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• The external and internal W-emission mechanism: 
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• The SU(3) matrix M in quark and 
hadron level: 

• The hadonizations at the hadron level: 

• The contributions for different mechanism:  • The relationship of the CKM 
matrix elements : 
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• The total contributions for the decay                        : 

• Tree-level production and final state interactions via rescattering mechanism: 

sD K  + + + −→



sD K + + − +→

• The amplitudes for the decay                       in the S-wave: 
sD K  + + + −→

• The diagonal matrix G is two intermediate meson propagators: 

• The integral is logarithmically divergent, there are two methods to solve this problem: 

✓ the three-momentum cut off: 
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✓ the dimensional regularization method: 



• The value of the parameter: 
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• For a given    , these two regularization methods can be related by demanding the 
same value of the loop function at threshold, which results in a relationship 
between the free parameters      and       :  a
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• T is the two-body scattering amplitudes，it can be evaluated by the coupled channel 
Bethe-Salpeter equation of ChUA: 

• The interaction potentials of each coupled channel for different isospin: 
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• The contribution of P-wave: 

Similarly, the       quarks can form the     meson in the P-wave, and then    ,
and            decays into         . The full relativistic amplitude for the these decay 
processes is given by:   

dd  
 + −

• are not independent totally and fulfill the constraint condition, ijs

The        quarks are not only in S-wave to form           through hadronization, 
but also in P-wave to produce the meson               and             , which decays 
into           finally.  The full relativistic amplitude for                                   can 
be written as:   
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• The double differential width distribution of three-body decay: 

• For integrating      , the limits of integration are: 

where: 

23s

• The limits of integral variable for the invariant masses are higher than 1.2 GeV, we need 
to smoothly extrapolate 𝐺 𝑠 𝑇 𝑠 above the energy cut 𝑠 ≥ 𝑠𝑐𝑢𝑡 = 1.1 GeV : 
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• The parameters need to be fitted: 

S-wave: 𝐶1, 𝐶2, 𝛼 P-wave:
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Fitting results (Combined fitting) 

• 𝝅+𝝅− 𝝌𝟐/𝒅𝒐𝒇 = 𝟏𝟖𝟑. 𝟑𝟕/𝟏𝟐𝟖 = 𝟏. 𝟒𝟑
BESIII Experiment:
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Branching fractions 

• The ratios of the branching fractions between different resonances : 

• The branching ratios for intermediate : 

𝐵 𝐷𝑠
+ → 𝐾∗ 892 𝜋+, 𝐾∗ 892 → 𝐾+𝜋−

= 1.85 ± 0.13 ± 0.11 × 10−3
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➢ Based on the BESIII Collaboration measurements for the decay 𝐷𝑠
+ → 𝜋+𝜋−𝐾+, we investigate 

this decay process within the chiral unitary approach, where 𝑓0 500 and 𝑓0 980 are 
dynamically generated in the coupled channel interactions. Besides, the contributions of the 
intermediate resonances 𝐾∗ 892 , 𝐾∗ 1430 , 𝜌, 𝜌 1450 and 𝑓0 1370 in the P wave are also 
considered.

➢ Considering the coherent effects between the S and P waves, we obtain the free parameters by 
combined fitting the experimental data, and then figure out the contributions of the S- and P-
waves intermediate resonances. The results show that the 𝜋+𝜋−, 𝐾+𝜋− and 𝐾+𝜋+ invariant 
mass distributions are consistent with experiments. However, the contributions of 𝜌 and 
𝜌 1450 in the coherent fit is significantly bigger than experiments, also see their obtained 
branching fractions.

➢ We also calculate the branching fractions of the dominant decay channels, it is obvious that the 
theoretical results are almost in good agreement with the experimental measurements and PDG 
within the uncertainties, except for the branching ratio of the ρ and ρ(1450) is quite large and 
the one of the 𝑓0 980 became half as small.
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