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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/index.html
http://www1.ihep.ac.cn/wjx/pwa/index.html
http://www1.ihep.ac.cn/wjx/pwa/fdc-pwa/fdc_tutorial.html
http://www1.ihep.ac.cn/wjx/pwa/fdc-pwa/fdc_tutorial.html
http://www1.ihep.ac.cn/wjx/pwa/fdc-pwa/fdc_tutorial.html
http://www1.ihep.ac.cn/wjx/pwa/fdc-pwa/fdc_tutorial.html
http://www1.ihep.ac.cn/wjx/pwa/fdc-pwa/fdc_tutorial.html
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Baryonic Spectroscopy Program at BES/BEPC 
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 Excited baryon in 𝐽/𝜓 and 𝜓′ decays 

𝑿 𝑩𝒓(𝑱/𝝍 → 𝑿) 𝑩𝒓(𝝍′ → 𝑿) 

𝑁𝑁 𝜋 9.7 ± 0.6 × 10−3 7.6 ± 0.6 × 10−4 

𝑝𝑝 𝜋+𝜋− 6.0 ± 0.5 × 10−3 6.0 ± 0.4 × 10−4 

𝑁𝑁 𝜂 4.18 ± 0.36 × 10−3 0.58 ± 0.13 × 10−4 

ΛΛ 𝜂 0.16 ± 0.02 × 10−3 0.25 ± 0.04 × 10−4 

𝑝𝐾−Λ + c. c. 0.86 ± 0.11 × 10−3 1.00 ± 0.04 × 10−4 

𝑝𝐾−Σ 0 0.29 ± 0.08 × 10−3 0.17 ± 0.02 × 10−4 

ΣΛ 𝜋 0.83 ± 0.07 × 10−3 1.54 ± 0.04 × 10−4 

Big challenge for PWA 

Software :   FDC-tf package 

Data sets:   10 billion 𝐽/𝜓 ,   3 billion 𝜓(2𝑆) 
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Advancements in FDC-PWA Development 

19-23 February 2024 
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Progress in the Development of FDC-PWA 

 “To do a good job, one must first sharpen one's tools” 

 GPU Implementation of Feynman Diagram Computation 

(FDC) System ：FDC + Tensorflow 

 FDC-TF physics analyses 

1.  PWA 𝐽/𝜓 → 𝜋+𝜋−Σ+Σ − 

2.  PWA 𝐽/𝜓 → 𝑝𝑝 𝐾+𝐾− 

3.  PWA 𝐽/𝜓 → 𝜙𝜂𝜂 

4.  PWA 𝐽/𝜓 → 𝜙𝜂𝜂′ 
5.  PWA 𝜓′ → 𝜋0Σ+Σ −  

…… 
  Upgrade of FDC and Expansion 

of Two Major Functions 

Partial Wave Analysis Theory-Experiment 

Joint Workshop, 3/9/2022, China Advanced 

Science and Technology Center 

1. Hyperon weak decays 

2. Radiative decays 



Structure of the FDC-TF software 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 
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𝐵𝑊 𝑠,𝑀0, Γ0 =
1

𝑠−𝑀0
2−𝑖𝑀0Γ 𝑠

   with 

•  Simultaneous fit to multiple data sets 

Object function for data set 𝒊:  𝑺𝒊 = −(𝒍𝒏𝓛𝒅𝒕
𝒊 − 𝒍𝒏𝓛𝒃𝒌𝒈

𝒊 )  

Minimized object function:  𝑺 =  𝑺𝒊𝒊  

where 𝑺𝒊 calculated by one GPU card, dispatched by CPU muti-threads 

• One channel decay with running width 
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Development of FDC-TF Applications 

𝐵4
′(𝑞, 𝑞0, 𝑑) 



• Baryon resonance : couple channel running width  

For example: 𝑁 1535 :     

𝐵𝑊 𝑠,𝑀0, Γ0 =
1

𝑠−𝑀0
2−𝑖𝑀0Γ 𝑠

, with Γ 𝑠 = Γ0 0.5  
𝜌𝜋𝑁 𝑠

𝜌𝜋𝑁 𝑀0
2 + 0.5

𝜌𝜂𝑁 𝑠

𝜌𝜂𝑁 𝑀0
2  
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𝑝Λ  threshold enhancement 𝑋(2075) 

Motivation 
Observed at BESII in 2004 

Similar structure was seen 

in several B meson and 

charmonium decays 

 Investigated theoretically 

under scenario of quark 

model, FSI and chiral 

effective theory 

BESII:𝑱/𝝍 → 𝒑𝑲−𝚲 + 𝒄. 𝒄. 
PRL 93 (2004) 112002 

BESIII:𝝌𝒄𝟎 →
𝒑𝑲−𝚲 + 𝒄. 𝒄. 
PRD 87 (2013) 

012007 

BELLE:𝐁+ →
𝒑𝚲 𝜸 

PRL 95 (2005) 

061802 

BELLE:𝐁𝟎 →
𝒑𝚲 𝝅− 

PRL 90 (2003) 

201802 

𝑴 = 𝟐𝟎𝟕𝟓 ± 𝟏𝟐 ± 𝟓 

MeV/𝒄𝟐     

𝚪 = 𝟗𝟎 ± 𝟑𝟓 ± 𝟗 

MeV 

BELLE:𝐁+ →
𝒑𝚲 𝝅𝟎 

PRD 76 (2007) 

052004 
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.74.014029
https://doi.org/10.1016/j.physletb.2005.08.046
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.59.3009
https://www.worldscientific.com/doi/abs/10.1142/S0217751X07037949
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.97.065201
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.97.065201
http://cpc.ihep.ac.cn/article/doi/10.1088/1674-1137/42/1/014105
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 𝑋(2075) in 𝑒+𝑒− → 𝛾∗ → 𝑝𝐾−Λ +c.c. 

• 𝑋 2075 [K(2075)] first observed in 𝐽/𝜓 → 𝑝𝐾−Λ + 𝑐. 𝑐., but spin-

parity not measured. 

• Similar evidence found in 𝐵 → 𝑝Λ𝜋,  and  𝜓′, 𝜒𝑐𝐽 → 𝑝𝐾−Λ. 

•  Near 𝑝Λ𝑐 threshold, an enhancement also observed in 𝐵− →
Λ𝑐
+𝑝 𝜋−  

𝒔 = 𝟒. 𝟏𝟕𝟖 

GeV 

𝒔 = 𝟒. 𝟏𝟕𝟖 

GeV 

PRL131, 151901 (2023) 
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 𝑋(2075) in 𝑒+𝑒− → 𝛾∗ → 𝑝𝐾−Λ  + c.c. 

𝒔 = 𝟒. 𝟏𝟕𝟖 

GeV 

• 𝑋 2075 , 𝐽𝑃 =  1+ 

•  𝑀𝑝𝑜𝑙𝑒 = (2084−2
+4 ± 9) MeV 

• Γ𝑝𝑜𝑙𝑒 = (58−3
+4 ± 25 ) MeV 

PRL131, 151901 (2023) 
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Check significance with toy MC method 
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X(2075) Argand plot 
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 check alternative 𝐽𝑃   



16 

 check alternative 𝐽𝑃   
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Data favor 1+ hypothesis 
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Data at other five points 

Data luminosity  

 
𝑚𝑝𝐾 

𝑚𝑝Λ  

𝑚𝐾Λ  
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The exotic properties of  𝑁(1535) 

Resonance  Br(𝑁∗ → 𝑵𝝅 ) Br(𝑁∗ → 𝑵𝜼 ) Br(𝑁∗ → 𝑵𝝅𝝅 ) 

𝑁(1440) 
1

2

+
 

**** 

    (55-75) % < 1% 17 − 50 % 

𝑁(1520) 
3

2

−
 

**** 

(55-65) % 

 

(0.05-0.07) % (25-35) % 

 

𝑁(1535) 
1

2

−
 

**** 

(32-52) % 

 

(30-55) % 

 

(4-31) % 

 

  𝑵(𝟏𝟓𝟑𝟓): 𝚪𝑵𝜼/𝚪𝑵𝝅 = 𝟏. 𝟎 ± 𝟎. 𝟒, 𝒎𝑲𝚲 ∼ 𝟏. 𝟔𝟏 GeV 

 Inverted mass order 

      𝑁 1440 : ∼ 1.37 GeV,  𝑁 1535 :∼ 1.51GeV 

  Theoretical investigations 

•  dynamical generated bound states in 𝐾Λ − 𝐾Σ channel 

• Pentaquark 𝑢𝑢𝑑𝑠𝑠  
• Lattice QCD simulation 
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𝑁(1535) in 𝜓′ → 𝑝𝑝 𝜋0, 𝑝𝑝 𝜂 

𝑝𝑝 𝜋0 

𝑝𝑝 𝜂 

𝑁 1535  
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PWA of 𝜓 3686 → 𝑝𝑝 𝜋0/𝜂 

 Data can be well described with Several 𝑁∗& 𝜌∗/𝜔∗/𝜙∗ states. 

 Three lowest lying 𝑁∗ is described with KSU model[10]: Γ 𝑠 = Γ0 ×  𝑟𝑖 ×
𝜌𝑖( 𝑠)

𝜌𝑖(𝑚0)
 

 𝚪𝑵𝜼/𝚪𝑵𝝅 of 𝑵(𝟏𝟓𝟑𝟓) is determined to be 𝟎. 𝟗𝟗 ± 𝟎. 𝟎𝟓𝒔𝒕𝒂. 

𝜓 3686 → 𝑝𝑝 𝜋0 𝜓 3686 → 𝑝𝑝 𝜂 
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𝑒+𝑒− → 𝑝𝑝 𝜋0/𝜂 @3.773 GeV 
 PWA fit is performed @ 𝒔 = 𝟑. 𝟕𝟕𝟑 GeV with 2.93 𝒇𝒃−𝟏 to estimate 

continuum background 
 Ignore potential contributions from 𝝍 𝟑𝟕𝟕𝟑 → 𝒑𝒑 𝝅𝟎/𝜼[12] 

 The same sets of intermediate states are considered as @ 𝒔 = 𝟑. 𝟔𝟖𝟔 GeV 

𝑒+𝑒− → 𝑝𝑝 𝜋0 
𝑒+𝑒− → 𝑝𝑝 𝜂 



𝑒+𝑒− → 𝑝𝑝 𝜋0/𝜂 @ 𝑠 = 3.67 ∼ 3.709   GeV 

 The 
𝜞𝑵 𝟏𝟓𝟑𝟓 →𝑵𝜼

𝜞𝑵 𝟏𝟓𝟑𝟓 →𝑵𝝅
 is determined to be 𝟎. 𝟗𝟗 ± 𝟎. 𝟎𝟓𝒔𝒕𝒂., confirms the fixed target 

experiment results listed by PDG. 

 The strong coupling to N𝜂 suggest a significant 𝒔𝒔  component in 𝑁(1535), 
possibly 𝑢𝑢𝑑 + 𝑠𝑠  ? Need to be confirmed in 𝐾Λ final state! 

 The other 𝑁∗ structures in 𝜓′ → 𝑝𝑝 𝜋0/𝜂 are studied & branching fraction 

measured.  


𝐵(𝜓(3686))

𝐵(𝐽/𝜓)
~12% confirmed by 𝑝𝑝 𝜋0 channel, but violated by 𝑝𝑝 𝜂 channel. 
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Program to study baryon spectroscopy at BESIII 

• 𝜓 3686 → ΛΛ 𝜂, ΛΛ 𝜋0,  BESIII,  Phys. Rev., D106, 072006 

(2022) 

• 𝜓 3686 → pp 𝜂, pp 𝜋0, being reviewed in BESIII  

• 𝜓 3686 → pp 𝐾+𝐾−,  being reviewed in BESIII 

• 𝜓 3686 , 𝐽/ 𝜓 → Λ Σ0𝜋0 + 𝑐. 𝑐. , being reviewed in BESIII 

• 𝜓 3686 → K+Λ Ξ−, 𝐾Σ 0Ξ−, 𝐾𝑆
0Σ +Ξ−,   being analysis  

• 𝜓 3686 → 𝜋0Σ+Σ −, being analysis 

•  𝜓 3686 → 𝑝𝑝 𝜙,  being analysis 

•  𝜓 3686 → 𝑝𝐾−Σ 0 + 𝑐. 𝑐. , being analysis 

•  𝜒𝑐0 → 𝑝𝐾Λ + 𝑐. 𝑐., 𝑝𝑝 𝐾+𝐾−,  being analysis 

• 𝐽/𝜓 → Σ+Σ −𝜋+𝜋−, being analysis  

•  𝐽/𝜓 → 𝑝𝐾−Λ + 𝑐. 𝑐. , being analysis 

• 𝐽/𝜓 → 𝑝𝑝 𝜔,  being analysis 

•  𝐽/𝜓 → 𝜂ΛΣ 0 + 𝑐. 𝑐.,  being analysis 

• ……  

 



• FDC-TF package availability 

• Ongoing baryonic analyses 

• Resonance lineshape: BW, running-width,K-matrix 

• Continued development of multiple applications 

for FDC-TF 

• Prospects for FDC-PWA generation code: 

– Examination of multi-step decays involving hyperons 

– Analysis of 𝜒𝑐𝐽 decays 

– Investigation of radiative decays 

25 Thanks for your attention 

Summary and Outlook 
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backup 



Σ∗ and Λ∗ in 𝐽/𝜓 → Λ 𝜋±Σ∓ + 𝑐. 𝑐.  
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BESIII, PRD108, 112012 (2023) 

1− NR 
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Toy MC with 9 Λ∗, 4 Σ∗ and 1− NR states  

1.32 M 

1.38 M 

1.26 M 

1.31 M 

𝑁obs  



Performance test 

• GPU : Tesla V100-SXM2-32GB 

•  decay: 𝜓′ → 𝑝𝐾−Λ + 𝑐. 𝑐. 
 5969 data events, and 80,000 PHSP events.  179 

parameters in the fit. 

•  24 resonances included in the fit 

     𝑁∗ 1710 , 𝑁∗ 1870 , 𝑁∗ 1720 , Λ 1810 , 
Λ 1800 , Λ 1670 , Λ 1600 , Λ 1405 , K1 2075  
N∗ 2060 , Λ 2325 , Λ 1890 , Λ 1690 , Λ(1520) 
K2 2250 , N∗ 1990 , N∗ 2190 , Λ 2110 , Λ(1830) 
Λ 1820 , N∗ 2250 , Λ 2100 , Λ 2020 , Λ(2350) 
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Performance test (cont.) 



Performance test (cont.) 

•  
𝑡𝑐

𝑡𝑔
=

30

0.07
≈ 430 ∶ 𝑡𝑐 𝑡𝑔   times cost for CPU (GPU) calculation per iteration  
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FDC-

TF 

FDC-

TF 

FDC-

TF 

FDC-TF:   − ln 𝐿 = −789.45 

FDC:   − ln 𝐿 = −789.10 



• Check on yields ratios  
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Performance test (cont.) 

Mode FDC FDC-tf 

1 0.034 0.034 

2 0.007 0.007 

3 0.187 0.187 

4 0.069 0.069 

5 0.116 0.116 

6 0.018 0.018 

7 0.122 0.123 

8 0.050 0.050 

9 0.051 0.051 

10 0.041 0.041 

11 0.035 0.035 

12 0.040 0.040 

Mode FDC FDC-tf 

13 0.042 0.042 

14 0.021 0.021 

15 0.056 0.056 

16 0.523 0.523 

17 0.005 0.005 

18 0.614 0.611 

19 0.034 0.034 

20 0.023 0.023 

21 0.003 0.003 

22 0.137 0.138 

23 0.009 0.009 

24 0.011 0.006 

@ /hpcfs/bes/gpupwa/pingrg/fdc/pkl2/process/fort_dbg 


