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Introduction

Fus ion energy fo l lows the 
principle of nuclear fusion, 
where light atomic nuclei (e.g., 
deuterium and tritium) merge 
under extreme heat/pressure 
to form heavier nuclei (helium).

N e u t r o n ,  a n d  e l e c t r o n s 
emission as well as vast energy 
releasing via mass-to-energy 
c o n v e r s i o n  ( E = m c ² ) ,  w i l l 
provide huge energy source.

Average energy released per nucleon in fusion 3.6MeV
Average energy released per nucleon in fission  0.85MeV

Ultra-high Temperature 
Plasma Environment

Alternative to fossil fuels, 
offering zero-carbon 
operation and virtually 
inexhaustible fuel supplies. 

Earth’s oceans harbor 45 trillion 
tons of deuterium, enough to 
sustain global energy demand for 
tens of billions of years

Fusion energy
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General Information of CNDC

Mainly tasks of CNDC in 2025：



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,19

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

6,7Li,9Be,10,11B,12

C,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
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~ neutron data of 30 nuclei are being improved based on the new experimental data
light elements: 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

Introduction
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1. UNF: i ed  function

2. MEND: edium  nergy  uclear  ata

Ø Incident: Neutron, proton, photon
Ø Target: light, medium heavy, actinides
Ø Energy: ~ 20MeV

Ø Incident: neutron, proton, deuteron, 
triton, alpha, photon

Ø Target: medium heavy, actinides
Ø 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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Nuclear Force

• Based on the knowledge of nuclear force and the partial 
wave analysis of phase shift, the nucleon-nucleon 
scattering data is well understood.

• The neutron-proton scattering cross section and its 
angular distribution are theoretically calculated using 
the CD-Bonn interaction for CENDL-3.2.

• The calculation is in good agreement with ENDF values, 
with a deviation of about 0.1% for low-energy and a 
deviation less than 0.6% when the energy increases.

1. Neutron-proton scattering evaluation

SBE
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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 Improving nuclear data library of light nucleus

1. Dynamics of 
Compound nuclei

2. Kinematics of 
emission
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3. n+13C nuclear reaction data

• The cross section and its angular distribution are obtained 
simultaneously with neutron energy lower than 20 MeV

• The differential cross section well agree with measurements14MeV neutron induced reaction

 pre-equilibrium emission  equilibrium emission
Absorb XS
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Effects of energy levels on the double-differential cross sections for n+13C reaction below 20 MeV 

Eur. Phys. J. A 61, 86 (2025)

• Based on the unified Hauser Feshbach and exciton model 
STLN theory, the calculated results are in reasonable 
agreement with experimental measurements.

• Considering the three body breakup process is crucial for 
inelastic scattering data and can compensate for the 
shortcomings of the DWUCK.

• Theoretical self-consistency describes the emission cross 
sections of neutron and charged particles such as protons, 
deuterons, tritium nuclei, and alpha particles, which can be 
used to analyze the generation of gases in fusion devices.

3. n+13C nuclear reaction data
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4. n+ 23Na and 27Al

Nuclear Reactions



5. n+ Fe nuclear reaction data

54, 56-58Fe have been re-calcuated and evaluated in CNDC. 

The evaluation is updated via the prompt gamma measurements.
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Other improvements by Haicheng are also performed via considering the Benchmark testing experiments(not included here)



6. n+ Cr nuclear reaction data

Wenye Wang, et.al., Nuclear Sci. and Eng., 2024.02.
16



6. n+ Cr nuclear reaction data

Benchmark testing results for Cr-52
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6. n+ Cr nuclear reaction data
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6. n+ Cr nuclear reaction data
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6. n+ Cr nuclear reaction data
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6. n+ Cr nuclear reaction data
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7. n+ 238U

22Zhang Yue, Xu Ruirui, Tian Yuan, et.al., Nuclear Engineering and Technology, 2024.08.

• Based on experimental data analysis, Nu-bar, (n,tot), (n,γ), (n,f), (n,2n) and (n,3n) cross sections evaluated.
• Experimental data evaluation based on factors such as experimental methods, experimental objectives, 

neutron monochromaticity, detector resolution capability, sample quantification, monitor cross-section selection, 
data correction, and uncertainty analysis.

(n, tot), CS

(n, 2n), CS

(n, 3n), CS

DL, NU
NU

PR, NU



7. n+ 238U

23

• New theoretical calculations based on Hauser-Feshbach and pre-equilibrium carried out.
• ENDF-6 file obtained with resonance parameters and prompt fission neutron spectrum taken from ENDF/B-VIII.0.
• Guided by integral benchmark, (n,inl), (n,γ) and (n,f) cross sections underwent multiple adjustments. 
• The final benchmark results indicates a significant improvement in the final data quality.
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Experimental  data selection, correction, 
normalization

Evaluation and processing 
for exp. Data with individual  COV. (SPCC, 

CURVEFIT…)

COV  evaluation  of  Exp. uncertainty  and  
correlation (ASEU, ENDFCOV)

Experimental data collection
EXFOR, NSR, Searching engine…

Plenty of 
exp. data

Scarce of 
exp. data

Model parameters determination for structure 
or fission nuclei

(UNF, FUNF, DWUCK, ECIS)

Sensitivity calculation for  reactions (SEMAW)

Covariance of model parameters
 (COVAC, Least Square methodology)

Covariance of reactions C.S.
 (COVAC, linear error propagation)

CENDL

RLUER
Processing & 
S/U analysis

Optical model
Direct reaction

Compound nucl. 
~ 40 parameters

Correlations among single (or multiple) set(s) of experimental data are vital elements 
to get an ‘honest’ covariance. 

Non-model
dependent
evaluation 

1. Application of Bayes determinstic to broad mass range



Descriptions to the current COV scheme 
at CNDC：

① Tech. for non-model & model 
dependent

② Energies for structure & smooth 
regions

③ COV data types for NI & NC

④ Tech. deal with single & multiple 
measurements

⑤ Tech. for parameter sensitivity selection

⑥ COV matrix positive definition 
treatment

1. Application of LS to broad mass range



1. Application of LS to broad mass range

55Mn ~ 160Gd



Nuclear Reactions2. 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：
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For each random set {σi} we calculate
48Ti(n,d)

lack of experimental data:

48Ti(n,p)

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
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Nuclear  data ,  which encompasses  exper imenta l 
measurements, theoretical models, evaluation, processing, 
val idat ion,  as  well  as  database management and 
dissemination, necessitates highly specialized expertise.

What problems can be addressed 
with the assistance of machine 

learning?

NEUTRON
REACTION

DATA



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

235U(n,f)
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T2(x)

T3(x)

…

TM(x)

eiw1x

eiw2x

eiw3x

…

eiwMx



learning curve
The proportion of data exhibiting a prediction deviation of less than 
10% surpasses 85%, enabling the successful calculation of covariance 
for cross-sectional data predictions across various energy levels.

Systematic study of (n,2n) cross section adopting ANN 
and DT

Machine learning techniques uncover systematic patterns within nuclear 
reaction cross sections.

Comparison of ML results, evaluation and experimental data

China nuclear industry college

EPJ Conferences, 294, 04008 (2024)
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Motivation：Precision, Total number, Types 

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


