gradually matured, 
and the research on CP violation of B mesons is gradually moving towards in-
depth study of multi-body decays.

Meanwhile, there is also a large amount of experimental data on CP violation 
in the multi-body decay processes of B mesons. This not only provides a basis 
for us to explore the CP violation mechanism in the decay processes of B 
mesons, but also enables us to detect and search for the CP violation 
mechanism from the vast amount of data. 

Research 
background



The LHCb experiment, the experimental results of the three-body decay of B mesons:

Phys. Rev. Lett.112, 
011801(2014) 

Phys. Rev. Lett. 
111, 101801(2013) 

Phys. Rev. Lett.112, 
011801(2014) 

Phys. Rev. Lett. 
111, 101801(2013) 
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图1 摘自LHCb Collaboration  Phys. Rev. D 90, 112004  (2014)  

Phys. Rev. Lett. 112, 011801 (2014).
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Large CP violation in a local phase space region has been observed in the three-

body non-charm decays of B mesons. The result of the integrated CP violation is: 



 Research background

�± → (�(1020) → �+�−)�−       

�± → (�(1020) → �+�−)�−    −0.648 ± 0.070 ± 0.013 ± 0.070(LHC)       Phys.Rev. Lett.112, 011801 (2014)

�± → (�0(770) → �+�−)�−       

�± → (�0(770) → �+�−)�−       

0.004±0.014 ± 0.007(LHC)            Phys. Rev. D 108, 012013 (2023)  

0.128±0.004 ± 0.013(�����)        Phys. Rev. D 85,112010 (2012)

  0.150±0.019 ± 0.011(LHC)             Phys. Rev.D 108, 012013 (2023) 

  0.30±0.11 ± 0.02(�����)                  Phys. Rev.Lett. 96, 251803 (2006)

-0.004±0.017 ± 0.009(LHC)              Phys. Rev. D 108, 012013 (2023)  

 0.007±0.011 ± 0.016(���)               Phys.Rev. Lett. 124, 031801 (2020)

The experimental CP violation results in the three-body non-charm decay process of B 
mesons：
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 � − � −� mixing mechanism
 混合机制的介绍



According to the vector meson dominance (VMD) model, positrons and electrons can annihilate into photons. In a 

vacuum, photons can be polarized to form vector particles � , � , and � . These vector mesons can then decay into pairs 

of �  + �  − or �  + �  − mesons. 

Under this mixing mechanism, through the electromagnetic form factor of the π meson, we can obtain the 

mixing amplitude parameters of the corresponding two or three particles, and determine their specific values 

by combining with experimental results. 

Introduction to the mixing mechanism



Introduction to the mixing mechanism
① Carry out the transformation of the physical field

② Construct the isospin basis vectors               , and then according to the orthonormalization relation, we have:          

According to the diagonalization 
of the physical state
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   The contribution of the higher-order term � ² can be neglected to obtain the following 
relationship:

Introduction to the mixing mechanism
③ From the above transformation, we can obtain the expression form of vector mesons in the description 
of  the physical field. 

Neglecting the higher-order terms, we can use the matrix R in the 
physical representation to diagonalize the equation W I. 

Define the square of the complex mass

�0 = ��0 − ���(�)�� − ���(�)��, � = ���(�)��0 + �� − ���(�)��, � = ��Φ(�)��0 + ���(�)�� + ��.
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④The propagator of the intermediate state particles from vector mesons can be expressed as:

Introduction to the mixing mechanism

We can define the following mixing parameters:
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 Study on CP Violation in the Process of 
Three-Body Decay

 三体衰变过程的CP破缺



   Schematic diagram of the B→Vπ(K)→π+π−π(K) decay process



The amplitudes of the B→Vπ→π+π−π decay process in PQCD



The amplitude of the B→Vπ→π+π−π decay process in PQCD



The CP violation plots of the B→Vπ(K)→π+π−π(K) decay process



The results of CP violation for the B→Vπ(K)→π+π−π(K) decay process

Phys.Rev. D 108, 012013 (2023);Phys. Rev. Lett. 96, 251803(2006) ;Phys.Rev.D 78, 012004 (2008)



The CP violation for the Bc→K+K−(�+�−)D(s)+ decay process



  The CP violation and branching ratio for the Bc→K+K−D(s)+decay process



      The CP violation and branching ratio for the Bc→K+K−D(s)+decay process



      The  branching ratio for the Bc→K+K−D(s)+decay process



B

        The  branching ratio for the Bc→K+K−D(s)+decay process
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 Study on CP Violation in Four-Body Decay Processes



The kinematic diagram of the Bs→VV→K+K−K+K- decay process
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Fenman diagram of the Bs→VV→K+K−K+K- decay process in PQCD



Schematic diagram of the Bs→VV→K+K−K+K- decay process



The form  total amplitude of the B→VV→K+K−K+K- decay process
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The amplitude of the B→VV→K+K−K+K- decay process
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CP violation of the Bs→VV→K+K−K+K- decay process



CP violation of the Bs→VV→K+K−(� + �-)K+�- decay process



  CP violation of the Bs→VV→K+K−(� + �-)K+�- decay process



CP violation of the Bs→VV→� + �-K+�- decay process



  The differential branching ratio of the Bs→VV→K+K−K+�- decay process



The differential branching ratio of the Bs→VV→� + �-K+�- decay process



Polarization fractions and branching ratio of the Bs→VV→K+K−(� + �-)K+�- decay process
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Summary



Summary

1、Within the PQCD framework, we investigated CP violation and 
decay branching ratios in the decay processes of B → πππ(K)and Bc →
KK(ππ)D(s) induced by the ρ − ω − ϕ mixing mechanism. Our results 
indicate that this mixing mechanism can significantly influence both CP 
violation and branching ratios. 

2、Furthermore, within the same PQCD framework, we examined CP 
violation in the Bs → KKKK and  Bs→K+K−(π + π-)K+π- decay process. 
We observed that larger CP violation effects can be generated under 
different combinations of vector mesons.


