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1 INTRODUCTION 

A preliminary version of the 23eIJ evaluation proposed for JEF-2 has been 

assembled and was sent to the NRA Data Bank in July 1989. They made some 

corrections and additions such as rectifying format errors, evaluating thermal 

values and resonance integrals and adding additional energy points. Due to the 

pressure of other work it has been impossible to make further improvements to the 

file during the last 3 months though work to do so has now restarted. 

Improvements needed include (i) better resolved resonance parameters, (ii) 

changes to divide up the gamma production data above 933.941keV and (iii) 

covariance files. The present description of the evaluation given in MF=l, MT-451 

is given in Section 2 of this document. 

2 DESCRIPlION OF EVALUATION 

The present documentation of the file is given below. Some detailed 

modifications have still to be made to ensure that the thermal values calculated 

with the file reproduce the desired values. 
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MF-1 GENERAL INFORMATION 
MT=451 DESCRIPTIVE DATA AND DIRECTORY RECORDS 
MT=452 NUMBER OF NEUTRONS PER FISSION 

SUM OF MT=455 AND MT-456 
MT-455 DELAYED NEUTRON DATA 

TAKEN FROM REF./l/ 
MT=456 NUMBER OF PROMPT NEUTRONS PER FISSION 

TAKEN FROM EVALUATION BY FREHAUT /2/ 
MF=2 RESONANCE PARAMETERS 

MT=151 RESOLVED AND UNRESOLVED RESONANCE PARAMETERS 
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RESOLVED RESONANCE PARAMETERS (REICH-MOORE) 9237 
COVER ENERGY RANGE l.OE-5 EV TO 10.0 KEV 9237 
NEW EVALUATION BY MOXON ET AL /3/ 9237 
PRESENT PARAMETERS ARE A PRELIMINARY SET DUE TO 9237 
USE OF PRELIMINARY CAPTURE YIELD DATA OF MACKLIN 9237 
ET AL /4/.PARAMETERS ABOVE 4.0 KEV CORRECTED FOR 9237 
BACKGROUND AND NORMALISATION ERRORS IN REF./4/. 9237 

9237 
PARAMETERS OF THE BOUND RESONANCES EVALUATED SO 9237 
AS TO REPRODUCE THE FOLLOWING VALUES AT 22OOM/S 9237 

9237 
REACTION CROSS-SECTION REFERENCE 9237 

ELASTIC 
(yy) 9237 

9237 
FISSION ll:OE-6 $Z$ 9237 
CAPTURE 2.708 /7,8/ 9237 

9237 
(2) COHERENT CALCULATION OF POINT CROSS SECTIONS AND OF9237 

ENERGY-DEPENDENT AVERAGE RESONANCE PARAMETERS FROM 9237 
EVALUATED AVERAGE RESONANCE PARAMETERS FOR E - 0 9237 
WITH HAUSER-FESHBACH CODE FITACS, COVERING THE 9237 
THE ENERGY RANGE 10.0 TO 300 KEV /9/. (MARCH 1989) 9237 

*******************************Lk*k***X****** 
IN THE UNRESOLVED REGION THE POINT CROSS-SECTIONS 
GIVEN IN MF=3 ARE CONSIDERED AS CORRECT. THE 
UNRESOLVED PARAMETERS GIVEN IN MF-2 MT-151 ARE 
ONLY TO BE USED FOR SELF-SHIELDING CALCULATIONS. 
THE USE OF THE PARAMETERS WITH ENDF PROCESSING 
DOES NOT LEAD TO CROSS-SECTIONS CONSISTENT WITH 
MF-3 AS THE CODES USE A MORE PRIMATIVE VERSION OF 
THE FORMALISM.. 

******************************************** 

CROSS-SECTIONS USED TO DETERMINE THE PARAMETERS 
TOTAL DETERMINED MAINLY BY THE FOLLOWING DATA 

BELOW 45 KEV: UTTLEY ET AL. /38/ 
BYOUN ET AL. /39/ 
KONONOV AND POLETAEV /ll/ 
TSUBONE ET AL. /lo/ 

ABOVE 45 KEV: SMITH ET AL. /12/ 
ELASTIC SCATTERING 

CALCULATED AS (TOTAL)-(PARTIAL CROSS-SECTIONS) 
TOTAL INELASTIC AND INELASTIC LEVELS MT=51 AND 52 

DETERMINED MAINLY BY THE FOLLOWING DATA: 
WINTERS ET AL. /13/ 
MURZIN ET AL. /14/ 
TSANG AND BRUGGER /15/ 
SMITH /16/ 
WITHNkEVEL SCHEME FROM TABLE OF ISOTOPES ,'17/ 

ENERGY(MEV) SPIN-PARITY 
G.S. 0.0 o+ 

: 0.1484 0.0448 2:: 
3 0.3072 6+ 
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MF-3 

0 
Mb4 

MF-5 

FISSION 
EXTRAPOLATED DOWNWARD FROM JEF-1 

CAPTURE CROSS-SECTION 
DETERMINED MAINLY BY THE POST 1966 DATA 
COMPILED BY POENITZ IN /18/,BY THE MEASUREMENT 
OF KAZAKOV /19/ AND BY THE MEAN PARAMETERS 
(RADIATION WIDTH,LEVEL DENSITY) EXTRACTED FROM 
RESOLVED RESONANCE PARAMETERS /9/. 

***xx******** 
22OOM/S VALUES AND RESONANCE INTEGRALS GIVEN BY 

THE EVALUATION 

22OOM/S VALUES RESONANCE INTEGRAL 
(BARNS) 

TOTAL 12.32 '%z 
ELASTIC 9.60 319:4 
FISSION 6.463-05 1.7E-03 
CAPTDRE 2.72 278.0 

************* 

NEUTRON CROSS-SECTIONS 

BELOW 10.0 KEV NO BACKGROUND CROSS-SECTIONS GIVEN 
10.0 TO 308.502 KEV CROSS-SECTIONS OBTAINED FROM FITACS 
CALCULATION (SEE ABOVE) WITH THE FOLLOWING EXCEPTIONS 

MT-18 STRUCTURE IN CROSS-SECTION BASED ON /20/ 
MT-51,52,102 CROSS-SECTIONS MODIFIED TO REMOVE 

DISCONTINUITIES AT 308.502 KEV 

ABOVE 308.502 KEV THE DATA ARE BASED ON JENDL-3 WITH THE 
FOLLOWING EXCEPTIONS 

MT-1 EVALUATION OF SMITH /12/ 

MT-18 DATA OBTAINED BY POENITZ AS PART OF THE ENDF/B-VI 
STANDARDS EVALUATION /7,8/ 

MT=102 UP TO 2.2 MEV DATA OBTAINED BY POENITZ AS PART OF 
ENDF/B-VI STANDARDS EVALUATION /7,8/ 
2.2 TO 20 MEV EVALUATION BASED ON; 
LINDNER ET AL /Zl/,POENITZ ET AL /22/ AND PANITKIN 
ET AL /23/ BELOW 3 MEV AND MCDANIELS ET AL /24/ 
PLUS HUANG ET AL /25/ ABOVE 7 MEV 

ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS 

DATA TAKEN FROM JENDL -3 

ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS 

DATA TAKEN FROM JENDL-3 

MF-12 PHOTON PRODUCTION MULTIPLICITIES 

DATA TAKEN FROM JENDL-3 WITH THE FOLLOWING EXCEPTIONS: 

MT-18 BASED ON THE METHOD OF FORT ET AL /26/ 

MT=58,59 MODIFIED TO TAKE ACCOUNT OF IMPROVED LEVEL 
DATA OF SHURSHIKOV /27/ 

MF=13 PHOTON PRODUCTION CROSS-SECTIONS 

CROSS-SECTION OBTAINED BY SUMMING NON-ELASTIC DATA GIVEN 
IN THIS FILE. THESE ARE USED WITH MT-15,MF=3 DATA 
OBTAINED FROM JENDL-3 
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MF-15 CONTINUOUS PHOTON ENERGY SPECTRA 9237 1451 162 
9237 1451 163 

DATA TAKEN FROM JENDL-3 EXCEPT 9237 1451 164 
9237 1451 165 

MT-18 BASED ON METHOD OF FORT ET AL /26/ 9237 1451 166 
9237 1451 167 

******************t****************** 9237 1451 168 
***************t****** 9237 1451 169 

9237 1451 170 
**************************************************** 9237 1451 171 
* FOR COMPLETENESS THE APPROPRIATE SECTIONS OF THE * 9237 1451 172 
* COMMENTS FILE (MT-1 MF-451) FROM JENDL-3 * 9237 1451 173 
* ARE GIVEN BELOW * 9237 1451 174 
****x********x******~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 9237 1451 175 

9237 1451 176 
MF=3 NEUTRON CROSS SECTIONS 9237 1451 177 

9237 1451 178 
ABOVE 50 KEV, CROSS SECTIONS WERE EVALUATED AS FOLLOWS; 9237 1451 179 

9237 1451 180 
MT=2 ELASTIC SCATTERING 9237 1451 181 

CALCULATED AS (TOTAL)-(PARTIAL CROSS SECTIONS) 9237 1451 182 
MT=4, 51-76, 91 TOTAL AND PARTIAL INELASTIC,SCATTERING 9237 1451 183 

0 
CROSS SECTION WERE CALCULATED BY TAKING ACCOUNT OF DIRECT AND9237 1451 184 
COMPOUND PROCESSES. 9237 1451 185 

1) DIRECT PROCESS 9237 1451 186 
COUPLED-CHANNEL MODEL CODE ECIS WAS USED TOGETHER WITH CASTHY9237 1451 187 
FOR CALCULATION OF INELASTIC CROSS SECTION TO THE l-ST AND 9237 1451 188 
SECOND LEVELS. CROSS SECTIONS WERE NORMALIZED TO THE EXP. 9237 1451 189 
DATA,'28,29,30/ AT 3 MEV OF INCIDENT ENERGY. THE OPTICAL 9237 1451 190 
POTENTIAL PARAMETERS WERE TAKEN FROM REF./31/. 9237 1451 191 

9237 1451 192 
VO=46.2 - 0.3E, WS - 3.6 + 0.4E, VSO - 6.4 (MEV) 9237 1451 193 
R = 1.26, RS=1.24, RSO=1.12 $1; 9237 1451 194 
A= 0.615, AS=0.5, ASO=0.47 9237 1451 195 
BEHTA-2 =0.198, BEHTA-4 -0.057 9237 1451 196 

9237 1451 197 
CROSS SECTIONS TO OTHER LEVELS WERE CALCULATED WITH DWUCK4. 9237 1451 198 
THOSE OF 3-RD, 6, 8, 9, 10, 11, 13 AND 14-TH LEVESS WERE 9237 1451 199 
NORMALIZED TO THE EXPERIMENTAL DATA /28/. NORMALIZATION 9237 1451 200 
FACTORS TO OTHER LEVELS WERE ESTIMATED FROM THESE RESULTS. 9237 1451 201 

9237 1451 202 
THE OPTICAL POTENTIAL PARAMETERS USED /32/ IN DWUCK-4: 9237 1451 203 

9237 1451 204 
VO = 50.378 - 0.3543 - 27.073(N - Z)/A, 9237 1451 205 

0 WS R- = 1.264, 9.265 A - - 0.2323 0.612, + RS= O.O3318E**2 1.256, AS-O.553 - 12.666(N + 0.0144E - Z)/A 9237 9237 1451 1451 206 207 
9237 1451 208 
9237 1451 209 
9237 1451 210 

2) COMPOUND PROCESS: 
CALCULATED WITH CASTHY. 
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LEVEL SCHEME /33/ 

NO. 
G.S. EiEEGY(MEV) 

2’ 
O.t)44889 
0.1484 

2 0.3072 0.5178 

iz 0.6801 0.7319 

; 0.7757 0.8271 
9 0.927 

:7 0.95 0.9663 

:: 0.993 1.0373 

:i 1.0595 1.0765 

SPIN-PARITY 
o+ 
2+ 
4+ 
6+ 



:; 1.107 1.1289 l- 

:t 1.1503 1.169 ;: 

;: 1.2239 1.243 L 

E 1.27 1.2785 2; 2 - 

;4, 1.290 1.3784 1: : 
26 1.4153 14 + 

CONTINUUM LEVELS WERE ASSUMED ABOVE 1.5 MEV. 

MT=16,17 (N,2N) AND (N,3N) 
TAKEN FROM JENDL-2 BELOW 14 MEV. ABOVE 15 MEV, BASED ON REF 
/34,35 AND 36/. 

MF=4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS 
MT=2,51,52 CALCULATED WITH COUPLED-CHANNEL-THEORY CODE 

ECIS AND SPHERICAL-OPTICAL-MODEL CODE 
ELIESE3 AND/OR CASTHY. 

0 
MT-53-76 CALCULATED WITH DWUCK4 AND ELIESE3 
MT-16,17,18,91 ASSUMED TO BE ISOTROPIC IN THE LAB. SYSTEM. 

MF=$ 1fNE~lDISTRIBUTIONS OF SECONDARY NEUTRONS 

MT-45: ( 
EVAPORATION SPECTRUM. 
TAKEN FROM /37/ 

MF-12 PHOTON PRODUCTION MULTIPLICITIES 
GIVEN FOR THE FOLLOWING SECTIONS BELOW 933.941 KEV. 

MT=51-59 INELASTIC 
MT-102 CAPTURE 

MULTIPLICITIES WERE ESTIMATED FROM ENERGY BALANCE. 

MF==&33PHOTON PRODUCTION CROSS SECTIONS 
NON-ELASTIC 

GAMMA-RAY PRODUCTION CROSS SECTIONS WERE GROUPED INTO THE 
NON-ELASTIC IN THE ENERGY RANGE ABOVE 933.941 KEV. THE DATA 
WERE CALCULATED WITH GNASH. 

MF-14 ANGULAR DISTRIBUTIONS OF PHOTONS 
ISOTROPIC DISTRIBUTIONS WERE ASSUMED FOR ALL SECTIONS. 

MF~53CONTINUOUS PHOTON ENERGY SPECTRA l - ;;;,;g;TIC 
MT-18 
MT-102 CAPTURE 

SPECTRA WERE CALCULATED WITH GNASH. 
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