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Nuclei
Edited

~ 1979, 16

CENDL-1,

1986, 36

CENDL-2

1991, 66

CENDL-3.1

2010, 240

CENDL-3.2

2020, 272

Few body 1,2,3H,3,4He 1,2,3H,3,4He 1,2,3H,3,4He 1,2,3H,3,4He nn-1, 1,2,3H,3,4He

Light 6，7Li，9Be 6,7Li,9Be,10,11B,14N,16O,19F 6,7Li,9Be,10,11B,14N,16O,19F
6,7Li,9Be,10,11B,12C,
14N,16O,19F

Same

Medium 

heavy

0Pb，0W，0Al，
0Fe

19 nuclei
23Na, 0Mg, 27Al, 0Si, 0V, 0Cr, 
0Fe, 0Ni, 0Cu, 0Zn, 0Zr,93Nb, 
0Mo,0Sn, 0Hf, 181Ta, 0W, 
197Au, 0Pb

45 nuclei
23Na, 0Mg, 27Al, 0Si, 31P, 0S, 0K, 0Ca,0Ti 0V, 
0,50,52,53,54,55Cr, 55Mn 0,54,56,57,58Fe, 59Co, 
0Ni, 0,63,65Cu, 0Zn, 0Zr,93Nb, 
0Mo,0,107,109Ag, 0Cd, 0In, 0Sn, 0Sb, 0Lu, 0Hf, 
181Ta, 0W, 197Au, 0Hg, 0Tl，0Pb

192 nuclei
23Na~208Pb

223 nuclei
23Na~208Pb

Actinides 235,238U,239,240P 235，238U，239,240Pu

8 nuclei
235，238U，237Np，239,240Pu，241Am，
249Bk，249Cf

34 nuclei
232Th~249Cf

34 nuclei
232Th~249C

5

Introduction

5



Nuclear Reaction

Perspective

Introduction

Outlines

6

Platform for Chinese Experiments

Platform for Theoretical Models

Nuclear Data Improvement

Treatment for Experimental data

Processing and V&V for PD

Nuclear Reaction Data



Nuclear Reactions

7

The New Evaluation Project & Data in CENDL-4.0

~ neutron data of 30 nuclei are being improved based on the new experimental data
light elements: 4He, 6Li, 9,10,11B，12,13,14,15C，14,15N
Medium elements: 27Al, 50,51V, 52Cr，54, 56-58Fe, 69, 71Ga, 95Mo，204, 206-208Pb
Actinides: 235, 238U, 239, 240 , 241Pu
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第十九届全国核结构大会，江西瑞昌

Nuclear Reactions1. Platform of Chinese Experimental Facilities（partly）
For Nuclear Data — Neutron, Photon, proton beams

8



@ 8-14MeV  Double differential Cross Sections

@ (n,2n), (n,p) reaction cross sections

1. The platform of Chinese Experimental Facilities 
For Nuclear Data — Neutron beams

Nuclear Reactions
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Nuclear Reactions2. Platform of Chinese Theoretical Model for nuclear reaction
For Nuclear Data — Neutron and Photon beams

1. UNF: UNiFed function

2. MEND: Medium Energy Nuclear Data

Chinese Nuclear Reaction Codes：

➢ Incident: Neutron, proton, photon

➢ Target: light, medium heavy, actinides

➢ Energy: ~ 20MeV

➢ Incident: neutron, proton, deuteron, 

triton, alpha, photon

➢ Target: medium heavy, actinides

➢ Energy: ~ 200MeV

J.S. Zhang, Nucl. Sci. Eng. 142, 207, 2002

J.S. Zhang, Nucl. Sci. Eng. 114, 55, 1993

C.H. Cai, Nucl. Sci. Eng. 153, 93, 2006

C.H. Cai, Chin. J. Comp. Phys. 20, 279, 2003
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2.1 Nuclear optical potentials: bridge the nuclear structure and nuclear reactions

Nuclear ReactionsIn memory of Eric Bauge for JLMB models Phys. Rev. C 58, 1118 ,1998

DBHF approach in nuclear matter with Bonn A

16O

208Pb

12C

28Si
40Ca

Double folding approach for alpha potential

Nucleon-nucleus scattering

Nucleon distributions base on D1S

Local density approximation

Low density expansion

1. R. Xu*, Z.Y. Ma，et al., Phys. Rev. C，2012; 
2. R. Xu*, Z.Y. Ma，et al., Phys. Rev. C，2016;
3. R. Xu*, Z.Y. Ma，et al., EPJ Woc, 2017；
4. Z. Zhang, R. Xu*, et al., Nucl. Phys. A, 2019;
5. X.D. Sun, R. Xu*, et al., Phys. Rev. C，2020; 

CTOM potential

12



Nuclear Reactions
2.2 Improving nuclear data library of light nucleus
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Nuclear Reactions

Applying Statistical Theory of Light Nucleus reactions to 

predict complete nuclear reaction data, key 

considerations:

• Must include special but not negligible channels, for 

example 6Li(n, ddt) with tens of mb cross section 

• The number of open levels increase significantly 

when induced neutron energy as large as 30 MeV

• Providing both cross-sections and energy-angular 

double differential spectra data

• Understanding reaction mechanism of pre-equilibrium 

emission and complex particle formation process

• Neutron induced nuclear reaction dataset for light

nucleus are incomplete, only including 3,4He, 6,7Li,
9Be, 10,11B, 12C, 14N, 16O, 19F in CENDL-3.2.

• Key steps and technologies:

• Theoretical models beyond R matrix

• Consistent evaluation both experimental and

theoretical results for the fast neutron energy

• Nuclear data processing research

2.2 Improving nuclear data library of light nucleus

1. Dynamics of 

Compound nuclei

2. Kinematics of 

emission

14



Nuclear Reactions
Open channels

Mass、half life、level width、binding energy… Sequential decay Simultaneous decay

• Good coincidence to exp. Data 
of Ohio Unv. for elastic and 
inelastic peaks at three incident 
energies.

• The second underestimated to 
the yellows 15
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Γ

∆E ∆E

How to get the integral interval ∆E:

1. For those peaks that are sufficiently 

high, ∆E= (E𝑟 +
Γ

2
, E𝑟 −

Γ

2
), where 

E𝑟 is the resonance energy and Γ is 

the FWHM of each peak.

2. For smaller peaks, where the 

minimum cross-section is greater 

than half of the maximum value, 

take the area between two minima 

points as ∆E.

E𝑟

The resonance integral is defined as

𝑅𝐼 = 𝐸∆
𝜎𝑇𝑂𝑇 𝐸

𝐸
𝑑(𝐸) (b) 

The relative error is calculated as

𝑠 =
𝑅𝐼𝑜𝑡ℎ𝑒𝑟 𝐸𝑣𝑎𝑙.−𝑅𝐼𝐸𝑁𝐷𝐹/𝐵−𝑉𝐼𝐼𝐼

𝑅𝐼𝐸𝑁𝐷𝐹/𝐵−𝑉𝐼𝐼𝐼
∗ 100(%)

In the resolved resonance region of 238U in ENDF/B-VIII, there are 926 

resolved resonances for a given neutron orbital angular momentum. More 

than 3k resonance energies in (2,151). According to the total cross-section 

data from IAEA ENDF database, 1650 peaks are found automatically in this 

region. Some of them are “false peaks” due to calculation, which has been 

removed from the comparisons.

Nuclear Reactions3.1. Resolved Resonance Energy Region – ResIntegralPeak.py

How to quickly evaluate and identify the resonance peak of different libs ?

17
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For JENDL-5 and JEFF-3.3, the relative error of resonance integral in each peak is small, and the resonance peak 

positions have no significant deviations. However, as energy increases, the deviation between JENDL-5  and ENDF/B-

VIII gradually increases, peaked at around 1%. 18
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BROND-3.1 and CENDL-3.2 exhibit significant deviations from ENDF/B-VIII below 1.2 keV. These deviations come 

from both peak values and peak positions. For CENDL-3.2, the deviations near 10 keV and in 19~20 keV are primarily 

due to peak values, where the peak positions are almost the same. 19



Nuclear Reactions

• Coupled Phase Shift Deep Neural Network(CPSDNN) Approach for Studying Resonance Cross Sections of 235U(n,f) Reaction 

The neural network structure diagram of CPSDNN. Each

Fm(x) (m = 0, 1, ..., M) represents a neural network. The T(x) 

represents the training process of neural network.

The comparison of the raw cross sections, the predicted results 

of DNNs and CPSDNN for 235U(n,f) reaction. 

The black points are the evaluated data derived from ENDF/B-

VIII.0. The green and the blue lines are the predicted results of 

DNNs with the tanh and relu activation functions, respectively.

 The red line is the predicted results of CPSDNN.

K. Xu, X.J. Sun*, R.R. Xu*, et al. Phys. Lett. B 855 (2024) 138825

3.2. Resonance Energy Region - AI

235U(n,f)

CPSDNN to deal with high-frequency oscillating data 

20



Nuclear Reactions3.3. Real application of Unified Monte Carlo (UMC-B) for n+48Ti
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ye, ve : measured quantities with “n” elements

σC, vC : calculated using nuclear models with “m” elements

UMC-B：

 








−••−−= )()(
2

1
exp

1-T

EkEEkk yyVyy

















= 

== Kk

k

Kk

Cikki

,1,1

/ 

ji

Kk

k

Kk

CjkCikkijV  −















= 

== ,1,1

)(

For each random set {σi} we calculate
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rich experimental data:

This work was in collaboration with R. Capote(IAEA), 

Chinese Physics C Vol. 48, No. 7 (2024) 074101; doi: 10.1088/1674-1137/ad432c

total cross section:

≈1.2%

2%-3%

Simultaneously 

possessing the rationality 

of mathematics and 

nuclear reaction physics

21
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Nuclear ReactionsNDPlot by Prof. Jin Yongli is an efficient nuclear data evaluation tool, not 

only for plotting, but also Integrated application software.

Powerful Batch Plotting

Quick Choice Menu

Ratios of cross sections

Fission yield, covariance… …

Ratio plotting

23



Nuclear Reactions

•Python language

•Tkinter package

•Exfor X4 file was downloaded 

from IAEA website, X4 CD, etc.

•Keywords: Entry, Year, Author, 

Institute, Reference, Facility, Source, 

Method, Detector, Monitor, Energy, 

Points

•Output: Text, Excel.

X4table: A software for extracting key information from original EXFOR documents

By Tao Xi et al.

24
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Nuclear Reactions
Photonuclear data library

Supported by IAEA CRP contract No. 20466 26



Nuclear ReactionsProcess 1: ACE-file generation

Process 2: ACE-file verification

Benchmarking 3: ACE-file V&V

Ping Liu, et al., Ann. Nucl. Ene. 2024

27



Thank you for your attention!

Perspective
New Evaluation Project and Data in CENDL-4.0

Motivation：Precision, Total number, Types the coming 2025

Many thanks to the collaborators and CENDL project:

All the great contributions from CNDC and CNDCN(China Nuclear Data Coordination Network)

IAEA: Roberto, Arjan, Vivian, Otsuka et al. from IAEA, and CRP 20466

Herbert Muether (Tue. Uni.) … …
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