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l. General Information of CNDC
CNDC

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.

The main tasks of CNDC:

« The nuclear data evaluations, libraries and relevant technique researches.

« The exchange of nuclear data activities with IAEA, foreign nuclear data centers and agencies.
«  The management of domestic nuclear data activities.

« The services for domestic and foreign nuclear data users.

I\/Ialnly activities of CNDC in 2018/2019.

New evaluations and re-evaluations for neutron data file for CENDL-3.2.
« Nuclear structure and decay data evaluations.
« Update photonuclear data modeling and evaluations.
« Methodological studies of nuclear data evaluation.
« The compilations for EXFOR.
« The regular update and maintenance of IAEA/NDS mirror-site in China.
« Nuclear data services is providing to all the nuclear data users.
« ND2019.
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Staff and Organization of CNDC
chEZEGEF(EZ CNDC Organization
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Dr.Ge Zhigang Dr. Qian Jing Dr.Wu Haicheng
+FH 48 Evaluation Unit
mx: F)EHE Head: Dr. Huang Xiaolong
O 284 HE N % E A0 T4 O Exp. data evaluations
O SBEEFNFEAR O Methodological studies of exp. data eval.

O #2355 BHKEE (EXFOR) O EXFOR compilation

¥ #48 Theory Unit
R i Head: Dr. Xu Ruirui
O BRIE RN 2 R R O Nucl. data model study
O +F/% eriFHREEZFAH. O Development of nucl. data code.
O BRFARA T A4S O Nul. data calculation compilation
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£ W48 Macroscopic Data Unit

‘ ‘ wk: X FHL Head: Dr. Liu Ping
O 20 B AE BB T e THAE O Nucl. data processing
| O EHRELERE, O Nucl. data benchmarking/validation

O 2% X4 fe ZNAR F 2R, O Methodological of bechmarking/ processing

% 3% & 4 Data Library Unit
MK AFe L Head: Dr. Shu Nengchuan
O B FER/ R GES, O Data library setup/management
O 23534 Fd BipnBRIEE. O Evaluation system of nucl. data setup

O AL AL/ A PRS- O Nucl. data service/user assistance
Evaluation Unit Head: Dr. Huang Xiaolong 3 official staff
Theory Unit Head: Dr. Xu Ruirui 6 official staff
Macroscopic Data Unit Head: Dr. Liu Ping 5 official staff
Data Library Unit Head: Dr. Shu Nengchuan 4 official staff
Sectetary Office 1 official staff

v' 19 official staff + 6 students(Master 2, Ph.D 4). Two will join us this fall.

v' Planning to increase the official staff up to 25 in recently years.
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Il. CENDL Project and CENDL library

Based on the measurements and evaluations collaborated with
China Nuclear Data Coordination Network, the main output of
CENDL project is the CENDL library.

Chinese Evaluated Nuclear Data Library (CENDL project)
CENDL-1, 1985version 36

CENDL-2, 1992version 68

CENDL-3, 2000version 214

CENDL-3.1 2009 version 245

CENDL-3.2 2019 version 270

Nuclear Structure and Decay Data Library (NSDD)
Fission Product Yield Data Library (FPYD)
Charged-Particle Nuclear Data Library (CPND)
Neutron Activation Dosimetry Data Library

Other Data Library

A new revision of Chinese Evaluated Nuclear Data Library, CENDL3.2 has
been started under the joint CENDL library and CENDL Project efforts of
CENDL working group since 2010, which will be released this year.
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Il. CENDL library

Nucl. Content of Nuclei in CENDL-3.2 (270)
nght 0-n-1 1-3H 3,4He 6,7Li 9Be 10,1lB 12C 14N 160 19F
Elements 2 ) ? J 2 b 2 b ?
23Na’ 24—26Mg, 27A1, 28—3081’ 31P’ 32,33,34,368, OCI’ OK, 40Ca, 46—50Ti’ OV,
50’52'54CI', 55Mn, 54,56—581.‘.‘6, 59CO, 58,60—62,64Ni,
StrUCtl-Jral O,63,65Cu OZII 64,66—682n OGe 90—92,94,96Zr 92,94—98,100MO
Materials ’ ’ ’ y ' 4

0,107,109A0 0Cd, OSn, 174.176-180]f 181Tg 180,182,183,184,186\ 197Ay OHg,
4 _ .
OT], 204,206-208ph,  2093j

69771Ga, 70'78G€, 75’77’79AS, 74’76'8136, 83,84,85,86,87Kr, 85’87Rb, 88—9081-’
89,91 93,95 93,95 99 99-105 103,105
o DY, 93,957 ,93:95Nb, P°Tc, Ru, 193:105Rh,
Fission 105,108Pd, 113Cd, 113’115In, 112’114‘120’122’124Sn,
121,123,125 130 127,129,130,131,135T 123,124,129,131,132,133,134-136 133-
Products ,123,125G] 130T'e, 127,129,130,131,135] © 123,124,129,131,132,133, Xe,

& Medium | 13>137Cs,

130,132,134-138 139 136,138,140-142,144 141 142-148,150
Elements o Ba, "La, =% 144Ce, 141Pr, 150Nd,
147,148,148m,149pm

144,147—152,154Sm 151,153—155Eu 152,153,154—158,160Gd 164Dy 165HO
’ ’ ’ ’

232Th, 233Pg, 232-240,2417J 236-239Np  236-246pyy 240-244,242mAm 2498k

Actinides 24904
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CENDL-3.2 new evaluations comparison with previous CENDL-3.1

Mass regions The new evaluated and updation in CENDL-3.2 (77)
Light Elements 0-n-1, 1.2H, ©7Li
. 23Na’ 27A1, 32,33,34,368’ 40Ca’ 48Ti’ 54,56—581.‘.‘6’ 58Ni, 64,66-
StrUCturaI Materlals 68Z1’1, 9OZI', 181Ta, 180,182,183,184,186W
Fission Products & 74,76-81Ge  8587Kr 93ND, 125Sh, 127,130,131] 123,124,129,131-
Medium Elements 133’134‘136X6, 139La, 140'142’144(:6, 155,160Gd, 165HO
L 232Th 233Pa 233,235—237,239—241U 236,238,239Np 237-
’ u, “*1Am

1. The total number of CENDL is 270 (240 elements in CENDL-3.1);

v 77 nuclides are newly evaluated and updated in CENDL-3.2;

v 14 nuclides are new members in CENDL;

v 42 nuclides are revised based on CENDL-3.1, including the key elements 235U, 239Puy, 233U,
232Th, 56|:e, 1H;

v Covariance are systematically updated for about 90 fission product nuclei and actinides.

2~ The incident neutron energy E, <20MeV;
3. MFcontains 1, 2, 3,4, 5, 6, 12, 14, 15, 32, 33;
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1. Light nuclei:
Nn-n & n-p data based on the microscopic N-N interaction

High precision NN potential fits CD-Bonn meson exchange nuclear force is able to
about 6000 pp and np data with ~ explain CIB and CSB.
$2~1.0. Low energy pp, nn and np scattering in 1S,

channel, their a and r almost identify.

- = —17.3 +0.4fm Qu, = —18.9+ 0.4fm anp = —23.74 £0.02 fm
TpwWoLG: =285+0.04fm Ty, =275+0.11fm Thp =2.77 £0.05fm

1. Solving Lippmann-Schwinger equation in momentum space to obtain phase shift &;;.

2. For spin triplet S = 1, coupling orbit L and spin S to provide J. 6 summation must be
taken into account.

d 0(9) —I U+1,-1} J * J ’ !
- Bkzzzzzzz i+t Sz;) (1—slflz)mzlzl,fzzzzz,e)

1 4 J2 Lo
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1. Light nuclei:

cross section o (mb)

Differences

nn and np data in CENDL3.2
Comparisons of nn and np scattering cross section between ENDF/B-8.0 and CENDL-3.2

5 =226b = suome] Tt neulon-prolon elaslic searing
Ay = —18.9 fm 5 ENDF/B-8.0 1o GD-Bonn ratio
o 34270244
il g 7020 o : N TR T N N R \ : mg
............... Y I Onp =20.4b _j 110130
200001 S saanne] [
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15000 4 Ay = —185 fm < 006241 40 ey g 101 | i
B 00616: 2 I £ 1010
f0000{ < 1\
S 00608 6 i 0
- % im0
= = ENDF/B-80 0 ] T
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Soosey o P 990
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1. Light nuclei:

new calculation for n-d data based on the Faddevv-AGS approach

The wave packet method (wave packet continuum discretization)

Three-body Hamiltonian:

Channel Hamiltonian:

Three-body channel WP
as direct product of two-

3
H:H0+Zvi
i=1

body WPs:

L 9,=37°,6,=63°, 0,,=180°
| n+d at 10.5 MeV

separable Yamaguchi —
exp data +@~

— — RO — RO
H, =H,+v, = hg ®h,, hy = h, + v,
TFap\ _ x . . —
ki ) = |z}, x};a,B,:T), T = {J,m, T}
I |
N 25 L separable Yamaguchi — | 120
= exp data e
— »
o 100
1 = 0 g 80
B =
4 E 15 fé
1 ® 10 :
- =)
] % T 40
© o
| N_O 5 en:15 20
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0 N Y IS IR B R 0
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. -
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Cross Section (b)

2. Medium-heavy nuclei:
Re-evaluation of *°Fe(n,inl) reaction cross section

O The (n,inl) evaluation in smooth region for both B8b4 and C32b1 are based on the experimental
data recommended by QIAN Jing in the CIELO project.

» Above 6MeV, Nelson(2004) is recommended based on the (n,el) XS measured by Schmidt .

0 The new evaluations of 56Fe leads to a serious under prediction of neutron leakage from IPPE iron
sphere.

) g ALARM-CF-FE-001-07, 70cm dia. iron sphere
%Fe(n, inGross Section § 102 ICSBEP
18F Shi Xiarmin —%— - 1 01
GUICTIES TR CENDL-NP-1.2(B71) ——
16F R.O.Nelson {re-normalized), X4=141 ‘\8(\]/()02"1alzc(r?:(lszt1 i E -1 EN DF/B-Vlll'beta4 ............
B JKDmkensv x4=135§0%% ?g;ﬁ m % 1 0-2 ] CENDL-3.2b1
i T |
Ve e S 10T
ok ;: termiygd From TOT-EL-NP-NA (EL 94D.SCHMIDT X4=22403008) I—I—i_ .,G 1 0‘ r
| 2 107 | 34cm,7mfp
i Fit experimental data : 3 n 10—6 4
GEEL data below 6MeV S 107 ,
and Nelson data up to S 04 ¢F CENDL-NP-1.2(B71)
r 20MeV % ENDF/B-VIll.betad

"Below (n,2n) threshold
(n,inl)=(n,tot)-(n,el)-(n,p)-(n,o)

C/E-1

|}' (n,el) taken from 94D.Schmidt
{

'|
] 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 18 17 18 19 20 21 22 23
E. (MeV)
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Cross Section(barn)

2. Medium-heavy nuclei:
Re-evaluation of *°Fe(n,inl) reaction cross section

0 To solve the problem of under prediction neutron leakage in iron shielding, the experimental data
of 56Fe(n,inl) 847keV gamma production cross sections have been re-evaluated and a new curve
for 56Fe(n,inl) reaction has been evaluated.

*  Nelson(2004) was corrected based on the experiment data around 14MeV.

n+>°Fe(n.n’y), E,=846.8 keV, E| =847 keV

n+>°Fe(n,inl)

1.8 T T 1.8 T T T
Negret(2013) Voss(1971) ~ ~
Nelson(2004)c - Dickens(1991) =+~

1.6 Nelson(2004)14MeVc = 16 Nelson(2004) o

141 0

Wang Zhaohui(2013)14MeV

S.Hlavac(1980)14MeV e ]
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2. Medium-heavy nuclei:

Re-evaluation of *°Fe(n,inl) reaction cross section

0 Significant improvement of validation results have been achieved in testing with the 70cm dia.
IPPE iron sphere and the LLNL pulsed iron sphere.

ALARM-CF-FE-001-07, 70cm dia. iron sphere

present

ICSBEP ——

Neutron spectrum, dN/dE(1/MeV/s)

C/E-1

E,(MeV)

counts/ns/src

102 b

10° b

10°

LLNL Plused Sphere, Fe, 4.8 mfp, NE213 1.6MeV bias, 7.660m

LA12885 8-~
ENDF/B-VIII.Q -eeeeees
CENDL-3.1 =
last

?‘ C32b5 ——

150 200 250 300 350 400
Time(ns)
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2. Medium-heavy nuclei:
The evaluation system for medium-heavy nuclei

ZE BAR BE BAE BFE BAF #EF BAF

Calculation SyStem for FP nuclei based on the 12-MG-24| UNF_ [32-GE-70| UNF  |39-Y-89 | SUNF |44-RU-102| SUNF

12-MG-25 UNF  |32-GE-71 UNF  139-Y-91 SUNF  [44-RU-103 | SUNF

U N F COde System 12-MG-26 UNF  |32-GE-72 UNF  |40-ZR-90 UNF  |44-RU-104 | SUNF

14-51-28 UNF 32-GE-73 UNF  |40-ZR-91 UNF  [44-RU-105| SUNF

CEN D L_3 1 to 3 2 20-CA—40 UNF  |32-GE-74 UNF  |40-ZR-92 UNF  |44-RU-99 SUNF
. . 22-T1-46 UNF  |32-GE-75 UNF  |40-ZR-93 | SUNF |45-RH-103 | SUNF

22-T1-47 UNF  |32-GE-T76 UNF  |40-7ZR-94 UNF  |45-RH-105| SUNF

22-T1-48 UNF  |32-GE-77 UNF  |40-ZR-95| SUNF |46-PD-105| SUNF

22-T1-49 UNF  |32-GE-78 UNF  |40-ZR-96 UNF  |46-PD-108 | SUNF

sunf2unf.p| Convert sunf->unf 22-TI-50 | UNF  |33-AS-75| UNF  |41-NB-93| SUNF |48-CD-113| SUNF

28-NI-58 UNF 33-AS-T77 UNF  [41-NB-95| SUNF |49-IN-113 UNF

28-NI-60 UNF  |33-A5-79 UNF  ]42-MO-10 UNF  |49-IN-115 UNF

BatChCaI Produce unfnewunf 28-NI-61 UNF  |36-KR-83 | SUNF |42-M0-92 UNF  |51-SB-121| SUNF

28-NI-62 UNF  |36-KR-84| SUNF |42-M0-94 UNF  |51-SB-123| SUNF

28-NI-64 UNF  |36-KR-85| SUNF |42-MO-96 UNF  |51-SB-125 UNF

- i 29-CU-63 | UNF_ [36-KR-86| SUNF [42-MO-98| UNF |52-TE-130 | SUNF
. Auto-p roc_l uce Inputs . 20-CU-65| UNF_ [38-SR-88| SUNF [43-TC-99| SUNF |53-1-127 | SUNF
batchmlncard.pl SEMAW.in, DPPMLI.in, 31-GA-69 | UNF_ [38-SR-89| SUNF |44-RU-100 SUNF [53-1-129 | UNF

31-GA-T1 UNF  |38-SR-90| SUNF [44-RU-101 SUNF |53-1-135 SUNF

Min.in, sys.dat, ex
¢ y p %= [P S 2= [P S %= BWAE

. 54-XE-123 | SUNF_ |57-LA-139 SUNF__ |62-SM-149 | SUNF
C . Correct the energy margin 54-XE-124 | SUNF |58—CE-141 SUNF__ |62-SM—150 | SUNF
orrectmin of min.in 54-XE-129 | SUNF _ |58-CE-144 SUNF_ |62-SM—151 | SUNF
. 54-XE-131| SUNF |59-PR-141 SUNF __ |62-SM—152 | SUNF
54-XE—132 | SUNF_ |60-ND-142 SUNF__ |62-SM—154 | SUNF
54-XE-134 | SUNF__ |80-ND-143 SUNF__ |63-EU-151| SUNF
i i 54-XE-135| SUNF_ |60-ND-144 SUNF__ |63-FU-153 | SUNF
getl4MevCSinl Produce the direct reaction 54-XE-136 | SUNF__|60-ND-145 | SUNF [63-EU-154 | SUNF
cross section based on 55-CS-133| SUNF  |60-ND-146 SUNF _ |63-EU-155 | SUNF
55-CS-134 | SUNF__ |80-ND-147 SUNF__ |64-GD-152 | SUNF
55-CS—135| SUNF  |60-ND-148 SUNF _ |64-GD—154 | SUNF
; 55-CS—137 | SUNF_ |60-ND-150 SUNF__ |64-GD—155 | SUNF
batchmincard14 p| AdJUSt DWUCK para' to 56-BA-130 | SUNF  |61-PM-147 SUNF _ |64-GD-156 | SUNF
fit 14MeV 56-BA-132 | SUNF |61 PM-148 SUNF__ |64-GD-157 | SUNF
56-BA—134 | SUNF_ |61-PM—148m| UNF__ |64-GD-158 | SUNF
. 56-BA—135 | SUNF__ |81-PM-149 SUNF__ |64-GD—160 | SUNF
NDPIlot Plot the flgureS for 10 56-BA—136 | SUNF _ |62-SM-144 SUNF__ |66-DY-164 | SUNF
i 56-BA—137 | SUNF  |62-SM-147 SUNF
reactions 56-BA—138 | SUNF  |62-SM-148 SUNF
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2. Medium-heavy nuclei:
The evaluation system for medium-heavy nuclei

with the help of MINUIT, we have
adjusted the parameters of the UNF
code, such as the parameter of the level
density, pairing interaction and Giant
dipole resonance of (n, gamma)
channel. As shown in Figure, the
dotted line is the results of the
CENDLZ3.1, the solid line is the cross
sections we have calculated with the
new parameter set. For the (n,n1) and
(n,n2) channel, the new parameter set
gives the reasonable cross section at 8
to 10 MeV.

o [mb]

ealagle]]

The comparison of CENDL-3.1 and
CENDL-3.2 for n+47Pm reactions

15

R T
MT=1 (n,tot)

T T
CENDL-3.1  +
SEMAW ——

E [MeV]

MT=51 (n,n1)

T T
CENDL-3.1  +
SEMAW ——

o [mb]

o [mb]

15

MT=16 (n,el)

T T T T
CENDL-3.1  +
SEMAW ——

E [MeV]

0.5

04

03

02

0.1

MT=52 (n,n2)

T T T
CENDL-3.1  +
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.
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|
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2. Medium-heavy nuclei:

The evaluation system for medium-heavy nuclei

The neutron reaction data of medium-heavy nuclei (mass number around 100~200) are
systematically updated in CENDL. All the modifications are based on the calculations
with the UNF code. Parts of them are new evaluations concerning the latest
measurements. The others are the systematic reproductions to the previous CENDL library,
some odd structures are removed from previous CENDL.

The new evaluations for La-139 (n,tot),(n,inl)

K. Knopf(1982)
V. P.r(\lgll_n;llcnbl(l\lo\( }*;*)4)) 1390 r
. T.Hibdon(1950) - = H g
K Nishimura(1977) ] ad{"., lﬂ] ]
O M.Divadeenam( 1968)
V F Islam(1973) =

<
T

RO Owens(1968)—
D.B.Thomson( 1963 }(nat)
ENDF/B-VII.{ —

CENDL-3.1
TENDL-d () —
JEFF-3.3

A TIE—

~q D G Foster In(1971) =

13€ Lu( n.tot) N Neresond 1954)(nat)
gL = -2 . I P Conner( 19583(naty —=
- W.W.Havens JIr(1952)(nat) -~ «

}- N.W.Newson(1957)(nat)
D W.Miller(1952)(nat) —=

A.Stolovy(1957)(nat)
JHarvev{1959)(nat) =

H .Shwe{ 1967 ){nat)

J.H.Coon{ 1¥52){nai)
F.Manero( 1963)(nat) + »
K.Nishimura(1977)(nat) -~

J1.D . Kellie{ 1974)(nat)

W.Dilg(1972)(nat)

ENDF/B-VII.O —
- o

a/b

CENDL-3.1
JENDL-4.0 ——
JEFF-3 3 ——
FLE —
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3. Fission nucleil:

revision of U-235 data (part 1)

« Nubar and resonance parameters of 22°U(rev.C32b11) which refer as CENDL-3.2 now, were
modified to reproduce the thermal quantities of the IAEA 2006 standard, which improves the
prediction of keff for the HMT system.

Thermal 1AEA2006 C32bll C32bl11 A
guantities standard evaluation Eval./Std.
(n,f) 584.33 5.84177E+02  -0.03%  -0.15%
(n,y) 99.401 9.94001E+01 0.00% 0.70%
(n.el) 14.087 1.51081E+01 7.25% -0.05%
(n,tot) 697.818  6.98685E+02 0.12% -0.03%
G, 0.97729 0.97667 -0.07% 0.00%
G, 0.99118
G, 0.97881 0.97878 0.00% 0.00%
v 2.43550 2.4359 0.01% -0.03%
n 2.08143 2.0816 0.01% -0.16%
o 0.17011 0.17015 0.03% 0.85%

C/E of k-eff

1.020

L0135

1.010

1.003

1.000

0.995

0.990

HEU-MET-THERM-011

® CENDL-3.1 0C32n11

0.04 0.06 0.08

0.0 0.12 0.14 016 0.8
EALF(eV)

0.2
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3. Fission nuclei:

revision of U-235 data (part 1)

« (n,y) cross sections were revised based on (n,f) cross sections recommended by
IAEA 2006 standard and re-evaluated alpha values.

« Benchmark testing with the selected HMF, IMF and HMI cores show that the
prediction of keff gets closer to 1 than before.

6,/ o

0.5 J M Alimond+(2009) - 1.020
F.Corvi+(1982)
P EVTom k1070 O | TICSBEP
L.W.Weston(1964) . 1.015 $
04 J.C.Hg%énéé;LgZ%; e ] OCENDL-NP
Cazbi1 i o ®C32h10(n1)
03 TR o ®C32h11
. “q? O, &
~  1.005
= . Ppg o
0.2 S T T B e
U 1000 "W p o (?
6 & g i & &
0.1r 0.995 ®
. . . 0.990
0'30'3 107 107 10° 10"
0.2 0.4 0.6 0.8 1

E, (MeV)
EALF(MeV)
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4. Covariance :

Descriptions to COV scheme

(n,tot) | (n,tot) | (n,tot) | (n,itot) | (n,itot) | (nitot) | (n,tot) | (n,tot) | (n,tot)
(n,tot) | (n,inl) | (n)y) (n,p) (n,d) (n,t) (n,2n) | (n,np) | (nna) |

(DTech. for non-model & model dependent ﬁ (nin) | (ninl) | (ninl) | (inl) | (ninl) | (ninl) | (ninl) | (njin)
. . (ninl) | (ny) | (np) | (nd) | (nt) | (n2n) | (nnp) | (n,na)
@Energles for structure & smooth regions " NM En,vz :n,y; zng ((n,v)) ((n,v)) ((n,v)) ((n,v))
ny n,p n, n,t n,2n n,np n,na

®COV data types fOI’ NI & NC . (np) | (np) | (np) | (np) | (np) | (np)
@Tech. deal with single & multiple measurements (np) | (d) | (9 | (2n) | (nop) | (nn)
ce . ﬁ (nd) | (nd) | (nd) | (np) | (np)

®Tech. for parameter sensitivity selection (nd) | (0 | (20 | (np) | (nna)
®COV matrix positive definition treatment . L T ——

(n,2n) | (n,2n) | (n,2n)
(n,2n) | (n,np) | (n,na)

Deterministic approach: Data recommendation together with COV INRRLELARABULZ [BIRIARER T [
I Scarce of Generalized LS NM (n,na)

~exp. data

— Optical model (n,na)
) Model parameters determination ? :
ﬁ for structure or fission nuclei Direct reaction

/ J (n,tot) (n,t.ot) (n,tot) | (n,tot) | (n,tot) | (n,tot) | (n,tot) | (n,tot) | (n,tot) I
Pt (UNEFUNEDWUCK ECIS) NGl Compound nucl, (ntot) | (n,inl) | (n,y) (n,p) (n,d) (n,t) (n,2n) | (n,np) | (n,na)

sl N7 ~ 40 parameters (n,inl) | (n,inl) | (n,inl) | (n,inl) | (n,inl) | (n,inl) | (n,inl) | (n,inl)
Non-mode Plenty of Sensitivity calculation for reactions (n,inl) (n,y) (n,p) (n,d) (n,t) (n,2n) | (n,np) | (n,na)

dependent <7 exp. data S T e T en T on T en | on T o | o
evaluation ) N (ny) | (np) | (nd) (nt) | (n2n) | (n,np) | (n,na)

Covariance of model parameters MODEL ﬁ (n,p) (n,p) (n,p) (n,p) (n,p) (n,p)
(COVAC, Least Square methodology) | (n,p) (n,d) (n,t) (n,2n) | (n,np) | (n,na)

iy MODEL (nd) | (nd) | (nd) | (np) | (np)

Experimental data collection

Experimental dataselection,

correction, normalization

A
—/

Simple LS < -

Evaluation and processing
forexp. Datawithindividual COV.
(SPCC,CURVEFIT...)

Covariance of reactions C.5 (n,d) (n,t) (n,2n) | (n,np) | (n,na)
(COVAC, linear error propagation) ﬁ (n,t) (nt) (n,t) (n,t)
(n,t) (n,2n)

(n,np) | (n,na)

MODEL (n,2n) | (n,2n) | (n,2n)
N/OY | ﬁ (n,2n)

(n,np) | (n,na)

pa— —/—

COV evaluation of Exp. | SN | Processing INRROELUR I ErgeE: Voo (nnp) | (nnp)

uncertainty and correlation [ b | & S/U (n,np) | (n,na)

(ASEU, ENDFCOV) — v . ﬁ e

\ analysis g
MODEL

ENDFX{#, MF=32, 33821911117, £¥|JZr90£E§EI#"“‘;ODZ
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4. Covariance :

Covariance for n+%Zr reaction cross sections
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I1l. CENDL Sub-library:

1. Fission yield sub-library :

Phenomenological Method of FY and Macro-benchmark Test

49 experimental yields of Mo, *Tc and chain yield,
from US, China and Europe.

The experimental data were modified by gamma ray
intensity and standard yield. After weighted
averaging, the yields at thermal energy is 6.12E-2
(7.38E-4), consistent with that of ENDF/V-II.1.

The yields at fission spectrum energy are quite
different, ranging from 5.5 to 6.4%. Six of them are
ratio, and have good consistency, which were
adopted to deduced the yields, resulted 6.25 (1.8%)
to 6.13 (1.8%) over the energy range of 0.2 MeV to 2
MeV, which are in accordance with the values of
Selby 2011.

The yield at 14 MeV has only measured datum
6.27%, and was corrected to 5.08E-2 (9.66E-4) by
normalizing with its yield at thermal energy,
which is consistent with ENDF/BVII-1 and JEFF-
3.1 within the uncertainties.

Yield(1/fission)

0.07

0.065

0.06

0.055

0.05

0.045

0.04

0.035

Cumulative fission yield of **Mo from n+23U fission

Pt

Hits
HERH TR




31t meeting of the WPEC Working Party on International Nuclear Data Evaluation Co-operation %ﬂ'
27-28 June 2019 OECD Headquarters Paris, France l

1. Fission yield sub-library :

Calculations of multi-dimensional potential energy surfaces within a
macroscopic-microscopic model and the study of fission dynamic processes

In the macroscopic-microscopic model, two sets of shapes are used to describe the nuclear shape.
One is three-quadrature surface, which can independently describe the deformation of fragment. The
other is the generalized Lawrence shape, and parameters have clearer meaning. Each of these two sets
of shape parameters contains five independent variables.

Potential energy surfaces of isotopes of U and Pu elements were calculated in the five-
dimensional deformation space. The asymmetric and symmetrical fission modes of actinide

are obtained.

, Fission Path and Associated Shapes
T T T T T T T T T T T T T T
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1. Fission yield sub-library :

The mass distributions of 14MeV neutron induced 233 235238 and 23°Pu fission were calculated
with Langevin equation, and the results were compared with the evaluated data of ENDF/B-VII.0
library (post-neutron mass distribution) and the results of pre-neutron mass distribution calculated

by GEF.
0.08 —————+—— ———
i ) 0.07 —— e S —
0.07 | ...235 ——This work 4233y —— This work
ot u ==« GEF(pre-n) | 0.06 |- = - +GEF(pre-n) -
006 L ® ENDF/B-VII.O_ e ENDF/B-VIII.O -
0.05 -
D005+ - o
S, © i
c 0.04} - > 0.04
ke i g
2003} - w 0.03 .
w o
(TR
0.02 - - 0.02 -
0.01+ - 0.01 4
0.00 - . ] ] ! e !
60 80 100 120 140 160 180 0.00 1"10 :

60 80 100 120 160 180

Fragment mass number
Fragment mass number

Simulation and evaluation results of n(14MeV) +2352331
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1. Fission yield sub-library :

Studies on the mechanism of nuclear fission in Actinide nuclei with

microscopic theories

Using the Constrained Hartee-Fock-Bogoliubov (CHFB) method based on non-relativistic energy
density functional, the method and program for calculating the multidimensional potential energy
surface are developed. The effects of different paring models and different paring strength on the
potential energy surface are analyzed.
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> 1170 F
5 - ]
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1. Fission yield sub-library :

On the other hand, the time-dependent generated coordinate method (TDGCM) based on covariant
density functional is used to study the dynamic properties of 24%Pu fission. The multi-dimensional
fission potential energy surface and fission barrier structure are given.

45 -1780
4.0 -1785
35 -1790
-1795

3.0
-1800

2.9
Bs -1805

-1810

1.5
-1815

1.0

1820
0.5 -1825

-1830

240Py potential energy surface in ($2,B3) plane calculated with self-consistent relativistic mean field + BCS
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2. Decay data sub-library :

® Requirements of burn-up calculation, analysis neutrino spectra anomaly, CENDL/DDA for
fission product was being developed

® About 1415 nuclides will be included

® CNDC has updated and compiled decay data for about 200 nuclides

Approach:
. _ Mode CNDC DDEP ENSDF

» Base library: adopt the AME (2017Wal0) in

Lanzhou, and update the Q-value; %IT 7.44(20) |9.1(6) 8.7(9)
» Construction policy: contrast & comparison new %e 92.56(20) [ 90.9(6) |91.3(9)

exp. data and existing data library: CNDC,DDEP,

IAEA-CRP,JEF-3.2, JENDL-DDF2015 and
» Test: part of the key elements have tested 79.138(IT) | 5.68(18) |6.9(5) 6.6(5)

through in Chinese domestic user at present.
433.937(g) | 91.73(20) | 90.1(6) |90.5

614.276(c) | 92.3(22) |90.5(16) | 89.8(19)

722.907(c) | 92.4(22) |90.8(16) | 90.8(19)




31t meeting of the WPEC Working Party on International Nuclear Data Evaluation Co-operation
27-28 June 2019 OECD Headquarters Paris, France

FEn HI‘
el

3. Activation sub-library :

v

AN NN

To meet the requirements of burn-up calculation, other nuclear application, the CENDL evaluated
neutron activation cross section sub-library was being developed.
About 200 target, 100 reaction channels will be included
CNDC has updated and re-evaluated for about 150 target s firstly.
Test: some important CS will be tested by systematics
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3. Activation sub-library :

Chinese measurements:

94 neutron data

23Na(n,2n)?°Na

24Mg(n,p)**Na

27Al(n, a)**Na

45S¢(n,2n)*49:Sc

4Sc¢(n,2n)**mSc

45Sc(n,2n)*4m+9Sc

46Ti(n,p)*¢Sc

47Ti(n,p)*’Sc

48Ti(n,p)**Sc

51V(n,a)*8Sc

55Mn(n,2n)>*Mn

S4Fe(n,p)>*Mn

S4Fe(n,a)®'Cr

%6Fe(n,p)®°Mn

59Co(n,2n)%8Co

Co(n,p)*°Fe

59Co(n,a)**Mn

58Ni(n,2n)>’Ni

58Ni(n,p)°>8Co

%8Ni(n,x)>'Co

60Ni(n,p)%°Co

62Ni(n,a)*°Co

62Ni(n, a)*%Fe

63Cu(n,a)%Co

66Zn(n,2n)%Zn

67Zn(n,p)®’Cu

79Zn(n,2n)%mZn

1Ga(n,r)’?Ga

85Rb(n,2n)8MmRb

85Rb(n,2n)8*m*9Rb

8Rb(n,p)8mKr

85Rb(n, a)%Br

8’Rb(n,2n)8Rb

8’Rb(n,p)8’Kr

89Y(n,2n)8Y

90Zr(n,2n)8Zr

89Zr(n,2n)88Zr

96Zr(n,2n)%Zr

92Mo(n,p)°2Nb

9%8Mo(n,r)**Mo

9Nb(n,2n)%2"™Nb

93Nb(n 1a)90m Y

lOgAg (n ,2n)108mAg

ll3|n (n ’Zn)llzmln

113|n(n ’n')113m|n

115|n(n ’2n)ll4m|n

115|n(n,n’)115m|n

ll5|n(n ,r)lleIn

llsln(n ,p)llSCd

115|n (n ’a)llZAg

127|(n ’2n)126|

124Xe(n,2n)12Xe

132Ba(n,2n)*1Ba

134Ba(n ,2n)133mBa

134Ba(n,2n)133m+9Ba

134B a(n ’p)134m+g CS

134B a(n 1a)131mXe

137B a(n 1p)137CS

1368 a(n 1p)136CS

138B a(n ,a) 135Xe

136Ce(n,2n)135Ce

1380e(n ,2n)137m Ce

140Ce(n,2n)139%Ce

140Ce(n 1p)140La

142Ce(n,2n)*1Ce

151Ey(n,2n)150mEy

lSlEu(n ,r)152mEu

1S1Ey (N, 1) 1529

153EY(n,2n)1520Ey

153Ey (n,r)154Eu

159Th(n,2n)158Th

159Th (n,r)169Th

165Ho(n ,r)166m HO

169Tm(n,2n)1%8mTm

169Tm(n,3n)1"Tm

189Tm(n,r)Tm

175Lu(n ,2n)174m+g|_u

L76Hf(n,2n)175Hf

L80Hf (1, r)181Hf

179Hf(n ,2n)l78m2Hf

180Hf(n ’Zn)179m2Hf

181Ta(n,2n)omTa

181Ta(n ,p)181Hf

182W(n,n’a)l78m2Hf

185Re(n,2n)#4mRe

185Re(n ,2n)184m+g Re

187Re(n,2n)18%9Re

187Re(n,2n)®mRe

193|r(n’2n)192m2|r

Pt(n,x)195MPt

198Pt(n,2n)197Pt

197Au(n.2n)1%AU

197Au(n,3n)1%Au

204ppy (1, 2n)203Ph

51v(d,2n)3iCr 83Y(p,n)3zZr 89Y(p,2n)3%Zr 89Y(p,pn)38Y 51y(p,n)>iCr Fe(p,x)*’Co
Fe(p,x)>*Mn Fe(p,x)*°Co Fe(p,x)>¢Co 27Al(d,pa)**Na Ti(p,x)%8Vv Ti(d,x)%8v
Mo(p,x)25™eTc Mo(p,x)°&Tc Mo(p,x)*°Mo Mo(d,x)%5™eTc Mo(d,x)%eTc Mo(d,x)*°Mo
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3. Activation sub-library
Example: 19Ag(n,2n)1%mAg

v using new evaluated decay data to update the measured CS.
v data analysis with uncertainty evaluation
v' Data Processing using SPCC from CNDC
1 1 109 108
v' Recommendation and comparison Agin,20)'**"ag
N.Fo‘tiades 2016 e I I
A AFilatenkov (2016
1r Junhua Luo (2009) —e— ]
YEAR|  AUTHOR INSTITUTE REFERENCE FACIITY | METHOD DETECTOR ENERGY J-W-gﬂnenagows ng;
.aim
2016 | NFotiades 1USALAS TPR/C.94.044608.2016 LINAC TOF HPGE 925-3335 J'W'Miaﬁfé‘é"iqggg) —
2016 | AAFilstenkov | 4RUSRI RINDC(CCP)-0460.2016 CCwW ACTIV | SCINGELLHPGE | 13.70-14.80 08¢ Yu wiﬁ?é'?%(]gg%‘ T ]
. . ] Yongchan Wang 1992) —&—
2009 | Fuhualuo | 3CPRINZ TANE,36,718.2009 CYCLO ACTIV HPGE 13.50-14.80 Csikal (1991) —
J Csikai (1991)
1996 | JWMeadows | IUSAANL TANE,23,877,199607 CCW ACTIV GEIN 14.7 0wl Lu Hanlin (1991) —s—
o this work —
1996 | $M.Qaim 2GERIUL TARLA7,(5/6).569.1996 CYCLOCYCLO|  ACTIV HPGEGELI USTR N
1996 | I1WMeadows | 1USAANL TANE.23,877,199607 FNS ; HPGE 147
1996 Y Ikeda 2IPNJAE $INDC(NDS)-342,19,199602 CCW | STTAGSPEC NAICR 14.10-14.80 041
1996 ICsikai SHUNKOS |  RINDC(NDS)-342,29,199602 ; ACTIV HPGE 148
1995 YuWeiXimg | 3JCPRAEP J.ONP.17,(3).268,1995 VDG ACTIV GELI 99 02 b
1992 | Yongchang Wang | 3CPRLNZ INSE.111.314,1992 NGEN ACTIV HPGE 13.60-14.80
1991 ICsikai 2GERKIG JANE.18(1),11991 NGEN ACTIV GELI 145
0 L
1991 | LuHalin 3CPRAEP T.ONP,13,(3).203,1991 CCW.CCW | ACTIV GELI 14191483 8 10 12 4 5 8 20
(]13333) AAFilatenkoy | 4RUSRI RRI-252,199903 CCW ACTIV SCIN 141 E/MeV
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4. Photo data sub-library :

270 new evaluations have been performed based on the new GLUNF. MEND-G systems.

EXFO'E data %Be — 209Bi 274 nuclei
Experimental analysis for (G,abs) o NE= e
\""‘ j‘ =3t — 0.0015
GDR parameter calculation )
T [ o 3
(G,abs) calculation (GDR + QD) D =[N
Input to GLUNF and MEND-G “ =
\L 05 : : . . = .
i . . Exp. data by £0.4r
Experimental analysis for partial oufumanbo il Y+ W-abs ) § T J\ 3
. . o etk Black: JENDL-PD2004 8
photon-neutron emission reactions and . et ° % 5 760 750 200
(n,p), (n,alpha) ... g 1 ; :
1 g e P
g 11240779MNEIZV s 9 5 1 15 2
GLUNF fOf Be'g © 4(:( 10°® '0 En('agv) o 00
MEND-G for medium-heavy nuclei fa .
3 § 00 50 En‘: 32\1) 150 200

ENDF/B-6 output and format check

Evaluation Scheme for PD
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V. Conclusion:

v

As the main output of CENDL project, CENDL-3.2 library is built with the general
purpose to provide high-quality nuclear data for the modern nuclear science,
engineering and nuclear technology etc applications

CENDL-3.2 library is constituted by neutron, fission yield, decay data, activation and
photon files, which is difference comparison with previous CENDL libraries, and
provide more nuclear reaction information for application.

Comparing with previous CENDL library, the updated evaluation of nuclear reaction
data for several key nuclides, such as U-235, Pu-239, U-233, Th-232, Fe-56 and et al.
has been revised and improved.

The library was tested with the criticality and shielding benchmarks with ENDITS-1.0,
better results have been obtained, and used for applications for CEFR, TMSR,
CAP1400, ADS, BIRF, JUNA, BiSoL etc projects.

All CENDL project also benefit from the international cooperation such as NRDC
network, IAEA/CRP, OECD/WPEC and et al;
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ries  Nuclear Data Processing and Validation

58
18 > Nuclear Data Validation
16

14 > Nuclear Data Processing
10

75 > Nuclear Data Adjustment
20

7 > Integral Experiments

10

16

18

3 0 5
7

6
37

10 Nuclear Structure and Decay Data
7

> Decay Data Measurements and

Nuclear Structure Theory Models...
434

> Beta-delayed Neutron

> Beta-decay

10 15 20
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Topic distribution of presentations:

Nuclear Reaction Measurements

Nuclear Data Application

Nuclear Data Processing and Validation

Evaluation

Fission Physics and Observables

Experimental Facilities, Equipment Techniques and...
Nuclear Theory, Model and Codes

Nuclear Structure and Decay Data

Spallation, High and Intermediate Energy Reactions
Data Dissemination and International Collaboration
Plenary 0520

Plenary 0524

keynote
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Others:

Activities during the ND2019
a) Three bilateral Meetings: CIAE-NEA, CIAE-IAEA, JEFF-CENDL

b) Two side-meetings: WPEC-Subgroup 45 VaNDalL, EG-GNDS Subgroup
c) One workshop: Neutronics Experimental Facility HINEG and Simulation Code Super MC

Conference presentations and photos :

After the agreements from the authors and participants received them will be upload to the
conference website.

Conference proceedings : Full-paper

a) Limit 4 pages for regular, short presentations or posters

b) Limit 6 pages for invited/plenary presentations;

c) Paper must be written in latex format, and in two column type,
d) Paper will be published on EPJ web conference;

e) Full-paper submission deadline is Aug. 01, 2019;
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Thank you for your attention !
Comments and suggestion welcome !




