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The JENDL gas-production cross section file was compiled by taking 

cross-section data from JEXDL-3 and by using the EXDF-5 format. The 

data were given to 23 nuclei or elements in light nuclei and structural 

materials. Graphs of the cross sections and brief description on their 

evaluation methods are given in this report. 
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1. Introduction 

The JENDL-3 general purpose file" was released in 19S9 with the data for 171 nuclides, 

and the JENDL-3 fission product nuclear data file2' was completed as a part of the JENDL-3 

general purpose file in 1990. JENDL-3 contains the data for 324 nuclides which consist of 

cross sections, angular distributions and energy distributions of neutrons emitted from 

reactions, in the neutron energy region from 10 5 cV to 20 McV. The data for 7-ray 

production were also evaluated for 53 nuclides, and given in the JENDL-3 general purpose 

file. 

On the other hand, files with only data needed for a certain purpose are called as special 

purpose files. A plan of the JENDL special purpose files was proposed by lijima ct a l / \ and 

they arc in progress4'. The JENDL gas-production cross section file was compiled as one of 

the JENDL special purpose files. This file contains cross sections of gas-production reactions 

of light and structural material nuclei, which arc of importance for material damage study. 

In the next chapter, the compilation of the file will be described and figures of the cross 

sections arc given. In Chapter 3, descriptive information given in the JENDL gas-product ion 

cross section file is listed to show the evaluation methods of the data. 

The present file which was completed in July 1991 is the first version of the JENDL gas-

production cross section file. In the future, it will be updated by adding new materials and or 

improving the present data. 
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2. Compilation of the File 

The data were given for 23 materials listed in Table 1. The ENDF-5 format5' was used 

to compile the data. The file contains the following data. 

MF 

1 Descriptive information (listed in Chapter 3) 

2 Resonance parameters (only scattering radius is given) 

3 Gas-production cross sections for the MT numbers described below 

In the MF=3, the cross-section data arc given for the following gas-production reactions. 

MT 

203 H production 

204 D production 

205 3H production 

206 3He production 

207 4Hc production 

The data were adopted from JENDL-3, and summed up to the above gas-production cross 

sections. The summation equation for each reaction is given in the descriptive data in the file 

(MF=1, MT=451), and listed in Chapter 3 in this report. Curves of the cross sections are 

shown in Figs. 1 to 23. 

•) 
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3. Descriptive Information for Each Nuclide or Material 

All the descriptive information given in MF=1 of the JENDL gas-production cross 

section file is given here. 

7 
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3. 1 Li-6 

3-LI- 6 JAERI EVAI-MAR85 S.CH'BA AND K.SHiSAIA 
JAERI-M 88-164 DIST-0UL91 
HISTORY 
83-12 NEWLY EVALUATED BY K.SHIBATA 
85-03 MODIFIED BY S. CHIBA 

DATA OF MF=3 (MT=59,63) AND MF=4 (MT=S9,63) r^RE ADDED. 
PSEUDG-LEVEL REPRESENTATION WAS ADOPTED FOR THE 
(N,N')ALPHA-D CONTINUUM (MT=51,52,54-56,58,60-62,64-86). 

91-07 GAS-PRODUCTION DATA FILE WAS CREATED FROM JEKDL-3 
BY T.NARITA AND T.NAKAGAWA 

MF=1 GENERAL INFORMATION 
MT=451 DESCRIPTIVE DATA AND DICTIONARY 

MF=2 RESONANCE PARAMETERS 
MT=151 SCATTERING RADIUS ONLY 

MF=3 NEUTRON CROSS SECTIONS 
MT=203 HYDROGEN PRODUCTION CROSS SECTION 

= MT103 
MT=204 DEUTERIUM PRODUCTION CROSS SECTION 

= SUM OF INELASTIC SCATTERING CROSS SECTIONS 
MT=205 TRITIUM PRODUCTION CROSS SECTION 

= MT105 
MT=207 HE-4 PRODUCTION CROSS SECTION 

= MT204 + MT205 

**** ORIGINAL DESCRIPTIVE DAIA IN JENDL-3 ********************** 

MF=3 CROSS SECTIONS 

MT=53 SIG-IN 2.185 MEV 
BASED ON THE EXPERIMENTAL DATA /1,2,3,4,5/. 

MT=57 SIG-IN 3.562 MEV 
BASED ON THE EXPERIMENTAL DATA /6,7/. 

MT=59 SIG-IN 4.31 MEV 
BASED OH A COUPLED-CHANNEL CALCULATION. THE SYMMETRIC 
ROTATIONAL MODEL WAS ASSUMED. THE COUPLING SCHEME WAS 
1 + (G..S.) - 3+(2.185MEV) - 2+(4.31MEV) - 1 + (5.7MEV). 
THE POTENTIAL PARAMETERS WERE; 
V = 45.0766 MEV, R = 1.1875 FM, A = 0.57335 FM 
WS = 0.4432*EL-1.163I MEV, RI= 1.6113 FM, A] = 0.26735 FM 
VSO= 5.5 MEV, RSO=1.15 FM, ASO= 0.5 FM 
BETA(2)=1.1395, 
WHERE EL MEANS THE INCIDENT NEUTRON ENERGY IN THE LAB. 
SYSTEM (MEV). 

MT-63 SIG-IN 5.7 MEV 
BASED ON THE CC CALCULATION NORMALIZED TO THE EXPERIMENTAL 
DATA /12/. 

MT=51,52,54-56,58,60-62,64-86 (N,N')ALPHA-D CONTINUUM 
REPRESENTED BY PSEUDO-LEVELS, BINNED IN 0.5 MEV INTERVALS. 
THE (N,N')ALPHA-D CROSS SECTION WAS BASED ON THE 
MEASUREMENT OF ROSEN AND STEWART /8/. THE 
CONTRIBUTION FROM MT=53, 59 AND 63 WAS SUBTRACTED SO 
THAT SIG-T MIGHT BE EQUAL TO THE SUM OF PARTIAL CROSS 
SECTIONS. THE CROSS SECTION FOR EACH LEVEL WAS CALCULATED 
BY THE 3-BODY PHASE-SPACE DISTRIBUTION WITH A CORRECTION 
Of THE COULOMB INTERACTION IN THE FINAL STATE, ASSUMING 
ISOTROPIC CENTER-OF-MASS DISTRIBUTIONS. 

MT=103 (N,P) 

4 
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BASED 0U THE EXPEKIMENIAL DATA / C , 9 / . 
Ml=i05 (N.T)ALPHA 

BELO* 1 MEV, R-MATRIX CALCULATlGfJ. 
ABOVE 1 KEV, BASED ON THE EXPERIM: KTA-. CAT A 710,13/ . 

REFERENCES 
1) GUENTHtR P. ET AL.: ASL/KOH-52 (1980). 
2) HOGUE H.H. ET AL.: NUCL. SCI. EKG. 69 (1979) 22. 
3) LISOWSKI P.M. FT AL.: LA-8342 (1980). 
4) FOERTSCH H. tT AL.: ZFK-443 (1981), P.13. 
5) DRAKE D.D.: D0E/MDC-24/U (1981), P.72. 
6) PRESSER G. ET AL.: WUCL. PHYS. A131 (1969) 679. 
7) BES010SNYJ FT AL.: YK-19 (1975), P.77. 
8) ROSEN L. AND STEWART L.: PHYS. REV. 126 (1952) 1150. 
9) MERCHEZ F. ET AL.: NUCL. PHYS. A182 (1972) 428. 
10) BARTLE CM.: NUCL. PHYS. A330 (1979) 1. 
11) BARTLE C M . ET AL.: NUCL. PHYS. A397 (19S3) 21. 
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3. 2 L i " 

3 - L l - 7 JAERI tVAL-SLCS^ S.CMbA MS, K.Sr.lr-- V 
JAERI-M S3-i6-5 D:s:-JuL91 

HISTORY 
83-12 UEViLY EVALUATED BY K.SHiSATA 
84-12 MODIFIED BY S. CHI6A 
87-02 LI7(N,NTj CROSS SECIiOI. WAS .MODIFIED. 
88-02 Ll7!tiJ!2) CROSS SECTION AW AtfG. 0!S7. MERE KO"::lE->. 

LI7[H,.N0) WAS ALSO MODSFlED SO AS 10 GIVE V«-t VO:Ai CKGSS 
SECTION WHICH IS EQUAL TO JEKDL-3FR1. I!it I ! ?(,*;,?ii) VSG. 
OIST. ViAS ALSO MODIFIED. L I7 (K ,K I } CROSS StCfiGS WAS 
FIXED 10 87-02 VERSIQH BY MODIFYING THE PSEUOC-i.EVE. 
CROSS SECTIONS. COMMENT WAS ALSO MODIFIED. 

91-07 GAS-PP.OOUCTIGfl DAIA FILE WAS CREAIfL' FfiC*! ,.'E"KC!.-3 
Br E.NARITA AND T.fiAKAGAWA 

MF=1 GENERAL INFORMATION 
MT=451 DESCRIPTIVE DATA A!!D DiCTlGtiARY 

MF=2 RESQNAUCE PARAMETERS 
MT=15L SCATTER IUG RAP I US ONLY 

MF=3 NEUTRON CROSS SECTIOKS 
m=2QA DEUTERIUM PRODUCTION CROSS SECTION 

= MT104 
MT=205 TRITIUM PRODUCTION CROSS SECTION 

= MT205 GIVEN l i t JEUQ'.-3 
MT=207 HE-A PRODUCT [Gil CROSS SECTION 

= MT20fj 

* * * * ORIGINAL DESCRIPTIVE DATA IN JEWi-3 » * * - * » * - " « * ^ * * * * » « 

Mf=3 CROSS SECTIONS 

MT=104 (N,D) 
THE (M,D) CROSS SECTION WAS CALCULATED WI li: 0W6A. 
NORMALIZATION WAS TAKEN SO THAT THE CALCULATED CROSS 
SECTION MIGHT BE CONSISTENT WITH THE AC7IVA720.V DATA /}/. 

MT=205 (N,N'/ALPHA-T 
BASED OH THE EXPERIMENTAL DATA /2,3,4/j,6,7/. 

REFERENCES 
1) BATTAT M.E. AHD RIBE E.L.: PHYS. REV. 89 (1953) 30. 
2) SMITH D.L. ET AL.-. NUCL. SCI. EM6. 78 (I9S-) 359. 
3) HSKIEN H. ET AL.: PROC. INT. CONE. NUCLEAR DAI,: i CR 

SCIENCE AND TECHNOLOGY, ANTWERP 1932. (1933) P.3-19. 
4) SMITH O.L. ET AL.: ANL/NDM-S7 (1984). 
5) TAKAHASHI A. ET AL.: PROC. 13TH SYMP. JUS10N 1EO;., VARiS:. 

ITALY (1984). 
6) GOLDBERG E. ET AL.: NUCL. SCI. LNG. 91, 173 (19S^. 
7) MAEKAWA H. ET AL.: JAERI-M 86-125, P.130 (19SG1.. 

6 



JAKKfl - M 92 076 

3. 3 Be-9 

4-8E- 9 JAERi EVAL-AUG84 K.SHIBATA 
JAERI-K 84-226 DIST-JUL9I 

HISTORY 
84-08 REEVALUATED FOR JENDL-3 BY K.SHIBATA. 

DETAILS OF THE EVALUATION! ARE GIVEN Hi REF/1/. 
89-01 MODIFIED BY CONSIDERING NEUTRON EMISSION SPECTRA 
91-07 GAS-PRODUCTIOH DATA FILE WAS CREATED FR3« JENDL-3 

BY T.NARITA AND T.KAKAGAWA 

MF=1 GENERAL INFORMATION 
MT=451 DESCRIPTIVE DnTA 

MF=2 RESONANCE PARAMETERS 
MT=]51 SCATTERING RADIUS 05JLY 

MF=3 NEUTRON CROSS SECTIONS 
MT=203 HYDROGEN PRODUCTION CROSS SECTION 

= MT103. 
MT=?04 DEUTERIUM PRODUCTION CROSS SECTION 

= MT104. 
MT=205 TRITIUM PRODUCTION CROSS SECTION 

= MT105. 
MT=207 HE-4 PRODUCTION CROSS SECTION 

= .".T024 + HT107 

ORIGINAL DESCRIPTIVE DATA IN OENDL-3 * * * * * W * * * * * * * * * * * " * • * * * * 

VSC = 5.5 
RSO =• 1.25 
ASO = 0.65 

(MEV} 
(FH) 
(FM) 

THE STATISTICAL MODEL CALCULATION HAS HADE FOR THE CHARGED 
PARTICLr EMISSION REACTIONS BY USING THE COMPUTER CODE 
ELIESE-3/?/. OPTICAL MODEL PARAMETERS FOR HE"JTRC=!» WERE 
TAKEN FROM AGEE AND ROSEN III. 

V = 49.3 - 0.33E, WS = 5.75 
R = 1.25 , RS = 1.25 
A = 0.65 , B =0.70 

MT=24 (N.2N ALPHA) 
THIS IS THE CROSS SECTION FOR THE (N.A1) REACTION. THE 
1ST EXCITED LEVEL OF HE-6 DECAYS BY EMITTING 2 NEUTRONS. 
THE (M.Al) CROSS SECTION WAS CALCULATED WITH THE 
STATISTICAL MODEL. 
ALPHA POTENTIAL PARAMETERS ARE THE FOLLOWING /4/: 

V = 125.0 , WS = 15.0 , VSO = 0.0 (MEV) 
R = 1.56 , RS = 1.56 , RC = 1.22 {FM) 
A = 0.50 , B = 0.11 {FM) 

THE CROSS SECTION WAS NORMALIZED TO THE DATA OF 
PERROUD AND SELLEM /5/ AT 14 MEV. 

MT=103 (N,P) 
CALCULATED WITH THE STATISTICAL MODEL. 
PROTON POTENTIAL PARAMETERS ARE THE FOLLOWING 161: 

V = 59.5 - 0.36E, WS = 12.0 + 0.07E, VSO = 4.9 (MEV! 
R = l.?4 , RS = 1.36 , RSO = 1.2 (fMi 
RC= 1.3 {FMJ 
A = 0.63 , B = 0.35 , ASO = 0.31 {FM) 

THE CROSS SECTION WAS NORMALIZED TO THE EXPERIMENTAL DATA 
OF AUGUSTSON AND MENLOVE 111, WHO MEASURED DELAYED 
NEUTROS, BY TAKING ACCOUNT OF THE BRANCHING RATIO 
OF 49.5% FOR LI-9 => BE-9* => 2A + N. 

MT=104 (N,D) 
BASED ON THE EXPERIMENTAL DATA OF SCOBEL 181. 

MT=105 (N,T) 
SUM OF MT=740 AND 741. 
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MT=]07 (N.AO) 
BASED OIS !H£ EXFERlMLIiiAL DATA / 4 , 5 , 9 , 1 3 , 1 1 , 1 2 ; . 

MT=740, 741 (H.TEJ AMD ( K . I I J 
CALCULATED WITH THE STATISTICAL KC-ULL. 
TRITON POTENTIAL PARAMETERS ARE THE FOlLLOiriHG / 1 3 / : 

V = 140.0 , US = 7 .5 , VS0 = 6 .0 (MEl';1 

R = 1.20 , RS = 2 .69 , KSO = 1.2C , R€ = 2.3C JfM| 
A = 0 .45 , 8 = .1.36 , ASO = 0 .7 {F5«; 

NORMALIZATION WAS TAKEN SO THAI THE 107AIL ( R . j ) CROSS 
SECTION MIGHT BE CONSISTENT HUM THE EXPER.5MEKTA1. DATA 
OF BOEDY ET A I . / 1 4 / 

REFERENCES 
1) SHIBATA, K. : JAERI-M 84-226 ( I 9 8 4 J . 
2) IGARASI, S . : JAERI 1224 (1972). 
3) AL.EE, F . P . AND ROSEW, L . : LA-3533-KS ( 1 9 6 6 ) . 
4) SHIBATA, K. AND SH1RATO, S . : J . PHVS. SCC. JPM. 52 {1983} 3748 
5) PESROUD, J . P . AMD SELLEM, CH.: HUCL. PHYS. A227 {1974) 3 3 3 . 
6) VOTAVA, H . J . ET AL. : NUCL. PHYS. A204 (1973) 5 2 9 . 
7) AUGUSTSON, R.H. AMD MEHLOVE, H . O . : NUCL. SCI. ENG. 54(1974)190 
8) SCOBEL, V.: Z. NATUSFGRSCH. A24 (1969) 289 . 
9) BATTAT, M E . AND RIBE, F . L . : NUCL. PH/S. 89 (1953} SO. 

10) STELSON, P.H. AND CAMPBELL, E . C . : NUCL. PHVS. 106 (1957) 1252. 
11) BASS, R. ET AL.: NUCL. PHYS. 23 {1961) 122. 
12) PAIC, G. ET AL.: MUCL. PHYS. A96 (1967) 476 . 
13) LUEDECKE, H. ET AL.: «UCL . PHYS. A109 (195S) 676 . 
14) BOEDY, Z .T . ET AL.: PROC. INT. CGNF. NUCLEAR DATA FGR SCIENCE 

AND TECHNOLOGY, ANTWERP 1982. ( 1 9 8 3 ) , P .36S . 

8 
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3. 1 B HI 

5-B - 10 JAERI EVAL-MAR87 S.CHIBA 
DIST-JUL91 

HISTORY 
87-03 NEWLY EVALUATED BY S.CHIBA {JAERI) F08 JEMDL-3. 
88-11 DATA FOR MF=3{MT=1,2,3,4,51,103,1Q7,113,780,781) MERE 

MODIFIED. 
91-07 GAS-PRODUCTION DATA FILE WAS CREAIED FROM JEKDL-3 

BY T.NARITA AMD T.HAKAGAWA 

MF=1 GENERAL INFORMATION 
MT=451 DESCRIPTIVE DATA AND DICTIONARY 

MF=? RESONANCE PARAMETERS 
MT=151 SCATTERING RADIUS ONLY 

HF=3 NEUTRON CROSS SECTIONS 
MT=203 HYDROGEN PRODUCTION CROSS SECTION 

= MT016 + .1T103 
MT=204 DEUTERIUM PRODUCTION CROSS SECTION 

= MT104 + (SUM OF MT'S FROM 60 TO 89). 
MT=205 TRITIUM PRODUCTION CROSS SECTION 

= MT113 
MT=207 HE-4 PRODUCTION CROSS SECTION 

= MT016*2 + MT107 + MT113*2 + 2*(SUM OF MT'S FROK 60 TO 
89) 

**** ORIGINAL DESCRIPTIVE DATA IN JENOL-3 ********************** 

THE 2200M/S AND 14 MEV CROSS SECTIONS ARE IN 1ABLE 1. 

MF=3 NEUTRON CROSS SECTIONS 
MT=16 (N.2N) 

BASEO ON THE EXPERIMENTAL DATA III. CROSS SECTION WAS 
EXTRAPOLATED AS 0.0120*SQRT(E-ETH), WHERE E IS INCIDENT 
NEUTRON ENERGY AND ETH THRESHOLD ENERGY IN MEV. NOTE 
THAT THIS REACTION PRODUCES 1 PROTON AND 2 ALPHA 
PARTICLES, I.E. (N,2NP)2ALPHA. 

MT=51-59, 61, 62, 64-66. INELASTIC SCATTERING TO REAL LEVELS 
CROSS SECTIONS WERE CALCULATED BY THE COLLECTIVE I« DEL 
DWBA AND NORMALIZED TO THE EXPERIMENTAL DATA/2/ AT 14 
MEV. CALCULATED LEVELS AND ASSUMED ORBITAL ANGULAR 
MOMENTUM TRANSFERS (L) ARE SUMMARIZED IN TABLE 3. DATA 
FOR MT=51 WAS NORMALIZED TO THE EXPERIMENTAL DATA/3/ 
BELOW 6MEV. ABOVE 6MEV, THE DEFORMATION PARAMETER 
DEDUCED FROM (P.P1) REACTION/4/ WAS USED. 

MT=60,63,67-89 (N,N'D)2ALPHA CONTINUUM. 
REPRESENTED BY PSEUDO-LEVELS, BINNED IN 0.5 MEV INTERVALS. 
THE (N,N"D)2ALPHA CROSS SECTION WAS BASED ON THE 
MEASUREMENT OF FRYE+ /5/. THE CROSS SECTION FOR EACH 
LEVEL WAS CALCULATED BY THE 3-B00Y PHASE SPACE 
DISTRIBUTION, ASSUMING ISOTROPIC CENTER-OF-MASS 
ANGULAR DISTRIBUTIONS. 

MT=103 (N,P) 
SUM OF MT = 700 TO 705. 

MT=104 (N,D) 
SUM OF MT = 720 AND 721. 

MT=107 (N,ALPHA) 
SUM OF MT = 780 AND 781. THE THERMAL CROSS SECTION OF 
3837 BARNS WAS ADOPTED/6/. 

MT=113 (N,T)2ALPHA 

9 
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BASiD Of! IHl [XPERIK5?«IAL DAIA ,"&,/,£,9,li-,i:, 
12,13,14/. 

MT=700 (N,P) TO THE GKOOW STAIE 01 Bt-10. 
BELOW 100 KEV, ASSUMED TO BE 1/V. IHE THERKA.. CROSS 
SECTION MAS ASSUMED TO BE 3KB/lb/. 
FROM 100 KEV 10 600 KEV, ASSUMED 10 Bi CCKS-ANi. 
FROM 500 KEV TO 1 MEV, LINEARLY INURPOL AIE». 
ABOVE 1 MEV, THE STATJSTICA! KODii CAiOJI ATIO.'i WAS 
NORMALIZED BY A FACTOR OE 0.704. THE OPTICAL PCILIITiAi, 
LEVEL SCHEMES AMD LEVEL DENSITY PARAMETERS USED IK THE 
CALCULATION ARE SUMMARIZED IK TABLES 2, 3 AMD 4. 

MT=7Gl-705 («,P) TO THE LOW LYING EXCITED STATES OF BE-IG. 
THE STATISTICAL MODEL CALCULATION HAS NORMALIZED 10 list 
EXPERIMENTAL DATA/11/ AT 14 KEV. 

MT=720 (N.DO) 
BELOW 7.6 MEV, THE INVERSE REACT IOH CROSS SECIJGKS/16,17/ 
HERE CONVERTED BY THE PRINCIPIE OF DETAILED BALANCE. 

FROM 7.6 TO 14 MEV, INTERPOLATED LINEARLY. 
ABOVE 14 MEV, OWBA CALCULATION WITH THE PROTON PICKUP 
MECHANISM WAS NORMALIZED TO THE EXPERIMENTA: DATA 
/18, 19/ AT 14 MEV. THE D + BE-9 AND BOUND PROTON 
POTENTIALS OF VALK0VIC+/19/ WERE USED. DEPTi: OF THE 
PROTON POTENTIAL WAS SEARCHED BY THE SEPARATION ENERGY 
METHOD. THE POTENTIAL PARAMETERS ARE LISTEy IK TABLE 2. 

MT=721 (N.D2) 
DWBA CALCULATION KiTH IHE PROTON PICKUP MECHANISM WAS 
NORMALIZED TO THE EXPERIMENTAL DATA/11,18,19/ AT 14 
MEV. THIS IS REALLY THE (N,D) REACTION TO THE SECOND 
LEVEL OF BE-9. 

MT=780, (N.ALPHAO) 
BELOW 10 KEV, R-MATR1X CALCULATION. 
FROM 10 KEV TO 800 KEV, BASED OH THE EXPERIMENTAL DAIA 
/20.21/. 

FROM 800 KEV 10 7.5 MEV, THE EXPERIMENTAL DA:A/22/ WERE 
NORMALIZED BY A FACTOR OF 1.38 AND FITTED BY IHl SPLINE 
FUNCTION. 

ABOVE 7 MEV, THE EXPERIMENTAL DATA/1•/ WERE ADOPTED. 
MT=781 (N.ALPHA1) 

BELOW 10 KEV, THE R-MATRIX CALCULATION. 
FROM 10 KEV TO 100 KEV, BASED ON THE EXPERIMENTAL DATA 
/21, 23/. FROM 100 KEV TO 2 MEV, RECOMMENDATION BY 
LISKIEM AMD WATTECAMPS/24/ WAS ADOPTED. 
FROM 2 TO 7.5 MEV, THE EXPERIMENTAL DATA/22,23,24,25/ 
WERE NORMALIZED BY A FACTOR OF 1.38 AND FITTED BY THE 
SPLINE FUNCTION. 

ABOVE 7 MEV, THE EXPERIMENTAL OATA/25/ WAS ADQPKD. 

TABLE 1 THE 2200-M/S AND 14 MEV CROSS SECTIONS 

2200-M/S (B) 14 MEV (B) 

ELASTIC 2.144 0.943 
(N.N') 0.269 
(N,P) 0.003 0.038 
(N,D) 0.04/ 
(N,T) 0.012 0.095 
(N,ALPHA) 3837.0 0.049 
(N.2M) 0.027 
CAPTURE 0.50 0.000 
TOTAL 3839./ 1.4C7 

10 
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TABLE ? OPTICA! i'OltUIIAl PARAMLIERS 

E-10 + H /?6/ 
V= 47.91 - 0.346Efil, WS= 0.657 + 0.81GIN, VSO=5.5 (MLV) 
R= 1.387 , RS= 1.336 , RSO=1.15 {l"Mi 
A= 0.464 , AS= 0.278 , ASO=0.5 (FM) 

BE-10 + P ill! 
V = 60.0 + ?7.0(H-Z)/A -0.3ECI4 (MIV) 
WS = 0.64ECM + 10.0(M-Z)/A ,(ICH < 13.8 HEV) (HIV) 

= 9.6Q-0.Q6ECM • 10.0(N-Z)/A ,(FCM > 13.6 MF¥) (KIV) 
VSO= 5.5 (HEV) 
R = RS = RSO = 1.15 (FM) 
A = ASO = 0.57, AS= 0.5 (FM) 

BE-9 + D /19/ 
V= 80.0 . 
R= 1.0 . 
A= 1.0 . 

, WV= 30.0 
, RV= 1.0 
, AV- 0.8 

, VSO=6.0 (KEV) 
, RSO=1.0 ,RC= 1.3 (FM) 
, ASO=1.0 (FM) 

TABLE 3 LEVEL SCHEMES USED IN THE DWBA OR STAI5STICAL 
MODEL CALCULATION 

MT 

2 
51 
52 
53 
54 
55 
56 
57 
58 
59 
61 
62 
64 
65 
66 

TABLE 

B-10 

ENERGY 
( MEV ) 
0.0 
0.7183 
1.7402 
2.154 
3.587 
4.774 
5.110 
5.163 
5.18 
5.920 
6.025 
6.127 
6.561 
6.881 
7.00 
7.430 
7.470 
7.477 
7.560 
7.670 
7.840 
8.070 
8.650 
8.890 
8.894 

4 LEVEL 
MODEL 

A(1/MEV) 

JP 

3+ 
1 + 
0+ 
1+ 
2+ 
3+ 
2-
2+ 
1 + 
2+ 
4+ 
3-
3+ 
1-

+ 
i 

+ 
i 

+ 
+ 

i 
i 

+ 
i 

+ 

L 

2 
4 
2 
2 
2 
3 
2 
2 
2 
2 
3 
2 
3 
2 

BE-10 

MT ENERGY JP 
( HEV ) 

700 0.0 0+ 
701 3.368 2+ 
702 5.958 2* 
703 5.960 1-
704 6.179 0+ 
705 6.263 2-

DENSITY PARAMETERS USED IN THE STATISTICAL 
CALCU! .ATION 

T(MEV) C(1/MEV) PAIR.(MEV) EX(MEV) 

11 
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8-10 1.196 5.581 0.066 0.0 16.17 
BE-10 1.088 5.866 0.021 5.13 19.63 

REFERENCES 
MATHER,O.S.: AWRE-0-47/69(1969). 
VAUCHER.B. ET AL.: HELV. PHYS. ACTA 43, 237(1970). 
PORTER D.: AMRE-0-45/70(1970) 
SMIN1ARSK1, R.O. ET AL.: HELV. PHYS. ACTA 49, 227(1976). 
FRYE.G.M. ET AL.: PHYS.REV. 103, 328(1956). 
MUGHABGHAB.S.F. ET AL.: 'NEUTRON CROSS SECTIONS', VOL.1 PART 
A (ACADEMIC PRESS 1981, NEM YORK) 
MYMAN,M.E. ET AL.: PHYS.REV. 112, 1264(1958). 
KLEIN,P.D. ET AL.: EXFOR 12654,002(1966). 
ANTOLKOVIC.B. ET AL.: NUCL.PHYS. A139, 10(1969). 
VALKOVIC.V. ET AL: NUCL.PHYS. A98, 305(1967). 
SELLEM.C. ET AL.: NUCL.INSTRUM.METH. 128, 495(1975). 
CSERPAK,F. ET AL.: EXFOR 30474,003(1978). 
SUHAIMI,A. ET AL.: RAD10CHIMICA ACTA 40, 113(1986). 
QAIM.S.M. ET AL.: PROC. INT. CONF. NUCL. DATA FOR SCI. AND 
TECHNOL., MITO, MAY 30 - JUNE 3, 1988. 
EGGLER.ET AL. : IN CINDA-A (1935-1976) VOL.1 (1979) 
BARDES.R. ET AL.: PHYS.REV. 120, 1369(1960). 
SIEMSSEN.R.H. ET AL.: NUCL.PHYS. 69, 209(1965). 
RIBE.F.L. ET AL.: PHYS.REV. 94, 934(1954). 
VALKOVIC.V. ET AL.: PHYS.REV. 139, B331(1965). 
OLSON,M.D. ET AL.: PHYS.REV. C30, 1375(1984). 
SEALOCK.R.M. ET AL.: PHYS.REV. C13, 2149(1976). 
DAVIS,E.A. ET AL.: NUCL.PHYS. 27, 448(1961). 
SCHRACK.R.A. ET AL.: NUCL.SCI.EENG. 68, 189(19781. 
LISKIEN.H. AND MATTFCAMPS, E.: NUCL.SCI.ENG. 68, 132(1978). 
VIESTI.G. ET AL.: ANNALS NUCL. ENERG. 6, 13(1979). 
DAVE,J.H. ET AL.: PHYS.REV. C28,2112(1983). 
WATSON,B.A. ET AL: PHYS. REV. 182, 977(1969) 
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3.5 B-ll 

5-B - 11 JAERI EVAL-MAY88 T.FUKAHORI 
JAERI-M 83-046 DIST-JUL91 
HISTORY 
87-03 NEWLY EVALUATED BY T.FUKAHORI (JAERI) 
88-05 REVISED BY T.FUKAHORI (JAERI) 

(N,D),(H,ND),(N,T),(N,MT) AND (N.N2A) ADDED. 
DETAILS OF EVALUATION ARE GIVEN IN REF./l/. 

91-07 GAS-PRODUCriOH DATA FILE WAS CREATED FROM JEHDL-3 
BY T.HARITA AND T.NAKAGAKA 

MF=1 GENERAL INFORMATION 
MT=451 DESCRIPTIVE DATA AND DICTIONARY 

MF=2 RESONANCE PARAMETERS 
HT=151 SCATTERING RADIUS ONLY 

MF=3 NEUTRON CROSS SECTIONS 
MT=203 HYDROGEN PRODUCTION CROSS SECTION 

= MT028 + MT103 
MT=204 DEUTERIUM PRODUCTION CROSS SECTION 

= MT032 + MT104 
MT=2C5 TRITIUM PRODUCTION CROSS SECTION 

= MT029 + MT033 + MT105 
MT=207 HE-4 PRODUCTION CROSS SECTION 

= MT022 + MT029*2 + MT107 

**** ORIGINAL DESCRIPTIVE DATA IN JENDL-3 ********************** 

MF=3 CROSS SECTIONS 
MT=22 (N,N'ALPHA)LI-7 CROSS SECTION 

CALCULATED WITH GNASH/2/. THE OPTICAL POTENTIAL 
PARAMETERS, THE LEVEL DENSITY PARAMETERS AND THE LEVEL 
SCHEME ARE SHOWN IN TABLES 1-3, RESPECTIVELY. 

MT=28 (N.N'P)BE-IO CROSS SECTION 
BASED ON THE GNASH CALCULATION. THE PARAMETERS USED ARE 
LISTED IN TABLES 1-3. 

MT=29 (N,N'2ALPHA)T CROSS SECTION 
BASED ON (N.N'T) CROSS SECTION OF THE GNASH CALCULATION 
AND NORMALIZED TO HE PRODUCTION CROSS SECTION OF KNEFF 
ET AL. /3/. 

MT=32 (N,N'D)BE-9 CROSS SECTION 
BASED ON THE GNASH CALCULATION. THE PARAMETERS USED ARE 
LISTED IN TABLES 1-3. 

MT=33 (N,N'T)BE-8 CROSS SECTION 
BASED ON THE GNASH CALCULATION. THE PARAMETERS USED ARE 
LISTED IN TABLES 1-3. 

MT=103 (N,P)BE-11 CROSS SECTION 
BASED ON THE GNASH CALCULATION WITH BEING NORMALIZED TO 
THE EXPERIMENTAL DATA OF STEPANCIC ET AL. /4/. THE 
PARAMETERS USED ARE SHOWN IN TABLES 1-3, RESPECTIVELY. 

MT=104 (N.D)BE-IO CROSS SECTION 
BASED ON THE GNASH CALCULATION. 

MT=105 (N,T)BE-9 CROSS SECTION 
BASED ON THE GNASH CALCULATION. 

MT=107 (N,ALPHA)LI-8 CROSS SECTION 
THE GNASH CALCULATION WAS PERFORMED, AND NORMALIZED TO THE 
EXPERIMENTAL DATA OF ANTOLKOVIC ET AL. /5/ AND SCOBEL ET 
AL. /6/. THE PARAMETERS USED ARE SHOWN IN TABLES 1-3, 
RESPECTIVELY. 

13 



JAKKI M VI* (C«; 

IASIE 1 1HL OPUCA;. POIEKIIA.. PARAV.f 1ERS 

NEUIKON V = 4 1 . S - 0 . C 0 b L MEV* R0= 1 . 4 0 • M A0= 0 . 3 5 :M R L E . / / / 
WS= 1 .OIL MEV* Rl= 1 . 1 b !?•'.* A!= O.bO FM 

PROTON V = 6 6 . 1 - 0 . 2 7 3 L MEV R0= 1 . 1 5 EH A0 = 0.5."' I M f U E . / S / 
WS= l . b u + 0 . 5 8 1 E HEV RI= 1 . 1 5 !H AI= 0 . 5 EH 
VSYM = 5 . 5 MEV R0= 1 . 1 5 EM A0= 0 . 5 7 fM 

DEU1ER0N V = 3 0 . 0 MEV* R0= 1 . 0 EH* A0= 1 . 0 iM* R E F . / 9 / 
WV= 3 9 . 0 MEV RI= 1 . 0 EM* AI = 0 . 8 EM* 
VSYM = 6 . 0 MEV* RC= 1 . 0 EM* A0= 1 . 0 EM* 

TRITON V = 1 0 3 . 0 + 2 0 . O E MEV* R0= 0 . 3 b EM AQ= 0 . 7 0 FM R E F . / 1 0 / 
WV= 1.49E MEV* RI= 2 . 0 6 EM A!= 0 . 7 2 FM 
VSYM = 8 . 5 5 MEV* R0= 0 . 8 5 EM A0= 0 .7G EM 

ALPHA V = 2 3 5 . 2 - 2 . 4 0 L MEV* R0= 1 .61 EM* A0= 0 . 5 5 EM* R E E . 7 1 1 / 
WS= 1 6 . 1 6 - 0 . 7 0 E MEV* RI= 1 . 8 1 FM AI= 0 . 6 b FM 

NOTE : E IS INCIDENT NEUTRON ENERGY IN LAS. SYSTEM. 

* MEANS THAT PARAMETER IS MODIFIED FROM ORIGINAL ONE. 

TABLE 2 THE LEVEL DENSITY PARAMETERS 

A{1/MEV) T(MEV) PAIR (MEV) 

6-10 
B-ll 
B-12 
BE-8 
BE-9 
BE-10 
BE-11 
LI-7 
LI-8 

1.196 
1.431 
1.491 
1.115 
1.125 
1.088 
1.419 
1.133 
1.11b 

7.990 
6.112 
6.201 
9.187 
8.243 

10.029 
7.277 
7.197 
8.170 

0.0 
2.67 
0.0 
5.13 
2.46 
5.13 
2.46 
2.67 
0.0 

TABLE 3 THE LEVEL SCHEME (ENERGY(MEV), SPIN AND PARJIY) / 1 2 . 1 3 / 

B - 1 0 B - l l BE-10 BE-11 L I - 7 L l - S 

GS 0.0 3+ 0.0 3/2- 0.0 0+ 0.0 1/2+ 0.0 i/l- 0.0 2+ 
1 0.71S 1+ 2.12b 1/2- 3.368 2+ 0.320 1/2- 0.4/8 1/2- 0.981 1+ 
2 1.740 0+ 4.445 5/2- 5.958 2+ 4.630 7/2-
3 2.154 1+ 5.020 3/2- 5.960 1-
4 3.58/ 2+ 6.743 7/2- 6.179 0+ 
5 4.774 3+ 6.792 1/2+ 6.263 2-
6 5.110 2- 9.120 7/2+ 7.371 3-
7 5.164 2+ 10.60 7/2+ 7.452 2+ 
8 5.180 1+ 9.2/0 4-
9 5.926 2+ 9.400 2+ 
10 6.025 4+ 
11 6.127 3-
12 6.561 4-
13 6.8/3 1-
14 7.00? 2+ 
15 7.430 2-
16 7.467 !+ 
17 7.4/9 ?+ 
18 7.561 0+ 

6, 
7. 
9. 
9. 
I, 

.680 

.460 

.6/0 

.8b0 

.240 

5/2 
5/2 
7/2 
3/2-
3/2 

It 
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19 7.670 1+ 
20 7.819 1-
21 8.070 2+ 
22 8.700 2+ 
23 8.889 3-
24 8.895 2+ 

1) FUKAHORI T.: JAERI-M 89-046 (1989). 
2) YOUNG P.G. ET AL.: GNASH, A PREEQU1L1BRIUM,STATISTICAL 
NUCLEAR-MODEL CODE FOR CALCULATION OF CROSS SECTION AND 
EMISSION SPECTRA, LA-6947 (1977). 

3) KNEFF O.K. ET AL.: NUCL. SCI. ENG. 92 (1986) 491 
4) STEPANCIC B.Z. ET AL.: BULL. INST. BORIS KIORIC 17 (1966) 237 
5) ANTOLKOVIC B. ET AL.: NUCL. PHYS. A325 (1979) 189 
6) SCOBEL W. ET AL.: ZEITSCHRIFT F. NATURFORSCHUNG, SECTION A 
25 (1970) 1406 

7) Gt.ENDINNING S.G. ET AL.: NUCL. SCI. ENG. 80 (198?) 256 
8) WATSON B.A. ET AL.: PHYS. REV. 182 (1969) 977 
9) MILJANIC 0. ET AL.: NUCL. PHYS. A176 (1971) 110 
10) HERLING G.H. ET AL.: PHYS. REV. 178 (1969) 178 
11) MATSUKI S. ET AL.: J. PHYS. SOC. JAPAN 26 (1969) 1344 
12) AJZENBERG-SELOVE F. : NUCL. PHYS. A413 (1984) 1 
13) AJZENBERG-SELOVE F. : IBID. A433 (1985) 1 
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3.1) C 12 

6-C - 12 JAERI EVAL-AUG83 K.SHIBA-A 
JAERI-M 83-221 DIST-JUL91 

HISTORY 
83-OS NEWLY EVALUATED BY K.SHIBA7A 

DETAILS OF THE EVALUATION ARE GIVEN IN RLF./l/. 
85-02 DATA OF MT=2, 3, 4, 53 OF MF=3 WERE REVISED ABOVE 10.45 

MEV. ANGULAR DISTRIBUTIONS FOR MT=52, 53 MERE ALSO 
REVISED. 

88-07 DATA OF MT=1, 3, 4, 52 OF MF=3 WERE REVISED ABOVE 8.3 MEV. 
91-07 GAS-PRODUCTION DATA FILE WAS CRFA7ED FROM JENDL-3 

BY T.NARITA AND T.NAKAGAWA 

MF=1 GENERAL INFORMATION 
MT=451 DESCRIPTIVE DATA AND DICTIONARY 

MF=2 RESONANCE PARAMETERS 
MT=151 SCATTERING RADIUS ONLY 

MF=3 NEUTRON CROSS SECTIONS 
MT=203 HYDROGEN PRODUCTION CROSS SECTION 

= MT103 
MT=204 DEUTERIUM PRODUCTION CROSS SECTION 

= MT104 
MT=207 HE-4 PRODUCTION CROSS SECTION 

= (MT052 + MT053 + HT09I)*3 + MT10? 

**** ORIGINAL DESCRIPTIVE DATA IN JENDL-3 ********************** 

MF=3 CROSS SECTIONS 
MT=52 SIG-IN 7.65 MEV LEVEL 

THE CROSS SECTION WAS ESTIMATED SO THAT THE ELASTIC SCAT­
TERING CROSS SECTION GIVEN AS THE DIFFERENCE BETWEEN IHE 
TOTAL AND REACTION CROSS SECTIONS MIGHT BE CONSISTENT WITH 
EXPERIMENTAL DATA. TAKING ACCOUNT OF THE MEASUREMENT /?/, 
THE CROSS SECTION WAS MODIFIED BY MULTIPLYING'A FACTOR OF 
0.5. 

MT=53 SIG-IN 9.63 MEV LEVEL 
BASED ON THE EXPERIMENTAL DATA OF ANTOLKOVIC ET AL./3/. 
TAKING ACCOUNT OF THE MEASUREMENT OF ONO ET AL./4/, THE 
CROSS SECTION WAS MODIFIED BY A FACTOR OF 0.8. 

MT=91 (N,N')3A 
BASED ON THE EXPERIMENTAL DATA OF ANTOLKOVIC ET AL./3/. 
TOTAL (N,N')3A CROSS SECTION IS THE SUM OF MT=52, 53 
AND 91. 

MT=103 (N,P) 
BASED ON THE MEASUREMENT OF RIMMLR AND FISHER /5/. 

MT=104 (N,D) 
CALCULATED WITH DWBA. 

MT=107 (N,A) 
BASED ON THE EXPERIMENTAL DATA /6, 7,8,9,10,11,12,13,14/'. 

REFERENCES 
1) SHIBATA, K.: JAERI-M 83-221 (1983). 
2) TAKAHASHl A. ET AL.: PROC. THE 1987 SEMINAR ON NUCLEAR DATA, 

JAERI-M 88-065, P.279, (19883). 
3) ANTOIKOVIC, B. tl AL.: NUCL. PHYS. A394 (1933) 87. 
4) ONO M. ET AL.: f ALL MTG. OF THE ATOMIC ENERGY SOCIETY OF 

JAPAN, 1934 
5) RIMKER, E.M. AND FISHER, P.S.: NUCL. PHYS. AI08 (1968) 567. 
6) CHATTERJEE, M.L. AND SEN, B.: NUCL. PHYS. 51 (1964} 5S3. 
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7) MUCK, A. U A l . : J . DL PiiiSlQ ; Cj (19i>C: &5. 
8) BKlfJDll, H. i i A l . . : / . NA1UKFU SCI!. /JA {19C3} i.YV. 
9) K11A/AWA, l i . AKH YAMAHURO, N. : J . i'Hi'S. SOC. Jl'!<. ?:<{ 19£-9;6;>3. 

10) KAROONSkY, S. 11 Al . : PliYS. RiV. Ol ( 1 9 / 1 • 8-10. 
11) SILVIHS, A . I ' . : INIS-M?-3b% (19 /6 ) . 
12) Rl 1/-SCHM10I, I . H A l . : BUI I . AM. I'HYS. SOC. «j ( i960; I !0 . 
13) VIKBINSKI, ' . V . l i AL . : PHYS. RLV. 1/0 (196S) 9\i>. 
14) OBSI, A.W. I I A l . : PHYS. RIV. C'j (19/?) / J8 . 
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3. 7 Natural X 

7-N - 0 JKDC- EVAL-JUNS9 \.KMiBA[KYU) J.F0KAH0Ri(MiRl )* 
DIST-JUL91 

HISTORY 
91-07 GAS-PRODUCTION DATA FILE HAS CREATED FROM JEKDL-3 

BY T.NARITA AI1D T.NAKAGAWA 

MF=1 GENERAL INFORMATION 
MT=451 DESCRIPTIVE DATA ANO DICTIONARY 

MF=2 RESONANCE PARAMETERS 
MT=151 SCATTERING RADIUS ONLY 

MF=3 NEUTRON CROSS SECTIONS 
DATA HERE CALCULATED FROM THOSE OF N-14 AND H-15. 

N-14 = 99.634 % 
N-15 = 0.366 % 

MT=203 HYDROGEN PRODUCTION CROSS SECTION 
= MT028 + MT103 

MT=204 DEUTERIUM PRODUCTION CROSS SECTION 
= MT032 + MT104 

MT=205 TRITIUM PRODUCTION CROSS SECTION 
= MT033 + MT105 

MT=207 HE-4 PRODUCTION CROSS SECTION 
= MT022 + MTI07 + MT108*2 

**** ORIGINAL DESCRIPTIVE DATA IN JENDL-3 ********************** 

7-N - 14 JNDC EVAL-JUN89 Y .KANDA(K.YU) T.MURATA(NA1G)+ 
DIST-SEP89 

HISTORY 
89-06 NEW EVALUATION FOR JENDL-3 

SUB-WORKING GROUP ON EVALUATION OF N-14, 
WORKING GROUP ON NUCLEAR DATA FOR FUSION, 
JAPANESE NUCLEAR DATA COMMITTEE 
IN CHARGE 
SIG-T K.SHIBATA (JAERI) 
S1G-EL T.ASAMI (JAERI), T.MURATA (NAI6) 
SIG-IN T.ASAMI, T.MURATA 
(N,2N),(N,P),(N,T),(N,A) 

Y.KANDA(KYU) 
(N,NA),(N,NP),(N,ND),(N,D) 

T.ASAMI 
CAPTURE T.ASAMI 
PHOTON PRODUCTION 

T.ASAMI 
COMPILATION 
EVALUATEO DATA WERE COMPILED BY T.FUKAHORI. 

MF=3 CROSS SECTIONS 
MT=22 (N,N ALPHA) 

CALCULATED WITH THE GNASH CODE/1/. 
MT=28 (N,NP) 

CALCULATED WITH THE GNASH CODE, AND NORMALIZED TO THE 
EXPERIMENTAL DATA/2/. 

MT=32 (N,ND) 
CALCULATED WITH THE GNASH CODE. 

MT=103 (N,P) 
BELOW 7 MEV, BASED ON EXPERIMENTAL DATA /3,4,5,6,7,8/. 
ABOVE 7 MEV, BASED ON THE CALCULATIONS WITH GNASH. 

MT=104 (N.D) 

IS 
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BHOVi S.b HIV, BASi 3 ON i HI ! Xt'i RSK: %i A" :>-V.A/-'/. 
ABOV: 8 . b Mi V , CAL O.U A! i L> 'rill >! CXASH. 

MI=10b ( N , P 
BI10W 9 MIV, BASE!' Oti iM! I Xi'f K!M: .'.: A; r A : A / ! 3 . . 
ABOVE. 9 H:V, CAiCKlAUi) WI HI i^.ASi1 A?«" .*i.>:;?»A! i.'i ;• A" v 
Ml V. 

Ml = 10/ (N.AIPii.A) 
BAS'i) ON 1HI IXPIRS'-'UJiAL E)A!A-/. i0..'. 

Ml- lOi i (H,? A! I'M A) 
CAl.CUiAHO Willi GMAS:'. AN'O NORMA: l . ' i ' l A! 1 ".. 1 !•". V V A*; 
AVI RAG; VA1U1 AMG?iG MIS" ["Xi't RM-': K! A: i>-'\' A.' • ' ! . ' . ' . 

/-N - lb IVAI -r;c; :3 UUKAHOK; 
JAERI-H 89-0-1/ DISI-SU'89 
HISTORY 
88-1? NLW1 Y IVAIUAU!) BY 1.IUKAHOK1 (OAiKit 

MF = 3 CROSS SI CI IONS 
M T = 1 6 , 2 2 , 2 S , 3 3 , 3 3 , 1 0 3 , ! 0 - i , l u b , l ( i / 

CAI Oil AMP IV! Ml GNASH / ! / . Mil OlMiCAl I'OlrNUA: 
I'OTENIIAI I'ARAMIMRS, Mil 1 1 VI I HI KSi i Y i'AKAHf U KS AM' 
TH17 1 I VI I SCIIIMI ARI SHOWN IN 1 ABU S ! - 3 . R! SPi C1 iV: i V . 

lABli 1 1 HI. OI'llCA; POll'NHAl I'ARAMi MRS 

NEUTRON V = bO.08-0.0121 MIV RO = 1.?? IK AO = 0 .00 IM 
WS = S.«i J-O.filSI Mi V Ri = 1.4b I'M A! = 0 .13 >.'•', 
VSYM- b.bO MIV RO -- ! . l b IK AO - O.bi"; IV 

PROION V = b 1.30-0.2201 MIV RO = 1.2! >M AO -- 0 . 0 ! i M 
WS = fi.-IO-O.ObOL MtV RI - i .03 I 1-1 A! - 0 .b3 S V 
VSYM- 6 . CO MIV RO - 1.00 IM AO •- 0 . b3 1 M 

DEUIERON I'l Rt Y-I'l RI V "S f'OIi NIIAI , ' 13 / 

IRIION Bl CCIIl i I i-GRfJNM; S'S I M H N I I A I / H / 

ALPHA V = •13.9 MIV RO - 1.91 IM AO = 0 .4b I M 
WV = 3.8b MIV RI - 1.91 IM AS - 0 .4b IM 

I ABU 0 I Hi If V! i IK NSIIY I'ARAM! li RS 

A (1 /Mi V) I (Mi V1 PA1R. (Ml V) 1 X; Ml V1 

B- l l 1.131 6.1-19 ?.b) 3b . b8 
B- l? 1.491 6.201 0 .0 30 . "? 
C-l?. 1./00 b . 9 / l b.hO 3.".'»l 
C-13 1.846 b.382 / .SO 30.'.••' 
C-M 1.988 '1 .88/ b .00 38 . •.'•! 
C-Ib 1.988 1.000 0 .0 19. .'8 
N-M 1.000 b .000 0 .0 10.00 
N-lb 3.130 3.7b;» 2 .20 ! 0 . 0 : 

N-1G 3.130 4 . b 4 / 0 .0 33.11 

I ABLE 3 LEVEt SOU Mi. (f NERGY(Ml V) , SPIN AN!' s'ARUY) /• ' . - , I : - .1 ' 

N-l'l N-lb N-lt". C-Ib C-M 0-13 
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GS 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
IS 
16 

0.0 
2.313 
3.948 
4.915 
5.105 
5.691 
5.834 
6.2C4 
6.446 
7.029 

1 + 
0+ 
1 + 
0-
?-
1-
3-
1 + 
3+ 
2+ 

0.0 1/2- 0. 
5.270 5/2+ 0. 
5.299 1/2+ 
6.324 3/2-
7.155 5/2+ 
7.301 3/2+ 
7.567 7/2+ 
8.313 1/2+ 
8.571 3/2* 
9.050 1/2+ 
9.152 3/2-
9.155 5/2+ 
9.225 i/2-
9.758 5/2-
9.829 7/2-
9.928 3/2-

10.070 3/2+ 

S 2-
120 0-

GS 
1 
2 
3 
4 
5 
6 

0.0 1/2* 0.0 0* 
0.74G 5/2* 6.394 1-

6.5E9 *3* 
6.728 3-
6.9C-3 0-
7.G52 2+ 
7.34! 2-

C-12 B-Jl 

0.0 0+ 0.G 3/2-
2.125 1/2-
4.445 5/2-
5.C2G 3/2-
6.743 7/2-
6.793 1/2* 
7.236 5/2+ 

0.5 1/2-
3.089 i/2* 
3.6S5 3/?-
3.S5* 5/2+ 

B-l? 

0.0 1 + 
0.953 2+ 
1.67* 2-
2.62G I-
2.720 D+ 

REFERENCES 
1) YOUNG P.G. AND ARTHUR E.G.: LA-6947 (1977) -
2) CSIKAI J. AND NACY S.: MJCL. PHYS., A9I, 222 (1967). 
3) BATCHELOR R.: AERE-N/R-370 (1949). 
4) COON J.H. ET AL.: PHYS. REV., 75, 1353 (1949',. 
5) CURE P. ET AL.: J. ' VS. RADIUM., 12, 6 (1951). 
6) HANNA G.C. ET AL.: CAN. J. PHYS., 39, 1785 (1961). 
7) MORGAN G.L. ET AL.: NUCL. SCI. ENG., 70, 163 f1979}. 
8) FELBER H. ET AL.:Z. PHYS., A276, 75 (1976). 
9) CHASE, JR L.F. ET AL.: AFSKC-TR-61-15 (!95I). 
10) GABBARQ F. ET AL.: NUCL. PHYS., 14, 277 (!959). 
11) LILLIE A.B.: PHYS. REV., 87, 726 (1952). 
12) SCHMIDT G. ET AL.: NUCL. PHYS., A103, 238 (J967). 
13) PEREY E.G.: PHYS. REV. 131 (1963) 745 
14) BECCHETTI JR. F.D. AND GREENLEES G.W.: 'POLARIZATION 

PHENOMENA IN NUCLEAR REACT IONS:, THE UNIVERSITY OF WISCONSIN 
PRESS (1971) 

15) AOZENBERG-SELOVE F.: HUCL. PHYS. A46Q (1986) I 
16) AJZENBERG-SELOVE F.: NUCL. PHYS. A449 (1986) i 
17) AJZENBERG-SELOVE F.: NUCL. PHYS. A433 (1985) 1 
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3.8 F 19 

9-F - 19 JAERI EVAL-JUL89 T.SUGI 
DIST-JUL91 

HISTORY 
83-11 EVALUATIOK FOR JENDL-2 HAS PERFORMED BY 3JGI AMD N1SH1MJRA 

(JAERI)/1/. 
89-07 RESOIIAIICE PARAMETERS AND TOTAL CROSS SECTION HERE 

RE-EVALUAUD FOR JENDL-3. 
91-07 GAS-PRODUCTION DATA FILE HAS CREATED FROM JENDL-3 

BY T.N ARM A AND T.NAKAGAHA 

MF=1 GENERAL INFORMATION 
MT=451 DESCRIPTIVE DATA AND DICTIONARY 

HF=2 RESONANCE PARAMETERS 
HT=151 SCATTERING RAOIUS ONLY 

HF=3 NEUTRON CROSS SECTIONS 
MT=203 HYDROGEN PRODUCTION CROSS SECTION 

= MT028 + MT103 
MT=204 DEUTERIUM PRODUCTION CROSS SECTION 

= MT104 
MT=205 TRITIUM PRODUCTION CROSS SECTION 

= MT105 
MT=207 HE-4 PRODUCTION CROSS SECTiON 

= MT022 + MT107 

**** ORIGINAL DESCRIPTIVE DATA IN JENDL-3 ********************** 

MF=3 NEUTRON CROSS SECTIONS 
MT=22 (N,N" ALPHA) AND (N.ALPHA W ) CROSS SECTIONS 

CALCULATED WITH A STATISTICAL MODEL BY USING PEARLSTEIN'S 
EMPIRICAL FORMULA/2/. 

MT=28 (N,N' P) AND (N,P N") CROSS SECTIONS 
CALCULATED WITH A STATISTICAL MODEL BY USING PEARLSTEIU'S 
EMPIRICAL FORMULA. 

MT=103 (N.P) CROSS SECTION 
UP TO 9MEV : BASED ON THE EXPERIMENTAL DATA OF BASS ET AL. 

m. 
9MEV - 20MEV : CALCULATED WITH THE STATISTICAL MODEL BY 

USING PEARLSTEIN' EMPIRICAL FORMULA. 
MT=104 (N,D) CROSS SECTION 

CALCULATED WITH THE PEARLSTEIN'S EMPIRICAL FORMULA. THE 
CROSS SECTION WAS NORMALIZED TO 39.5 MILLI-BARNS AT 14.4 
MEV. 

MT=105 (N,T) CROSS SECTION 
CALCULATED WITH THE PEARLSTEIN'S EMPIRICAL FORMULA. THE 
CROSS SECTION WAS N0RMALI7ED TO 15.0 MILLI-BARNS AT 14.4 
MEV. 

MT=107 (N,ALPHA) CROSS SECTION 
BELOW 9 MEV, BASED ON THE FOLLOWING EXPERIMENTAL DATA: 

UP TO 4MEV DAVIS ET AL. /4/, 
4MEV - 5.5MEV SMITH ET AL. /5/, 
5.5MEV - 9MEV BASS ET AL. /3/. 

ABOVE 9 MEV, CALCULATED WITH THE PEARLSUIN'S FORMULA. 

REFERENCES 
1) SUGI T. AND NISH1MURA K.: JAERl-M 7253 (1977), ENGl!SH TRANS­

LATION : ORNL-IR-4605. 
2) PLARLSTEIN S.: J. NUCL. ENERGY 27, 81 (1973). 
3) BASS R. ET AL.: EANDC(E) 66-64. 
4) DAVIS E.A. ET AL.: NUCL. PHYS. 27, 448 (1961). 
5) SMITH D.M. ET Al.: PHYS. REV. 117, 514 (I960). 
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3.9 A1-27 

13-AL- 27 TIT.JAERI EVAL-HAR88 Y.KARIHA.II.KITAZAiiA.T.FUKAKGX! 
01ST-JUL91 

HISTORY 
88-03 HEU EVALUATION WAS PERFORMED FOH JENDL-3 BY HARJKA, 

KITAZA-A (TOKYO INSTITUTE OF TECH.) AND FUKAHCftl (JAERI). 
DETAILS ARE GIVEN IN REF./l/. 

91-07 GAS-PRODUCT 10!! DATA FILE MAS CREATED FROM JEISL-3 
BY T.KARITA AND T.NAKAGAWA 

MF=1 GENERAL INFORMATION 
MT=451 DESCRIPTIVE DATA AND DICTIONARY 

MF=2 RESONANCE PARAMETERS 
MT=151 SCATTERING RADIUS ONLY 

MF=3 NEUTRON CROSS SECTIONS 
MT=203 HYDROGEN PRODUCTION CROSS SECTION 

= MT028 + MT103 + MT111*2 
MT=207 HE-4 PRODUCTION CROSS SECTION 

= MT022 + MT107 

**** ORIGINAL DESCRIPTIVE DATA IN JENDL-3 ********************** 

MF=3 NEUTRON CROSS SECTIONS 
MT=22 (N.NA) CROSS SECTIONS 
CALCULATED BY THE STATISTICAL MODEL, USING THE GNASH CODE./I,2/ 
OPTICAL POTENTIAL FOR ALPHA-PARTICLES WAS DETERMINED, USING 
THE DISPERSION THEORY./3/ 

MT=28 (N,NP) CROSS SECTIONS 
CALCULATED BY THE STATISTICAL MODEL, USING THE GNASH CODE./I,2/ 

MT=103 (N.P) CROSS SECTIONS 
CALCULATED BY THE STATISTICAL MODEL, USING THE GNASH CODE./I,2/ 

MT=107 (N,A) CROSS SECTIONS 
OBTAINED BY AN EYE-GUIDE TO FOLLOW OBSERVED VALUES /A/. 

MT=111 (N,2P) CROSS SECTIONS 
CALCULATED BY THE STATISTICAL MODEL, USING THE GNASH CODE./I,2/ 

REFERENCES 
1) KITAZAWA H. ET AL.: PROC. INT. CONF. NUCLEAR DATA FOR 

SCIENCE AND TECHNOLOGY, MITO, 1988, P.473, (1988). 
2) YOUNG P.G. AND ARTHUR E.D.: LA-6947 (197?). 
3) KITAZAWA H. ET AL.: UNPUBLISHED. 
4) VONACH H.: NUCLEAR DATA STANDARDS FOR NUCLEAR MEASUREMENTS, 

IAEA TECHNICAL REPORTS SERIES NO. 227 (1983). 
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3.10 Natural Si 

14-SI- 0 TIT.JAERI EVAL-MAR88 H.KlTAZAnA.Y.HARIMA,I.TUKAHORI 
DISI-JUL91 

HISTORY 
88-03 NEW EVALUATION HAS PERFORMED FOR JFMDL-3 BY KIIA/AKA, 

HARIMA (TOKYO INSTITUTE OF TECH.) AK9 FUKAHORI (JAfRI)-
DETAILS ARE GIVEN IN REF./l/. 

91-07 GAS-PRODUCTION DATA FILE WAS CREATED FROM JEMIH.-3 
BY T.NAR1TA AND T.NAKAGAWA 

MF=J GENERAL INFORMATION 
MT=451 DESCRIPTIVE DATA AND DICTIONARY 

MF=2 RESONANCE PARAMETERS 
MT=151 SCATTERING RADIUS ONLY 

MF=3 NEUTRON CROSS SECTIONS 
MT=203 .'• DROGEN PRODUCTION CROSS SECTION 

= MT02S + MT103 + Mill1*2 
MT=207 HE-4 PRODUCTION CROSS SECTION 

= MT022 + MT107 

**** ORIGINAL DESCRIPTIVE DATA IN JEMDI.-3 ********************** 

MF=3 NEUTRON CROSS SECTIONS 
MT=22 (N.NA) CROSS SEC1IONS 

CALCULATED BY THE STATISTICAL MODEL USING THE GNASH CODE./1,?/ 
OPTICAL POTENTIAL FOR ALPHA-PARTICLES WAS DE1ERMINLO, USING 
THE DISPERSION THEORY.11/ 

MT=28 (N.NP) CROSS SECTIONS 
CALCULATED BY THE STATISTICAL MODEL USING THE GNASli CODE./!,2/ 

MT=103 (N,P) CROSS SECTIONS 
CALCULATED BY THE STATISTICAL MODEL USING 1HI GNASH COPE./I,21 
THE IMAGINARY POTENTIAL STRENGTH OT THE PROTON SPHERICAL 
OPTICAL MODEL WAS MODIFIED FROM THAT IN REF./l/ TO BF 
W = 11.0 MEV BETWEEN 11 AND 20 MEV AND W = 8.8 + 0.2*E (HEV) 
BELOW 11 MEV. 

MT=107 (M,A) CROSS SECTIONS 
CALCULATFD BY THE STATISTICAL MODEL USING THE GNASH CODE./!,?/ 
OPTICAL POTENTIAL FOR ALPHA-PARTICLES WAS !)( lERMINFP, USING 
THE DISPERSION THEORY./3/ 

MT=111 (N,2P) CROSS SECTIONS 
CALCULATED BY THE STATISTICAL MODEL USING THE GNASH CODE.71.2/ 

REFERENCES 
1) KITAZAWA H. ET AL.: PROC. INT. COM. NUCLEAR DAIA i OR 

SCIENCE AND TECHNOLOGY, MI TO, 1988, P.473, (19S8). 
2) YOUNG P.G. AND ARTHUR E.D.: LA-6947 (1977). 
3) KITAZAWA H. ET AL.: UNPUBLISHED. 
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3.11 Natural Ti 

22-TI- 0 KUR EVAL-SEP88 K.KOBAYASH! {KlPR},H.HAS!;IKl«RA{ TDK) 
DIST-JUL91 

HISTORY 
91-07 GAS-PRODUCT I OH DATA FILE HAS CREATED FROM JEHDL-3 

BY T.NARITA AND T.NAKAGAWA 

MF=1 GENERAL INFORMATION 
MT=45I DESCRIPTIVE DATA AND DICTIONARY 

MF=2 RESONANCE PARAMETERS 
HT=151 SCATTERING RADIUS ONLY 

MF=3 NEUTRON CROSS SECTIONS 
MT=203 HYDROGEN PRODUCTION CROSS SECTION 

= MF028 + MT103 
MT=207 HE-4 PRODUCTION CROSS SECTION 

= MT022 + MT107 

**** ORIGINAL DESCRIPTIVE DATA IN JENDL-3 **********..********** 

MF=3 NEUTRON CROSS SECTIONS 
MT-22 (N.NA) 

CALCULATED WITH THE GNASH CODE/1/ FOR ALL THE ISOTOPES. 
MT=28 (N,NP) 

CALCULATED WITH THE GNASH CODE FOR TI-46, 48 AND 50, AND 
EVALUATED ON THE BASIS OF EXPRIMENTAL DATA FOR TI-47 AND 45. 

MT=103 (N,P) 
COMPOSED FROM THE ISOTOPIC DATA EVALUATED FROM EXPERIMENTAL 
DATA. 

MT=107 (N,A) 
CALCULATED WITH THE GNASH CODE FOR Tl-48. AND EVALUATED OK WE 
BASIS OF EXPRIMENTAL DATA FOR TI-46, 47, 49 AND 50. 

REFERENCES 
I) YOUNG, P.G. AND ARTHUR, E.D. : LA-6947 (1977). 
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3.12 V 51 

23-V - 51 Kill FVAL-AUG88 T.KATAKABL 
01SI-JUL91 

HISTORY 
82-10 EVALUATION WAS MADE BY S.TANAKA(JAIR1) FOR JEMDl.-?. DFIA1LS 

ARE GIVEN IN REF./l/ 
88-08 RE-EVALUATiON WAS MADE BY 1.KAIANABE(KAWASAKI HEAVY 

INDUSTRIES LTD.) FOR JENDL-3. 
91-07 GAS-PRODUCTION DATA FILE WAS CREAIED FROK JLI«.'L-3 

BY T.NARITA AND T.NAKAGAWA. 

HF=1 GENERAL INFORMATION 
MT=451 DESCRIPTIVE DATA AND DICTIONARY 

MF=2 RESONANCE PARAMETERS 
MT=151 SCATTERING RADIUS ONLY 

MF'=3 NEUTRON CROSS SECTIONS 
HT=203 HYDROGEN PRODUCTION CROSS SECTION 

= MT028 + MT103 
MT=204 DEUTERIUM PRODUCTION CROSS SECTION 

= MT104 
MT=205 TRITIUM PRODUCTION CROSS SECTION 

= MT105 
MT=207 HE-4 PRODUCTION CROSS SECTION 

= MT022 + MT107 

**** DESCRIPTIVE DATA FOR JENDL-3 ****************************** 

MF = 3 NEUTRON CROSS SECTIONS 
DATA FOR HT'S=22, 28, 104 AND 105 WERE ADOPTED FROM THE 
JENDL-2 EVALUATION/1/. 

MT=22 (N.N'ALPHA) 
BASED ON THE DATA BY HILLMAN 111 

MT=28 (N.N'P) 
GIVEN BY SUBTRACTING THE (N,P) CROSS SECTION (M7=103, FOR 
JENDL-2) FROM THE (N,XP) CROSS SECTION CALCULATED BY 
KITAZAWA AND ISOGAI 131. 

MT=103 (N,P) 
BASED ON THE EXPERIMENTAL DATA /4,5/. 

MT=104 (N,D) 
CALCULATION BY GUENTHER ET AL. 161 

MT=107 (N,ALPHA) 
BASED ON THE EXPERIMENTAL DATA 11,7,8,91. 

REFERENCES 
1) TANAKA S.: JAERI-M 82-151 (1982). 
2) HILLMAN, M.: PYS. REV. 129, 2227 (1963). 
3) KITAZAWA, H. AND ISOGAI, Y.: PRIVATE COMMUNICATYION. 
4) IKEDA Y. ET AL.: JAERI 1312 (1988). 
5) SMITH, D.L. ET AL.: ANL/NDM-85 (1984). 
6) GUENTHER, P. ET AL.: ANL/NDM-24 (1977). 
7) KANNO, 1. El AL.: ANNALS NUCL. ENERGY 11, 623 (1984). 
3) LU HAN-LIN, ET AL.: PHYSICA ENERG1AE FORTIS ET PHYSICA 

NUCLEARIS 3, 88 (1979). 
9) ZUPRANSKA, E ET AL.: ACTA PHYSICA POLONICA SECTION B 11, 

853 (1980). 

25 



JAKMI \) 92 076 

3.13 \atura! Cr 

24-CR- 0 rEDAC EVAL-MAR87 T.ASAMI 
DIST-JUL91 

HISTORY 
87-03 NEW EVALUATION MAS MADE BY T.ASAMI. 
88-12 MF/MT=3/107 HAS MODIFIED. 
91-07 GAS-PRODUCTION DATA FILE MAS CREATED FROM JENDL-3 

BY I.NARITA AND T.NAKAGAWA 

WF=I GENERAL INFORMATION 
MT=451 DESCRIPTIVE DATA AND DICTIONARY 

MF=2 RESONANCE PARAMETERS 
MT=151 SCATTERING RADIUS ONLY 

MF=3 NEUTRON CROSS SECTIONS 
MT=203 HYDROGEN PRODUCTION CROSS SECTION 

= MT028 + MT103 
MT=207 HE-4 PRODUCTION CROSS SECTION 

-= MT022 + MT107 

**** DESCRIPTIVE DATA FOR JENDL-3 ****************************** 

MF=3 NEUTRON CROSS SECTIONS 
ALL THE CROSS-SECTION DATA MERE DEDUCED FROM THE EVALUATED ONES 
FOR FOUR STABLE ISOTOPES OF CR CONSIDERING THEIR ABUNDANCES IN 
THE CR ELEMENT/1/. 

MT=22 (N,NA) 
FOR ALL ISOTCPES : CALCULATED WITH THE GNASH CODE/2/ 

MT=28 (N,NP) 
FOR ALL ISOTOPES : CALCULATED MITH THE GNASH CODE/2/ 

MT=103 (N,P) 
CR-50: CALCULATED WITH THE GNASH CODE/2/ 
CR-52: CALCULATED WITH THE GNASH CODE, AND NORMALIZED TO THE 

RECOMMENDED VALUE OF FORREST /3/ AT 14.8 MEV. 
CR-53: BELOW 9 MEV, EVALUATION MAS MADE ON THE BASIS OF THE 

EXPERIMENTAL DATA OF SMITH /4/. ABOVE 9 MEV, CALCULATION 
WITH THE GNASH CODE WAS NORMALIZED SO AS TO CONNECTED WITH 
SMITH'S DATA /4/. 

CR-54: CALCULATED WITH THE GNASH CODE AND NORMALIZED AT 14.7 
MEV TO THE AVERAGE VALUE OF THE EXPERIMENTAL DATA /5,6,7/. 

MT=107 (M,A) 
THE DATA FOR ALL THE ISOTOPES NEAR THE THRESHOLD ENERGIES 
WERE MODIFIED ON THE BASIS OF THE EXPERIMENTAL DATA FOR 
CR-NAT(N,ALPHA) /8/. 

CR-50: CALCULATED MITH THE GNASH CODE, AND NORMALIZED AT 14.8 
MEV IN REFERRING TO GRIMES' DATA /9/. 

CR-52: CALCULATED WITH THE GNASH CODE, AND NORMALIZED TO THE 
AVERAGE VALUE OF EXPERIMENTAL DATA /9, 10/ AT 14.8 MEV. 

CR-53: CALCULATED WITH THE GNASH CODE, AND NORMALIZED TO THE 
EXPERIMENTAL DATA /10/ AT 14.7 MEV. 

CR-54: CALCULATED WITH THE GNASH CODE, AND NORMALIZED TO THE 
AVERAGE VALUE OF EXPERIMENTAL DATA /6,7,11/ AT 14.8 MFV. 

REFERENCES 
1) HOLDEN N.E., MARTIN R.L. AND BARNES I.L. : PURE & APPL. 

2H 
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CHEM. 56, 675 (1964). 
2) YOUNG P.G. AND ARTHUR E.D. : LA-6947 (1977). 
3) FORREST R.A.: AERE-R-i2419 (19S6). 
4) SMITH D.L. ET AL.: NUCL. SCI. ENG., 78, 420 (19S1). 
5) VALKONEN M.: TAKEN FROM EXFOR (1975). 
6) HUSAIN L. ET AL.: J. INO.%. NUCL. CHEM., 29, 2655 (1967). 
7) QAIM S.M. ET AL.: NUCL. PHYS., A283, 269 (1977). 
8) PAULSEN A. : NUCL. SCI. ENG. 78, 377 (1981). 
9) GRIMES S.M. ET AL.: PHYS. REV. C19, 2127 (1979). 
10) DOLJA G.D. ET AL.: 1973 KIEV CONF., VOL.3, 131 (1973). 
11) SAILER K. ET AL.: 1977 KIEV CONF., VOL.1, 245 (1977). 
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3.11 Mn-55 

25-MN- 55 JAERI.MAPI EVAL-MAR87 K.SHIBATA.T.HOJUYAMA 
DIST-JUL91 

HISTORY 
87-03 RESONANCE PARAMETERS WERE EVALUATED BY T.HOJUYAHA (HAP!). 

MULTISTEP HAUSER-FESH8ACH CALCULATIONS WERE PERFORMED 
BY K.SHIBATA (JAERI). 

91-07 GAS-PRODUCTION nATA FILE WAS CREATED FROM JENDL-3 
BY T.NARITA AND T.NAKAGAWA 

MF=1 GENERAL INFORMATION 
MT=451 DESCRIPTIVE DATA AMD DICTIONARY 

MF=2 RESONANCE PARAMETERS 
MT=151 SCATTERING RADIUS ONLY 

MF=3 NEUTRON CROSS SECTIONS 
MT=203 HYDROGEN PRODUCTION CROSS SECTION 

= MT028 + MT103 
MT=204 DEUTERIUM PRODUCTION CROSS SECTION 

= MT104 
MT=205 TRITIUM PRODUCTION CROSS SECTION 

= MT105 
MT=206 HE-3 PRODUCTION CROSS SECTION 

= MT106 
MT=207 HE-4 PRODUCTION CROSS SECTION 

= MT022 + MT107 

ORIGINAL DESCRIPTIVE DATA IN JENDL-3 *+********»*********** 

MF=3 NEUTRON CROSS SECTIONS 
STATISTICAL-MODEL CALCULATIONS WERE PERFORMED USING THE 
TNG CODE III. THE PRECOMPOUND PROCESS WAS CONSIDERED 
ABOVE 5 MEV. THE OPTICAL POTENTIAL PARAMETERS USED ARE AS 
FOLLOWS/2/ (IN THE UNITS OF MEV AND FM): 

V = 49.747 - 0.4295*E - 0.0003*E**2 RO = 1.287 AO = 0.56 
WS = 11.2 - 0.09*E RS = 1.345 AS = 0.47 
VSO= 6.2 RSO= 1.120 ASO = 0.47 

THE LEVEL SCHEME WAS TAKE:: FROM REF./3/. 
NO. ENERGY(MEV) SPIN-PARITY 
G.S. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 

0.0 
0.126 
0.934 
1.290 
1.292 
1.293 
1.528 
1.884 
2.015 
2.198 
2.215 
2.252 
2.267 
2.312 
2.366 
2.398 
2.427 
2.563 
2.727 
2.753 
2.822 

5/2 
7/2 
9/2 
1/2 

11/2 
1/2 
3/2 
7/2 
7/2 
7/2 
5/2 
3/2 
5/2 
13/2 
5/2 
9/2 
1/2 
3/2 
7/2 
5/2 
9/2 

28 



J.\t:kl M 92 076 

21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 

2.824 
2.873 
2.954 
2.976 
2.992 
3.006 
3.036 
3.038 
3.040 

5/2 -
1/2 -
3/2 -
3/2 -
7/2 -
3/2 -
11/2 -
1/2 -
3/2 + 

LEVELS ABOVE 3.046 MEV HERE ASSUMED TO BE OVERLAPPING. 

MT=22,28,103,107 (N,N'A),(N,N'P),(N,P) AND (N,A) CROSS SECTIONS 
CALCULATED WITH TNG. GLOBAL OPTICAL-POTENTIAL PARAMETERS 
WERE EMPLOYED FOR PROTONS AND ALPHA-PARTICLES /4,5/. 

MT=104 (N,D) CROSS SECTION 
THE EXCITATION FUNCTION OF THE (N,P) CROSS SECTION 
CALCULATED WITH TNG WAS USED FOR THE (N,D) REACTION BY 
SHIFTING THE THRESHOLD ENERGY. THE CROSS SECTIONS WERE 
NORMALIZED TO THE EXPERIMENTAL DATUM AT 14.1 MEV /6/. 

MT=105 (N,T) CROSS SECTION 
THE EXCITATION FUNCTION OF THE (N,P) CROSS SECTION 
CALCULATED WITH TNG WAS USED FOR THE (N,T) REACTION BY 
SHIFTING THE THRESHOLD ENERGY. THE CROSS SECTIONS WERE 
NORMALIZED TO THE EXPERIMENTAL DATUM AT 14.7 MEV /7/. 

MT=106 (N.HE-3) CROSS SECTION 
BASED ON THE EXPERIMENTAL DATA /8,9/. 

REFERENCES 
1) FU, C.Y.: "A CONSISTENT NUCLEAR MODEL FOR COMPOUND AND 

PRECOMPOUND REACTIONS WITH CONSERVATION OF ANGULAR 
MOMENTUM", ORNL/TM-7042 (1980). 

2) FU, C.Y.: PRIVATE COMMUNICATION (1985). 
3) ZHOU ENCHEN, HUO JUNDE, ZHOU CHUNMEI, LU XIANE AND 

WANG LIZHENG: NUCL. DATA SHEETS, 44, 463 (1985). 
4) PEREY, F.G.: PHYS. REV., 131, 745 (1963). 
5) HUIZENGA, J.R. AND IGO, G.J.: NUCL. PHYS., 29, 462 (1962). 
6) COLLI, L., IORI, 1., MICHELETTI, S. AND PIGNANELLI, M.: 

NUOVO. CIM., 21, 966 (1962). 
7) SUDAR, S. AND CSIKAI, J.: NUCL. PHYS., A319, 157 (1979). 
8) OIKSIC, M., STROHAL, P. AND SLAUS, 1.: J. INORG. NUCL. 

CHEM., 36, 477 (1974). 
9) WU, C.H., WOELFLE, R. ANO QAIM, S.M.: NUCL. PHYS., A329, 

63 (1979). 
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3.15 Natural Fe 

26-FE- 0 JNDC EVAL-MAR87 S.IIJ1MA.H.YAMAK0SH1 
DIST-JUL91 

HISIORY 
87-03 EVALUAI10N WAS PERFORMED FOR JENDL-3. 
91-07 GAS-PRODUCT ION DATA FILE WAS CREATED FROM JENDL-3 

BY I.NAR1IA AND T.NAKAGAWA 

MF=1 GFNERAL INFORMATION 
MT=451 DESCRIPTIVE DATA AMD DICTIONARY 

MF=2 RESONANCE PARAMETERS 
MT=151 SCATTERING RADIUS ONLY 

MF=3 NEUTRON CROSS SECTIONS 
MT=203 HYDROGEN PRODUCTION CROSS SECTION 

= MT028 + MT103 
MT=207 HE-4 PRODUCTION CROSS SECTION 

= MT022 + MT107 

**** ORIGINAL DESCRIPTIVE DATA IN JENDL-3 ********************** 

NATURAL IRON DATA CONSTRUCTED FROM FE-ISOTOPES. 

MF=3 NEUTRON CROSS SECTIONS 

MT=22,28 
CALCULATED WITH GNASH III. 

MT=103 
CALCULATED WITH GNASH /l/ EXCEPT FOR FE-54 AND 56. 

FE-54 
BELOW 2.5 MEV, BASED ON THE DATA OF PAULSEN AND WIDERA/2/ 
BETWEEN 2.5 AND 10 MEV, BASED ON THE DATA OF SMITH AND 
MEADOWS/3/. ABOVE 10 MEV, CALCULATED WITH GNASH. 

FE-56 
BELOW 7 MEV, BASED ON THE DATA OF SMITH AND MEADOWS/3/. 
7 - 13 MEV, TAKEN FROM JENDL-2. 
13 - 16 MEV, BASED ON THE DATA OF IKEDA ET AL./4/ 
16 - 20 MEV, TAKEN FROM JENDL-2. 

MT=107 (N,ALPHA) 
FOR FE-56, THE EVALUATION WAS MADE ON THE BASIS OF 
EXPERIMENTAL DATA. FOR FE-54,57,58, THE GNASH CALCULATION 
WAS ADOPTED. 

REFERENCES 
1) YOUNG P.G. AND ARTHUR E.D.: LA-6947 (1977). 
2) PAULSEN A. AND WIDERA R.: PROC. CONF. CHEMICAL NUCLEAR DATA, 

MEASUREMENTS AND APPLICATION, CANTERBURY, 1971. 
3) SMITH D.L. AMD MEADOWS J.W.: NUCL. SCI. ENG., 58, 314 (1975). 
4) IKEDA Y. ET hi.: JAERI 1312 (1988). 
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3.16 Co-59 

27-C0- 59 KMI EVAL-AUG88 T.WATANABE 
DIST-JUL91 

HISTORY 
88-08 NEWLY EVALUATED BY T.WATANABE 

(KAWASAKI HEAVY INDUSTRIES, LTD.) 
91-07 GAS-PRODUCTION DATA FILE WAS CREATED FROM JENOL-3 

BY T.NARITA AND T.NAKAGAWA 

MF=1 GENERAL INFORMATION 
MT=451 DESCRIPTIVE DATA AND DICTIONARY 

MF=2 RESONANCE PARAMETERS 
MT=151 SCATTERING RAOIUS ONLY 

MF=3 NEUTRON CROSS SECTIONS 
MT=203 HYDROGEN PRODUCTION CROSS SECTION 

= MT028 + MT1C3 
MT=204 DEUTERIUM PRODUCTION CROSS SECTION 

= MT104 
MT=207 HE-4 PRODUCTION CROSS SECTION 

= MT022 + MT107 

**** ORIGINAL DESCRIPTIVE DATA IN JENDL-3 ********************** 

MF=3 NEUTRON CROSS SECTIONS 
MT=22, 28 (N.N'ALPHA), (N.N'P) 

YAMAMURO'S CALCULATION WITH THE MODIFIED GNASH l\f WAS 
ADOPTED. 

MT=103 (N,P) 
BASED ON THE EXPERIMENTAL DATA /2,3,4,5/. 

MT=104 (N,D) 
YAMAMURO'S CALCULATION WITH THE MODIFIED GNASH l\l WAS 
ADOPTED. 

MT=107 (N,ALPHA) 
JENDL-2 DATA WHICH WERE EVALUATED FROM THE EXPERIMENTAL 
OATA OF SANTRY AND BUTLER 161 WERE ADOPTED WITH SLIGHT 
MODIFICATION BASED ON EVAIN'S EVALUATION 111 AND 
EXPERIMENTAL DATA /4,8/. 

REFERENCES 
1) YAMAMURO N.: JAERI-M 88-140 (1988). 
2) SMITH D.L. ET AL.: NUCL. SCI. ENG. 58, 314 (1975). 
3) WILLIAMS O.R. AND ALFORD, W.L.: PROC. INT. CONF. NUCLEAR 

DATA FOR BASIC AND APPLIED SCIENCE, SANTA FE, 1985, 
P.215 (1986). 

4) IKEDA Y. ET AL.: JAERI 1312 (1988). 
5) HASAN S.J. ET AL.: J. PHYS. G12, 397 (1986). 
6) SANTRY D.C. AND BUTLER J.P: CAN. J. PHYS., 42, 1030 (1964). 
7) EVAIN B.P. ET AL.: ANL/NDM-89 (1985). 
8) MEADOWS J.W. ET AL.: ANN. NUCL. ENERGY 14, 603 (1987). 
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3.17 Natural Xi 

28-NI- 0 TOSHIBA EVAL-MAR87 S.IIJIMA 
DIST-JUL91 

HIS TORV 
87-03 EVALUATION WAS PERFORMED FOR JENDL-3. 
91-07 GAS-PRODUCTION DATA FILE WAS CREATED FROM JENDL-3 

BV T.NARITA AND T.NAKAGAWA 

MF=1 GENERAL INFORMATION 
MT=451 DESCRIPTIVE DATA AND DICTIONARY 

MF=2 RESONANCE PARAMETERS 
MT=151 SCATTERING RADIUS ONLY 

MF=3 NEUTRON CROSS SECTIONS 
MT=203 HYDROGEN PRODUCTION CROSS SECTION 

= MT028 + MT103 + MT111*2 
MT=204 DEUTERIUM PRODUCTION CROSS SECTION 

= MT104 
MT=205 TRITIUM PRODUCTION CROSS SECTION 

= MT105 
MT=206 HE-3 PRODUCTION CROSS SECTION 

= MT106 
MT=207 HE-4 PRODUCTION CROSS SECTION 

= MT022 + MT107 

**** DESCRIPTIVE DATA FOR JENDL-3 ****************************** 

EVALUATION WAS REPORTED AT MITO CONFERENCE.Ill 

MF=3 NEUTRON CROSS SECTIONS 

MT=22,28,103,104,105,106,107,111: 
(N,N'A),(N,N'P),(N,P),(N,D),(N,T),(N.HE-3),{N,A),(N,2P) 

CROSS SECTIONS WERE CONSTRUCTED FROM THE DATA FOR EACH 
ISOTOPE. 

NI-58 
MT=28,103 (N,N'P),(N,P) 

BASED ON EXPERIMENTAL OATA. 
MT=22,104,105,106,107,111 (N.N'A),(N,D),(N,T),(N.HE-3), 

(N,A),(N,2P) 
THE CROSS SECTIONS WERE CALCULATED USING THE PEGASUS 
CODE III AND NORMALIZED TO EXPERIMENTAL DATA. 

NI-60 
MT=22,28,104,105,106,107,111: (N ,N 'A ) , (N ,N 'P ) , (N .D) , 

(N,T) , (N,HE-3) , (N,A) , (N,2P) 
THE CROSS SECTIONS WERE CALCULATED WITH PEGASUS 111 
AND NORMALIZED TO EXPERIMENTAL DATA. 

MT=103 (N,P) 
MOST OF DATA WERE TAKEN FROM JENLL-2. 

NI-61 
MT=22,28,103,104,105,106,107,111 (N,N'A),(N,N'P),(N,P), 

(N,D),(N,T),(N,HE-3),(N,A),(N,2P) 
CALCULATED WITH PEGASUS 121. 

NI-62 AND NI-64 
MT=22,28,103,l04,10b,106,lll (N,N'A),(N,N'P),(N,P),(N,D), 

(N,T),(N,HE-3),(N,2P) 

:v> 
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CALCULATED WITH PEGASUS III. 
MT=1G7 (N,A) 

BASED ON EXPERIMENTAL DATA. 

REFERENCES 
1) IIJIMA S. ET AL.: 1988 MHO, 627 (198S). 
2) IIJIMA S. ET AL.: JAERl-M 87-025, P.337 (19S7). 
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3.18 Xatura) Cu 

29-CU- 0 NAlG.MAPi EVAL-HARS7 N.YAMAMURO.T.KA-AKiTA 
0IST-JUL91 

HISTORY 
87-03 EVALUATION MAS PERFORMED FOR JEHDL-3. 
91-07 GAS-PRODUCTION DATA FILE HAS CREATED FROM JEHDL-3 

8Y T.NARITA AND T.NAKAGAHA 

MF=1 GENERAL INFORMATION 
MT=451 DESCRIPTIVE DATA AND DICTIONARY 

MF=2 RESONANCE PARAMETERS 
WT=151 SCATTERING RADIUS OHLY 

MF=3 NEUTRON CROSS SECTIONS 
MT=203 HYDROGEN PRODUCTION CROSS SECTION 

= MT028 + MT103 
MT=204 DEUTERIUM PRODUCTION CROSS SECTION 

= MT032 + MT104 
MT=207 HE-4 PRODUCTION CROSS SECTION 

= MT022 + MT107 

**** ORIGINAL DESCRIPTIVE DATA IN JENDL-3 ********************** 

MF=3 NEUTRON CROSS SECTIONS 
MT=22,28,32,103,104 (N,N'A),(N,N'P),(N,N'D),(N,P) (N,D) CROSS 

SECTIONS 
CALCULATED WITH GNASH /l/. OPTICAL POTENTIAL PARAMETERS 
WERE AS FOLLOWS (IN THE UNITS OF MEV AND FM): 

NEUTRON /2/ 
V = 51.725 - 0.447+E RO = 1.221 AO = 0.683 
WS = 8.44 + 0.055*E RS = 1.223 AS = 0.507 
VSO= 8.0 RSO= 1.221 ASO = 0.683 

PROTON /3/ 
V = 59.11 - 0.55*E RO = 1.25 AO = 0.65 
WS = 10.4 RS = 1.25 AS = 0.47 
VSO= 7.5 RSO= 1.25 ASO= 0.47 

ALPHA-PARTICLE /4/ 
V = 164.7 RO = 1.442 AO = 0.52 
WV = 22.4 RV = 1.442 AV = 0.52 

RC = 1.30 

DEUTERON /5/ 
V = 106.69 RO ̂  1.05 AO = 0.86 
WS = 13.92 RS = 1.43 AS = 0.704 
VSO= 7.0 RSO= 0.75 ASO= 0.5 

RC = 1.3 
MT=107 (N,A) CROSS SECTION 

CALCULATED CROSS SECTIONS OF CU-63 WERE NORMALIZED TO 
THE EXPERIMENTAL DATA /6/ AT 10 MEV. ABOVE 12 MEV, THE 
EXCITATION FUNCTION FOLLOWS THE DATA OF PAULSEN /7/. 
FOR CU-65, THE GNASH CALCULATION WAS EMPLOYED. 

REFERENCES 
1) YOUNG, P.G. AND ARTHUR, E.D.: "GNASH, A PREEQUILIBRIUM, 

STATISTICAL NUCLEAR-MODEL CODE FOR CALCULATION OF CROSS 
SECTIONS ANO EMISSION SPECTRA", LA-6974 (1977). 

2) HETRICK, D.M., FU, C.Y. AND LARSON, D.C.: "CALCULATED 
NEUTRON-INDUCED CROSS SECTIONS FOR CU-63,65 FROM I TO 20 MEV 
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ANO COKPARlSOtIS WITH EXPERIMENTS", CRfiL/TM-9Q83 ( 1 9 8 4 ) . 
3) PEREY, F.G.: PHYS. REV. 131, 745 (1963 ) . 
4) MCFACDEM, I . ANO SATCHLER, G.R.: NUCL. PHYS. 8 4 , 177 ( 1 9 6 6 } . 
5) LOHR, J.M. AMD HAEBERLI, »".: ffUCL. PHYS. A23?, 381 (1974). 
6) h'INKLER, G., SMITH, O.L. ANO MEADOWS, J .M.: MUCL. SCI. EMG. 

76, 30 (1980) . 
7) PAULSEN, A. : NUCLE0M1K, 10 , 91 (1967) 
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3.19 As -75 

33-As- 75 TOC EVAL-Aug89 JMDC FP Nuclear Data K.6. 
DIST-jul91 

History 
89-08 NEW EVALUATION FOR JENOL-3 WAS COMPLETED BY JMDC FPJ13 

W.G./i/ 
91-07 GAS-PRC'JCTION DATA FILE WAS CREATED FROM JEJiDL-3 

BY T.NARITA AND T.NAKAGAWA 

MF=1 GENERAL INFORMATION 
MT=451 DESCRIPTIVE DATA AND DICTIONARY 

MF=2 RESONANCE PARAMETERS 
MT=151 SCATTERING RADIUS ONLY 

MF=3 NEUTRON CROSS SECTIONS 
MT=203 HYDROGEN PRODUCTION CROSS SECTION 

= MT028 + MT103 
MT=204 DEUTERIUM PRODUCTION CROSS SECTION 

= MT03Z + MT104 
MT=205 TRITIUM PRODUCTION CROSS SECTION 

= MT033 + MT105 
MT=206 HE-3 PRODUCTION CROSS SECTION 

= MT106 
MT=207 HE-4 PRODUCTION CROSS SECTION 

= MT022 + MT107 

DESCRIPTIVE DATA for JENDL-3 FP ***** ********** ****** ******* 

MF = 3 Neutron cross sections 
The threshold reaction cross sections were calculated with 
PEGASUS/2/ standing on a preequi 1 ibrium and multi-step 
evaporation model. The OMP's for neutron given in Table 1 were 
determined to reproduce a systematic trend of the total cross 
section, changed from radii of Iijima and Kawai/3/. The OMP's 
for charged particles are as follows: 

Proton = Perey/4/ 
Alpha = Huizenga and Igo/5/ 
Deuteron = Lohr and Haeberli/6/ 
Heliu/n-3 and triton = Becchetti and Green)ees/7/ 

Parameters for the composite level density formula of Gilbert 
and Cameron/8/ were evaluated by Iijima et al./9/. Mere 
extensive determination and modification were made in the 
present work. Table 2 shows the level density parameters used 
in the present calculation. Energy dependence of spin cut-off 
parameter in the energy range below E-joint is due to Grupcelaar 
/IG7. 

MT = 22 (n,n'a) Cross Section 
MT = 28 (n.n'p) Cross Section 
MT = 32 (n.n'd) Cross Section 
MT = 33 (n.n't) Cross Section 
MT =103 (n,p) Cross Section 
MT =104 (n,d) Cross Section 
MT =105 (n,t) Cross Section 
MT =106 (n,He3) Cross Section 
MT =107 (n,alpha) Cross Section 

These reaction cross sections were calculated with the 
preequi1ibrium and multi-step evaporation modes code 
PEGASUS/2/. 

:?fi 
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The Kalbach's constant K (= 83.0} was estimated by tne 
formu'a ierived frora Kifcuchi-Kawai's for.-Eoi isra/1!/ ar:d ieve! 
density parameters. 

Finally, the (n,p) and {n,alpha) cross sections v.ere 
normalized to the following values at K.S HeV: 

(n,p) 32.00 mb (reconiniendeJ by Forrest/K-''/; 

(n.alpha) 11.00 mb (recommended by Forrest/12/} 

fable 1 Neutron Optical Potential Parameters 

Depth (HeV) Radius(fir.) Diffuseness(fffi) 
V = 46.0-0.25E R0 = 5./ aO = 0.6? 
Ks = 7.0 Rs = 6.2 as = 0.35 
Wso= 7.Q Rsc= 5.7 aso= 0.62 

Table ? Level Density Parameters 

Nuclide SYST 

31-Ga-
31-Ga-
31-Ga-
31-Ga-

32-Ge-
32-Ge-
32-Ge-
32-Ge-

33-As-
33-As-
33-As-
33-As-

71 
72 
73 
71 

72 
73 
74 
75 

73 
74 
75 
76 

* 
* 

* 

* 
* 
* 
* 

* 

a(I/MeV) 

1.332E+01 
1.390E+01 
I.269C+01 
1.350E+0! 

1.350E+01 
1.409E+01 
1.384E+01 
1.368E+01 

1.369E+01 
1.132E+01 
1.250E+01 
1.330E+D1 

T(NeV) 

9.155E-01 
9.028E-01 
S.264E-01 
8.784E-01 

9.028E-G1 
8.904E-01 
8.784E-01 
8.667E-01 

8.904C-01 
9.475E-01 
9.510E-01 
7.860E-01 

C(l/MeV) 

1.399E+01 
9.003E+01 
1.933E+00 
5.236E+0! 

3.062E+00 
1.973F+01 
1.6671+00 
l.lOOE+Gi 

1.364E+0I 
1.967F+0I 
6.830E+00 
1.900E+01 

EX(HeV) 

9.613L+00 
8.399E+00 
7.SGSL+Q0 
7.551E+0Q 

1.086E+01 
9.644E+00 
l.iOGL+Ol 
8.81GE+G0 

9.3S9L+00 
7.033L+G0 
1.0081+01 
S.6I1E+00 

Pairing 

1.3301+00 
0.0 
l.8Sd£+6G 
0.0 

2.790E+00 
1.360E+00 
3.240E+00 
1.360E+00 

1.430E+00 
0.0 
1.880E+00 
0.0 

SYSf: * = LDP's were determined from systematics. 

Spin cutoff params were calculated as G.I46+SQR1(a)*A**(2/3). 
In the CASTMY calculation, spin cutoff factors al 0 MeV were 
assu-.ed to be 3.5 for As- 7b and 5.0 for As- 76. 

References 
1) Kawai, M. et al.: Proc. Int. Conf. on Nuclear Data for Science 

and Technology, Mito, p. 569 (1988). 
2) iijima, S. et al.: JAERI-M 87-025, p. 337 (198/). 
3) Iijima, S. and Kawai, M.: J. Nucl. Sci . Technol., 20, 77 

(1983). 
4) Perey, F.G: Phys. Rev. 131, 745 (1963). 
5) Huizenga, J.R. and Igo, G.: Nucl. Phys. 29, 462 (1962). 
6} Lohr, J.M. and Hacberli, W.: Nucl. Phys. A?3?, 33! (1974). 
7) Becchetti, F.D., Jr. and Greenlees, G.W.: Polarization 

Phenomena in Nuclear Reactions ((eds) H.H. Sarshall and 
W. Haeberli), p. 682, The university of Wisconsin Press. 
(1971). 

8) Gilbert, A. and Cameron, A.G.W.: Can. J. Phys., 43, 1446 
(1965). 

9) Iijima, S., et al.: J. Nucl. Sci. Technol. 21, 10 (!384). 
10) Gruppelaar, H.: ECN-13 (1977). 
11) Kikuchi, K. and Kawai, M.: "Nuclear Matter and Nuclear 

Reactions", North Holland (1968). 
12) Forrest, R.A.: AERE-R 12419 (1986). 
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3.20 Natural Se 

34-Se- 0 JNDC EVAL-Aug89 JNDC FP Nuclear Data M.G. 
DIST-Jul91 

History 
89-08 NEW EVALUATION FOR each isotope WAS COHPLETED BY JNDC FPND 

H.G./l/ 
91-07 GAS-PRODUCTION DATA FILE WAS CREATED FROM JENDL-3 

BY T.NARITA AND T.NAKAGAWA 

MF=1 GENERAL INFORMATION 
MT=451 DESCRIPTIVE DATA AND DICTIONARY 

MF=2 RESONANCE PARAMETERS 
MT=151 SCATTERING RADIUS ONLY 

MF=3 NEUTRON CROSS SECTIONS 
MT=203 HYDROGEN PRODUCTION CROSS SECTION 

= MT028 + MT103 + mtlll*2 
MT=204 DEUTERIUM PRODUCTION CROSS SECTION 

= MT032 + MT104 
MT=205 TRITIUM PRODUCTION CROSS SECTION 

= MTI05 
MT=206 HE-3 PRODUCTION CROSS SECTION 

= MT106 
MT=207 HE-4 PRODUCTION CROSS SECTION 

= MT022 + MT107 

**** DESCRIPTIVE OATA for JENDL-3 FP **************************** 

MF = 3 Neutron cross sections 
The threshold reaction cross sections were calculated with 
PEGASUS/2/ standing on a preequilibrium and multi-step 
evaporation model. The OMP's for neutron given in Table 1 were 
determined to reproduce a systematic trend of the total cross 
section, changed from radii of Iijima and Kawai/3/. The OMP's 
for charged particles are as follows: 

Proton = Perey/4/ 
Alpha = Huizenga and Igo/5/ 
Deuteron = Lohr and Haeberli/6/ 
Heliuro-3 and triton = Becchetti and Greenlees/7/ 

Parameters for the composite level density formula of Gilbert 
and Cameron/8/ were evaluated by Iijima et al./9/. More 
extensive determination and modification were made in the 
present work. Table 2 shows the level density parameters used 
in the present calculation. Energy dependence of spin cut-off 
parameter in the energy range below E-joint is due to Gruppelaar 

no/. 
MT = 22 (n.n'a) Cross Section 
MT = 28 (n.n'p) Cross Section 
MT = 32 (n.n'd) Cross Section 
MT =103 (n,p) Cross Section 
MT =104 (n,d) Cross Section 
MT =105 (n,t) Cross Section 
MT =106 (n,He3) Cross Section 
MT =107 (n,alpha) Cross Section 

These reaction cross sections were calculated with the 
preequilibrium and multi-step evaporation model code 
PEGASUS/2/. 

Finally, the (n,p) and (n,alpha) cross sections were 
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normalized to the following values at 1-1.5 MeV: 

Isotope 

Se- 74 
Se- 76 
Se- 77 
Se- 78 
Se- 80 
Se- 82 

(n,p)/ll/ 

135 mb 
79 mb 
35 mb 
18 mb 
16 mb 

2.4 mb 

(n,alpha)/li/ 

34.8 mb 
15.6 mb 
10.1 mb 
5.5 mb 
17 mb 

-

Table 1 Neutron Optical Potential Parameters 

Depth (MeV) Radius(fm) Di f fuseness(fm) 

V = 46.0-0.25E R0 = 5.7 aO = 0.62 
Hs = 7.0 Rs = 6.2 as = 0.35 
Wso= 7.0 Rso= 5.7 aso= 0.62 

Table 2 Level Density Parameters 

Nuclide SYST a(l/MeV) T(MeV) C(l/HeV) EX(MeV) Pairing 

32-Ge- 70 * 1.236E+01 9.286E-01 1.710E+00 1.048E+01 2.860E+00 

32-Ge- 71 * 1.293E+01 9.155E-01 1.132E+01 9.208E+00 1.360E+00 
32-Ge- 72 * 1.350E+01 9.028E-01 3.062E+00 1.086E+01 2.790E+00 
32-Ge- 73 * 1.409E+01 8.904E-01 1.973E+0I 9.644E+00 1.360E+00 
32-Ge- 74 * 1.384E+01 8.784E-01 1.667E+00 1.106E+01 3.240E+00 
32-Ge- 75 * 1.368E+01 8.667E-01 1.1C0E+01 8.810E+00 1.360E+00 
32-Ge- 76 * 1.352E+01 8.553E-01 1.533E+00 9.919E+00 2.830E+00 
32-Ge- 77 * 1.334E+01 8.442E-01 6.660E+00 8.098E+00 1.360E+00 
32-Ge- 78 1.234E+01 8.699E-01 7.304F-01 9.395E+00 2.930E+00 
32-Ge- 79 1.362E+01 7.523E-01 2.737E+00 6.567E+00 1.360E+00 
32-Ge- 80 * 1.277E+01 8.125E-01 5.273E-01 8.551E+00 2.820E+0Q 
32-Ge- 81 * 1.255E+01 8.025E-01 2.496E+00 6.770E+00 1.360E+00 

33-As- 71 * 1.254E+01 9.155E-01 7.299E+00 9.012E+00 1.500E+00 
33-As- 72 * 1.311E+01 9.028E-01 5.047E+01 7.739E+00 0.0 
33-As- 73 * 1.369E+01 8.904E-01 1.364E+01 9.389E+00 1.430E+00 
33-As- 74 1.132E+01 9.475E-01 1.967E+01 7.033E+00 0.0 
33-As- 75 1.250E+01 9.510E-01 6.830E+00 1.008E+01 !.880E+00 
33-As- 76 1.330E+01 7.860E-01 1.900E+01 5.611E+00 0.0 
33-As- 77 1.300E+01 8.440E-01 4.637E+00 7.951E+00 1.470E+00 
33-As- 78 1.150E+01 7.500E-01 5.001E+00 3.894E+00 0.0 
33-As- 79 1.290E+01 8.230E-01 3.020E+00 7.585E+00 I.570E+00 
33-As- 80 1.150E+01 7.250E-01 4.181E+00 3.535E+00 0.0 
33-As- 81 * 1.293E+01 8.025E-01 2.772E+00 7.120E+00 1.460E+00 
33-As- 82 * 1.271E+01 7.927E-01 1.371E+01 5.344E+00 0.0 

34-Se- 72 * 1.272E+01 9.Q28E-01 1.477E+00 1.034E+01 2.930E+00 
34-Se- 73 1.404E+01 8.250E-01 7.927E+00 8.288E+00 1.430E+00 
34-Se- 74 1.290E+01 8.620E-01 1.070E+00 9.6121+00 2.860E+00 
34-Se- 75 1.391E+01 8.500E-01 9.741E+00 8.707E+00 1.430E+00 
34-Se- 76 1.315E+01 8.900E-01 1.097F+00 1.0S2L+01 3.310E+00 
34-Se- 77 1.438E+01 8.000E-01 7.140E+00 8.015E+00 1.430E+00 
34-Se- 78 1.287E+01 8.750E-01 1.163E+00 9.882E+00 2.900E+00 
34-Se- 79 1.412E+01 8.000E-01 5.994E+Q0 7.842E+Q0 1.430E+00 
34-Se- 80 1.334E+01 8.130E-01 6.129E-01 9.136E+00 3.000L+00 
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34-Se- 81 1.368E+01 7.490E-0! 2.463E+00 6.614E+00 1 .«OE+CG 
34-Se- 82 1.259E+01 7.9S0E-01 3.563E-01 8.246E+00 ?.89Gr+0Q 
34-Se- 83 1.381E+01 7.500E-0S 2.666E+00 6.7C8E+00 J.--.3CE+00 

SYST: * = tDP's were determined from systematics. 

Spin cutoff pararas were calculated as 0.146*SQP.f (a)*A**{?/3). 

References 
1) Kawai, M. et al.: Proc. Int. Conf. on Nuclear Data for Science 

and Technology, Hi to, p. 569 (1988). 
2) Iijiraa, S. et al.: JAERI-M 87-025, p. 337 (1987). 
3) Iijima, S. and Kawai, M.: J. Nucl. Sci. Technol., 20, 77 

(1983). 
4) Perey, F.G: Phys. Rev. 131, 745 (1963). 
5) Huizenga, J.R. and Igo, G.: Nucl. Phys. 29, 462 (1962). 
6) tohr, J.M. and Haeberli, w.: Nucl. Phys. A232, 381 (1974). 
7) Becchetti, F.D., Jr. and Greenlees, G.W.: Polarization 

Phenomena in Nuclear Reactions ((eds) H.H. Barshall and 
W. Haeberli), p. 682, The university of Wisconsin Press. 
(1971). 

8) Gilbert, A. dnd Cameron, A.G.W.: Can. J. Phvs., 43, 1446 
(1965). 

9) Iijima, S., et al.: J. Nucl. Sci. Technol. 21, 10 (1934). 
10) Gruppelaar, H.: ECN-13 (1977). 
11) Forrest, R.A.: AERE-R 12419 (1986). 
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3.21 Natural Zr 

40-Zr- 0 JNDC EVAL-AugS9 JNDC FP Nuclear Data W.G. 
DIST-Jul91 

History 
89-08 NEW EVALUATION FOR each isotope WAS COMPLETED BY JhDC FPKD 

K.G./l/ 
91-07 GAS-PRODUCIION DATA FILE WAS CREATED FROM JENDl-3 

BY T.NARITA AND T.NAKAGAWA 

MF = 1 GENERAL INFORMATION 
MT=451 DESCRIPTIVE DATA AND DICTIONARY 

HF=2 RESONANCE PARAMETERS 
MT=151 SCATTERING RADIUS ONLY 

MF=3 NEUTRON CROSS SECTIONS 
MT=203 HYDROGEN PRODUCTION CROSS SECTION 

= MT028 + MT103 + MT111*2 
MT=204 DEUTERIUM PRODUCTION CROSS SECTION 

= MT032 + MT104 
MT=205 TRITIUM PRODUCTION CROSS SECTION 

= MT033 + MT105 
MT=206 HE-3 PRODUCTION CROSS SECTION 

= MT106 
MT=207 HE-4 PRODUCTION CROSS SECTION 

= MT022 + MT107 

**** DESCRIPTIVE DATA for JENDL-3 FP **************************** 

MF = 3 Neutron cross sections 
The threshold reaction cross sections were calculated with 
PEGASUS/2/ standing on a preequilibriura and multi-step 
evaporation model. The OMP's for neutron given in Table 1 were 
determined/3/ to reproduce a systematic trend of the total 
cross section. The OMP's for charged particles are as follows: 

Proton = Perey/4/ 
Alpha = Huizenga and Igo/5/ 
Deuteron = Lohr and Haeberli/6/ 
Helium-3 and triton = Becchetti and Greenlees/7/ 

Parameters for the composite level density formula of Gilbert 
and Cameron/8/ were evaluated by Iijima et al./9/. More 
extensive determination and modification were made in the 
present work. Table 2 shows the level density parameters used 
in the present calculation. Energy dependence of spin cut-off 
parameter in the energy range below E-joint is due to Gruppelaa>-
/10/. 

MT = 22 (n.n'a) Cross Section 
MT = 28 (n.n'p) Cross Section 
MT = 32 (n,n'd) Cross Section 
MT = 33 (n,n't) Cross Section 
MT =103 (n,p) Cross Section 
MT =104 (n,d) Cross Section 
MT =105 (n,t) Cross Section 
MT =106 (n,He3) Cross Section 
MT =107 (n,alpha) Cross Section 
MT =111 (n,2p) Cross Section 

These reaction cross sections were calculated with the 
preequi1ibrium and multi-step evaporation model code 
PEGASUS/2/. 
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The (n,p) and (n,alpha) cross sections were normalized to the 
following values at 14.5 MeV: 

Isotope {n,p)/ll/ (n,alpha)/ll/ 

Zr-
Zr-
Zr-
Zr-
Zr-

90 
91 
92 
94 
96 

40 mb/11/ 
29 mb/11/ 
22 mb/12/ 
10 mb/11/ 

3.79 mb/11/ 

10.0 mL,/ll/ 
8.51 mb/11/ 
10.1 mb/13,14/ 
4.8 mb/12/ 
3.0 mb/11/ 

Table 1 Neutron Opt ical Potent ia l Parameters 

Depth (MeV) Radius(fm) Di f fuseness(fm) 

V = 46.0-0.25E 
Ws = 7.0 
Wso= 7.0 

RO = 5.893 
Rs = 6.393 
Rso= 5.893 

aO = 0.62 
as = 0.35 
aso= 0.62 

Table 2 Level Density Parameters 

Nuclide SYST a( l /HeV) T(MeV) C(l/MeV) EX(MeV) Pa i r ing 

38-Sr-
38-Sr-
38-Sr-
33-Sr-
38-Sr-
38-Sr-
38-Sr-
38-Sr-
38-Sr-
38-Sr-

39-Y -
39-Y -
39-Y -
39-Y -
39-Y -
39-Y -
39-Y -
39-Y -
39-Y -
39-Y -

40-Zr-
40-Zr-
40-Zr-
40-Zr-
40-Zr-
40-Zr-
40-Zr-
40-Zr-
40-Zr-
40-Zr-

86 
87 
88 
89 
90 
91 
92 
93 
94 
95 

87 
88 
89 
90 
91 
92 
93 
94 
95 
96 

88 
89 
90 
91 
92 
93 
94 
95 
96 
97 

1.120E+01 
1.030E+01 
9.160E+00 
9.380E+00 
9.940E+00 
1.090E+01 

* 1.288E+01 
* 1.386E+01 
* 1.485E+01 
* 1.586E+01 

* 1.388E+01 
1.109E+01 
7.900E+00 
1.027E+01 
1.050E+01 
1.012E+01 
1.150E+01 
9.149E+00 
1.070E+01 

* 1.603E+01 

* 1.404E+01 
1.095E+01 
9.152E+00 
1.036E+01 
1.088E+01 
1.298E+01 
1.275E+01 
1.331E+01 
1.320E+01 
1.259E+01 

8.900E-01 
8.610E-01 
7.510E-01 
8.200E-01 
8.530E-01 
8.100E-01 
7.065E-01 
6.989E-01 
6.915E-01 
6.842E-01 

7.471E-01 
7.450E-01 
8.500E-01 
6.770E-01 
7.140E-01 
7.629E-01 
8.053E-01 
7.385E-01 
8.306E-01 
6.771E-01 

7.386E-01 
8.260E-01 
3.222E-01 
8.000E-01 
8.192E-01 
7.000E-01 
7.530E-01 
6.070E-01 
7.000E-01 
5.590E-01 

5.328E-01 
1.186E+00 
8.288E-02 
5.043E-01 
3.795E-01 
1.103E+00 
2.515E-01 
1.878E+00 
4.495E-01 
4.531E+00 

2.541E+00 
3.738E+00 
3.983E-01 
1.716E+00 
8.362E-01 
2.480E+00 
1.740E+00 
1.378E+00 
1.082E+00 
2.794E+01 

4.932E-01 
1.379E+00 
1.526E-01 
7.822E-01 
5.122E-01 
1.273E+00 
4.411E-01 
5.453E-01 
2.235E-01 
2.497E-01 

8.599E+00 
5.938E+00 
4.550E+00 
4.642E+00 
6.252E+00 
5.625E+00 
6.391E+00 
5.664E+00 
7.333E+00 
6.411E+00 

6.730E+00 
3.570E+00 
3.440E+00 
2.209E+00 
3.521E+00 
3.191E+00 
5.854E+00 
2.222E+00 
5.839E+00 
5.117E+00 

7.870E+00 
5.864E+00 
5.383E+00 
5.057E+00 
6.429E+00 
5.183E+00 
7.019E+00 
3.985E+00 
6.589E+00 
3.084E+00 

2.700E+00 
1.240E+00 
2.170E+00 
1.240E+C0 
1.960E+00 
1.240E+00 
2.360E+00 
1.240E+00 
2.530E+00 
1.240E+00 

1.460E+00 
0.0 
9.300E-01 
0.0 
7.200E-01 
0.0 
1.120E+00 
0.0 
1.290E+00 
0.0 

2.660E+00 
1.200E+00 
2.130E+00 
1.200E+00 
1.920E+00 
1.200E+00 
2.320E+00 
1.200E+00 
2.490E+00 
1.200E+00 

SYST: * = LDP's were determined from systemat ics . 

Spin cu to f f params were ca lcu la ted as 0.146*SQRT(a)*A**(2/3). 
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3.22 Nb-93 

41-NB- 93 TOSHIBA EVAL-N0V88 M.KAWAI, N.YAMAKURO 
0IST-JUL91 

HISTORY 
88-10 EVALUATION WAS PERFORMED. 
91-07 GAS-PRODUCTION DATA FILE WAS CREATED FRO!-". JENDL-3 

BY T.NARITA AND T.NAKAGAWA 

MF=1 GENERAL INFORMATION 
MT=451 DESCRIPTIVE DATA AND DICTIONARY 

MF=2 RESONANCE PARAMETERS 
MT=151 SCATTERING RADIUS ONLY 

MF=3 NEUTRON CROSS SECTIONS 
MT=203 HYDROGEN PRODUCTION CROSS SECTION 

= MT028 + MT103 
MT=204 DEUTERIUM PRODUCTION CROSS SECTION 

= MT104 
MT=207 HE-4 PRODUCTION CROSS SECTION 

= MT022 + MT107 

**** ORIGINAL DESCRIPTIVE DATA IN JENDL-3 ********************** 

MF=3 NEUTRON CROSS SECTIONS 
MT=4,51-91 INELASTIC SCATTERING 

THE INELASTIC SCATTERING CROSS SECTIONS TO DISCRETE LEVELS 
WERE CALCULATED WITH THE STATISTICAL-MODEL CODE CASTHY/1/, 
CONSIDERING LEVEL FLUCTUATION, USING MODIFIED WALTER-GUSS 
POTENTIAL PARAMETERS FOR NEUTRONS. THE COMPONENTS OF THE 
DIRECT PROCESS WERE ADDED TO THE LEVELS OF MT=53,54,56,57, 
58,60 BY USING THE DWUCK CODE lit. THE CROSS SECTION TO 
CONTINUUM WAS CALCULATE WITH THE THE GNASH CODE /3/ 
CONSIDERING PRE-EQUILIBRIUM. 

THE LEVEL SCHEME IS GIVEN AS FOLLOWS: 
NO. 
G.S 
1. 
2. 
-5 

4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 

ENERGY(MEV) 
0.0 
0.0304 
0.6860 
0.7440 
0.8087 
0.8101 
0.9499 
0.9791 
1.0826 
1.2900 
1.2974 
1.3156 
1.3351 

SPIN-PARITY 
9/2 + 
1/2 -
3/2 -
7/2 + 
5/2 + 
3/2 -
13/2 + 
11/2 + 
9/2 + 
3/2 -
9/2 + 
5/2 + 
17/2 + 

LEVELS ABOVE 1.34 MEV WERE ASSUMED TO BE OVERLAPPING. 

OPTICAL-MODEL PARAMETERS ARE AS FOLLOWS: 
V=52.56-0.30*EN, WS=3.233+0.271*EN, VSO=6.C04-C.015*EN 
VSYM=-16.5 , WI = -0.963+0.153*EN, WSO=0 .291-0.018*EN 
R0=1.229 , RS=1.282 ,RI=1.42, RSO=i.103 
A0=0.688 , B=0.512 , AI=0.509, ASO=0.56 

THE LEVEL DENSITY PARAMETERS FOR GNASH AND CASIHY 
CALCULATIONS ARE AS FOLLOWS: 

A EX I DS GAMMA-G 
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NB-94 
NS-93 
HB-92 
N3-91 
ZR-93 
ZR-92 
Y-90 
Y-89 

( 1 / ; • ! • > . ' ) 

14.4 
13.0 
11.5 
11.0 
13.7 
11.9 
11.1 
10.7 

( M i V ) 

4.059 
5.884 
3.254 
5 .46i 
5.923 
6.284 
1.441 
2.946 

( K L V ) 

0.719 
0.834 
0 .790 
0.S95 
0 .781 
0 .858 
0 .721 
0 .762 

(t v; 
30.0 

-
-
-
-
-

1210. 
-

( I V "I 

0 .05? 
0 . 1 / 0 
C. 170 
0 . 1 / 0 
0.14G 
0.140 
G.13C 
0.130 

MT=22,28,103,104,!07 (N,N' A ) , (N.N'P), (N,P) (N,D) A.NO (N,A) CROSS 
SECTIONS 

CALCULATED WITH GNASH/3/. OPTICAL POTENTIAL PARAMETERS 
FOR PROTON, ALPHA-PARTICLE AND DEUTERON WERE TAKEti FROM 
THE WORKS OF PEREY/4/, LEMOS/5/, AND LCHR AND HAEVESLI 
/6/, RESPECTIVELY. 
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3.23 Natural Mo 

42-M0- 0 JNDC EVAL-MARS9 JNDC FPND W.G. 
DIST-JUL91 

HISTORY 
89-03 DATA WERE COMPILED FROM ISOTOPE DATA EVALUATED BY JNDC FPND 

W.G. 
91-07 GAS-PRODUCTION DATA FILE WAS CREATED FROM JLNDL-3 

BY T.NARITA AND T.NAKAGAWA 

MF=1 GENERAL INFORMATION 
MT=45i DESCRIPTIVE DATA AND DICTIONARY 

MF=3 NEUTRON CROSS SECTIONS 
MT=203 HYDROGEN PRODUCTION CROSS SECTION 

= MT023 + MT103 + MT111*2 
MT=204 DEUTERIUM PRODUCTION CROSS SECTION 

= MT032 + MT104 
MT=205 TRITIUM PRODUCTION CROSS SECTION 

= MT105 
MT=206 HE-3 PRODUCTION CROSS SECTION 

= MT106 
MT=207 HE-4 PRODUCTION CROSS SECTION 

= MT022 + HT107 

**** ORIGINAL DESCRIPTIVE DATA IN JENDL-3 **********>*********** 

MF = 3 NEUTRON CROSS SECTIONS 
THE THRESHOLD REACTION CROSS SECTIONS WERE CALCULATED WITH 
PEGASUS/1/ STANDING ON A PREEQU1LIBRIUM AND MULTI-STEP 
EVAPORATION MODEL. THE OMP'S FOR NEUTRON GIVEN IN TABLE 1 WERE 
DETERMINED BY IIJIMA ET AL./2/ TO REPRODUCE A SYSTEMATIC TREND 
OF THE TOTAL CROSS SECTION. THE OMP'S FOR CHARGED PARTICLES ARE 
AS FOLLOWS: 

PROTON = PEREY/3/ 
ALPHA = HUIZENGA AND IGO/4/ 
DEUTERON = LOHR AND HAEBERLI/5/ 
HELIUM-3 AND TRITON = BECCHETTI AND GREENLEES/6/ 

PARAMETERS FOR THE COMPOSITE LEVEL DENSITY FORMULA OF GILBERT 
AND CAMERON/7/ WERE EVALUATED BY IIJIMA ET AL./8/. MORE 
EXTENSIVE DETERMINATION AND MODIFICATION WERE MADE IN THE 
PRESENT WORK. TABLE 2 SHOWS THE LEVEL DENSITY PARAMETERS USED 
IN THE PRESENT CALCULATION. THE ENERGY DEPENDENCE OF SPIN 
CUT-OFF PARAMETER IN THE ENERGY RANGE BELOW E-JOINT (EX) IS DUE 
TO GRUPPELAAR/9/. 

MT = 22,28,32,103,104,105,106,107,111 
(N.N'A), (N.N'P), (N.N'D), (N,P), (N,D), (N,T), (N,HE3), 
(N,ALPHA) AND (N,2P) CROSS SECTIONS 

THESE REACTION CROSS SECTIONS WERE CALCULATED WITH PEGASUS 
l\l. THE KALBACH'S CONSTANTS WERE ESTIMATED BY THE FORMULA 
DERIVED FROM KIKUCHI-KAWAI'S FORMALISM/10/ AND LEVEL DENSITY 
PARAMETERS. THE (N,P) AND (N,ALPHA) CROSS SECTIONS WERE 
NORMALIZED TO THE EXPERIMENTAL DATA OR SYSTEMATICS AT 14.5 MEV 
AS FOLLOWS. 

ISOTOPE (N,P) (N,ALPHA) 

MO- 92 116 MB/11/ 24 MB/12/ 
MO- 93 55.1 MB/11/ 17.5 MB/11/ 
MO- 94 38 MB/11/ 13.5 MB/11/ 
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MO- 9b 
MO- 9/ 
MO- 98 
MO-100 

23 MB/12/ 
17 MB/12/ 

5.8 MB/12/ 
2.b MB/11/ 

10 MB/11/ 
7.b MB/J1/ 
b.7 MB/12/ 
2.8 MB/32/ 

TABLE 1 NEUTRON OPTICAL POTENTIAL PARAML1LRS 

DEPTH (MLV) RADIUS{FM} D1FFUSENLSS{I M) 

V = 46.0-0.25E RO - b.893 AO = 0.02 
WS = 7.0 RS = 6.393 AS = 0.3b 
WSO= 7.0 RSO= b.393 ASO= 0.6? 

TABLE 2 LEVEL DENSITY PARAMETERS 

NUCL. SYST A(/MEV) T(MEV) C(/MEV} FX(MEV) PAIRING 

40-2R- 88 * 1.404E+01 7.386E-01 4.932E-0! 7.870E+00 2.660O0G 
40-ZR- 89 1.095001 8.260E-01 1.379E+00 5.864E+00 1.200E+00 
40-ZR- 90 9.152E+00 8.222E-01 1.526E-01 5.383E+00 2.130E+00 
40-ZR- 91 1.036E+01 8.000E-01 7.822E-01 b.0b7E+00 1.200E+0Q 
40-ZR- 92 1.088001 8.192E-01 b.l22E-01 6.429E+00 1.920E+00 
40-ZR- 93 1.298E+01 7.000E-01 1.273E+00 5.183E+00 1.200E+00 
40-ZR- 94 1.275E+01 7.530E-01 4.411E-01 7.019E+00 2.320E+00 
40-ZR- 9b 1.331E+01 6.070E-01 b.453E-01 3.98bE+00 1.200E+00 
40-ZR- 96 1.320E+01 7.000E-01 2.235E-01 G.539E+00 2.490E+00 
40-ZR- 97 1.259E+01 5.590E-01 2.497E-01 3.084E+00 1.200E+00 
40-ZR- 98 * 1.725E+01 6.633E-01 1.790E+00 7.555E+G0 2.140E+00 
40-ZR- 99 * 1.831E+01 6.566E-01 1.170E+01 6.9b7E+00 1.200E+00 

41-NB- 89 * 1.420E+01 7.303E-01 2.467E+00 6.611E+00 1.460E+00 
41-NB- 90 * 1.395E+01 7.222E-01 1.458E+01 4.869E+00 0.0 
41-NB- 91 * 9.464E+00 7.143E-01 3.924E-01 3.082E+00 9.300E-01 
41-NB- 92 1.040001 8.410E-01 4.607E+00 4.477E+00 0.0 
41-NB- 93 1.250E+01 7.120E-01 2.205E+00 4.629E+00 7.200E-01 
41-NB- 94 1.281E+01 7.230E-01 7.7E3E+00 4.250E+00 0.0 
41-NB- 9b 1.277E+01 7.b0OE-01 2.121E+00 5.782E+00 1.120E+00 
41-NB- 96 1.331E+01 b.880E-01 3.406E+00 2.b30E+00 0.0 
41-NB- 97 1.337E+01 6.710E-01 9.771E-01 5.026E+00 1.290E+00 
41-NB- 98 1.380E+01 5.110E-01 2.3b0E+00 1.731E+00 0.0 
41-NB- 99 * 1.742E+01 6.566E-01 1.085E+01 6.300E+00 9.400E-01 
41-NB-100 * 1.850E+01 6.bOOE-01 7.329E+01 b.699E+00 0.0 

42-MO- 90 * 1.436001 7.222E-01 4.129E-01 7.834E+00 2.740E+00 
42-MO- 91 1.168E+01 7.820E-01 1.284E+00 5.770E+00 1.280E+00 
42-MO- 92 1.064E+01 7.770E-01 2.062E-01 5.938E+00 2.210E+00 
42-MO- 93 1.125E+01 7.800E-01 9.792E-01 b.4b7E+00 1.280E+00 
42-MO- 94 1.301E+01 6.860E-01 3.417E-01 b.770E+00 2.000E+00 
42-MO- 95 1.360E+01 7.150E-01 1.847E+00 5.83bE+00 1.280E+00 
42-MO- 96 1.403E+01 7.410E-01 6.991E-01 7.645E+00 2.400E+00 
42-MO- 97 1.517E+01 6.800E-01 2.769E+00 6.036E+00 1.280E+00 
42-MO- 98 1.594E+01 6.900E-01 7.358E-01 7.888E+00 2.b70E+00 
42-MO- 99 1.774E+01 6.200E-01 4.294E+00 6.058E+00 1.280E+00 
42-MO-100 1.780E+01 6.000E-01 6.702E-01 6.64bE+00 2.220E+00 
42-M0-101 2.08bE+01 5.65GE-01 7.153E+00 6.092E+00 1.280E+00 

SYST: * = LDP'S WERE DETERMINED FROM SYSTEMATICS. 
SPIN CUT-OFF PARAMS WERE CALCULATED AS 0.146*SQRT(A)*A**(2/3). 
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Tab le 1 Data i n t h e JEN'DL-gas-product ion c r o s s s e c t i o n f i l e 

Mated:!! 

Li- 6 

Li- 7 

Be- 9 

B - 10 

B - 11 

C - 12 

N -nat 

F - 19 

Al- 27 

Si-nat 

Ti-nat 

V - 5 1 

Cr-nat 

Mn- 55 

Fe-nat 

Co- 59 

Ni-nat 

Cu-nat 

As-75 

Se-nat 

Zr-nat 

Nb- 93 

Mo-nat 

MAT number 

341 

342 

441 

541 

542 

641 

740 

941 

1341 

1440 

2240 

2341 

2440 

2541 

2640 

2741 

2840 

2940 

3341 

3440 

4040 

4141 

4240 

, ^ . ^ , 
reactions 

p, d, t, 4He production 

d, t, 4He production 

p, d, t, *He production 

p, d, t, 4Hc production 

p, d, t, 4He production 

p, d, 4Hc production | 

I 
p, d, t, 4Hc production 
p, d, t, 4Hc production 

p, 4He production 

p, 4He production 

p, 4Hc production 

p, d, t, "He production 

p, 4He production 

p, d, t, 3Hc, 4Hc production 
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