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LEGAL NOTICE 

Neither the Organisation for Economic Co-operation and Development, any of 
its Member countries or their agencies, nor any person or organisation 
acting either on behalf of any of them or otherwise in the development, 
compilation, publication or distribution of the information in this report: 

1. Makes any warranty or representaton, expressed or implied, with 
respect to the accuracy, completeness, or usefulness of the in- 
formation which it contains, or that the use of any information, 
apparatus, method, or process disclosed may not infringe pri- 
vately owned rights; or 

2. Assumes any liabilities with respect to the use of, or for 
damage resulting from the use of any information, apparatus, 
method or process disclosed. 

AVERTISSEMENT 

LIOrganisation de Cooperation et de Developpement Economiques, ses pays 
Membres, or leurs agences, les personnes ou organisations agissant en leurs 
noms ou pour le developpement, la compilation, la publication ou la 
distribution de l'information dans ce rapport: 

1. Ne garantissent, expressement ou implicitement ni que les infor- 
mations ci-jointes sont exactes et completes, ni que l'utilisa- 
tion de ces informations, ainsi que des appareils, methodes ou 
procedes decrits ne portent pas atteinte B des droits acquis; ou 

2. N'assument aucune responsabilite en ce qui concerne l'utilisation 
des dites informations, appareils, methodes ou procedes ainsi que 
les consCquences pouvant en resulter. 

The NEA Data Bank is part of'the Organisation for Economic Co-operation and 
Development and is financed by the following seventeen Member countries: 

Austria, Belgium, Denmark, Finland, France, Germany, Greece, 
Italy, Japan, the Netherlands, Norway, Portugal, Spain, Sweden, 
Switzerland, Turkey and the United Kingdom. 

La Banque de Donnees de 1'AEN fait partie de lfOrganisation de Cooperation 
et de Developpement Economiques et est financee par les dix-sept pays 
Membres suivants : 

Allemagne, Autriche, Belgique, Danemark, Espagne, Finlande, France, 
Grece, Italie, Japon, Norvege, Pays-Bas, Portugal, Royaume-Uni, 
Suede, Suisse et Turquie. 



NEUTRON NUCLEAR DATA EVALUATION NEWSLETTER 

NNDEN/43 

The Newsletter reports: 

1. Evaluation work on particular nuclides. 
2. Development of codes for nuclear model calculations, and 

other codes needed for nuclear data work. 
3. Publications relevant to the neutron data field. 

Contributions have been received from: 
Page 

AUSTRALIA 

CHINA 

Australian Nuclear Science and 
Technology Organisation 8 

Institute of Atomic Energy, Beijing 9 
Institute of Heavy Ion Physics 10 

FEDERAL REPUBLIC OF GERMANY KFK Karlsruhe 13 

FRANCE CEN, Bruyeres-le-Chstel 
CEN, Cadarache 

GERMAN DEMOCRATIC REPUBLIC Technical University, Dresden 17 

INDIA Bhabha Atomic Research Centre, Trombay 19 
Indira Gandhi Centre, Kalpakkam 21 

ITALY ENEA, Bologna 23 

JAPAN Nuclear Data Center, JAERI 28 

NETHERLANDS ECN, Petten 30 

POLAND Soltan Institute for Nuclear Studies 32 

UNITED KINGDOM AERE, Harwell 33 
Nuclear Physics Laboratory, Oxford 34 
AEE, Winfrith 37 

USA BNL, Upton 
LANL, Los Alamos 
ORNL, Oak Ridge 

USSR Institute of Nuclear Power, Minsk 47 

EFF (European Fusion File) ECN, Petten 48 

IAEA Nuclear Data Section, Vienna 50 

OECD/NEA Data Bank, Saclay 53 

The next issue of NNDEN has been scheduled for October 1990 and 
contributors are asked to send in their reports by 15th September 1990. 
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NEW EVALUATIONS A) COMPLETED 
B) M PROGRESS 

ENERGY RANGE 

10 K~V-1 MeV 
100 KeV-5 MeV 

0.01-20 MeV 

10-20 MeV 

NUCLIDE 

H-l 

Li-6 
Li-7 
Li-7 
Li-7 

Be 
Be-9 

B-10 
B-10 
B-10 
B-11 
B-11 
B-11 

C-12 

N-14 
N-15 

0-16 
0-16 

A1 
A1-27 

Si-28 

Sc-75 

Ti 

V-51 

Cr 
Cr 
Cr 
Cr 
Cr 
Cr-51 
Cr-52 1 

Fe 
Fe 
Fe i 
Fe 

41 

41 

48 

41 

28 
41 

41 

28 

41 

41 

37 

11 

45 

51 
53 
37 

41 
45 

DATA TYPE 

-Y 

-Y 
R-matrix 
m Y  
-Y 

many 
many 

m Y  
(n, )/(n,ao) 

'=In, W) 
'"any 

R-matrix 
W Y  

"="Y 

R-matrix 
many 

W Y  
R-matrix 

many 
-Y 

M Y  

y decay 

(n,xv) 

(n, a) 

(n,nl),(n,~) 
-Y 

(n,nf),level density 
m Y  

y decay 
m Y  

I m Y  
W Y  

(n,nf),(n, v) 
m Y  
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A B C  

41 

41 

48 

41 
45 
46 

41 

41 

41 

41 
41 

48 

45 
48 

46 

46 

46 



NUCLIDE 

Fe 
Fe 
Fe-54 
Fe-56 
Fe-56 
Fe-56 
Fe-56 
Fe-56 
Fe-57 
Fe-57 
Fe-58 
Fe-58 

CO-59 

Ni 
Ni 
Ni 
Ni 
Ni 
Ni 
Ni 
Ni-58 
Ni-60 

Cu-63 
Cu-65 

Zn-65 

Ge-70 
Ge-72 
Ge-73 
Ge-74 

Se-74 
Se-76 
Se-77 
Se-78 

Y-88 

Zr-90 

Nb-93 

Pd-106 
Pb-108 

Eu-151 
EU-153 

DATA TYPE 

(n,nt),level density 
many 
-Y 

-Y 
-Y 
many 
W Y  
-Y 
(n, Y) 
-Y 

(n,xn),(n,pn) 

many 
many 

(n,nl ), 
=Y 

covariance data 
(n,nt),level density 

W Y  
'"any 
-Y 

-Y 
-Y 

y decay 

(%P) 
(%P) 
(bp) 

(n,2n) 

(n92n) 

(n,xn),(n,~n) 

-Y 
"'any 

ENERGY RANGE 

up to 20 MeV 

5-20 MeV 
up to 20 MeV 
up to 1 GeV 

resonance region 
up to 20 MeV 

up to 20 MeV 

14 MeV 

13-16.6 MeV 
13-16.6 MeV 
13-16.6 MeV 
13-16.6 MeV 

13-16.6 MeV 
13-16.6 MeV 
13-16.6 MeV 
13-16.6 MeV 

12-20 MeV 

14 MeV 

13-16.6 MeV 
13-16.6 MeV 

51 

24 
9 
11 
24 
38 
44 
24 

9 
24 

35 

30 
45 

48 

51 

37 

32 
32 
32 
32 

32 
32 
32 
32 

11 

11 

35 

32 
32 
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53 

48 

53 
19 
19 

41 
41 

46 

46 

46 
46 



NUCLIDE 

Ho-165 

Tm 

Hf-178 

W 
W-184 
W-184 

AU-197 
AU-197 
Au-197 

Pb 
~b 
Pb 

Th-232 
Th-232 

U 
U-233 
U-233 
U-233 
U-234 
U-235 
U-235 
U-235 
U-235 
U-235 
U-235 
U-235 
U-235 
U-235 
U-236 
U-236 
U-238 
U-238 
U-238 
U-238 
U-238 
U-238 
U-238 
U-238 
U-238 
U-238 
U-238 
U-238 
U-238 

15 

35 

41 
32 
35 

11 
11 

8 
37 

38 
8 
37 

37 
8 

37 
41 

37 
51 
8 
10 
13 

37 
41 
41 
41 
41 

DATA TYPE 

"'any 

W Y  

isomer prod. 

many 
(n,nt) 

neutron emission 

(n,2n) 
(n,3n) 
-Y 

m Y  
(n,nr),(n,y) 

many 

neutron spectrum 
fission yield 

T 1/2 total + spont. 
neutron spectrum 
fission yield 

many 
fission yield 
neutron spectrum 

V P 
delayed neutron yield 

fission yield 
m Y  
"'='Y 

resonance parameters 
(bf) 
W Y  

fission yield 
"'any 

neutron spectrum 
"'any 
W Y  
"'any 

fission yield 
many 
( n m )  

neutron spectrum 
many 
many 

(n,y)(n,f) 
many 
many 

ENERGY RANGE 

11.5-26 MeV 
11.5-26 MeV 

11-20 MeV 
16-20 MeV 

high 

2 MeV 
fast, 14 MeV 

thermal 
therma4, fast, 14 MeV 

10- eV-20 MeV 
fast 
t ermal !3 10- eV-120 eV 

IO-~ eV-20 MeV 
thermal, fast, 14 MeV 

83 eV-2.25 KeV 
resonance region 

fast 

2 MeV 

4-600 KeV 

fast, 14 MeV 

1-100 MeV 
up to 100 MeV 
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41 

41 

38 

48 

47 

16 
16 

41 
45 
45 
53 

33 

41 
44 

53 

46 

46 



DATA TYPE ENERGY RANGE 

fission yield thermal, fast 

1-100 MeV 

fission yield thermal, fast 

T 1/2 total + spont. 
neutron spectrum spontaneous 

Pu-238 fission yield thermal, fast 

delayed neutron yield 
covariance data 

thermal, fast 

resonance parameters 
resonance region 

Pu-240 spontaneous 
Pu-240 fission yield 

Pu-241 resonance parameters 
Pu-241 

neutron spectrum spontaneous 

T 1/2 total + spont. 
Am-241 
Am-241 fission yield thermal, fast 
Am-242m 
Am-242m thermal, fast 
Am-243 

fission yield thermal, fast 

T 1/2 total + spont. 
fission yield spontaneous 
fission yield thermal, fast 

thermal, fast 
spontaneous 

thermal, fast 

neutron spectrum spontaneous 



Address: 

Names : 

Activity: 

Results: 

AUSTRALIAN NUCLEAR SCIENCE AND TECHNOLOGY ORGANISATION 

LUCAS HEIGHTS RESEARCH LABORATORIES 
(formerly Australian Atomic Energy Commission) 

Private Mailbag 1 
Menai NSW 2234 
Australia 

R.L. Walsh and G. Chircu* 
(*University of New South Wales) 

Calculation of fission neutron spectra using Madland-Nix 
Model 

- Fission spectra and spectrum integrals calculated for 
2 3 2  2 3 8  . 2 MeV fission of Th, U 

2 3 3  2 3 5  2 3 8  . thermal fission of U, U, Pu 
2 5 2  . spontaneous fission of Cf 

. nuclei of importance to nuclear safeguards, viz. 
2 4 0  2 3 8  spontaneous fission of Pu, Pu and 2 4 Z ~ u  

- Effect of fragment spin incorporated (neutron 
anisotropy parameter b = 0.1) 

- Effect of neutrons from accelerating fragments 
incorporated 

- Tabulated data available 

Publications: R.L. Walsh 

"Spin-dependent calculation of fission neutron spectra and 
fission spectrum integrals for six fissioning systems", 
Nucl. Sci. Eng., 102 (1989) 119. 

R.L. Walsh and G .  Chircu 
2 4 0  2 3 8  2 4 2  

"Fission neutron spectra for pu, Pu and Pu", 
Proc. Int'l Conf. '50 Years with Nuclear Fission', 
Gaithersburg, USA, 25-28 April 1989. 

R.L. Walsh and G .  Chircu 
"Calculation of fission neutron spectrum incorporating 

neutrons from accelerating fragments", ibid. 



Institution: Chinese Nuclear Data Centre 

Address: Institute of Atomic Energy 
P.O. Box 275 (41) 
Beij ing 
China, People's Republic 

Contact: Zhou Delin 

1. Zhao Zhixiang and Zhou Delin 
Systematics of Excitation Function for (n,y) Reaction, to be 
published in Chinese Nuclear Physics. 

2. Zhao Zhixiang and Zhou Delin 
Systematics of Excitation Function for (n,n+p) and (n,n+a) 
React.ions, to be published in Chinese Nuclear- Physics. 
The codes related to the above systematics are available from CNDC. 

3 .  Zhao Zhixiang and Liu Tong 
Evaluation of Fe-58(n,y) Reaction Cross Section and Its 
Covariance. (Data set in ENDP/B-V1 format is available from CNDC). 

4. Zhou Del in 
A Compilation of Activation Cross Sections for Fusion Reactor 
Technology at 14.7 HeV. 

5. Yuan Hanrong 
Evaluation of Fe--56(n,p) Cross Sections, (88 Hito and Rev.) 

6. Wang Dao 
The Chinese evaluated data file of fission-product yields for 10 
fissioning system will be updated and improved. The EXFOH 
experimental database is updated; covariance techniques for data 
evaluation are invisaged; decay heat calculations are in progress. 



Progress of Evaluation of Neutron Nuclear Data in 

The Institute of Heavy Ion Physics, Peking University 

Bao Shanglian 

Institute of Heavy Ion Physics 

Peking University 

Beijing 100871 

P. R. China 

1. Introduction 

Since the 16th conference of International Nuclear Data 

Commission held in Beijing, October, 1987, the progress of the 

evaluation of the neutron nuclear data combined with the 

preparation of neutron nuclear data measurements reached some 

pints. 

2. Evaluation of Neutron Nuclear Data 

1). Evaluation of Neutron Nuclear Data of Natural Calcium for 

GENDL-1 (Tang Guoyou, Bao Shanglian, Shi Zhaomin,Cao Wentian) 

will be published in a Collection of Progress of Chinese Neutron 

Nuclear Data and also presents here. 

2). Evaluation of Neutron Nuclear Data of U-238 for CENDL-2 has 

got primary result, which was evaluated by Tang Guoyou et al. and 

cooperated with Ca. Denjiu et al., China Nuclear Data Center. 

2. The Computer Code HFTI 

The code HFIT (made by Huang Feizen et al.) developed in our 

laboratory has got a new version HFTIA, which can be used in a 

personal IBM-PC/AT type computer. The original version HFITt2] 

was sent to the NEA Data Bank in October 1988. Comparing with 

HFIT, HFITA is more convenient for user. The code was made 



based on the evaporation model with preequilibrium emission 

described by the exciton model. In each calculation, the code can 

handle the decay sequence involving up to 3 compound nuclei. The 

first two decaying compound nuclei can emit 7 types of particles 

including neutron, proton, triton, 3~e, deuteron, alpha and gamma 

ray. The last compound nucleus can only emit neutron, proton and 

gamma ray. The incident particles permitted in the code 

calculation are n, p, t, 3~e, d and alpha. The incident energy 

below 40MeV are allowed in the calculations. The input data 

needed in the calculation are the types of incident and outgoing 

particles, the incident energy, the mass and atomic number of the 

target nucleus and the K factor in the exciton transition matrix 

elements. We have calculated many nuclear reaction cross sections 

using the code. The consistency between the calculations and the 

 measurement^[^-^] are satisfied. Some comparison results are 

shown in Fig. 1 to 6. We got the 88~(n, 2n) reaction cross 

section by a indirect The results are also compared 

with our calculations and other experiment results. 

References 

[l] Tang Guoyou, Bao Shanglian, Shi Zhao Minin, Proceeding of 

Progress of Neutron Nuclear Data Evaluation, to be published. 

A summary report is available from the IAEA Nuclear Data Section as 
INDC(CPR)-15. 

[2] Huang Feizeng, Shi Zhaomin, Bao Shangliang, Acta Scientiaruin 

Naturalium Universitatis Pekinensis, V. 25, No.3 (1989)289 

(in Chinese). 

131 Huang Feizeng, Shi Zhaomin et al., High Energy Physics and 

Nuclear Physics(in Chinese), 1989. 

[41 H. Liskien et al. ,J. Nucl. Energy parts A/B 19(1965)73. 

151 H. L. Lu et al., Scien. and Technology of Atomic 

Energy (Chinese), 2(1975)113. 

161 X. G. Long et al., Nucl. Phys. (Chinese), 9(1987)48. 

171 A. Pavlik et al., J. Phys. G Nucl. Phys. 8(1982)1283. 

[81 R. Colle et al., Phys. Rev. C. 9(1974)1819. 

191 P. G. Fan et al., Scien. and Technology of Atomic 

Energy (Chinese), 2( 1978) 133. 
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KEK KARLSRUHE 

GERMANY 

Name : F.H+ Frohner 

Address: Kernforschungszentrum Karlsruhe 
Institut fur Neutronenphysik und Reaktortechnik 
Postfach 3640 
75 Karlsruhe, West Germany 

Work recently completed 

1. U-238 Cross Sections in the Unresolved Resonance Region for JEF-2 

A large body of transmissim and capture data and recent precision data 
for inelastic neutron scattering has been fitted simultaneously between 
4 and 600 keV with the code FITACS which employs modern Hauser-Feshbach 
theory (GOE averages over resonances /l/). Utilisation of the generalised 
(Bayesian) least-squares method permitted inclusion of a-priori infor- 
mation from resolved resonance parameters prepared at Harwell /2/ for 
JEF-2. An initial discrepancy between this prior information and the 
fits turned out to be caused by questionable parity assignments for weak 
levels. After reanalysis of the resonance parameters with the code 
STARA-81 full consistency was obtained between model fits, information 
from resolved resonances and optical-model results. The final average 
resonance parameters were used to compute recommended resonance-averaged 
point data for JEF-2 between 10 and 300 keV for all open reaction 
channels. The recommended total cross section data are in excellent 
agreement with the latest ANL evaluation /3/ above 45 keV (to better 
than 0.5 % over most of the range). The recommended capture data agree 
well with the latest (model-free) point evaluation for the ENDF/B-V1 
standards file /4/ except for the high- and low-energy ends of the range 
where the JEF-2 recommendation is higher but not really discrepant in 
view of the (preliminary) uncertainties (2-3 % in both evaluations). 

/l/ F.H. Frohner, Proc. 1988 Intern. Reactor Physics Conf., Jackson 
Hole, vol. 111, p. 171; in print: Nucl. Sci. Eng., Oct. 1989 

/2/ M.C. Moxon, M.G. Sowerby, Y. Nakajima and C. Nordborg 
ibid. vol. I, p. 281 

/3/ A.B. Smith, priv. comm. 
/4/ W.P. Poenitz, priv. comm. 



2. New Approach t o  the  Evaluation of Discrepant Experimental Data 

Two-stage Bayesian estimation has been employed t o  work out a rigorous 
method for  dealing with nonidentified systematic errors in  discrepant 
data obtained i n  di f ferent  measurements of the  same physical quantity. 
I t  turns  out t ha t  contrary t o  many ad-hoc recipes one cannot make 
de f in i t e  predictions without a t  l eas t  a vague idea about the  possible 
s i z e  of the  unrecognised errors.  Including such minimum information i n  
the  form of an appropriate maximum-entropy pr ior  one gets def in i te  best  
estimates (under quadratic loss) fo r  the  physical quantity and i t s  
uncertainty i n  a straightforward way. Furthermore, one gets estimates 
of the  unrecognised e r ro l s  which i n  saddle-point approximation resemble 
the  controversial James-Stein estimators, but in  contrast t o  those 
without pathological discontinuit ies,  and with readily calculated 
uncertainties /l/ .  

/l/ F.H. Frohner, i n  "Maximum Entropy and Bayesian Methods", 
J. Ski l l ing (ed.) ,  Dordrecht (19891, pp. 467-474 
























































































