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Outline 

• Amplitude analysis of 𝐷0 → 𝐾−𝜋+𝜋+𝜋− 

• Measurements of branching  fractions of some PP 
decays of 𝐷+ and 𝐷0 

• Summary 
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• BESIII detector 

• Hermetic. 
• Excellent resolution and PID 
• Large coverage 
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• Amplitude analysis of 𝐷0 → 𝐾−𝜋+𝜋+𝜋− 
Based on 2.93 fb−1 data taken @ 3.773 GeV 



5 

Motivation 

        This decay is one of three golden decay mode of 𝐷0, the knowledge of intermediate 
process can be widely used in many  measurements, such as: 

• Branching ratio measurements, 
• Strong phase measurement, 
• CKM unitary triangle 𝛾 measurement. 
Lacking the knowledge of intermediate processes leading a large systematic  uncertainty 
in these measurements. 

The branching ratios of intermediate processes such as 𝑫𝟎 → 𝑲 ∗𝟎𝝆𝟎, can be used to check 
the calculate of  LQCD or effective theories. 

Previous measurements (fit fractions) have performed by Mark III and E691, respectively: 

Much more precise results are expected with the 2.93 𝐟𝐛−𝟏 𝝍(𝟑𝟕𝟕𝟎) data at BESIII.  



𝐷0 reconstruction: 
If there is a D tagged, there must be a 𝐷 .  ==> Double tag method   

𝑒+ 𝑒− 𝜓(3770) 

𝑫𝟎 

𝐾+ 
𝜋− 

𝐾− 

𝜋− 
𝜋+ 
𝜋+ Opposite charge 

of 𝐾 tracks 
No shared tracks 

𝑫 𝟎 
Double tag method: 
𝐷0𝐷 0 fully reconstruction 

𝐾𝑆 veto:  Suppress the peaking background 𝐷0 → 𝐾𝑆
0𝐾−𝜋+. 

Tag yields is 15912 with a purity of 99.4%!  

Analysis method 

 𝑀𝐵𝐶 = 𝐸𝑏𝑒𝑎𝑚
2 − 𝑝 𝐷

2, 

      ∆𝐸 = 𝐸𝑏𝑒𝑎𝑚 − 𝐸𝐷 
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The Δ𝐸 and  𝑀𝐵𝐶  plots for 𝐾𝜋 side and 𝐾𝜋𝜋𝜋 side. 

𝐾𝜋 side 

𝐾𝜋 side 

𝐾𝜋𝜋𝜋 side 

𝐾𝜋𝜋𝜋 side 

Analysis method 
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Amplitude analysis method 

The total decay amplitude is the function of final particle four momenta 𝑝𝑗 and can be modeled 

as a coherent sum over all the amplitudes: 

𝑀 𝑝𝑗 =  𝜌𝑛𝑒𝑖𝜙𝑛𝐴𝑛(𝑛 𝑝𝑗), 

where 𝜌𝑛 and 𝜙𝑛 is the magnitude and phase of the 𝑛𝑡ℎ amplitude.  𝐴𝑛 𝑝𝑗  describe the 

relative contribution and dynamics of the 𝑛𝑡ℎ amplitude and given by  

𝐴𝑛 𝑝𝑗 = 𝑃𝑛
1(𝑚1)𝑃𝑛

2(𝑚2)𝑆𝑛(𝑝𝑗)𝐹𝑛
1(𝑝𝑗)𝐹𝑛

2(𝑝𝑗)𝐹𝐷
2(𝑝𝑗). 

 
 
 
 

Spin factors are constructed with covariant tensor formalism (PRD 48, 1225 (1993)). 

For 𝐾∗(892) and 𝑎1 1260 , RBW with a width depends upon the momenta and angular 
momenta of the daughter is used. 

For 𝜌(770), GS formula is used (PRL 21, 244(1968)). 

For 𝐾1(1270), RBW with a constant width is used.  

For 𝐾𝜋 S-wave, we use the parameterization used in the Dalitz plot analysis of 𝐷0 → 𝐾𝑆
0𝜋+𝜋− of 

BABAR (PRD 78, 034023).  

Propagators of intermediate resonances Spin factors  
Constructed with covariant tensor formalism 

Blatte-Weisskopf barriers 

Amplitude construction 
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Magnitudes 𝜌 may vary with the choice of normalization or formalism convention, so we 
use fit fraction (FF) instead of 𝜌, which is given by 

𝐹𝐹 𝑛 =
 |𝐴 𝐧 𝑝𝑗 |2𝑅4 𝑝𝑗 𝑑𝑝𝑗

 | 𝑀 𝑝𝑗 |2𝑅4 𝑝𝑗 𝑑𝑝𝑗

, 

where 𝑅4 𝑝𝑗 𝑑𝑝𝑗 is the standard element of  four-body phase space.  

The integrals are performed with MC integration: 

𝐹𝐹 𝑛 =
 |𝐴 𝐧 𝑝𝑗

𝑁𝑀𝐶
𝑘 |2

 |𝑀 𝑝𝑗
𝑁𝑀𝐶
𝑘 |2

. 

Where 𝑁𝑀𝐶 is the number of MC sample events used to calculate fit fractions,  𝐴 𝐧 𝑝𝑗  is 

either the 𝐧𝑡ℎ  amplitude (𝐴 𝐧 𝑝𝑗 = 𝜌𝑛𝑒𝑖𝜙𝑛  𝐴𝑛 𝑝𝑗 ) or  the 𝐧𝑡ℎ  subset (component) of  

coherent sum of amplitudes (𝐴 𝐧 𝑝𝑗 =  𝜌𝑛𝑙𝑛𝑙
𝑒𝑖𝜙𝑛𝑙𝐴𝑛𝑙

𝑝𝑗 ). 

 Fit Fractions 

Amplitude analysis method 
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Results 



Projections of invariant mass (a-h) and 𝜒 distribution (i) 
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Results 
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Systematic Uncertainties Study 

          The systematic uncertainties are divided into four categories:  (I) Amplitude 
model, (II) Background estimation, (III) Experimental effects, (IV) Fitter performance. 
           These uncertainties are added in quadrature, as they are uncorrelated, to 
obtain the total systematic uncertainties. 

I. Amplitude model 
This uncertainties come from the fixed parameters in the  formula of total 
amplitude,  include:  
• the effective radius of resonance in the Blatte-weisskopf barriers,  
• the mass and width of intermediate resonances,  
• the fixed parameters in the formula of 𝐾𝜋 S wave.  

Results 
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II.    Background estimation 
        This category include 3 sources:  

• the shape of peaking background 𝐷0 → 𝐾𝑆
0𝐾−𝜋+, 

• the number of peaking background 𝐷0 → 𝐾𝑆
0𝐾−𝜋+, 

• the effect of other background. 
 
III.   Experimental effects 
        In this category, we studied the effect from PID and tracking 
efficiencies and resolution. 
 
IV.   Fitter performance  
        We estimate the possible bias from the fit with Pull distribution check. 

Systematic Uncertainties Study 

Results 
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Systematic uncertainties of phases of different amplitudes  

Systematic Uncertainties Study 
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Systematic uncertainties of fit fractions of different amplitudes  

Systematic Uncertainties Study 
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Results 
According to the intermediate resonances, we divides the 23 amplitudes into 7 components.   

With the branching fraction of  𝐷0 → 𝐾−𝜋+𝜋+𝜋− from PDG,  the branching fractions 
can calculated as: 𝐵𝑟 𝐶𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡 = 𝐹𝐹 𝐶𝑜𝑚𝑝𝑜𝑛𝑒𝑡 𝐵𝑟(𝐷0 → 𝐾−𝜋+𝜋+𝜋−). 
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Measurements of branching  fractions of some PP decays of 𝐷+ and 𝐷0 
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Motivation 

There are some interests of factors in the measurements of 𝐷 → 𝑃𝑃:  

• great significance in the study of the strong and weak interactions in D decays. 

• Study of SU(3) breaking effect. 

• Observation of CP violation in D decay. 

Most of the D decays have been studied by CLEO in 20101 , other measurements 
come from Belle2 , BaBar3 and CDF4 , etc.  

Some of the branching fractions (BFs) are not well established. With the 2.93 fb−1 
data taken at 3.773 GeV, these measurements are expected to be improved.  

1. Mendez, H., et al. (CLEO) Phy. Rev. D 81.5 (2010): 052013. 3 
2.  ℬ(K+η), ℬ(K+η′ ) from Belle’s measurements in 2011  
3.  ℬ (K+π0 ), ℬ(π+π0 ) from BaBar’s measurements in 2006  
4.  ℬ (π+π−), ℬ(K+K−) from CDF’s measurements in 2005 
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Fit to 𝑀𝐵𝐶  distributions of single tag 𝐷0 of data  
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Fit to 𝑀𝐵𝐶  distributions of single tag 𝐷+ of data  
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BF results 

𝐵(𝐷0 → 𝐾−𝜋+)  has been corrected by 𝐵(𝐷0 → 𝐾+𝜋−) quoted from PDG.  

ℬ =
𝑁𝑛𝑒𝑡

𝑠𝑖𝑔𝑛𝑎𝑙

2⋅𝑁𝐷0𝐷 0 𝐷+𝐷− ⋅𝜀

 , 𝑁𝐷0𝐷 0 = 10,621 ± 29 𝑠𝑡𝑎𝑡 × 103, 𝑁𝐷+D− = 8,296 ± 31 𝑠𝑡𝑎𝑡 × 103 

quoted from Derrick’s talk given at APS2014 

Has been corrected by PID, tracking and 𝐾𝑆
0, 𝜋0/𝜂 finding    
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Comparisons with Other Experiments in Some Modes 

The results from BESIII are consistent with other measurements and have comparable 
precisions with the existing best measurements. 
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Summary 

• With 2.93 fb−1 𝜓(3770) data at BESIII, some hadronic decays have 
been measured.  

• Amplitude analysis of 𝐷0 → 𝐾−𝜋+𝜋+𝜋− 

• Measurements of some decays of 𝐷+ or 𝐷0 to PP 

• Amplitude (Dalitz plot) analysis provides a kind of method to deal 
with multi-body decays. 

• With about 3 fb−1 taken at 4.18GeV this year, more and more results 
about 𝐷 𝐷𝑠  will come out. 

Thank you! 


