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CHIMA NUCLEAR DATA CENTER

CENDL library and CENDL Project

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 2020 version 270 ( May, 2020)
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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

Motivated by fulfill the requirement of domestic users, a new revision of Chinese
Evaluated Nuclear Data Library, CENDL3.2 has been started under the joint efforts of
CENDL working group since 2010.

-------



The first stage
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The second stage __EmE
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The third stage
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Nucl. Content of Nuclei in CENDL-3.2 (270)
Light 1-317 3.4 677 ; 9 10,11 12 14N 160 19
n-1 H, °»*He, ©/Li, °Be, 19:11B C, 14N, 100 F
Elements ? ? ? ? ? ? ? ? ?

23Na’ 24-26Mg’ 27A1’ 28-3081’ 311:), 32,33,34,36S, OCI, OK’ 40Ca’ 46—50Ti’ OV’ 50,52-54CI—’ 55M1’1,

Sl\}:lzgﬁlaliasl 54,56-58 ¢, 59C0, 58:60-62,64Nj, 0,63,65Cyy, 64,66-68,707y 90-92,94967; 92-100)\[q,
0,107,109\ 174,176-180F{f 181Tq 180,182,183,184,186\y 197Ay; OHg, OT], 204,206-208Pl, 209Bj
69,71Ga, 0.70-78Ge, 7577.79Ag, 74.76-80,82G ¢ 83,84,85,86,87,88Ky 85,87Rp 88-90Gr 8991y
Fission 93,957 93,95Nb, 99T¢, 99-105Ry;, 103,105R} 105,108pq 0,113Cq, 113,115y 112,114-120,122,124,1258
Products & | 1)) 157q1 1307e. 127,129-131,135] 123,124,120,131-136X . 133-135,187('g 130,132,134- 13834
Medium ? ? ? 2 2 2
Elements 139] 5, 136,138,140-142,144C e, 141Py 142-148,150N (| 147,148,148m,149pyy) 144,147-152,154Gy, 151,153-

155Fyy, 152,154-158,160G(d, 164Dy, 165H0
> > >

Actinides 232Th , 232-2417J, 236-239Np 236-246pyy 240-244,242mAm, 2498k 249Cf
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Mass regions
Light Elements (5)

The new evaluation and updation in CENDL-3.2

n-1, L.2H, 6.7Lj

23Na’ 24Mg’ 27A1’ 32,33,34,368’ 40Ca’ 56F€, 58Ni’ 64,66—68,70Zn’

Structural Materials (22)
93’99MO, 180,182,183,184, 186W

74,76-81 87,88+ 93 125 124,126,127 130,131 123,124,129,131-
) Se, 87:88Kr, 93Nb, 12°Sp, 124,126,127/}, * 130,131] " 123,124,129,
133,134-136 139 140-142,144 165

) Xe, 1394, 2,144Ce 165Ho

Fission Products & Medium
Elements (30)

Actinides (15) 232Th, 233,235—237,239—241U, 236,238Np, 238,239,240,2411:)11, 241 Am

1. The total number of CENDL is 270. 75 evaluated and calculated covariance files including.
v’ 72 nuclides are newly evaluated and updated in CENDL-3.2;
v the key elements are revised based on CENDL-3.1, including the key elements 23°U, 239Pu,
233(J, 232Th, 56Fe, !H;
v' Covariance are systematically updated for 70 fission product nuclei.
2+ The incident neutron energy E, < 20MeV;

3+ MF contains 1, 2, 3, 4, 5, 6, 12, 14, 15, 33.
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Light mass: n-n & n-p data based on the microscopic N-N interaction

High precision NN potential CD-Bonn meson exchange nuclear force is able to
fits about 6000 pp and np explain CIB and CSB.
data with y?~1.0. Low energy pp, nn and np scattering in 's, channel,

their a and r almost identify.

=173+ 04fm Qapy=-189+04fm app=—23.74%0.02fm
Tpw oo =285+ 0.04fm  Ton=275+011fm  Top =2.77£0.05fm

1. Solving Lippmann-Schwinger equation in momentum space to obtain phase shift 6;; .
2. For spin triplet S = 1, coupling orbit L and spin S to provide J. 6 summation must be

taken into account.
\e\:
R\

o ey Y S S S ettt (1 5k, ) (155, ) KOt L

Ji Lo 2 Lo \’\\%\(\\\%
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cross section o (mb)

Differences

nn and np data in CENDL3.2
Comparisons of nn and np

25000
20000 ~
15000 <
10000 4

5000 A

0.00-
-0.01
-0.02 -
-0.034
-0.04+
-0.05

og=226b
a,, = —18.9 fr
og=215Db

ann, = —18.5fm

- = ENDF/B-8.0
= CD-Bonn

S1: ENDF/B-8.0
S2: CD-Bonn

—(51-82)/51

10" 10° 10* 107 10° 10° 10% 107 10% 107 10° 10
Incident Energy (MeV)

3. CENDL-3.2 - light nuclei : n-n & n-p

2

£ 'z
o\
in

scattering cross section between ENDF/B-8.0 and CENDL-3.2

cross section (bar/sr) cross section (bar/sr)

cross section (bar/sr)

3427028

34270244

0.01 MeV

3427020
3427016

34270124

0.0624
0.0616-
0.0608_
0.0600-

0.0582

0.018 1
0.016
0.014 4
0.012
0.010

0.008

-----------------

20 40 60 &80 100 120 140 160 180
center of mass (degree)

Cross section (barns}

10

neuron-proton elastic scatlering

ENDF/B-8.0 10 GD-Bonn ratio
2 - | | | | | |
Onp = 20.4 b
- -1 970
. e\
0¢ 10% 102 107 100 100 102 10 10° 10° 1:‘6. = (\\)C\
Energy (eV) ‘;‘0( W%
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n+>’H(D) - n+°H (D) (nel
—> 2n + p (n, 2n)
- y+'H(T) (0 )

o

fo

{ - O_n,n - O-n,Zn + O_n,;v

0.25

= 1958 V,J,Ashby
1961 H.C.Catron
1966 G.Vedrenne
I 1968 S.Shirato
02 | 1969 M.Holmberg
1971 E.R.Graves : B :
1972 N.Koori G 7 Iy
<> 1975 G.Pauletta iy e
& 1979K.Gul
A
L

D(n,2n)p reaction

1980 Bal Xixiang A |
i A H

1985 J.Frehaut A

1990 Shen Guanren 4 -k 4 - |

2012 J.-M.Laborie V.

ol/b

V.
ENDF/B-VII.1 Jr
PP I— JEFF-3.2
---------- JENDL-4.0
=im=m= CENDL-3.1 &
| — Present

0.05

E /MeV

3. CENDL-3.2 - light nuclei : n-d

o\

= i
5
g

CENDL-3.1 is adopted in CENDL-32

D(n,2n)p is updated considering the new
experimental data:

J.M.Laborie, X.Ledoux, C.Varignon, et al. Measurement of the
nutron-induced deuteron breakup reaction cross section
between 5 and 25 MeV [J]. The European Physical Journal A:
Hadrons and Nuclei, 2012, 48(6): 87-99. EXFOR 23036.

13 sets of experimental data are measured by TOF and
STANK, considering the technique of particle
identification to separate the proton and deuteron

in
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3. CENDL-3.2 - light nuclei : n+’Li

Experimental data evaluation are performed, and some
reaction cross sections and angular distributions of
neutron elastic scattering of ©7Li are updated.

CENDL-3.1 is adopted in CENDL-32

"Li(n,el), (n,nt), (n,g) are updated via the

g 70 , new experimental data:
Comparision between Exp. and Eval. of "Li(n, el) reaction

3.III.-I”II”II””IIIHI””II”II””IHIE.I~IIDIF;'IB-IViII1I--.--I--I-I Channels Qualues )
JEFF-3.1.2 _
JENDL-4.0 yaS 2.033
ROSFCOND-2010 ------- ‘
I ENDL-2.1 ' s s _
25 F = S CENDL-3.1 —— - n+Li 04776
- = PRESENT —— . ] 7750
R.G.Thomas(1956) +—e—i | d+ He e
R.Batchelor(1963) +—e—
~ A.H.Armstrong(1964) ' t e -3.3362
2 F.Merchez(1966) +—v—i 1
c 2t J.C.Hopkins(1968) +—e—i - 6 . -7.2490
@ H.H.Knitter(1968) +—a—i | 2n+ Li
c H.D.Knox(1979) +—&— | _
= Chen Guanren(1981) +—e—i | n.p+° He 9.9740
o} V.P.Alfimenkov(1982) 9618
@ M.Drosg(1985) n.d+He -
@ 15 A Takahashi(1992) -
o Zhang Kun(1995) —é&— - n+r+aoa -2.476
----------- Legendre Fit —@— .
,,,,,,, . 20, p+° He -11.842
1k 2n+d+ o -8.724
I . G(n, el) is derived through Legendre
05 [ . l . . . l . ] . ? polynomial function fitting to the

0 2 4 6 8 10 12 14 16 18 20
Incident Neutron Energy (MeV)

experimental data of do/dwm.
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light nuclei

n+7Lj

4 5]
ENNE CHINA INSTITUTE OF ATOMIC ENERGY

101 T T T T T T T T T T T T T T T 100 T T T T T T T T T T T T T T T T T
Elastic Angular Distribution of "Li at 0.275 MeV Elastic Angular Distribution of "Li at 3.83 MeV
En=0.275MeV En =3.83MeV
H 5
2 4 LR
o 10 o 107
hJ T
8 ]
10914 1979 H.Knox
ENDF/B-VII.1:LI-7 Ei3.83E+6
JEFF-3.2:LI-7 Ei3.83E+6 -
JENDL-4.0:LI-7 Ei3.B3E+6 -
ROSFOND-2010:L1-7 Ei3.83E+6
CENDL-3.1:LI-7 Ei3.83§+6
10-1 L L L L 1 Flﬁ‘ng 1 L 'l 1 L L 1 L 'l 10-2 L L L L 1 F‘ttlng L L L L 1 1 L L L L 1
0 10 20 30 40 50 60 100 110 120 130 140 150 160 170 180 o] 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180
| Nuclear data are updated with new Legendre fitting
100 T T T T LI I e e L S B s S, By UL R A I
E\ast\c Angular D|str\but|on of L\ at 11.50 MeV Rl ‘ Elastic Angular Distribution of L| at 18.00 MeV
107 |
3 5
s £
% 10 ] %
g 3
102 F
1998 M.Ibaraki
ENDF/B-VII.1:LI-7 Ei1.15E+7 -
JEFF-3.2:LI-7 Ei1.15E+7 -~
JENDL-4.0:LI-7 Ei1.15E+7
ROSFOND-2010:LI-7 EI1.A5E+7 ==== = "wE e
CENDL-3.1:LI-7 Ei1.15E+7 Sy [ Ft‘t
Fitting e ] 1 1 L L 1 - I I 1 I 1 1 I I 1
10-2 ! ! 1 1 | 1 ! ! 1 1 1 1 1 1 1 10
10 20 30 40 50 B0 70 80 90 100 110 120 130 140 150 180 170 180 o] 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180
Anglec, (deg)

Anglecy, (deg)

b3

2
;l
i

Angular distribution of
elastic scattering of “Li

H

o
(W]
in
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Cross sections (b)

Cross sections (b)

*28(n,tot)

This work (evaluation)
This work (calculation)
JENDL3.3

o Abfalterer00
Cierjackso8(5-0)

150

100

50

En (MeV)

lllllllllllIllllllrlllllllll

—— This work 34

- --- JENDL3.3 S(n.p)
Paul 53
Prasad 66

]

A

o Gupta8s

m Bormanné6
v Ngoc§o

H  Kasugai00
X Schantl 70

IIIIIIIIIL’

4

0.0

5.0 10.0

En (MeV)

15.0

20.0

Cross sections (b)

3. CENDL-3.2 - medium heavy : n+32S

600 [ Barralle rsmp) T Th.is work (evaluatilon)
- H Allen Jr 57 This work (calculation)
[ 4 Klemass 7 77° JENDL3.3
L o Ricamo51 o —— x Paul 53
[ Khuranags .~ o Allen Jr 57
400 = / A Allen Jr 57
- & % Z Robertson73
r 0 Paulsen 66
- e Barralle9 ® LevkovsKivg3
i A Santrys3
200 — o Allen Jr57
C a Allen Jr 57
- w  Pasquarelli 67
i s Khuranago
N o Levkovskive8
0 1 L 1 1 1 1
0 10 20
En (MeV)
10°
10°
107

d6/dE (b/eV)
=

10° — This work
---- JENDL3.3 \
10
1007 — e Kozyr’87 \
\
101 |- '=
1
]
10_12 L1 1 1 L1 1 L1 | 1 L1 1 L1 1 1 L | 11 11 1 L1 1 1 I 1 Ill 1
5.0E+6 1.0E+7 1.5E+7
En (MeV)

il® |

P A
CHOC

CHINA NUCLEAR DATA CENTER

New calculation and
evaluation are performed
to the isotopes of
Sulphur in CENDL-32
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Approach:

* New evaluation and covariance based on the experimental data for (n,tot) and (n, a)

2

 Koning-Delaroche potential is utilized to calculate the neutron scattering. This function is incorporated in the

latest UNF2015
* The discrete levels are adopted as the data JENDL-4

1971 D.G.Foster Jr ~—=—
1993 R.W.Finlay
1986 H.S.Camarda -
40 2010 R.Shane
Ca(n, tot) 1990 LKoester(nat) = =
1968 S.Cierjacks(nat) =
2001 W.P.Abfalterer(nat) =
1971 LAngeli{nat) - &
JENDL-4.0
JEFF-3.2
CENDL-3.1{nat)
present

40Ca(n,tot)

Cross Section (b)

' ' 1992 A Takahashi(nal) =
E, (MeV) 40 I JEMDL-4.0 ——
" Ca(n, inl) JEFF32 —
o6l CENDL-3.1(nat)
present
=)
S 04r
g
40 inl :
w
Ca(n,inl)
oz}
0

E, (MeV)

ground
3.35262
3.73669
3.90438
4.49143
5.21156
5.24879
5.2788
5.61352
5.62941
5.90263
6.025471
6.02971
6.28515
6.4224
6.50787
6.5428
6.58247
6.750411
6.9087

M oM W Ak AN W W R E N AR & N DS N W DS O

1

] (]
e e e i

=
3

0

0
1
1
1
0
1
1
0
1
0
0
0
1
1
0
1
0
1
1

New calculation and
evaluation are
performed to the
isotopes of Calcium-
40 in CENDL-32

£ "z
o\
in
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3. CENDL-3.2 - medium heavy : n+4%Ca

40Ca(n,y)

1971 F.P.Cranston ~—=—

1952 H.Pomerance = 9
2009 I.Dillmann +——&—
2009 I.Dillmann =

1976 A.R.De L.Musgrove

2006 S.F.Mughaghab(nat) —=— J

2000 Z.Y.Bao |
2000 Z.Y.Bao =
2006 S.F.Mughaghab
2006 S.F.Mughaghab
1975 B.J.Allen
1974 |.Bergqvist
1968 A.Hudoklin-Bozic ——
1971 F.P.Cranston(nat) + =
1946 J.Coltman(nat

1963 R.L.Macklin{nat
1960 B.C.Diven(nat
1979 M.Budnar(nat) ~—=— |
’ JENDL-4.0 ——
R JEFF-3.2 ——
NCENDL-3.1(nat) ——
present

)
1958 T.S.Belanova(nati °
)

0.2F

Cross Section (b)

0.1}F

1975 W.Barnes+(C)  »
1975 W.Barnes+(C) —e—
1975 W.Barnes+(C) e
1977 S.M.Qaim+(C) —=—
2000 Xuemei Zhang+(C) =
JENDL4.0 ——
JEFF-3.2 ——
CENDL-3.1(nat)
present

E, (MeV)

12 14 16 18 20

104 " 1992 A.Takahashi(nat) -+ 1]
present —— :
10° *0ca(n, xn) - 1
102 . En=14.1 MeV _!
- E
: Angle=20 deg :
10! . o
0 ; - - b -?.:ﬁ“r _.'..P
—  ~0[ =
%10
%10'1
— -2
o107
a8
‘-51[1 :
o
o
107
1075
10°° . _
1077k
1.:.-8 1 1
0 5 10 15

E,; (MeV)

NBE
CNDL



& nEpzensHAR

MERE
ENNE CHINA INSTITUTE OF ATOMIC ENERGY

Cross Section (b)

3. CENDL-3.2 - medium heavy : n+>%Fe

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

CHINA NUCLEAR DATA CENTER

0 The (n,inl) evaluation in smooth region for both B8b4 and C32bl are based on the experimental data

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

0.8

06

0.4

02

recommended by QIAN Jing in the CIELO project.

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

56Fe(n, in)Cross Section

Shi Xiamin ——%—

78YU.EKOZYR —=—]

QA SALNIKOV —e—]

Vonach 91 —=—]

R.O. Nelson (re-normalized), X4=14118002 (2004,
GEEL (2014

1991

—e—i]
—e—]

J K Dickens, X4=13500002

nFe-56ENDF/B-VII1

nFe-56This work

nFe-56CIELQ-Iron-betad
nFe-56 ROSFOND E
hed From TOT-EL-NP-NA (EL 94D.SCHMIDT X4=22403006) —=— ]

Fit experimental data :
GEEL data below 6MeV
and Nelson data up to

. 20MeV

iBelow (n,2n)
1 (n,inl)=(n,tot)-(n,el)-(n,p)-(n,a)

] i (n,el) taken from 94D.Schmidt

1 3
1 2 3 4 5 ] 7 8 a 10 14 15 16 17 18 19 20 21 22 23

TRRCIRL
E. (MeV)

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

C/E-1

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

ICSBEP ————
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Medium-heavy nuclei: Re-evaluation of >°Fe(n,inl) reaction cross section

2
£ It
Em
£
|

0 To solve the problem of under prediction neutron leakage in iron shielding, the experimental data of
S6Fe(n,inl) 847keV gamma production cross sections have been re-evaluated and a new curve for “°Fe(n,inl)

reaction has been evaluated.

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

n+56Fe(n,n"y), EY:8-46.8 keV, E =847 keV n+56Fe(n,inl)
1 8 i L] T L] L L] T T L) T 1 8 L) T T L) L] T L} T L
Iy Negret(2013) I _ Voss(1971)
Nelson(2004)c SR 16 L chkensi1991) ]
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Lo A bl ' Wang Zhachui(2013)14MeV =+ | ! g C32b5
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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 LLNL Plused Sphere, Fe, 4.8 mfp, NE213 1.6MeV bias, 7.660m
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Fission product nuclei evaluation

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)

10F K. Enopfi{ 19482
VP Alfimenkoow( 1944y
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9 M _Dvivadeenamml 1 968 )
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3. CENDL-3.2 - medium heavy : n+Fission product

—+—— Systematics of (n,2n) cross sections ————F——7F————
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uég MERIER=MIT 3. CENDL-3.2 - Actinides : n+235U enNDd
Fission nuclei: revision of U-235
e Nubar and resonance parameters of 235U(rev.C32b11) which refer as CENDL-3.2 now, were modified to
reproduce the thermal quantities of the IJAEA 2006 standard, which improves the prediction of keff for the
HMT system.
Thermal IAEA2006 C32b11 C32b11 A HEU-MFET-THERM-011
quantities standard evaluation Eval./Std. 1.020
(n,f 584.33 5.84177E+02 -0.03% -0.15% ® CENDIL-3.1 OC32h1l
(n,7) 99.401 9.94001E+01 0.00% 0.70% 1.013
(n.el) 14.087 1.51081E+01 7.25% -0.05% o 1010
(n,tot) 697.818 6.98685E+02 0.12% -0.03% i’
Gy 0.97729 0.97667 -0.07% 0.00% & 1003
=
G, 0.99118 “ 1.000 Q
G, 0.97881 0.97878 0.00% 0.00%
v 2.43550 2 4359 0.01% _0.03% 0.995
n 2.08143 2.0816 0.01% -0.16% 0.990
o 0.17011 0.17015 . 0.85% 0.04 0.06 0.08 0.1 012 0.14 0.16 0.18 0.2

EALF(eV)
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Fission nuclei: revision of U-235

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

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

0.5 J.M.Allmond+(2009) r =+ 1.020
GV Moradyanio60] = +ICSBEP
P.E.\-/Lob?it%k0¥/+(1971 )G tewe o *
04 5 Mopkina106a) = 1.015 O CENDL-NP
it ¢ - ®C32b10(m1)
. ‘32 m
C32b11 IJ]]_“ i
0.3 = @C32h11
3 o
s = 1.005
tu) "'E_' (o) O
o &= ?
02 O 1.000 T 1 |
o8 ¢
0.1} 0.995
(0.990 ' ' :
0-20-3 16-2 10'-1 160 10" 0.2 0.4 0.6 0.8 1
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3. CENDL-3.2 - Actinides : n+233U
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Delayed fission neutron multiplicity
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3. CENDL-3.2 - Actinides : n+23°U

Nu-barn experimental data evaluation for 23°U
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3. CENDL-3.2 - Actinides : n+23°U

Nu-barn experimental data evaluation for 23°U
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(n, fission) experimental data evaluation for 241Am
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241Am

After

3. CENDL-3.2 - Actinides : n+241Am

(n, fission) experimental data evaluation for 241Am
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3. CENDL-3.2 - Covariance for 70 Fis. products.

Fission product: The systematic covariance evaluation system for fission product

Calculation system for FP nuclei
(CENDL-3.1 to 3.2)

sunf2unf.pl

Batchcal

batchmincard.pl

Correctmin

get14MevCSInl

batchmincard14.pl

NDPlot

Convert sunf->unf

Produce unf.newunf

Auto-produce inputs
SEMAW.in, DPPMI.in, Min.in,
sys.dat, exp

Correct the energy margin of
min.in

Produce the direct reaction
cross section based on

Adjust DWUCK para. to fit
14MeV

Plot the figures for 10
reactions

a

£ I
Em
g
5
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3. CENDL-3.2 - Covariance for 70 Fis. products.

Fission products: The nuclear reaction data re-production

with the help of MINUIT, we have
adjusted the parameters of the UNF
program, 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
CENDL3.1, the solid line is the cross
sections we have calculated with the
new parameter set. For the (n,nl) and
(n,n2) channel, the new parameter set
gives the reasonable cross section at 8
to 10 MeV.
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Descriptions to COV scheme in CENDL-3.2:

(MTech. for non-model & model dependent
@Energies for structure & smooth regions

@COV data types for NI & NC

@Tech. deal with single & multiple measurements
®Tech. for parameter sensitivity selection

®COV matrix positive definition treatment

Deterministic approach: Data recommendation together with COV

Scarce of
~exp. data

Generalized LS

Model parameters determination
for structure or fission nuclei

 p—— e —

Optical model
Direct reaction
Compound nucl.
~ 40 parameters

1

-

Experimental data collection
EXFOR, NSR, Searchingengine...

Non-model

(UNF, FUNE DWUCK, ECIS)

Sensitivity calculation for reactions
dependent | A : (SEMAW)
P exp. data -
evaluation Sz
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3. CENDL-3.2 - Covariance for 70 Fis. products.
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3. CENDL-3.2 - Covariance for 70 Fis. products.

Covariance for n+9°Zr reaction cross sections
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3. CENDL-3.2 - Covariance for 70 Fis. products.

The covariance of main reactions are contained in the data file, the averaged uncertainties are about:
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CENDL-Sub-library of photon data

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

Evaluation Scheme for PD ‘Be — 209Bi 274 nuclei
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Data validation for CENDL-3.2 via ENDITS
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5. CENDL Validation and Application

Overall view with statistics
— CENDL-3.2 gives the best x? in comparison.
— The prediction for 23°U and Pu systems get remarkable improvement.

N
i

(w]
in

E
5
g

Type Cores Quantity CENDL-3.2 CENDL-3.1 ENDF/B-VIII.O JENDL-4.0 JEFF-3.3
C/E-1(pcm) -13 197 -8 59 158
U-235 698 STDEV 828 _________ 912 825 906 868
1 <__16.94 31.91 ___-> 21.61 19.33 21.29
C/E-1(pcm) 155 -36 -170 -1233 176
UPu 7  STDEV 277 285 225 572 221
7 20.40 11.89 5.89 249.26 4.58
C/E-1(pcm) 27 729 68 541 217
Pu 388 STDEV 511 ___________788_ 485 562 494
2 <__2.80 8.90 ___2> 2.13 4.81 2.72
C/E-1(pcm) -449 36 -581 -649 -313
U-233 165 STDEV 1206 1196 1116 1030 1120
7 5.18 6.52 4.78 4.74 4.39
C/E-1(pcm) -58 327 -63 106 112
Al 1261 STDEV 821 958 809 914 828
1 11.03 21.33 13.28 14.19 13.24
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CENDL-3.2 : Kerma factors calculations
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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 and activation 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,
JAEA/CRP, OECD/WPEC and et al;

The CENDL-3.2(C32) will be officially released at the end of May 2020.
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Perspective:

CENDL- future will benefit from the issues related to the fundamental nuclear physics in nuclear
data :

v" Physics for Fission process
v' Physics for few body theory and light nuclei
v' Physics around the reaction and structure data for neutron-rich nuclei

also from they issues related to the international nuclear data measurements, evaluation, library
construction :

v' Measurements for key elements with better accuracy

v Modern facilities with better quality for broader beam energy region and good intensity--- ---
v’ Systematic theoretical and evaluation studies for unstable nuclei

v' Uncertainty evaluation based on nuclear data

v' The microscopic study applied to the ND data production

and from :

v' Deeper and further international co-operation :-- --- !
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