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FDC, FDC-PWA, FDC-Tensorflow 
•  FDC: Feynman Diagram Calculation  
•  FDC-PWA:  FDC partial wave analysis  
•  FDC-Tensorflow  tutorial  

http://www1.ihep.ac.cn/wjx/index.html
http://www1.ihep.ac.cn/wjx/pwa/index.html
http://www1.ihep.ac.cn/wjx/pwa/fdc-pwa/fdc_tutorial.html
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在BES/BEPC上研究重子谱的课题方案 
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FDC-PWA软件的研发起点 



FDC分波软件中的协变张量振幅 

• Tensor form of vertex generation by 
phenomenological Lagrangian (strong intera.) 
–  conserve 𝑃𝑃,𝐶𝐶 parity, isospin, strangeness, charm, 

baryon and lepton numbers 

–  an example of 𝐽𝐽/𝜓𝜓 → Λ 1
2

+
Λ� 1

2

−
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𝚪𝚪 
𝐽𝐽/𝜓𝜓(𝑃𝑃) 

Λ(p1) 

Λ�(𝑝𝑝2) 

Effective Lagrangian: 

𝑃𝑃,𝐶𝐶,𝐶𝐶𝐶𝐶𝐶𝐶  symmetry transformation: 
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FDC分波软件的研发进展 
 子曰：“工欲善其事，必先利其器” 

 费曼图自动计算(FDC)系统的GPU实现：FDC + Tensorflow 

 FDC-TF 的物理分析 

1.  PWA 𝐽𝐽/𝜓𝜓 → 𝜋𝜋+𝜋𝜋−Σ+Σ�− 
2.  PWA 𝐽𝐽/𝜓𝜓 → 𝑝𝑝𝑝̅𝑝𝐾𝐾+𝐾𝐾− 
3.  PWA 𝐽𝐽/𝜓𝜓 → 𝜙𝜙𝜙𝜙𝜙𝜙 
4.  PWA 𝐽𝐽/𝜓𝜓 → 𝜙𝜙𝜙𝜙𝜙𝜙′ 
5.  PWA 𝜓𝜓′ → 𝜋𝜋0Σ+Σ�−  
…… 

  FDC版本升级和两大功能扩展 

分波分析理论-实验联合讨论会, 
2022-3-9,中国高等科学技术中心 

1. 超子的弱衰变 
2. 辐射衰变 
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FDC分波软件特征(武装到了牙齿！) 

 工作环境：  
   Reduce Free PSL version, 9-Aug-2018，底层软件Rlisp 
 用户建立环境： 

 model_cp elsewhere_dir/model  model 
 process_cp elsewhere_dir/process process 
   

 粒子态的描述:用户编辑文件model/add_vertices  
  gmodel: 生成所有可能衰变的顶点，结果写入 model.tex 
  lamodel: 生成顶点结构的model.ps文件 
  diag： 生成所有可能的费曼数图 
  amp:  产生各个费曼图对应的Fortran文件 
  kine： 写出运动学文件和拟合文件 



FDC分波软件包的拟合策略 

• 用f77编译Fortran文件包，生成可执行文件 

• 基于CPU单线程计算，算力有限 

• MLLH 极小化程序包： Fumili （Fortran版本） 

•  Normalization factor calculated in the reduce amplitude (save 
more time) 

             ℳ 2 = ∑  𝑛𝑛𝑝𝑝𝑝𝑝𝑝𝑝
𝑗𝑗=1 ∑ 𝑐𝑐𝑗𝑗𝐴𝐴𝑗𝑗

𝑁𝑁𝑚𝑚𝑚𝑚
𝑖𝑖=1 = 𝑐𝑐𝑗𝑗𝑎𝑎𝑗𝑗 , with  𝑎𝑎𝑗𝑗 = ∑  𝐴𝐴𝑗𝑗

𝑁𝑁𝑚𝑚𝑚𝑚
𝑖𝑖=1  

 
• But loop over the data events event by event 
     (most cpu time consuming ) 
•  Mass and width not enter into the fit parameter list 
•  Access the fit projection (dplot.hbook) and resonance ratio  

(mplot.info) 
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为何选择python环境下的Tensorflow? 
• From Fortran to python environment.  
• Tensorflow (tf) popular in AI community  
• After Tensorflow2.x, it has eager execution mode, make it 

suitable for scientific computation 
•  Tensor data model applicable to amplitude calculation 
•  Autograph functionality  

 

9 𝑧𝑧 = 𝑐𝑐 × (𝑎𝑎 + 𝑏𝑏) 



• High efficiency to calculate Hessian matrix  

For example: 𝑦𝑦 𝑥𝑥1, 𝑥𝑥2 = 𝑓𝑓 𝑔𝑔1,𝑔𝑔2 = ln 𝑔𝑔1 + 𝑒𝑒𝑔𝑔2,  with  
                      𝑔𝑔1 𝑥𝑥1, 𝑥𝑥2 = 𝑥𝑥1 + 𝑥𝑥2, 𝑔𝑔2 𝑥𝑥1, 𝑥𝑥2 = 𝑥𝑥1𝑥𝑥2 

𝜕𝜕𝜕𝜕
𝜕𝜕𝑥𝑥1

𝜕𝜕𝜕𝜕
𝜕𝜕𝑥𝑥2

= 𝜕𝜕𝜕𝜕
𝜕𝜕𝑔𝑔1

𝜕𝜕𝜕𝜕
𝜕𝜕𝑔𝑔2

𝜕𝜕𝑔𝑔1
𝜕𝜕𝑥𝑥1

𝜕𝜕𝑔𝑔1
𝜕𝜕𝑥𝑥2

𝜕𝜕𝑔𝑔2
𝜕𝜕𝑥𝑥1

𝜕𝜕𝑔𝑔2
𝜕𝜕𝑥𝑥2

  

𝑥𝑥1 

𝑥𝑥2 

𝑔𝑔1 

𝑔𝑔2 

𝑦𝑦 

𝜕𝜕𝑔𝑔1
𝜕𝜕𝑥𝑥1

 

𝜕𝜕𝑔𝑔1
𝜕𝜕𝑥𝑥2

 

𝜕𝜕𝑔𝑔2
𝜕𝜕𝑥𝑥1

 

𝜕𝜕𝑔𝑔2
𝜕𝜕𝑥𝑥2

 

𝜕𝜕𝜕𝜕
𝜕𝜕𝑔𝑔1

 

𝜕𝜕𝜕𝜕
𝜕𝜕𝑔𝑔2

 

为何选择python环境下的Tensorflow? 



用GPU-Tensorflow加速FDC分波计算  

• Compile amplitudes of Fortran codes into a 
python modules 

•  Calculate the event amplitude in Tensorflow 
framework 

• MLLH minimized with Minuit in pyROOT ( python 
version of Minuit ) 

• Access fit results (signal yields and statistical 
uncertainty calculated based on resultant 
covariance matrix ) 

•  Allow user to add mass and width as hyper-
parameters in the fit  

•  Allow for simultaneous fit to multiple samples 
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FDC振幅的张量算法 

• ℳ eventv 2 = Σ�𝑠𝑠1,…,𝑠𝑠𝑗𝑗 Σ𝑘𝑘𝑐𝑐𝑘𝑘 𝑎𝑎v,𝑘𝑘
2

 

                              = 𝐶𝐶𝑘𝑘,𝑙𝑙 𝐴𝐴v,𝑘𝑘,𝑙𝑙  ( dumb index rule) 
   with 𝐶𝐶𝑘𝑘,𝑙𝑙 = 𝑐𝑐𝑘𝑘 𝑐𝑐𝑙𝑙∗, 𝐴𝐴v,𝑘𝑘,𝑙𝑙 = Σ�𝑠𝑠1,…,𝑠𝑠𝑗𝑗(𝑎𝑎v,𝑘𝑘𝑎𝑎v,𝑙𝑙

∗ ) 
     𝑐𝑐𝑘𝑘 ∶  𝑘𝑘-th parameter,  
     𝑎𝑎v,𝑘𝑘: 𝑘𝑘-th term of amplitude for event v 
• 𝐴𝐴v,𝑘𝑘,𝑙𝑙  calculated  by FDC, and stored in memory 

(limitation form GPU memory) 
•  Amplitude reduction in  Tensorflow 
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Structure of FDC-TF package 

FDC FDC: generate amplitude 

FDC python module  

TensorFlow: 
MLLH calculation 

Minuit in pyROOT: 
minimize MLLH 

Signal yields, statistical 
uncertainty. 

Matplotlib or pyROOT:  
Fill histograms  

Dependent modules: 
• Numpy, matlibplot, iminuit, 

Scipy, Tensorflow2.0, pyROOT 
• Python version: 3.7 

13 



例：用户脚本 
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分波软件Tensorflow应用开发 

• Signal yields and statistical errors 

For mode 𝑖𝑖:   𝑁𝑁𝑖𝑖 ± 𝛿𝛿𝛿𝛿𝑖𝑖,   
            where 𝑁𝑁𝑖𝑖 = 𝑟𝑟𝑖𝑖 𝑁𝑁𝑜𝑜𝑜𝑜𝑜𝑜 − 𝑁𝑁𝑏𝑏𝑏𝑏𝑏𝑏  with  𝑟𝑟𝑖𝑖 = 𝜎𝜎𝑖𝑖

𝜎𝜎𝑡𝑡𝑡𝑡𝑡𝑡
  

                       𝛿𝛿𝛿𝛿𝑖𝑖 = ∑ ∑ 𝜕𝜕𝑁𝑁𝑖𝑖𝜕𝜕𝑁𝑁𝑖𝑖
𝜕𝜕𝑋𝑋𝑚𝑚𝜕𝜕𝑋𝑋𝑛𝑛

𝑉𝑉𝑚𝑚𝑚𝑚
𝑁𝑁𝑝𝑝𝑝𝑝𝑝𝑝
𝑛𝑛=1

𝑁𝑁𝑝𝑝𝑝𝑝𝑝𝑝
𝑚𝑚=1  

𝑽𝑽𝒎𝒎𝒎𝒎 :  Covariant matrix calculated by MINUIT. If failed, then calculated 
by Hessian matrix determined by tf.GradientTape.  

• Mass resolution for narrow resonance 

𝐵𝐵𝐵𝐵 𝑥𝑥 2 = 𝐵𝐵𝐵𝐵 𝑥𝑥𝑥 2⨂𝑅𝑅(𝑥𝑥′, 𝑥𝑥) 

𝑹𝑹 𝒙𝒙′𝒙𝒙 : parametrized with 3 Breit-Wigner function, determined with 
zero-width resonance.  Multi-Gaussian function parametrization is 
under developed.  

15 



𝐵𝐵𝐵𝐵 𝑠𝑠,𝑀𝑀0, Γ0 = 1
𝑠𝑠−𝑀𝑀0

2−𝑖𝑖𝑀𝑀0Γ 𝑠𝑠
   with 

•  Simultaneous fit to multiple data sets 
Object function for data set 𝒊𝒊:  𝑺𝑺𝒊𝒊 = −(𝒍𝒍𝒍𝒍𝓛𝓛𝒅𝒅𝒅𝒅𝒊𝒊 − 𝒍𝒍𝒍𝒍𝓛𝓛𝒃𝒃𝒃𝒃𝒃𝒃𝒊𝒊 )  
Minimized object function:  𝑺𝑺 = ∑ 𝑺𝑺𝒊𝒊𝒊𝒊  
where 𝑺𝑺𝒊𝒊 calculated by one GPU card, dispatched by CPU muti-threads 

• One channel decay with running width 

16 

分波软件Tensorflow应用开发（续） 



• Baryon resonance : couple channel running width  
For example: 𝑁𝑁 1535 :     

𝐵𝐵𝐵𝐵 𝑠𝑠,𝑀𝑀0, Γ0 = 1
𝑠𝑠−𝑀𝑀0

2−𝑖𝑖𝑀𝑀0Γ 𝑠𝑠
, with Γ 𝑠𝑠 = Γ0 0.5  𝜌𝜌𝜋𝜋𝜋𝜋 𝑠𝑠

𝜌𝜌𝜋𝜋𝜋𝜋 𝑀𝑀0
2 + 𝜌𝜌𝜂𝜂𝜂𝜂 𝑠𝑠

𝜌𝜌𝜂𝜂𝜂𝜂 𝑀𝑀0
2  
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•  npz to root format  
 In python environment, results are saved in the npz format file. 

Figures are filled with matplotlib.pyplot. 
  But most users like to use ROOT to fill histograms 
  transform npz file to root file 
      npz2root:  

18 

分波软件Tensorflow应用开发（续） 
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• Histogram:   SMLfit.hist, SMLfit.phist  

Using matplotlib.pyplot 

分波软件Tensorflow应用开发（续） 



•  FDC interface to event generator BesEvtGen 
  create an external FDC package 
  in BesEvtGen, FDC model is invoked with syntax:   

Decay parentParticle 
Br  daughter particle lists  FDC modeIndex； 
Enddecay 

For instance: 𝑱𝑱/𝝍𝝍 → 𝒑𝒑𝑲𝑲−𝚲𝚲 

Decay J/psi 
1  p+ K- anti-Lambda0 FDC； 
Enddecay 
Decay Lambda0 
1 p+ pi- PHSP; 
Enddecay 
End 

 If modelIndex is neglect, all modes are generated including interference effects.  

20 

分波软件Tensorflow应用开发（续） 



 Event generation for a specified mode 

Decay J/psi 
1  p+ K- anti-Lambda0 FDC 1； 
Enddecay 
Decay Lambda0 
1 p+ pi- PHSP; 
Enddecay 
End 

For example, 𝐽𝐽/𝜓𝜓 → 𝑁𝑁�∗ 1710 −𝑝𝑝, 𝑁𝑁�∗ 1710 − → 𝐾𝐾−Λ�  

𝑀𝑀𝐾𝐾−Λ�  GeV 21 

分波软件Tensorflow应用开发（续） 



大统计量的应对策略 
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𝐽𝐽/𝜓𝜓 → 𝑝𝑝𝐾𝐾−Λ� + 𝑐𝑐. 𝑐𝑐. 

Using 10 billion 𝐽𝐽/𝜓𝜓 events: 

Data:  2,537,989 ± 1593  
 MC:  20,000,000 
Parameters: 156 
Resonances: 18 

  支持多GPU卡的同时拟合 
  采用binned 似然函数 



•  用 GPU加速计算的FDC-TF程序包已经用
于BESIII的多个分析，将来会扩展到其他实
验组。 

• 在Tensorflow环境下开发了许多用于分波分
析的应用程序，基本满足用户需求. 

•  FDC-PWA生成代码改进的展望:  
     多级弱衰变,  

     𝜒𝜒𝑐𝑐𝑐𝑐 衰变 

     辐射衰变 

23 谢谢大家! 

总结和展望 
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backup 
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Baryon production in 10 billion 𝐽𝐽/𝜓𝜓 and 2.7 
billion 𝜓𝜓(2𝑆𝑆) 
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