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m From fundamental particles to applications
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Introduction

l. General Information of CNDC
1.1 About CNDC

Nuclear data study started in 60’s last century by measurements with the first reactor and cyclotron in CIAE, China Nuclear Data Center
(CNDC) was established in 1975 and joined the nuclear data activities of IAEA as the national nuclear data center of China since 1984. As a
window, CNDC has been open to the world since 1978. and CNDC has established a good cooperative relationship with the IAEA,
OECD/NEA, and major nuclear data centers and institutions in the world.

The main task of CNDC:

The management of domestic nuclear data activities.

The nuclear data evaluations, libraries and relevant methodology studies.

Nuclear data measurements and methodology studies

The exchange of nuclear data activities with IAEA, foreign nuclear data centers and agencies.
The services for domestic and foreign nuclear data application users.

1.2 Mainly tasks of CNDC in 2023/2024:

e e L W R

v" New Five Years Plan (2021-2025) for nuclear data (CENDL Project).

v Data evaluation for next CENDL version and sub-libraries

v" Methodological studies of nuclear data evaluation(incl. theoretical and experimental for fission process...).
v" Nuclear data measurements and related methodological studies.(Mr.Ruan)

v" The compilations for EXFOR.

v

Nuclear data services. The 1% reactor and cyclotron in China
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The New Evaluation Project & Data in CENDL-4.0 Nuclear Reactions

Nuclear CENDL-4.0-v1 i A=410,7=86
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~ neutron data of 30 nuclel are being improved based on the new experimental data
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Nuclear Reactions

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

* PFRYBENEN=2E:
PFR. RMBSLRSE

Desired Reaction .
:
@S- 09
B
an,
Surrogate Reaction °.~
d +b - ‘
~@- 09
D p
@
",

Wk - fig it SRAE
hEETFRERHET BT, RETEYEF AP, RN T 10 n/em¥s
of (5 )5 e AL BT, HI-13 55 hid 8 4~42 MeV 106-10° n/sr's

o [H EFRERFFEFFABE, 2x1.7 MV /i3 0.03~6, 14~20 MeV 10%-10° n/sr/s

o E R FREFETI B, M A%. FETEMET RS, SEGSnS 2.5, 14 MeV 10%, 10" wisr/s

JEHEKE, 4.5 MV i g 3% 0.03~7 MeV 107-10% n/sr/s

PR, 2x3 MV Hi 51 g 28 0.03~9, 15~22MeV 10%-10° n/sr/s

SR EHBE iR T BEWE S FT, TMSR-PNS e FkeV 10* n/em?’s

R S EY R ST, CSNS Back-n P F~300 MeV 10" n/em”’s

53 mERFER RPN
MDiiZeEE China Institute of Atomic Energy s = ;‘-
ENNC o E dE S #E 9P D

Nuclear Reactions
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2. Platform of Chinese Theoretical Model for nuclear reaction Nuclear Reactions

For Nuclear Data — Neutron and Photon beams

Theoretical calculation platform for high-precision full set of neutron nuclear reaction data Chiﬂese NUCIG&F Reaction COdes )
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In memory of Eric Bauge for JLMB models Phys. Rev. C 58, 1118 ,1998 Nuclear Reactions

2.1 Nuclear optical potentials: bridge the nuclear structure and nuclear reactions

DBHF approach in nuclear matter with Bonn A Double foldlng approach for alpha potential
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Nuclear Reactions

2.2 Improving nuclear data library of light nucleus

The n+d systems are calculated by solving the following Faddeev-AGS equation: The elastic scattering amplitude:
U= Pv1 + P17161U, res s z:;:lurlzru.:)
where U, P, v, and G, are the transition operator, the permutation operator, the Aa” (@0) ™ 30—
channel 1pteract10n, and the channel resolv.ent, r.espectlvely. The Faddeev equation is The breakup amplitude:
solved with the wave-packet method described in O.4. Rubtsova et al., Ann. Phys. 360, e V3q
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2.2 Improving nuclear data library of light nucleus

» Neutron induced nuclear reaction dataset for light
nucleus are incomplete, only including 34He, 67Li,
‘Be, 10118, 12C, 14N, 16O, °F 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
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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 °Li(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

sencond particle emission
esidual nuclei

1. Dynamics of
_ED / Compound nuclei
. 2. Kinematics of
\ § emission
oA W Bt )| | W (B
T (1) = D200 (B D P/ () = e o Q3 () =)

e S

Absosh X8 | pre-equilibrium emission | | equilibrium emission |
sor
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Open channels

n+% oot =

Mass. half life, level width,

Carbon-12
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k=1
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binding energy...

Carbon-14
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inelastic peaks at three incident
energies.
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Nuclear Reactions
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3.1. Resolved Resonance Energy Region — ReslntegralPeak.py E

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

EHDF Request 18006, 2024-Jul-10,03:02:33

20

How to get the integral interval AE:
1. For those peaks that are sufficiently

high, AE= (E, + -, E, — ), where
E, is the resonance energy and I' is
the FWHM of each peak.

2. For smaller peaks, where the

minimum cross-section is greater
than half of the maximum value,

102 - 102

50

20 120

Cross Section (harns)

take the area between two minima o 110
points as AE. [
The resonance integral is defined as AE AE - 20
RI = fAEGTOTT(E)d(E) (b) In the resolved resonance region of 238U in ENDF/B-VIII, there are 926
resolved resonances for a given neutron orbital angular momentum. More
The relative error is calculated as than 3k resonance energies in (2,151). According to the total cross-section
— Xlother Eval ZRIENDF/B-VIIL , 1)) (g | data from IAEA ENDF database, 1650 peaks are found automatically in this
RIgnDF/B-vIII region. Some of them are “false peaks” due to calculation, which has been
C!‘“% . removed from the comparisons. 17




The relative error of resonance integral at The relative error of resonance integral at

each peak between JENDL-5 and ENDF/B- each peak between JEFF-3.3 and ENDF/B-
VI VI
0.15 .
0.1
S x
5 '@ 0.05
5 5
L] m g
D (¢D)
2 >
= = -0.05
o o
-0.1 o o
2 -0.15
0 5 10 15 20 0 5 10 15 20
Resonance Energy E/keV Resonance Energy E/keV

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%. 1




The relative error of resonance integral at The relative error of resonance integral at

each peak between BROND-3.1 and each peak between CENDL-3.2 and
ENDF/B-VIII ENDF/B-VIII
15 15
10 & 10 °
S 2 ¢
2 2@ .
S 2 ° fa
0 o= :
(¢D) b °
= g 0
C C
reT) © ® ° ?.
nd nd :.'.
5 e *
% ..
-10 -10
0 5 10 15 20 0 5 10 15 20
Resonance Energy E/keV Resonance Energy E/keV

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. 1




3.2. Resonance Energy Region - Al

Nuclear Reactions

« Coupled Phase Shift Deep Neural Network(CPSDNN) Approach for Studying Resonance Cross Sections of 3°U(n,f) Reaction

CPSDNN to deal with high-frequency oscillating data

training data

{zi,r(z4) }

Fg(:E)

S

T(z) ~ Z e F, (z)

The neural network structure diagram of CPSDNN. Each
F.0) (m=20,1, .., M)represents a neural network. The T(x)
represents the training process of neural network.

\0
J

mu ™

nlll m

0
|

H
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Cross Section (b)

104 1 IIIIIIII 1 IIIIIII 1 IIIIIIII || IIIIIII 1 IIIIIII | IIIIIIII 1 IIIIIIII 1 IIIIIII |
\ ENDF/B-VIIL0
10° ¢ 235U(n,f) —— CPSDNN
— — = DNN-tanh
102 —-=:=DNN-relu
10!

100 ST 2
10—1 | IIIIIIII | | IIIIIII 1 IIIIIIII 1 | IIIIIII | | IIIIIII | IIIIIIII 1 IIIIIIII | | IIIIIII 1 IIIIIu] |
107 107 10 107 10* 107 107 107! 10° 10"

E (MeV)

The comparison of the raw cross sections, the predicted results
of DNNs and CPSDNN for 23>U(n,f) reaction.

The black points are the evaluated data derived from ENDF/B-
VII1.0. 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) 135815



3. 3 Real application of Unified Monte Carlo (UMC-B) for n+4

total cross section:

4.0

IO(G) =CA(Ye.V

= J.SO'j plo)do

1), = (o:0;) = {o:){0) \

Ky g Vilo) ™~ exp{——[(y yp) eV, e(y - yE)]}

E‘O-) po(o"O'C,V

~

po(o-|ac’ ) exp{— %[(G — o) e Vc_l o (o - O-C)]}

| Yer Ve : measured quantities with “n” elements
o V¢ : calculated using nuclear models with “m” elements

UMC-B:

For each random set {c;} we calculate

W, = eXp{_%[(yk - yE)T .VE_l (Y — yE)]}

Za)ko-cm / Za)k

k=1,K k=1,K
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This work was in collaboration with R. Capote(IAEA),
Chinese Physics C Vol. 48, No. 7 (2024) 074101; doi: 10.1088/1674-1137/ad432c 21
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NDPlot by Prof. Jin Yongli is an efficient nuclear data evaluation tool, not Nuclear Reactions

only for plotting, but also Integrated application software.

Powerful Batch Plotting [ Kool icotice Savvar j § GUI-Client ) Establishing welot
Quick Choice Menu . - T 4 e
Ratios of cross sections N i i ) E"_] Betshass
Fission yield, covariance... ... “[—'jbs;-e“ b .
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NDPlot Data processing system
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Nuclear Reactions

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

# GETTABLEO.8 == ==
e w Python language
XATTHEEE [E:/2023/word/xdtable/get/n_13-41-27_p. txt
ENTRY YEAR  AUTHOR  INSTITUTE REFERENCE FACILITY SOURCE METHOD DETECTOR MONITOR ENERGY POINTS |+ Tk'
10088 1970 LHusain 1USAARK J,PR/C,1,1233,1970 ccw - DT ACTIV GELI 26-FE-56(N,P)25-MN-56,5IG[13 14.8 1 ¢ Inter paCkage
10185 1971 GNSalata  1USASMU JNP/A170,1931971 VDG  D-T ACTIV GELI - 148 1
10238 1975 D.LSmith 1USAANL J,NSE58314197511  DYNAM P-LI7P-LI ACTIV GELLNAICR 92-U-235(N,F), SIG|92-U-238(N, 2.805~9.95 82 .
10417 1967 JAGrundl 1USALAS JNSE30,39196710 VDG - ACTIV PROPC 13-AL-27(N,P)12-MG-27,51G(92 2.44~14.1 12 3 .EXfor X4 flle WaS downloaded
10431 1971 ABari 1USAARK T,BARL1971 ccw DT ACTIV GELI - - 0
10776 1976 RASigg 1USAARK  T,SIGG,1976 ccw DT ACTIV GELI 13-AL-27(NA)LL-NA-24.81G 146 1 .
11196 1962 JKantele 1USAARK  J,NP,35,353,62 ccw DT ACTIV - 29-CU-63(N,2N)29-CU-62, SIG[z 13.4~14.7 4 from | AE A WebSIte P X4 CD, etC.
11274 1953 EB.Paul 1CANCRC J,CJP,31,267,1953 - D-T ACTIV - - 145 1
11453 1959 O.MHudsonJr 1USATNC JBAP497(G2)5903 - - ACTIV - 13-AL-27(N,P)12-MG-27,5IG[13 13.03~17.06 32
11474 1952 S.GForbes  1USALAS JPR88,1309,1952 ACCEL DT ACTIV PROPC - 141 1 .K d * E t y Y A th
11484 1959 APoularikas  1USAARK 1PR,115989,50 ccw DT ACTIV - 29-CU-63(N,2N)29-CU-62,5IG  14.8 1 eywor S' n r ! ear’ u Or’
11492 1962 FLHassler 1USABRN J,PR,125,1011,62 ccw DT - TELES 1-H-1(NEL)1-H-1,DA 144 1 . .
11494 1962 F.Gabbard 1USAKTY  1,PR,128,1276,1962 VDG DT ACTIV NAICR 13-AL-27(NP)12-MG-27,51G  124~17.7 14 | tt t R f F |ty S
11512 1967 JMFerguson  1USANRD J,NP/A98,656705 - - ACTIV NAICR 13-AL-27(N,P)12-MG-27,51G, A 12.35~13.89 0 nS I u e, e erence, aCI I / OU rce,
11515 1968 N.Ranakumar 1USAGIT JNP/A122679,1968 - - ACTIV GELI 26-FE-56(N,P)25-MN-56,51G 144 1
11524 1954 RLHenkel 1USALAS W HENKEL 54 - - - - - 2.63~5.18 38 H E
12730 1982 RCHarper  1USAAUB 1 JP/G,8153,8201 DYNAM  D-T ACTIV,ASSOP GELI - 142 1 MethOdl DeteCtor} Monltor} nerg%
12012 1981 PMWelch 1USAOHO J,BAP,26,708(G3), 198105 VDGT ~ D-T ACTIV GELI - 20.~23, 2
12069 1987 JWMeadows 1USAANL JANE14,429,1987 ccw DT ACTIV GELLFISCH 92-U-235(N,F), SIG|92-U-238(N, 14.74 1 :
20280 1957 S.Nasumi 2PNKON  1,JPJ,12,443 5705 ccw DT ACTIV PROPC - 141 1 POIﬂtS
20320 1961 M.Sazkisaka  2JPNKON 1JP),16,1869,6110 ccw - DT ACTIV - - 141 1
20799 1973 JCRobertson 2UKNPL JJNE27531,197308 VDG DT ACTIV,COINC COIN,PROPC,NAICR 26-FE-56(N,P)25-MN-56,51G  14.78 1 ;
20822 1972 J.CRobertson 2UKNPL  JINE,26,(1)1,1972 VDG DD TOFACTIV soLsT - 43~527 18 .Output, Text, Excel.
20842 1978 PAndersson  2SWDLND RLUNF-D6-30217811 VDG  D-T ACTIV GELLLONGC 1-H-1(NEL)1-H-1,51G 149 1
20867 1978 TB.Ryves 2UKNPL  1JP/G4(11)178378 VDG D-T ACTIV COIN,PROPC NAICR SOLS™ 26-FE-56(N,P)25-MN-56,51G  14.65~19, 6 <

By Tao Xi et al.
24
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Cross Secton (b)

fgieigic

Cross Section(b)

Cross Secton(b)

Photonuclear data library Nuclear Reactions

All of the photonuclear data are mainly evaluated based on the theoretical calculations with the Chinese photonuclear reaction codes
GLUNTF for the light 6 nuclei and MEND-G for the medium-heavy 264 nuclei with the standard ENDF-6 format.

The incident photon energies for the medium-heavy nuclei are up to 200MeVand the n, p, d, t, He-3, a are considered to totally 18th
particle emission reactions in the MEND-G code. Moreover, the new measurements.

To ensure the availability and reliability of the PD file, nuclear data processing code system NJOY2016 and MCNP6 are used to verify
and validate the PD library. The testing results show that the data structure of each nuclide is complete, the data content is reasonable, and
can be applied to the simulation of Monte Carlo transport.
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The comparisons the photonuclear data of CENDL-PD, JENDL/PD-2016, TENDL-2017, IAEA/PD-2019 and the experimental data for 27Al and 6'Ni.

L T e _/:;:.2 Supported by IAEA CRP contract No. 20466 ¢



Process 1. ACE-file generatiOﬂ Ping Liu, et al., Ann. Nucl. Ene. 2024 NUCIGar ReaCtiOnS
Process 2: ACE-file verification _
Benchmarking 3: ACE-file V&V MG simutation

| - | — Vav
o=

PHOTONUCLEAR CU-63 FROM CENDL/PD . PHOTONUCLEAR.CU-63 FROM CENDL/PD
Principal cross sections . Particle production cross sections
1 L I L L 1 L ! L L L L L L L L L L

Simple problem:
20 MeV electrons on a

cylindrical target, tallies
neutron flux

——FPb

§ 107 :
m ——¢Cu
1074 1

=
S,

— . 0

-
-]
i

1074

Neutron Flux dN/dE (n.MeV"'.cm’* Electron™)
o
g g g (=]
®
.
gutron Flux dN/dE (n. MeV'.cm™ Electron 1)
N
o
&
.

Cross s:eclion (barns).
Cross section (bams):
8
i

0 2 4 6 8 10 : 0 1 2.3 4 5.6 7 & .6 10 11 12
Energy (MeV) : Energy (MeV)

T T T T T T - B T T T T T T
o 20 40 60 80 100 120 140- 160 180 200 0 20 40- 60 80 100 120 140 160 180 - 200

Energy (MeV) Energy (MeV) ACE files of CENDL/PD-b can perform the Monte Carlo simulation and give reasonable results.

266 materials from CENDL/PD-b can be generéted the ACE files.

Benchmark

(Barber and George - 4 M-C simulation

Simple problem Simple problem: €
experiment)

M-C simulation 20 MeV electrons on a
cylindrical target, tallies

ACE file [—————=———""% vav R — W-C. BARBER and W. D. GEORGE, "Neutron. Tallies the neutron yields per incident electron

Yields from Targets Bombarded b . - .
g v for a variety of primary electron energies, target

Electrons,” Phys. Rev., 116, 1551 (1959).
http://dx.doi.org/10.1103/ Phys Rev.116.1551.

materials, and thicknesses.

% 0] ‘ ‘ ' ' ] % 10°]
G ——Cu 5 ——Pb
% 1077_(\%_‘_\_‘- 1 ~2 104
2 2 0] Testing material: C. Al. Cu. Ta. Pb
=
g 0] E 107+
2 . B % 1074 _
310 ER Conclusion:
£ H 10_ 3 1. The results of C, Cu, Ta from CENDL/PD-b are in good:agreement with'the
=107 5 7 8 i 10 210 76 R S N {2 experimental values, all within the uncertainty of the expenmental data.
Energy (MeV) Energy (MeV) 2. the results of Al and Pb for all photonuclear libraries are lower than expenmental
values, and preliminary analysis for the reason of underestimation was performed.
ACE files of CENDL/PD-b can perform the Monte Carlo simulation and give reasonable results 3. More experimental validation for photonuclear libraries is still needed.
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New Evaluation Project and Data in CENDL-4.0

Motivation: Precision, Total number, Types

___ Perspective

the coming 2025

D Reaction. JENDL-5. ENDF/B-VIIL.O.| JEFF-3.3.| CENDL-3.2.| CENDL-4.0.| BROND-3.1.| TENDL.|
2021- 2013- 2017- 2020- 2025. 2016- 2021-
1- Photo-Nuclear Data (G)- 2684. 163~ 0- 0- 266.- 0- 2804 |
2a Photo-Atomic Interaction Data (PHOTO)- 100- 100- 0- 0- 0. 0. 0-
: : 2354.

3. Radioactive Decay Data (DECAY)- 4071- 3821- 3852- 0 (A=66~172)- 0- 0-

4. Spontaneous Fission Product Yields (S/FPY)- 10- 9. 3. 0. 9. 0- 0.

5. Atomic Relaxation Data (ARD)- 100.- 100- 0- 0- 0. 0. 0-

G- Incident-Neutron Data (IN)- 795. 557« 562 272a 410- 372- 2813. |

7+ | Neutron-Induced Fission Product Yields (N/FPY)- 31- 31- 19- 0. 31- 0- 0.

8- Thermal Neutron Scattering Data (TSL)- 62. 34. 20.- 0. 0. 0. 0.

Q. Electro-Atomic Interaction Data (E)- 100- 100- 0. 0. 0. 0. 0. 4
10 Incident-Proton Data (P)- 239. 49, 0. 0. T8 0. 2812 |
11- Incident-Deuteron Data (ID)- 9. 54 0- 0- 0. 0. 2903 |
12 Incident-Triton Data (T)- 0. S5a 0. 0. 0. 0. 2810- |
13- Incident-He3 Data (He3)- 0. 3. 0. 0. 0. 0. 2809. |
14. Incident-Alpha Data (He4)- 18- 1- 0- 0- 0. 0. 2808. |
15- Activation Data- Special purposed lib- - - 0. 818- ) -

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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Thank you for your attention!
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