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The JENDL gas-production cross section file was compiled by taking
cross—section data from JENDL-3 and by using the ENDF-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 purposc file” was relcascd in 1989 with the data for 171 nuchdes,
and the JENDL-3 fission product nuclcar data filc® was completed as a part of the JENDL-3
gencral purpose file in 1990. JENDL-3 contains the data for 324 nuclides which consist of
cross scctions, angular distributions and cnergy distributions of ncutrons emilted from
reactions, in the ncutron encrgy region from 107 ¢V 10 20 McV. The data for y-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 neceded for a certain purpose are called as special
purposc files. A plan of the JENDL special purpose files was proposed by lijima et al.™, and
they arc in progress”. The JENDL gas—production cross scction file was compiled as one of
the JENDL special purposc files. This file contains cross sections of gas—production reactions
of light and structural material nuclei, which arc of importance for material damage studv.

In the next chapter, the compilation of the file will be described and figures of the cross
scctions arc given. In Chapter 3, descriptive information given in the JENDL gas-production
cross scction file is listed to show the cvaluation methods of the data.

The present file which was completed in July 1991 is the first version of the JENDL gas—
production cross scction 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 format™ was uscd

to compile the data. The filc contains the following dala.

MF

1 Descriptive information (listed in Chapler 3)

2 Recsonance parameters (only scaticring radius is given)

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

In the MF=3, the cross—scction data arc given for the following gas—production rcactions.

MT

203 H production
204 D production
205 “H production
206 “*He production

207 “He production

The data were adopted from JENDL-3, and summed up to the above gas-production cross
scctions. The summation cquation for cach 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 scctions 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 thc JENDL gas-production cross

section filc is given here.
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3.1 Li-b

3-LI- 6 JAER! EVAL-MARBS S5.CHIBA AND K.SHIBAIA
JAERI-M 88-i64 DIST-JuL91
HISTGRY

83-12 NEWLY EVALUATED BY K.SHIBATA
85-03 MODIFIED BY S. CHIBA
DATA OF HF=3 (MT=59,63} AHD MF=4 (M1=59,63) ¢ RE ADDED.
PSEUDQ-LEVEL REPRESENTATION WAS ADOPTED FOR THE
(N,N'JALPHA-D CONTINUUM [MT=51,52,54-56,58,60-62,64-85).
91-07 GAS-PRODUCTION DATA FILE WAS CREATED FROM JENDL-3
BY T.HARITA AND T.NAKAGAWA

MF=1 GENERAL INFORMATIOH
MT=451  DESCRIPTIVE DATA AND DICTIGHARY

MF=2 RESONARCE PARAMETERS
MT=151  SCATTERING RADIUS ONLY

MF=3 NEUTRON CROSS SECTIOQNS
MT=203 HYDROGEN PRODUCTION CROSS SECTIOK
= 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 DATA IN JEHDL-3  **hxdtadswddadirtrssds
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 ON A COUPLED-CHANNEL CALCULATION. THC SYMMETRIC
ROTATIONAL MODEL WAS ASSUMED. THE COUPLING SCHEME WAS
14(G6.S.) - 3+(2.185MEV) - 2+(48.31MEV) - 1+(5.7MEV).
THE POTENTIAL PARAMETERS WERE;

V = 45.0766 MEV, R =1.1875 FM, A = 0.57335 FM
WS = 0.4432%FL-1.1631 MEV, RI= 1.61)3 FM, Al = 0.26735 FM
VSO= 5.5 MEV, RS0=1.15 FM,  ASO= 0.5 FM

BETA(2)=1.1395,
WHERE EL MEANS THE INCIDENT NEUTRON ENCRGY 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 GF 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)
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BASED Oh THE EAPERIMINIAL DATA /6,G/.

M1=105  (N,T}ALPHA

REFE

BELOW 1 MEV, R-MATRIX CALCULATICH.

ABOVE 1 MEV, BASED ON THE EXPERIMIRTAL GATA JICG,11/.

RENCES
GUENTHER P. £7 AL.: ANL/fDM-52 (1983}.

HOGUE H.H. ET AL.: WUCL. SCI. ENG. 65 {1979} 22.
LISOWSKI P.w. T AL.: LA-8342 (1980).

FOERTSCH H. €T AL.: ZFK-442 (1981), P.13.

DRAKE D.D.: DOf/HDC-24/U {198]), P.72.

PRESSER G. ET AlL.: NUCL. PHYS. Al3l (1969) £75.
BESOTOSHY £1 AL.: YK-i9 (1975), P.77.

ROSEN L. AND STEWART L.: PHYS. REV. 126 (1962} 1150.
MERCHEZ F. ET AL.: NUCL. PHYS. Al82 (1972} 478.
BARTLE C.M.: NUCL. PHYS. A330 (1979} 1.

BARTLE C.M. ET AL.: NUCL. PHYS. A397 (19€3) 2i.
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3.2 L 7
3-L1- 7 JAtR: EYAL-DEC2Y S.CHIBA ARD n.Silzt
JAER}-M 8“-'6 DIST-JuLig)
HISTORY

83-12 HEWLY TVALUATLD BY K.SHIBATA

84-12 MODIFIED BY S. CHIBA

87-02 LIZ{N,NT} CROSS SECii0ik WAS MOLIFIED.

88-62 LI7{K,R2) CRUSS SECTIOK AND ARG. DIST. Wt
LI7{H, N0} WAS ALSO MODIFIED SO nQ v GIvE
SECTION wHICH IS EQUAL TO JINDL-37R1. Ini
DIST. wWAS ALSG MODIFIED. LI7(N,N7} CRGSS SCi
FIXED 10 87-02 VERSIGH BY MODIFYING Thi PSTULT-ilef.
CROSS SECTICHNS. COMMEnT WAS ALSTG MODEIFIFD.

91-07 GAS-PROOUCTION DATA FILE WAS CREATEL FRCGM JINDL-3

BY T.NARITA ARD T.NAKAGAWA

MF=1 GENERAL INFCRMATION
MT=45} DESCRIPTIVE DATA AND DICTICHARY

MF=2 RESONANCE PARAMETERS
MT=150 SCATTLRING RAFIUS OKLY

MF=3 NEUTROK CRGSS SECTIORS
MT=204 DEUTERIUM PRODUCTIGH CROSS SECTIGH
= MT1D4
MT=205 TRITiuM PRODUCTION CROSS SECTION
= MT206 GIVEN 4 JEdD -3
MT=207 HE-4 BRCOUCTIGH CROSS SECTION
= MT23%

s*+%  ORIGINAL DESCRIPTIVE DATA IN JERDL-3 =#¥=ixssazstasxsasazes
MF=3 CROSS SECTIONS

MT=104 (W,D)
THE (M,D) CROSS SECTION WAS CALCULATED WIli JnBA.
NCRnALIzn I0N WAS TAKEN SO THAT THE CALCULATED CRSS
SECTION MIGHT BE CONSISTENT WITH THE ACTIVATION DATA /17.
MT=205 (N,N'JALPHA-T
BASED ON TME EXPERIMENTAL DATA /2,3,4,5,€,7/.

REFERENCES
1) BATTAT M.E. AND RIBE €.L.: PHYS. REV. 8% {1953; 8.

29 SMITH D.L. ET AL.: NUCL. SCL. ENG. 78 (1981} 354.
3) LISKIEN H. ET AL.: PROC. iNT. CONF. NUCLLAK DAIX iR
SCIENCE AND TECHNOLOGY, ANTWERP 1982, (1982} P.34%.

) SMITH O.L. ET AL.: ANL/NDM-87 [1984).

5) TAKAHASHI A. ET AL.: PROC. 13TH SYMP. FUSION YECu., VARESE.
ITALY (1984).

6) GOLDBERG E. ET AL.: NUCL. SCI. ENG. 91, 173 [1985}.

7) MAEKAWA W. ET AL.: JAERI-M 86-125, P.130 (15861.
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3.3 Be-9
4-8E- 9 JAER} EYAL-AUGBE K.SHIBAT
JAERI- 84-225 DIST-JUL%]
HISTORY

84-08 REEVAL.ATED FOR JENDL-3 BY K.SHIBATA.
DETAILS OF THE EVALUATICN ARE GIYEN IN REF/L/.
89-01 MODIFIED BY CONSIDERING REUTRON EMISSIGH SPECTRA
91-07 GAS-PRODUCTION DATA FILE WAS CREATLD FROM JENS.L-3
BY T.HARITA AND T.NAKAGAWA

MF=] GENERAL INFGRMATIGHN
MT=451 DESCRIPTIVE DATA

MF=2 RESONANCE PARAMETERS
MT=151  SCATTERING RADIUS CHLY

MF=3 NEUTRON CROSS SECTIOH

MT=203 HYDRCGEN PRCDUCTION CROSS SECTIGH
= MT103.

MT=204 DEUTERIUM PROGUCTION CROSS SECTION
= MT104.

MT=205 TRITIUM PRODUCTION CROSS SECTION
= MT105.

MT=207 HE-4 PRODUCTIOGN CROSS SECTION
= NMT024 + MT107

Jode i & ORIGINAL DESCRIPTIVE DATA IN \]ENDL'3 Arkx AN A XS A T I XTI E K

THE STATISTICAL MODEL CALCULATION WAS MAGE FOR THI CHARSED
PARTICLS EMISSION REACTIONS BY USI" THT COMPUTER COGE
ELIESE-3/2/. OPTICAL MODEL PARAMETERS FCR NEUTAGK WERE
TAKEN FROM AGEE AND ROSEN /3/.

= 49.3 - 0.33€, WS = 5.75 , VS{ = 5.5 (MEV}
R = 1.25 , RS =1.25 , RSO = 1.25 [F¥)
A = 0.65 , B =0.70 , ASC = £.65 {4}

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

V=125.0 , WS =15.0 , vs0 = 0.0 {MEV)
R=156 ,RS=1.5 ,RC =1].22 {FM)
A=10.50 ,B =20.11 {FM}

THE CROSS SECTICN WAS NORMALIZED 70 THE DATA OF
PERROUD AND SELLEM /5/ AT 14 MEV.

MT=103  (N,P)
CALCULATED WITH THE STATISTICAL MGDEL.
PROTON POTENTIAL PARAMETERS ARE THE FOLLOWINKG /6/:

V =59.5 - 0.36E, WS = 12.0 + 0.07E, VSO = 4.9 (MEV}
R =1.24 , RS = 1.36 , RSO = 1.2 {fm)
RC= 1.3 {F)

= 0.63 B = .35 , ASO = 9.31 {rm)
THE cnoss SECTION wAS NCRMALIZED 70 THE EXPERIMENTAL DATA

OF AUGUSTSON AND MENLOVE /7/, WHO MEASURED DELA¥ED
NEUTROS, BY TAKING ACCOUNT OF THE BRANCHING RATIO
OF 49.5% FOR LI-9 => BE-9% => 2A + N.
MI=104  (N,D)
BASED ON THE EXPERIMENTAL DATA OF SCOBEL /8/.
MT=105 {N,T)
SUM OF MT=740 AND 741.

~1
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MT=]G7  (N,AD}
BASED OF MHL fAPLRIMINIAL DATA 74,%,9,18,11,1%/.
MT=740, 74}  {N,1T; AND {N,TD)
CALCULATED wW1TH THE STAVISTICAL MODEL.
TRITON POTENTIAL PARAMITERS ARL [IHE FOLLOWING F13/:
Y= 1400 |, HS =7.5 |, VS0 = 6.0 frrv)
R=10.20 ,RS =269, RS0 =1.20, RC = 1.3C {#K}
A=0.45 B =136, AS0 = D.7 {Fa:

NORMALIZATION WAS TAKLN SO TEAT Thi 10
SECTION MioH: BE CONSISTENT Wi1Th

OF BOEDY €1 AL./14/

TAL {&,1) CROSS
XPERIMENTAL DATA

-
14

REFERENCES

1) SHIBATA, K.: JAERI-M 84-226 (1984).

2) IGARASI, S.: JAERI 1224 (1972).

3) AGEE, F.P. AND ROSEN, L.: LA-3538-XS ({1965}.

4) SHIBATA, XK. AND SHIRATO, S.: J. PHYS. SOC. JP%. 52 {1983} 3738
5) PERROUD, J.P. AND SELLEM, CH.: WuCL. PHYS. A227 {1373) 332.

6) VOTAVA, H.J. ET AL.: NUCL. PHYS. A234 (1973) 52%.

7) AUGUSTSON, R.H. AND MENLOYE, H.G.: NUCL. SCI. £RG. 53{187411¢0
8) SCOBEL, W.: Z. NATURFORSCH. A24 (1959) 286.

9) BATTAT, M.E. AND RIBE, F.L.: NUCL. PH/S. 8% (1953) 80
10} STELSON, P.H. AND CAMPBELL, E.C.: NUCL. PHYS. 13€ {1957 i252.

BASS, R. ET AL.: NUCL. PHYS. 23 {1961) 122.

PAIC, G. ET AL.: NuCL. PHYS. A96 (1967) 47€.

LUEDECKE, H. ET AL.: NUCL. PHYS. A1d9 {1958 67¢.

BOEDY, Z.T. EY AL.: PROC. INT. CONF. NUCLEAR DATA FGR SCIENC
AND TETHNOLOGY, ANTWERP 1982, (1983}, P.365.
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3.1 B1lv
5-8 - 10 JALRI EYAL-MARS7? S.CHIBA
DIST-JuLS]
HISTORY

87-03 NEWLY EVALUATED BY S.CHIBA (JAERI) FGR JENDL-3.
88-11 DATA FOR MF=3({Mf=1,2,3,4,51,103,107,113,780,781) WERE
MODIFIED.
91-07 GAS-PRODUCTION DATA FILE WAS CREATED FROM JENDL-3
BY T.NARITA AND T.HAXAGAWA

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

MF=2 RESONANCE PARAMETERS
MT=151 SCATTERING RADIUS OHLY

MF=3 NEUTRON CROSS SECTIONS
MT=203 HYDROGEN PRCOUCTION CROSS SECTIGK
= MTO16 + AT103
MT=204 DEUTERIUM FRODUCTIOH CROSS SECTIGH
= MT104 + (SUM OF MT'S FROM 60 TO 89).
MT=205 TRITIUM PRCOUCTION CROSS SECTION
= MT113
MT=207 HE-4 PRODUCTION CROSS SECTION
= MT016%2 + MT107 + MTL1]13%2 + 2+(SUM OF MT'S FROM 6G TG
89)

*+2%  ORIGINAL DESCRIPTIVE DATA IN JENDL-3 *ttetssssrssitisssssss

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

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

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

MT=51-59, 61, 62, 64-66. INELASTIC SCATTERNG TO REAL LEVELS
CROSS SECTIONS WERE CALCULATED BY THE COLLECTIVE 1 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 GMEV, THE DEFORMATION PARAMETER
DEDUCED FROM (P,P') REACTION/A/ 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-BODY PHASE SPACE
DISTRIBUTION, ASSUMING ISOTROPIC CENTER-OF-MASS
ANGULAR DISTRIBUTIONS.

MT=103  (N,P)
SUM OF MT = 70D TO 7D5.
MT=104  (N,D)
SUM OF MT = 720 AND 721.
MT=107  (N,ALPHA)
SUM OF MT = 780 AND 78l. THE THERMAL CROSS SECTIOW OF
3837 BARNS WAS ADOPTED/6/.
MT=113 (N, T)2ALPHA
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L7289, 10,0,

(84l

BASID Of IHE TAPERIMI%iAL DALA /
12,13,14/.

MT=700 (%,P) TO Tif GKOUKD STAIL Gf B:-15.

BELOw 130 KEV, ASSUMID 10 Bf 1/¥. THL THERMA_ CRISS
SECTION ®AS ASSUMED 10 BF 3MB/1S/.

FROM 105 K[Y 10 500 KEV, ASSUMID 10 BL CONSIANI.
FROM 500 KEY TO ! ME¥, LINEARLY INIiRPOIATED.

ABOYE 1 BTV, Tii STATISTICAI MIDE: CAICULATION was
NORMALIZED BY A FACTOR OF 0.704. Tuf OPTICAL PCItMiLai,
LEVEL SCHEMES AND LEVIL DEWS1TY PARAMLTERS USED IN Tt
CALCULATION ARE SUMMARIZED IK TABLES 2, 3 AND 4.

MT=7G1-705 (N,P) TO THE LOW LYING EXCITED STATES ©f BE-1G.

THE STATISTICAL MOSEL CALCULATION WAS RORMALiZED 10 Ini

EXPERIMENTAL DATA/11/ AT 14 BEV.
MT=720 (H,D0)

BELOW 7.6 MEY, THE INVERSE REACTION CRGSS SECTIoNS/15,17/
WERE CONVERTED BY THE PRINCIPIE ©f DETAILED BALANCE.

FROM 7.5 TO 14 MEV, INTERPOLATED LINEARLY.

ABOVE 14 MEV, DWBA CALCULATION WITH THE PROTOM PICKUP
MECHANISH WAS NORMALIZED TO THE CXPERIMENTA: DATA
/18, 19/ AT 14 MEV. THE D + BE-9 AND BOUND PRCTON
POTENTIALS OF VALKOVIC+/19/ WERL USED. DEPTi GF THE
PROTON POTENTIAL WAS SEARCHLD BY Thi S:PARATION ENLRGY
METHOD. THE POTENTIAL PARAMETERS ART LISTED IN TABLE 2.

MT=721 (N,D2)

DWBA CALCULATION WiTH THE PROTON PICKUP MECHAKISH WAS
NORMALIZED TO THE EXPLRIMENTAL DATA/11,i8,19/ AT i4
MEV. THIS IS REALLY THE (N,D) REACTION TO TH{ SICOND
LEVEL OF BE-9.

MT=78G, (H,ALPHAQ)

BELOW 10 KEV, R-MATRIX CALCULATIGK.

FROM 10 KLV TO 800 KLV, BASED ON Thi [AFLRIMiNTAL DAYJ
/20,21/.

FROM 800 KEV 10 7.5 MEV, THE EXPERIMLNTAL DAIA/22/ WERE
NGRMALIZED BY A FACTGR OF 1.38 AHD fITTLD BY it SPLINE
FUNCTICN.

ABOVE 7 MEV, THE EXPCRIMINTAL DATA1i/ WtRL ADOPTLD.

MT=781 (N,ALPHAI)

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, RECOMMERDATION BY
LISKIER AND WATTECAMPS/24/ WAS ADOPTEG.

FRGM 2 TO 7.5 MEV, THE EXPERIMENTAL DATA/22,23,24,25%/
WERE NORMALIZED BY A FACTOR OF [.38 AND FLTTED BY THL
SPLINE FUNCTION.

ABOVE 7 MEV, THE EXPERIMENTAL DATA/25/ WAS ADOPILD.

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

2206-M/S {B) 14 MOV (B}
ELASTIC 2.144 0.943
(NNY e 0.269
(N,P) 0.003 0.038
() T— 0.047
(N,T) 0.012 0.093
(N, ALPHA) 3837.0 0.043
(Nyowy e 0.027
CAP TURL 0.50 0.000
TOTAL 3839.7 1.4¢7

10
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TABLE 2 CPTICAL POIENIIAL PARAMLIERS

B-10 + N /?256/

V= 47.91 - 0.346EH, NS= 0.6%7 + 0.8I1GLN, ¥S0=5
R= 1.387 , RS= 1.336 , RSo=
A= 0.464 . AS= 0.278 . ASO=0.
BE-10 + P /27!
v = 60.0 + 27.0(%-2)/A -0.3(CH
= 0.64ECH + 10.0{K-7)/A J{ICH < 13.8 I
= 9.60-0.06£CH + 10.0(N-Z)/A ,(ECH > 13.8 M
Vs0= 5.5
R=RS = RSO = 1.15 (FM)
A = ASO = £.57, AS= 0.5 (FM)
BE-9 + D /19/
V= 80.0 , Wv= 30.0 , VS0=6.0 (MEV)
R= 1.0 , RV= 1.0 , RSO=1.0 ,RC= 1.3 (FM)
A= 1.0 , Av= 0.8 , AS0=1.0 (FM)

TABLE 3 LEVEL SCHEMES USID IN THE DWBA CR STATIS

MODEL CALCULATION

B-10 BE-10
M1 ENERGY L MT ENERGY Jr
( MEV ) { MEV )

2 0.0 3+ 700 0.0 0+
51 0.7183 1+ 2 701 3.368 2+
52 1.7402 o+ 4 02 5.958 2+
53 2.154 I+ 2 703 5.960 1-
54 3.587 2+ 2 704 6.179 0+
55 4.774 3+ 2 705 6.263 2-
56 5.110 2- 3
57 5.163 2+ 2
58 5.18 1+ 2
59 5.920 2+ 2
61 6.025 4+ 2
62 6.1217 3- 3
64 6.561 3+ 2
65 6.881 1- 3
66 7.00 1+ 2

7.430 1-
7.470 1+
7.477 2-
7.560 0+
7.670 1+
7.840 1-
8.070 2-
8.650 1+
8.890 3-
8.894 2+

Ly (M)
1 (i
5 (FM)
(Miv)
vy (MLv)
£¥) (Miv)
(Mey)
iCAL

TABLE 4  LEVEL DENSITY PARAMETERS USED IN THE STATISTICAL

MODEL CALCULATION
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B-10 1.196 5.581 0.066 0.0 16.17
BE-10 1.088 5.866 0.021 5.13 19.63
REFERENCES

1) MATHER,D.S.: AWRE-0-47/69(1969).

2) VAUCHER,B. ET AL.: HELV. PHYS. ACTA 43, 237(1970}.

3) PORTER D.: AWRE-0-45/70(1970)

4) SWINIARSKI, R.D. ET AL.: HELV. PHYS. ACTA 49, 227(1976).
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6) MUGHABGHAB,S.F. ET AL.: 'NEUTRON CROSS SECTIONS', VOL.1 PART
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7) WYMAN,M.E. ET AL.: PHYS.REV. 112, 1264(1958).
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11) SELLEM,C. ET AL.: NUCL.INSTRUM.METH. 128, 495(1975).
12) CSERPAK,F. ET AL.: EXFOR 30474,003(1978).
13} SUHAIMI,A. ET AL.: RADIOCHIMICA ACTA 40, 113(1986).
14) QAIM,S.M. ET AL.: PROC. INT. CONF. NUCL. DATA FOR SCI. AND
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18) RIBE,F.L. ET AL.: PHYS.REV. 94, 934({1954).

19) VALKOVIC,V. ET AL.: PHYS.REV. 139, B331(1965).
20) OLSON,M.D. ET AL.: PHYS.REV. C30, 1375(1984).
21) SEALOCK,R.M. ET AL.: PHYS.REV. C13, 2149(1976).

22) DAVIS,E.A. ET AL.: NUCL.PHYS. 27, 448(1961).

23) SCHRACK,R.A. ET AL.: NUCL.SCI.EENG. 68, 189(1978).

24) LISKIEN,H. AND WATTECAMPS, E.: NUCL.SCI.ENG. 68, 132(1978).
25) VIESTI,G. ET AL.: ANNALS NUCL. ENERG. 6, 13(1979).
26) DAVE,J.H. ET AL.: PHYS.REV. C28,2112(1983).

27) WATSON,B.A. ET AL: PHYS. REV. 182, 977(1969)
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3.5 B-il

5-8 - 11 JAERI EVAL-MAYSB T.FUKAHGR!
JAERI-M 83-C46 DIST-JuL9l
HISTCRY

87-03 HNEWLY EVALUATED BY T.FUKAHORI (JAERI)
88-05 REVISED BY T.FUKAHCRI (JAERI)
(N,D), (H,ND), (N,T), (N,NT) AND (N,N2A) ADGED.
DETAILS OF EVALUATION ARE GIVEM 1N REF./1/.
91-07 GAS-PRODUCTION DATA FILE WAS CREATED FRGH JENDL-3
BY T.NARITA AND T.NAKAGAWA

MF=1 GENERAL INFORMATICK
MT=45! DESCRIPTIVE DATA AND DICTIONARY

MF=2 RESOKRAKRCE PARAMETERS
MT=151  SCATTERING RADIUS ONLY

MF=3 NEUTRON CROSS SECTIONS

MT=203 HYDROGEN PRCDUCTION CROSS SECTIONW
= MT028 + MT103

MT=204 DEUTERIUM PRODUCTION CROSS SECTION
= MT032 + MT104

MT=205 TRITIUM PRODUCTION CROSS SECTION
= MT029 + M1033 + MT105

MT=207 HE-4 PRODUCTION CROSS SECTION
= MT022 + MT029*2 + MT107

*%*x%x  ORIGINAL DESCRIPTIVE DATA IN JENDL-3 ¥ **sikddkkxikddkdxsisn

MF=3 CROSS SECTIONS

MT=22 {N,N'ALPHA)LI-7 CROSS SECTIUN
CALCULATED WITH GNASH/2/. THE OPTICAL POTENTIAL
PARA{ETERS, THE LEVEL DENSITY PARAMETERS AND THE LEVEL
SCHEME ARE SHOWN 1N TABLES 1-3, RESPECTIVELY.

MT=28 (N,N'P)BE-10 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 CALCUGLATION
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 Oi THE GNASH CALCULATION WiTH BEING NORMALIZED 79
THE EXPERIMENTAL DATA OF STEPANCIC ET AL. /4/. THE
PARAMETERS USED ARE SHOWN IN TABLES I-3, RESPECTIVELY.

MT=104 (N,D}BE~10 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 TQ THE
EXPERIMENTAL DATA OF ANTOLKOVIC ET AL. /5/ AND SCOBEL ET
AL. /6/. THE PARAMETERS USED ARE SHOWN I[N TABLES 1-3,
RESPECTIVELY.

13
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AY B

[y

NEUTRON

PRGTCN

DEUILRON V =

TRITON

ALPHA

¥ = 41.8-0.C0% mMfv=
wS= 1.01¢ MLy
V= 66.1-0.273L MLY
wWS= 1.50+0.581F MLV
VSYM = 5.5 MEV
830.C v
wy= 35.0 MEY
VSYM = 6.0 MEV™*
Vo= 103.0+20.0: MLV
wV= 1.49E MEV*
VSYM = 8.5% MEY™*
V = 285.2-2.40L MEV™>
WS= 16.16-0.700 MLV~*

NOTE

: £ IS INCIDENT NLUTRONW
* MEANS THAT PARAMITER IS MODIFIED FRGM ORIGINAL

POTENTIAL PARAMIVERS

RO= 1.4C M A= $.35 M RIF./7/
Rl= 1,15 iM% Al= 0.50 #

RC= 1.15 ## AD= .87 &M RiIFLAS/
RI= 1.1% i Al= 0.5 M

RO= 1.15 M A3= Q.57 N

RO= 1.0 FM= ACG= 1.0 iM~ REiF./9/
Ri= 1.0 M* Al= §.8 IM*

RG= 1.0 F¥= AS= 1.0 FN*

RO= 0.85 FM AD= 0.70 M RLF./18/

1= 206 FM Al= D72 FM

RG= 0.85 fM AQ= (Q.7¢ M

RO= 1.61 FM* A= 0.55 FM=~ RLF./L1L/
Ri= 1.81 FM Al= (.65 M
ENERGY IN LAB. SYSTEM.

ONL

ai

e

TERS

372- 6.0 2+
172- 0.981 1+
/2=
hi2-
h/2-
ifz-
3:2-
3r2-

TABLEL 2 THE LEVEL DENSITY PARA
A{1/MEV) T{MEV)
B-i0 1.196 7.990
B-11 1.431 6.112
B-12 1.491 6.201
BE-8 1.115 9.187
BE-9 1.125 8.248
BE-10 1.088 16.029
BE-11 1.419 1.277
Li-7 1.138 7.197
LI-8 1.11% 8.170
TABLE 3 THE LEVEL SCHEME (ENERGY(MEV), SPIN AND PARIIY) /712,137
B-10 3-11 BE-10 BE-11
6s 0. 3+ 0.0 3/2- 0.0 0+ 0.0 1/2+
1 0.718 1+ 2.12% 1/2- 3.368 2+ 0.320 1/2-
2 1.740 G+ 4.445 5/2- 5.958 2+
3 2.154 1+ 5.020 3/2- 5.960 I-
4 3.587 2+ 6.743 7/2- 6.179 0+
5 4,774 3+ 6.792 1/2+ £.263 2-
6 5.110 2- 9.120 //2+ 7.371 3-
75.164 2+ 10.60 7/2+ 7.452 2+
8 5.180 1+ 9.2/0 4-
9 5.926 2+ 9.400C 2+
10 6.025 4+
11 6.127 3-
12 6.561 4-
13 6.8/3 1-
14 7.007 2+
15 7.430 7-
16 7.457 1+
17 7.479 2+
18 /7.%61 0+

14
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.6 (C-12
6-C - 12 JAER! EVAL-AUGS3 K.SHIBAIA
JAERI-M 83-221 DIST-JULIL
HISTORY

83-~08 NEWLY LVALUATED BY K.SHIBATA

DETAILS OF THE EVALUATION ARE GIVEN IN RLF./1/.

85-02 DATA OF MT=2, 3, 4, 53 OF MF=3 KERE REVISED ABOVE 15.45

MEV. ANGULAR DISTRIBUTIONS FOR MI=52, 53 WERL ALSG
REVISED.

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

MF=1

BY T.NARITA AND T.NAKAGAW

GENERAL INFORMATION

MT=451 DESCRIPTIVE DATA AND DICTIONARY

MF=2

RESONANCE PARAMETERS

MT=15] SCATTERING RADIUS ONLY

MF=3

NEUTRON CROSS SECTIGHS

MT=203 HYDRCGEN PRODUCTION CROSS SECTION

= MT103

MT=204 DEUTERIUM PRODUCTION CROSS SECTIOH

= MT104

MT=207 HL-4 PRCDUCTION CROSS SECTICN

dekk

MF=3
MT

MT

MT

MT
MT
MT
REFE

1)
2)

= (MT052 + MTO53 + MT091)*3 + MTI107

ORIGINAL DESCRIPTIVE DATA IN JENDL -3 *¥taissaixsssssssxssss
CROSS SECTIONS

=52 SIG-IN 7.65 MEV LEVEL
THE CROSS SECTION WAS ESTIMATED SO THAT THE ELASTIC SCAT-
TERING CROSS SECTION GIVEN AS THE DIFFERCNCE BETAEEN THE
TOTAL AND REACTION CROSS SECTIONS M{GHT BE CONSISTENT WITH
EXPERIMINTAL DATA. TAKING ACCOUNT OF THE MEASUREMENT /27,
THE CROSS SECTION WAS MODIF[ED BY MULTIPLYING A FACTOR OF
0.5.

=53 SIG-IN 9.63 MEV LEVEL
BASED ON THE EXPERIMENTAL DATA OF ANTOLKOVIC £7 AL./37.
TAKING ACCOUNT OF THE MEASUREMENT OF ONO ET AL./4/, THE
CROSS SECTION WAS MODIFIED BY A FACTGR OF G.8.

=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.

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

=104 (N,D)
CALCULATED WITH DWBA.

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

RENCES

SHIBATA, K.: JAERI-M 83-221 (1983).

TAKAHASHI A. [T AL.: PROC. THE 1987 SEMINAR ON NuUCLEAR DATA,
JAERI-M 88-065, P.279, (19883).

ANTOLKOVIC, B. £ T AL.: NUCL. PHYS. A394 (1683) 87.

ONO M. £T AL.: TALL MTG. OF THE ATOMIC ENERGY SOCILTY OF
JAPAN, 1984

RIMMER, F.M. AND FISHER, P.S.: NUCL. PHYS. A108 (1968) 567.
CHATTERJEL, M.L. AND SEN, B.: NUCL. PHYS. 51 (1964) 583.
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3.7 Natwural \

7-N - 0 JHDC~ EVAL-JUNBS Y.KANGA'KYU),T.FUKAHORI {JAER] )+
DIST-JULS]
HISTORY
91-07 GAS-PRODUCTION DATA FILE WAS CREATED FROM JLNDL-3
BY T.HARITA AND T.NAKAGAWA

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

MF=2 RESONANCE PARAMETERS
MT=151  SCATTERING RADIUS ONLY

MF=3 NEUTRON CROSS SECTIONS

DATA WERE CALCULATED FROM THOSE OF N-14 ARD N-15.
N-14 = 99.634 %
N-15 = 0.366 %

MT=203 HYDROGEN PRODUCTION CROSS SECTIGN
= MT028 + MT103

MT=204 DEUTERTUM PRODUCTION CROSS SECTION
= MT032 + MT104

MT=205 TRITIUM PRODUCTLION CROSS SECTION
= MT033 + MT105

MT=207 HE-4 PRODUCTION CROSS SECTION
= MT022 + MT107 + MTi08%*2

* kK k ORIGINAL DESCRIPT]’VE DATA IN JENDL-3 ThkEkAkAkkArkAX T Arhrkhkkkk

7-N - 14 ONDC EVAL-JUNB9 Y.KANBDA{KYU} T.MURATA{NAIG)+
DIST-SEPBY
HISTORY
89-06 NEW EVALUATION FOR JENDL-3
SUB~WORKING GROUP ON EVALUATION GF N-14,
WORKING GROUP ON NUCLEAR DATA FOR FUSION,
JAPANESE RUCLEAR DATA COMMITTEE

IN CHARGE

SIG-T K.SHIBATA (JAERI)

SIG-EL T.ASAML (JAERI), T.MURATA (NALG)
SIG-IN T.ASAML, 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
EVALUATED 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)

18
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BELow 5.5 MEV, BASTY ON iHU PAPIRININGAD DAIASS.
ABIYE B.b BV, CALCUIATID Wil GRASH.
MI=10% (N, 1)
BELOW 9 MV BASED ON T (XPERIME LI
ABOVE 9 MV, CAICULANID WITH GNASH AN
MEV.
MI=10/ (N, AL PHA}
BASYD O THE LAPERIMENTAL DAVAZ. .07,
MI=108  (N,23 PHA)
CALCUL ATLD WITH GNASH AND HORMALJED A 1301 ™y 10 an
AVERAGE VALUL AMONG 18P [XPR! SR U

7-N - 1Y EVAL-DECES T UKARCRI
JALRI-M 59-04/ DIST-StPas
HISTORY
88-12 NEWIY EVALUATED BY T.PUNAHORD (JATRIY

ME=3 CROSS StCTLORS
MT=16,22,28,37,33,103, [ui, 185,10/
CALCUT ATED WITH GNASH 71/, THE OPTICAI PUlinNiIAl
POTENTIAL PARAMETERS, THE DTEVED DENSTIY PARANMI HERYS ARD
THE 1Evil SCHEME ARD SHOWN IN TABILES 1-3. RISPECEIVIEY.

TABLY ] THL OPTLCAT POIENILIAL PARAH 1LRS
NEUTRON v = 50.0G8-0.012¢ Mtv RO 064 i1
WS = S.91+0.6181 MV ORI . dold i
VSYM= 540 MV RO JdNEMAQ = D50 1M

~
o

-

N

. 3
=
oo

T

PROION  V = H1.20-0.2201 MV RO = 1.71 1M
WS o= 6.40-0.650L MV R = 1.93 1M
VSYM= 6.00 MV RO - .ot

DEUTERON  PEREY-PEREY'S POTINRTIAL/T3/

TIR1TON BLCCHE TTI-GREFNLEES'S POTENTTAL /147

ALPHA v = 13,9 MLV RO = 1.9 IM AQ = 035 1M
W= 3.8h MLV RT = 1.9 I AL = DLa3% 1w

TAsLe 2 THE LEVED DENSTIY PARAMETERS

B-11 1.431 6.149 >.07 h. by
B-1? 1.491 6.201 0.0 S CPN
c-12 1./00 5.9171 5.60 RO
c-13 1.846 5.38¢ 2.8C RIURY

Cc-14 1.988 4.887 5.00 J8.0a0d
c-15 1.988 4.600 0.¢ UMY
N-14 I.600 5.000 0.t ITUSTE
N-1% 2. 130 3.7b3 2.2t HURY

N-16 2.130 4.%47 0.0 AANRE

TABLL 3 LEVEL SCHEME (ENFRGY{MEV)Y, SPIN AND PARLIYY 71b 1o 1

1
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6S 6.6 1+0.0 1/2-0.84 2-0.0 /72+ .9 O~ 0.0 i72-

1 2.313 0+ 5.270 5/2+ 0.120 - 0.742 5/2+ 6.093 1~ 3.08% 3/«

2 3.948 1+ 5.295 )2+ £.589 8+ 3.68% 3f7-

3 4.915 0- 6.324 3/2- 6.728 3- 3.3%3 5f7+

4 5.106 2- 7.155 5/2+ 6.923 o-

5 5.651 1- 7.301 3/2+ F.p1z z+

6 5.834 3- 7.567 7/2+ 7.34: 2-

7 6.2064 1+ 8.313 1/2+ ~------mmmmmmmmm e e
8 6.44€ 3+ 8.57]1 3/2+ c-12 B-il B-12

9 7.02% 2+ §.050 1/2% ----~--semmmmecmmmecmmme e
10 9.152 3/2- GS 0.0 ©+0.¢C 3/2- 6.0 1+

11 9.155 5/2+ 1 2.125% 1/2- §6.9%3 2+

12 9.225 1/2- 2 4.445 5/2- 1.674 2-

13 9.758 5/2- 3 5.02¢ 3/2- 2.62C 1-

14 9.829 7/2- 4 6.743 7/2- 2.72¢ ¢
15 9.928 3/2- 5 6.793 1/2+
16 10.070 3/2+ 6 7.28% 542+

REFERENCES
1) YOUNG P.G. AND ARTHUR €.D.: LA-6947 (i277;}.
2) CSIKAI J. AND NACY S.: MUCL. PHYS., ASI, 222 (1957}.
3) BATCHELOR R.: AERE-N/R-370 (1949).
4) COON J.H. ET AL.: PHYS. REV., 75, 1353 {1%4¢).
5) CURE P. ET AL.: J. ' VS. RADIUM., 12, 6 {1951).
6) HANNA G.C. ET AL.: CAN. J. PHYS., 39, 1782 (1961).
7) MORGAN G.L. ET AL.: NUCL. SCY. ENG., 70, 163 (1379},
8) FELBER H. ET AL.:2. PHYS., A276, 75 (1976).
9) CHASE, JR L.F. ET AL.: AFSWC-TR-61-15 {1961}.
10) GABBARD £. ET AL.: NUCL. PHYS., 14, 277 {1956}.
11} LILLIE A.B.: PHYS. REV., 87, 726 ({1952}.
12) SCHMIOT G. ET AL.: NUCL. PHYS., A103, 238 {1967}.
13) PEREY F.G.: PHYS. REV. 131 (1963) 745
14) BECCHETTI JR. F.D. AND GREENLEES G.4.: 'PCLARIZATION
PHENOMENA IN NUCLEAR REACTIONS', THE UNIVIRSITY OF WISCONSIN
PRESS (1971)
15) AJZENBERG-SELOVE F.: NUCL. PHYS. A45Q ¢
16) AJZENBERG-SELOVE F.: NUCL. PHYS. A443 {
17) AJZENBERG-SELOVE F.: NUCL. PHYS. A433 {
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38 F-1Y
9-F - 19 JAER] EVAL-JULBY T.SUGI
DISI-JuL9l
HISTORY
83-11 EVALUATION FOR JENDL-2 WAS PERFORMED BY SUGI AND NISHIMURA
(JAER1)/1/.

89-07 RESOHANCE PARAMETERS AHD TOTAL CROSS SECTION WERE
RE-EVALUATED FOR JENWDL-3.
91-G7 GAS-PRODUCIION DATA FILE WAS CREATED FRSH JEHDL-3
BY T.NARITA AHD T.NAKAGAWA

MF=1 GEHERAL INFfORMATION
MT=45]1 DESCRIPTIVE DATA AND DICTIONARY

MF=2 RESONANCE PARAMETERS
MT=151  SCATTERING RADIUS OnLY

MF=3 NEUTROMN CROSS SECTIONS

MT=203 HYDROGEN PRODUCTIOH CROSS SECTION
= MT028 + M1103

MT=204 DEUTERIUM PRODUCTION CROSS 57CTiON
= MT104

MT=205 TRITIUM PRODUCTION CROSS SECTIOH
= MTIO0S

MT=207 HE-4 PRODUCTION CROSS SECTION
= MT022 + M1107

*xkk  ORIGINAL DESCRIPTIVE DATA IN JENDL-3 *adkddkdadddkddddiasdd ok

MF=3 NEUTRON CROSS SECTIONS
MT=22  (N,N' ALPHA) AND (N,ALPHA N') CROSS SECTIONS
CALCULATED AITH 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 PEARLSTEIN'S
EMPIRICAL FORMULA.
MT=103 (N.P) CROSS SECTION
up }O/QMEV : BASED OH THE EXPERIMENTAL DATA OF BASS ET AL.
3/.
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 NORMALIZED TO 15.0 MILLI-BARHS 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/,
AMEV - 5.5MEV  SMITH ET AL. /57,
5.5MEV - 9MEV  BASS ET AL. /3/.
ABOVE 9 MEV, CALCULATED WITH THE PEARLSIiIN'S FORMULA.

REFERENCES
1) SUGT T. AND NISHIMURA K.: JAERI-M 7253 (1977), CHGI!SH TRANS-
LATION : ORNL-TR-1605.
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 {1960).
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3.9 Al-2T

13-Ai- 27 TIT,JAERT EVAL-MARSS Y.BARIMA H.KITAZAWA,T.FUKARGR!
DIST-JuLal
HISTGRY
88-03 NEW EVALUATION WAS PERFORMED FOR JENDL-3 BY HARIMA,
KITAZA®A (TOKYO INSTITUTE OF TECH.) ARD FUKAMCRI {JAERD).
DETAILS ARE GIVEN IN REF./1/.
91-07 GAS-PRODUCTIOCN DATA FILE WAS CREATED FROM JLhTi-3
BY T.KARITA AND T.NAKAGAWA

MF=1 GENERAL INFORMATIOH
MT=45]1 DESCRIPTIVE DATA AND DICTIGHARY

MF=2 RESONANCE PARAMETERS
MT=151  SCATTERING RADIUS ONLY

MF=3 NEUTRON CROSS SECTIONS
MT=203 HYDRGGEN PRODUCTION CROSS SECTION
= MT028 + MTIO3 + MT1ll*2
MT=207 HE-4 PRODUCTION CROSS SECTION
= MT022 + MT107

*x%x*  ORIGINAL DESCRIPTIVE DATA IN JENDL-3 Rttsistixxssrstrtstiaxs

MF=3 NEUTRON CROSS SECTIONS
MT=22  (N,NA) CROSS SECTIONS
CALCULATED BY THE STATISTICAL MODEL, USING THE GHASH CO0f./l,2/
OPTICAL POTENTIAL FOR ALPHA-PARTICLES WAS DETERMINLD, USIKG
THE DISPERSION THEORY./3/
MT=28  (N,NP} CROSS SECTIONS
CALCULATED BY THE STATISTICAL MODEL, USING THE GNASH CODE./1,2/
MT=103 (N,P} CROSS SECTIONS
CALCULATED BY THE STATISTICAL MODEL, USING THE GRASH CODE./1,2/
MT=107 (N,A) CROSS SECTIONS
OBTAINED BY AN EYE-GUIDE TO FOLLOW OBSERVED VALUES /4/.
MT=111 (N,2P) CROSS SECTIONS
CALCULATED BY THE STATISTICAL MODEL, USING THE GNASH CGDRL./1,2/

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 (1977).

3) KITAZAWKA H. ET AL.: UNPUBLISHED.

4) VONACH H.: NUCLEAR DATA STANDARDS FOR HUCLEAR MEASUREMENTS,
TAEA TECHWICAL REPORTS SERIES NO. 227 (1983).
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3.10 Natural Si

14-SI- 0 TiT,JALRI EVAL-MARS8 H.KITAZARmA,Y.HARIMA,7.MUKAHOR]
DIST-JuLsl

HISTORY

88-03 NEW EVALUATION WAS PERFORMED FOR JINDL-3 BY KITAZAWA,
HARIMA (TOKYQ INSTITUTE OF TECH.) AND FUKAHORI (JAIR1).
DETAILS ARC GIVEN IN REF./1/.

91-07 GAS-PRODUCTION DATA FILE WAS CREATEDG FROM JENDL-3

BY T.NARITA AND T.NAKAGAWA

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

ME=2 RUSOHANCE PARAMETERS
MT=151 SCATTERING RADIUS ONLY

MF=3 NEUTRON CROSS SECTIONS
MT=203 ! DROGEN PRODUCTION CROSS SECTION
= MT028 + MTL03 + MI1l1*2
MT=20/ HE-4 PRODUCTION CROSS SECTION
= MT022 + MT107

**kx  OQRIGINAL DESCRIPTIVL DATA IN JINDL -3 sxswrdsdsdiddiitdaidns

MF=3 NEUTRON CROSS SECTION3
MT=22  {N,NA) CROSS SECVIONS
CALCULATED BY THE STATISTICAL MODEL USING THL GNASH CODE.J1,2/
OPTICAL POTENTIAL FOR ALPHA-PARTICLES WAS DETERMIKNLD, USING
THE DISPERSION THEORY./3/
MT=28  {N,NP) CROSS SECTIONS
CALCULATED BY THE STATISTICAL MODEL USING THL GNASH CODL./1,2/
MT=103 (N,P) CROSS SECTIONS
CALCULATED BY THL STATISTICAL MODEL USING THt GNASH CODL./1,2/
THE IMAGINARY POTENTIAL STRENGTH OF THL PROTON SPHERICAL
OPTICAL MODEL WAS MODIFIED FROM THAT TN REF./1/ 10 BY
W o= 11.0 MLV BETWEEN 11 AND 20 MEV AND W = 8.8 + 0.2*L (MtV)
BELOW 11 MEV.
MT=107 (N,A) CRGSS SECTIONS
CALCULATED BY THE STATISTICAL MODEL USING THE GNASH CODL./1,2/
OPTICAL POTENTIAL FOR ALPHA-PARTICLES WAS DI TURMINED, USING
THE DISPERSION THEORY./3/
MT=111 (N,2P) CROSS SECTIONS
CALCULATED BY THE STATISTICAL MODEL USING THE GNASH CoDt./1,2/

REFERENCES
1) KITAZAWA H. ET AL.: PROC. INT. CONE. NUCLLAR DAIA iQR

SCIENCE AND TECHNOLOGY, MITO, 1988, P.473, (1988).
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-T1- 0 KuR £VAL-SLP88 K.KOBAYASH! (KU ),H . HASHIKURALTIK)
DIST-JuL91
HISTORY
91-07 GAS-PRODUCTION DATA FILL WAS CREATED FROM JENDL-3
BY T.HARITA AND T.NAKAGAWA

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

MF=2 RESONANCE PARAMETERS
MT=151  SCATTERING RADIUS OHLY

MF=3 NEUTRON CROSS SECTIGNS

MT=203 HYDROGEN PRODUCTION CRQSS SECTiGH
= Mi028 + MT103

MT=207 HE-4 PRODUCTION CROSS SECTION
= MT022 + MT107

*xxx  ORIGINAL DESCRIPTIVE DATA IN JENDL-3 **#ssssdsmsxissssstsss

MF=3 NEUTRON CROSS SECTIONS

MT=22 (N,NA)
CALCULATED WITH THE GNASH CODE/1/ FOR ALL THE ISCTOPLS.
MT=28 (N,NP)

CALCULATED WITH THE GNASH CODE FOR TI-46, 48 AN 50, AND
EVALUATED ON THE BASIS OF EXPRIMENTAL DATA FOR TI1-47 AND 4G,

COMPOSED FROM THE ISOTOPIC DATA EVALUATED FROM EXPERIMINTAL
DATA.
MT=107 (N,A)

CALCULATED WITH THE GNASH CODE FOR TI-48. AND EVALUATED ON [HE
BASIS OF EXPRIMENTAL DATA FOR TI-46, 47, 49 AND 50.

REFERENCES
1) YOUNG, P.G. AND ARTHUR, E.D. : LA-6947 (1977).

24
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.12 V5l

23-v - 51 Knl EVAL-AUGSS T.WATANABE
D1ST-JuL 91

HISTORY

82-10 EVALUATION WAS MADE BY S.TANAKA{JALREI) FOR JLNDL-2. DLIAILS
ARE GIVEN 1IN REF./1/
88-08 RL-[VALUATION WAS MADL BY T.WATANABL{KAWASAK} HEAVY
INDUSTRIES LTD.) FOR JENDL-3.
91-07 GAS-PRODUCTION DATA FILE WAS CREAIED FROM JLHii-3
BY T.NARITA AND 1.NAKAGAWA.

MF=1 GENERAL INFORMAIION
MT=45]1  DESCRIPIIVE DATA AND DICTIORARY

MF=2 RESONANCE PARAMETERS
MT=151  SCATTERING RADIUS ONLY

MF=3 NEUTRON CROSS SECTIONS

MT=203 HYDROGEN PRCDUCTION CRGSS SECTION
= MT028 + MT103

MT=204 DEUTERIUM PRODUCTION CROSS SECTION
= MT104

MT=205 TRITIUM PRODUCTION CROSS SECTION
= MT105

M7=207 HE-4 PRODUCTION CROSS SECTION
= MT1022 + MT107

Wk Ak DESCR[PTIVE DATA FOR JENOL-3 ThkhkhkkhkAxXxkdkhkhkdhhkddkdhrhkhtorhihd

MF=3 NEUTRON CROSS SECTIONS
DATA FOR MT'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 /2/

MT=28 (N,N'P)
GIVEN BY SUBTRACTING THE (N,P) CROSS SECTION (Mi=103, FOR
JENDL-2) FROM THE (N,XP) CROSS SECTION CALCULATED BY
KITAZAWA AND TSOGAI /3/.

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

MT=104 (N,D)
CALCULATION BY GUENTHER ET AL. /6/

MT=107 (N,ALPHA)
BASED ON THE EXPERIMENTAL DATA /1,7,8,9/.

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. ET AL.: ANNALS NUCL. ENERGY 11, 623 (1984).
8) LU HAN-LIN, ET AL.: PHYSICA ENERGIAE FORTIS ET PHYSICA
NUCLEARIS 3, 88 (1979).
9) ZUPRANSKA, [ ET AL.: ACTA PHYSICA POLONICA SECTION B 11,
853 (1980).

4+
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3.13 Natural Cr

24-CR- 0 KEDAC EVAL-MAR8B7 T.ASAN!
DIST-JuLS1
HISTORY
87-03 NEW EVALUATIGN WAS MADE BY T.ASAMI.
88-12 MF/MT=3/107 WAS MODIFIED.
91-07 GAS-PRODUCTION DATA FILE WAS CREATED rRGM JENODL-3
BY T.NARITA AND T.NAKAGA#H

MF=1 GENERAL INFCRMATION
MT=45]  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 PRODUCTIOR CROSS SECTION
= MT022 + MT107

*kkd DESCRIPTIVE DATA FOR JENDL_3 Akhkhkkkhkkkhkhkkhkrthkkhkhktthkkhkhkthkhk

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

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

MT=28 (N,NP)
FOR ALL ISOTOPES : CALCULATED WITH 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 WAS 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 (K, 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 WITH 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 VALUL OF EXPERIMENTAL DATA /6,7,11/ AT 14.8 MRV,

REFERENCES
1) HOLDEN N.E., MARTIN R.L. AND BARNLS I.L. : PURE & APPL.
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3.11 Mn-55

25-MN- 55 JAERI,MAPI EVAL-MARS7 K.SHIBATA,T.HOJUYAMA
DIST-JUL9]

HISTORY

87-03 RESONANCE PARAMETERS WERE EVALUATED BY T.HOJUYAMA (MAPI}.
MULTISTEP HAUSER-FESHBACH CALCULATIGNS WERE PERFGRMLD
BY K.SHIBATA (JAERI).

91-07 GAS-PRODUCTION NATA FILE WAS CREATED FROM JENDL-2

BY T.NARITA AND T.NAKAGAWA

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

MF=2 RESONANCE PARAMETERS
MT=151  SCATTERING RADIUS ONLY

MF=3 NEUTRON CROSS SECTIONS

MT=203 HYDROGEN PRODUCTION CROSS SECTIGH
= MT028 + MT103

MT=204 DEUTERIUM PRODUCTION CROSS SECTIOW
= 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

*%k&  ORIGINAL DESCRIPTIVE DATA IN JENDL-3  *¥*dsdkakdkxwkdkshdsdis

MF=3 NEUTROW CROSS SECTIONS
STATISTICAL-MODEL CALCULATIONS WERE PERFORMED USING THE
TNG CODE /1/. THE PRECOMPOUND PROCESS WAS CONSIDERED
ABOVE 5 MEV. THE OPTICAL POTENTIAL PARAMETERS USED ARZ AS
FOLLOWS/2/ (IN THE UNITS OF MEV AND fM}:

V = 49.747 - 0.4295*F - 0.0003*E**2 RO = 1.287 A0 = 0.56
WS = 11.2 - 0.09*E RS = 1.345 AS = 0.47
VS0= 6.2 RSO= 1.120 ASO = (.47
THE LEVEL SCHEME WAS TAKE:! EROM REF./3/.
NO.  ENERGY{MEV) SPIN-PARITY
G.S. 0.0 5/2 -
1. 0.12¢6 7/2 -
2. 0.984 9/2 -
3. 1.290 1/2 -
4, 1.292 11/2 -
5. 1.293 /2 -
6. 1.528 3/2 -
7. 1.884 7/2 -
8. 2.015 7/2 -
9. 2.158 772 -
10. 2.215 5/2 -
11. 2.252 3/2 -
12. 2.267 5/2 -
13. 7.312 13/2 -
14. 2.366 5/2 -
15. 2.398 9/2 +
16. 2.427 172 +
17. 2.563 3/2 -
18. 2.727 7/2 -
19. 2.753 5/2 -
20. 2.822 9/2 -
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21. 2.824 572 -
22. 2.873 172 -
23. 2.954 3/2 -
24. 2.976 3/2 -
25. 2.992 7/2 -
26. 3.006 3/2 -
27. 3.036 11/2 -
28. 3.038 1/2 -
29. 3.040 3/2 +

LEVELS ABGVE 3.046 MEV WERE ASSUMED TO BE QVERLAPPIHNG.

MT=22,28,1G3,107 (N,N'A),(N,N'P),(N,P) AND {N,A) CRGSS SLCTIONS
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 GF THE (M,P) CROSS SECTICN
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 CGMPOUND AND
PRECOMPOUND REACTIONS WITH CONSERVATION OF ANGULAR
MOMENTUM®, ORNL/TM-7042 (1980).
) FU, C.Y.: PRIVATE COMMUNICATION (1985).
) ZHOU ENCHEN, HUO JUNDE, ZHOU CHUNMEI, LU XIANE AND
WANG LIZHENG: NUCL. DATA SHEETS, 44, 463 {1985).
) PEREY, F.G.: PHYS. REV., 131, 745 (1963).
) HUIZENGA, J.R. AND IGO, G.J.: NUCL. PHYS., 29, 462 (1962).
) COLLI, L., IORI, I., MICHELETTI, S. AND PIGNANELLI, M.:
NUOYO. CIM., 21, 966 (1962).
7) SUDAR, S. AND CSIKAI, J.: NUCL. PHYS., A319, 157 (1979).
8) DIKSIC, M., STROHAL. P. AND SLAUS, I.: J. INORG. NUCL.
CHEM., 36, 477 (1974).
9) WU, C.H., WOELFLE, R. AND QAIM, S.M.: NUCL. PHYS., A329,
63 (1979).
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3.15 Natural Fe

26-FE- (0 JNDC EVAL-MAR87 S.II1JIMA H.YAMAKOSHI
DIST-JuUL91
HISTORY
87-03 EVALUATION WAS PERFORMED FOR JENDL-3.
91-07 GAS-PRODUCTIOH 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 HYOROGEN PRODUCTION CROSS SECTION
= MT028 + MT103

MT=207 HE-4 PRODUCTION CROSS SECTION
= MT022 + MT107

**xx  ORIGINAL DESCRIPTIVE DATA IN JENDL-3 s¥kdddddxsadkhdxhkiras
NATURAL IRON DATA CONSTRUCTED FROM FE-ISOTOPES.
MF=3 NEUTRON CROSS SECTIONS

MT=22,28
CALCULATED WITH GNASH /1/.

MT=103
CALCULATED WITH GNASH /1/ 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 1D 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. AND MEADOWS J.W.: NUCL. SCI. ENG., 58, 314 (1975).
4) IKEDA Y. ET AL.: JAERI 1312 (1988).
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3.16 (o-59

27-C0- 59 KHI EVAL-AUGS8 T.WATANABE
DIST-JUL9]
HISTORY
88-08 NEWLY EVALUATED BY T.WATANABE
(KAWASAKI HEAVY INDUSTRIES, LTD.)
91-07 GAS-PRODUCTION DATA FILE WAS CREATED FROM JEHDL-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 + MTI1C3

MT=204 ODEUTERIUM PRODUCTION CROSS SECTION
= MT104

MT=207 HE-4 PRODUCTION CROSS SECTION
= MT022 + MTiO7

*xkk  OQRIGINAL DESCRIPTIVE DATA IN JENDL-3  **a*dddddddddddddkkidd

MF=3  NEUTRON CROSS SECTIONS

MT=22, 28 {N,N'ALPHA), (N,N'P)
YAMAMURO'S CALCULATION WITH THE MODIFIED GNASH /1/ 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 /1/ WAS
ADOPTED. '

MT=107 (N,ALPHA)
JENDL-2 DATA WHICH WERE EVALUATED FROM THE EXPERIMENTAL
DATA OF SANTRY AND BUTLER /6/ WERE ADOPTED WITH SLIGHT
MODIFICATION BASED ON EVAIN'S EVALUATION /7/ 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 J.R. AND ALFORD, W.L.: PROC. INT. CONF. NUCLEAR
DATA FOR BASIC AND APPLIED SCIENCE, SANTA FE, 1985,
P.215 (1986).

) IKEDA Y. ET AL.: JAERI 1312 (1988).

) HASAN S.J. ET AL.: J. PHYS. Gl2, 397 (1986).

6) SANTRY D.C. AND BUTLER J.P: CAN. J. PHYS., 42, 1030 (1964).
) EVAIN B.P. ET AL.: ANL/NDM-89 (1985).

) MEADOWS J.W. ET AL.: ANN. NUCL. ENERGY 14, 603 (1987).
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3.17 Natural Ni

28-N1- 0 TOSHIBA EVAL-MARE7 S.1IJIMA
DIST-J2UL91
HISTORY
87-03 EVALUATION WAS PERFORMED FOR JENDL-3.
91-07 GAS-PRODUCTION DATA FILE WAS CREATED FROM JERDL-3
BY T.NARITA AND T.NAKAGAWA

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

MF=2 RESONANCE PARAMETERS
MT=151  SCATTERING RADIVUS ONLY

MF=3 NEUTRON CROSS SECTIOHS

MT=203 HYDROGEN PRODUCTION CROSS SECTIOR
= MT028 + MTI03 + MT111%*?

MT=204 DEUTERIUM PRODUCTION CROSS SECTION
= MT104

MT=205 TRITIUM PRODUCTION CROSS SECTIGN
= MT105

MT=206 HE-3 PRODUCTION CROSS SECTION
= MT106

MT=207 HE-4 PRODUCTION CROSS SECTION
= MT022 + MT107

*xx%  DESCRIPTIVE DATA FOR JENDL-3  kkddkdkkkkkkkkkkhkrhakhhkhhrrhhak
EVALUATION WAS REPORTED AT MITO CONFERENZE./1/
MF=3 NEUTRON CROSS SECTIONS

MT1=22,28,103,104,105,106,107,111:
(N,NIA),(N,NIP),(N,P),(N,D),(N,T),(NJHE'3),(N,A},(H,2P)
CROSS SECTIONS WERE CONSTRUCTED FROM THE DATA FOR EACH
ISOTOPE .

NI-58
MT=28,103  (N,N'P),(N,P)
BASED ON EXPERIMENTAL DATA.
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 /2/ 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 /2/
AND NORMALIZED TO EXPERIMENTAL DATA.
MT=103 (N,P)
MOST OF DATA WERE TAKEN FROM JENCL-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 /2/.

NI-62 AND NI-64
MT=22,28,103,104,105,106,111 (N,N'A},(N,N'P),(N,P),(N,D),
(N,T), (N,HE-3), (N, 2P)
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CALCULATED ®ITH PEGASUS /2/.
MT=107  (N,A)
BASED ON EXPERIMENTAL DATA.

REFERENCES

1) TIOIMA S. ET AL.: 1988 Mi10, 627 (1985).
2) TIJIMA S. ET AL.: JAERI-M 87-025, P.337 (i987).
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3.18 Natural Cu

29-CU- 0 NAIG,MAPI EVAL-MARS7? N.YAMAMURO,T.KAWAKITA
DIST-JULS]
HISTORY
87-03 EVALUATION WAS PERFORMED FOR JENDL-3.
91-07 GAS-PRCDUCTION DATA FILE WAS CREATED FRCM JENDL-3
BY T.NARITA AND T.NAKAGAWA

MF=] GENERAL INFORMATICHN
MY=451  DESCRIPTIVE DATA AND DICTIOHARY

MF=2 RESONANCE PARAMETERS
MT=151  SCATTERING RADIUS ONLY

MF=3 NEUTRON CROSS SECTIOKS

MT=203 HYDROGEN PRODUCTION CRUSS SECTION
= MT028 + MT103

MT=204 DEUTERIUM PRODUCTION CROSS SECTION
= MT032 + MT104

MT=207 HE-4 PRODUCTION CROSS SECTIGK
= MT022 + MTI1C7

*#+%  ORIGINAL DESCRIPTIVE DATA IN JENDL=3 **¥washstwkasrbxsstsss

MF=3 NEUTRON CROSS SECTIONS
MT=22,28,32,103,104 (N,N'A), (N,N'P),{N,N'D},(N,P) (N,0) CROSS
SECTIONS
CALCULATED WITH GNASH /1/. OPTICAL POTENTIAL PARAMETERS
WERE AS FOLLOWS (IN THE UNITS OF MEV AND FM):
NEUTRON /2/

v =51.725 - 0.447%E RO = 1.221 A0 = 0.683
WS = 8.44 + (0.055*E RS = 1.223 AS = 8.5G7
Vso= 8.0 RSO= 1.221 ASO = (0.683
PROTON /3/
V = 59.11 - 0.55*E RO = 1.25 Al = 0.65
WS = 10.4 RS = 1.25 AS = 0.47
VsSo= 7.5 RSO0= 1.25 ASO= (.47
ALPHA-PARTICLE /4/
v = 164.7 RO = 1.442 A0 = 0.52
Wy = 22.4 RV = 1.442 AV = 0.52
RC = 1.30
DEUTERON /5/
vV = 106.69 RO = 1.05 Al = 0.88
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 AND 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 1 TO 20 MEV
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AND COMPARISONS WITH EXPERIMENTS", CRAL/TM-S083 (1983).
PEREY, F.G.: PHYS. REV. 131, 745 (1563).

MCFACDEN, L. AND SATCHLER, G.R.: NUCL. PHYS. 84, 177 {1965).
LOHR, J.M. AND HAEBERLI, W.: NUCL. PHYS. A232, 381 {1974).
WINKLER, 6., SMITH, D.L. AND MEADOWS, J.W.: NUCL. SCI. ENG.
76, 30 (1985).

PAULSEN, A.: NUCLEONIK, 10, 91 (1967)
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3.19 As-75

33-As- 75 NOC EVAL-Aug89 JINDC FP Nuclear Datlz w.G.
DIST-jul®l
History
89-08 HEW EVALUATICH FOR JENDL-3 WAS COMPLETED BY JNDC FPND
H.G./1/

91-07 GAS-PRC™SCTICN DATA FILE WAS CREATED FROM Jinpi-3
BY T.NARITA AND T_MAKAGARWA

MF=1 GEMERAL INFORMATION
MT=451 DESCRIPTIVE DATA AND DICTICKRARY

MF=2 RESONANCE PARAMETERS
MT=151  SCATTERING RADIUS ONLY

MF=3 NEUTRON CRCSS SECTIONS

MT7=203 HYDROGEN PROGUCTION CROSS SECTION
= M7028 + MT103

MT=204 DEUTERTUM PRODUCTION CROSS SECTION
= MT032 + MT104

MT=205 TRITIUM PRODUCTION CROSS SECTION
= MT033 + MT105

MT=206 HE-3 PRODUCTION CROSS SECTIOK
= MT106

MT=207 HE-4 PRODUCTION CROSS SECTIOH
= MT022 + MT107

*kkk DESCRIPTIVE DATA for JENDL_3 Fp AT AR EEI A A A A A AN A AT A Akt

MF = 3 Neutron cross sections

The threshold reaction cross sections were caiculated with
PEGASUS/2/ standing on a preequilibrium and muiti-step
evaporation model. The OMP's for neutron given in Table ! were
determined to reproduce a systematic trend of the tetal cross
section, c¢hanged from radii of Iijima and Kawai/3/. The GMP's
for charged particles are as follows:

Protan = 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 gensity formula of Gilbert
and Cameron/8/ were evaluated by Iijima et al./9/. Mcre
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 cnerqy range below E-joint s due to Gruppelaar

ool

Mf = 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 ine
preequilibrium and multi-step evaporation model code
PEGASUS/2/.
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The Kalbach's constant K (= 83.0) was estimated &y the
formula derived from Xikuchi-Kawar's formalism/1l/ and ievel
densily parameters.

Finaliy, the [n,p) and {n,alpha) crcss sections were
normalized Lo the {ollowing values at 14.% Mel:
(n,p) 32.60 mb (recommended by Forrest/iz/;
(n,alpha} 11.00 mb {recommend2d by forrest/1z27}

Table 1 Neutron Optical Potential Paramclers

Depth {MeV) Radivs{im} Biffuseness{{m)
Vo= 45.0-0.75¢ RO = 5.7 a0 = 4.62
ws = 7.0 Rs = 6.2 as = ¢.3%
wso= /.0 Rsc= 5.7 aso= 0.£2

Table 2 Level Densilty Parameters

Nuclide SYST a{l/Mev) T{MeV) C{1/Mev} EX{Me¥) Pairing

31-Ga- 71 * 1.332€+01 9.155£-01 1.399€+01 9.613C+00 1.45GL+0G
31-Ga- 72 * 1.390€+01 9.028£-01 9.G03C+01 8.392{+(0 9.0
31-Ga- 73 1.269C+01 §.264E-01 1.9336+00 7.808L+(0 1.880E+0C
31-Ga- 74 = 1.350E+0! 8.784C-0! 5.236L+3} 7.551E+08 0.0
32-Ge- 72 * 1.350E+01 9.028E-0i1 3.0620+00 1.086L+01 2.790L+00
32-Ge- 73 * 1.409t+01 B.904£-01 1.973tf +01 9.6440+00 1.360t+00
32-Ge- 74 * 1.384E+0]1 B.784E-01 1.667t+C0 1.106L+01 3.240f+00
32-Ge- 7% * 1.368£+01 B.667E-01 1.1008+G1 8.81CGE+50 1.360E+3C
33-As- 73 > 1.369£+01 8.904L-01 1.364£+01 9.38%9:+C0 1.430E+0C
33-As- 74 1.1326+01 9.475E-01 1.967¢+01 7.033L+00 (.2
33-As- 75 1.250E+0]1 9.510E-01 6.830£+00 1.008L+C01 1.880:+02
33-As- 76 1.3300+01 7.860£-01 1.906£+01 S5.611£+00 0.0

SYST: * = |LDP's were determined frem systematics.

Spin cutoff params were calculated as C.146*SQRI(a)*A~*(2/3}.
In the CASTHY calculation, spin cutofi factors at 0 MeV were
assu~ed to be 3.5 for As- 75 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) lijima, S. et al.: JALRI-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. 31, 745 (1963).

5) Huizenga, J.R. and Igo, G.: Nucl. Phys. 29, 462 (1962).

6) Lohr, J.M. and Hacberli, W.: Nuci. Phys. A232, 38! {1974).

7} Becchetti, F.D., Jr. and Greenlees, G.W.: Palarization
Phenomena in Nuclear Reactions {(eds) H.H. Barshall and
W. Haeberli), p. 682, The university of Wisconsin Press,
(1971).

8) Gilbert, A. anc¢ Comercn, A.G.w.: Can. J. Phys., A3, 1446
(1965).

9) lijima, S., et al.: J. Nucl. Sci. Technol. 21, IC {!984}.

10) Gruppelaar, H.: ECN-13 (1977).

11) Kikuchi, K. and Kawai, M.: "Nuclear Mattor 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-AugB9 JINDC FP Huclear Data W.G.
DIST-Jul91
History
89-08 NEW EVALUATION FOR each isotope WAS COMPLETED BY JNDC FPND
W.G./1/

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

MF=1 GENERAL INFORMATION
M7=451  DESCRIPTIVE DATA AND DICTIONARY

MfF=2 RESONANCE PARAMETERS
MT=151  SCATTERING RADIUS ONLY

MF=3 NEUTRON CROSS SECTIONS

MT=203 HYDROGEN PRODUCTION CROSS SECTIOH
= MT028 + MT103 + mtlllx?

MT=204 DEUTERIUM PRODUCTION CROSS SECTION
= MT032 + MT104

MT=205 TRITIUM PRODUCTION CROSS SECTION
= MTLG5

MT=206 HE-3 PRODUCTION CROSS SECTION
= MT106

MT=207 HE~4 PRODUCTION CROSS SECTION
= MT022 + MT1Q7

*dk ok DESCRIPTIVE DATA for JENDL-3 FP Fhkkhkhkkkhkhkhkkhkrhkhkhkhkbkhkthkhkrhkhkidt

MF = 3 Neutron cross sections

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

Proton = Perey/4/

Alpha = Huizenga and Iqo/5/

Deuteron = Lohr and Haeberli/6/

Helium-3 and triton = Becchetti and Greenlees/7/
Parameters for the composite level density formula of Gilbert
and Camercn/8/ were evaluated by [ijima 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
parjmeter in the energy range below E-joint is due to Gruppelaar
/10/.

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 mulii-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 14.5 MeV:

Table }

Table 2

Se- 74 135 mb 34.8 mb
Se- 76 79 mb 15.6 mb
Se- 77 5 mb 10.1 mb
Se- 78 18 mb 5.5 mb
Se- 80 16 mb 17 mb
Se- 82 2.4 mb -

Neutron Optical Poteniial Parameters
Depth (MeV) Radius(fm) Diffuseness{fm)

v = 46.0-0.25 RO = 5.7 al = 0.62
Ws = 7.0 Rs = 6.2 as = 0.35
Wso= 7.0 Rso= 5.7 aso= 0.62

Level Density Parameters

SYST a{l/Mev) T{Mev) C(1/Mev) EX(MeV) Pairing
70 * 1.236E+01 9.286E-~01 1.710E+0C 1.048E+31 2.860E+00
71 * 1.293£+01 9.155€-01 1.132E+01 9.208E+00 1.360E+C)
72 * 1.350£+01 9.028€-01 3.062E+00 1.086E+01 2.790£+00
73 * 1.409£+01 8.904E-01 1.973E+01 9.644E+00 .363£+00
74 * 1.384£+01 8.784£-01 1.667E+00 1.106E+01 3.240C+00
75 * 1.368€E+01 8.667E-01 1.1C0EL+01 8.810E+00 1.360E+00
76 * 1.352E+01 8.553E-01 1.533E+00 9.919E+00 2.830E+0C
77 * 1.334E+01 8.442E~01 6.560E+00 8.098E+00 1.360F+2D
78 1.234E+01 8.699E-D) 7.304E-01 9.395E+00 2.930E+L0
79 1.3628+01 7.523€-01 2.737E+00 6.567£+(0 1.360£+00
80 * 1.277e+01 8.125E-01 5.273E-01 8.551E+00 2.820£+00
81 * 1.255E+01 8.025E-01 2.496E+00 6.770E+00 1.360£+03
71 * 1.2548+01 9.155E~01 7.299E£+00 9.012E+00 1.500E+30
72 * 1.311e+01 9.028E-01 5.047£+01 7.739E+30 0.0
73 * 1.369e+01 8.904E~01 1.364E+01 9.389E+G0 1.430E+00Q
74 1.1326+01 9.475E-~01 1.967E+01 7.033E+(00 CG.0
75 1.250£+01 9.510£-01 6.830E+00 1.008E+01 1.880£+00
76 1.330€+01 7.860E-01 1.900E+01 5.611£+00 0.0
77 1.300€+01 8.440E-01 4.637E+00 7.951€£+00 1.470€+00
78 1.150e+01 7.500€-01 5.001E+00 3.894E£+0G C.0
79 1.290£+01 8.230E-01 3.020E+00 7.585E+00 1.570E+GQ
80 1.150E+01 7.250E-01 4.18lE+00 3.535€E+20 0.0
81 * 1.293t+01 B.025E-01 2.772E+00 7.120E+00 1.460L+00
82 * 1.271£+01 7.927E-01 1.371E+01 5.344£+00 0.0
72 * 1.2728+01 9.028E-01 1.477E+00 1.0340+31 2.930E+00
73 1.404E+01 8.250E-01 7.927€+00 8.288L+00 1.430£+00
74 1.290£+01 8.620E-01 1.070£+00 9.612¢+00 2.860C+00
75 1.391E+01 8.500€-01 9.741€+00 8.707E+30 1.430E+00
76 1.3156+0! 8.900E-01 1.0976+00 1.082L+01 3.310E+00
77 1.438¢+01 8.000E-01 7.140E+00 8.015C+00 1.430C+00
78 1.287€+01 8.750E-01 1.163L+00 9.882£+00 2.900£+0Q
79 1.412E+01 8.000E-01 5.994£+00 7.8428+00 1.430L+00
80 1.3348+01 8.130E-01 6.129E~C1 9.136£+00 3.000L+0Q0
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34-Se- 81 1.368E+0) 7.490E-0) 2.463E+0D 6.614E+00 1.430L+80
34-Se- 82 1.259€+01 7.980E-01 3.563£-C1 8.246E+00 27 .85C1 +30
34-5e- 83 1.381E+01 7.500E-0} 2.666E+00 6.7C8E+GD 1.43C0+00

SYST: * = {DP's were determined from systematics.
Spin cutoff params were calculated as 0.146*SQRT{a)}=A**{2/3).

References
1) Kawai, M. et al.: Proc. Int. Conf. on Nuclear Data for Science
and Technology, Mito, p. 569 (1988).
2) lijima, S. et al.: JAERI-M 87-025, p. 337 (1987).
3) Iijima, S. and Kawai, M.: J. Nucl. Sci. Technol., 20, 77
{1983).
) Perey, F.G: Phys. Rev._ 131, 745 (1963).
) Huizenga, J.R. and 1go, G.: Nucl. Phys. 29, 462 (1962}.
6) Lohr, J.M. and Haeberli, W.: Nucl. Phys. A232, 381 (1974}.
) Becchetti, F.D., Jr. and Greenlees, G.W.: Polarization
Phenomena in Nuclear Reactions ({eds) H.H. Barshaill 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) lijima, S., et al.: J. Nucl, Sci. Technol. 21, 10 {1934).
0) Gruppelaar, H.: ECN-13 (1977).
1) Forrest, R.A.: AERE-R 12419 (1986).
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3.21 Natural Zr

40-2r- 0 JINDC EVAL-Aug89 JINDC FP Nuclear Data W.G.
DIST-Juifdi
History
89-08 NEwW EVALUATION FOR each isotope WAS COMPLLTED BY JNUC FPHD
W.G./1/

91-07 GAS-PRODUCIION DATA FILE WAS CREATED FRCM JERDL-3
BY T.NARITA AND T.NAKAGAWA

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

MF=2 RESONANCL PARAMETERS
MT=15]1  SCATTERING RADIUS OKLY

MF=3 NEUTRON CRQSS SECTIONS

MT=203 HYDROGEN PRODUCTION CROSS SECTION
= MT028 + MT103 + MT111*2

MT=204 DEUTERIUM PRODUCTION CROSS SECTIGH
= 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

*kkk DESCRIPTIVE DATA for JENDL_3 FP *kkxkkkkhkhkikhhkkhhhkhkhhhhtk

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/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 Gruppelaar
/10/.

non ot

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 caiculated with the
preequilibrium and multi-step evaporation mode!l 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}/11/ {n,alpka})/11/
ir- 90 40 mb/11/ 10.0 mu/11/
Ir- 91 29 mo/11/ 8.5]1 mb/11/
Ir- 92 22 mb/12/ 10.1 mb/13,14/
Ir- 94 10 mb/11/ 4.8 mb/12/

Ir- 96 3.79 mb/11/ 3.0 mb/11/

Tabie 1 Neutron Optical Potential Parameters

Depth (MeV) Radius({fm) Diffuseness(fm)
V = 46.0-0.25E RO = 5.893 a0 = 0.62
Ws = 7.0 Rs = 6.393 as = 0.35
Wso= 7.0 Rso= 5.893 aso= 0.62

Table 2 Level Density Parameters

Nuclide SYST a(l/Mev) T(Mev) C(1/Mev) EX(HMeV) Pairing

38-Sr~ 86 1.120e+01 8.900E-01 5.328£-01 8.599€+00 2.7060E+00
38-5Sr~ 87 1.030E+01 8.610E-01 1.186E+00 5.938E+00 1.240£+(30
38-5r- 88 9.160E+00 7.510€-01 8.288E-02 4.550E+00 2.170E+09
338-5r- 89 9.380£+0C 8.200E-01 5.043E-G1 4.642E+00 1.240E+00
38-Sr~- 90 9.940E+00 8.530E-01 3.795E-01 6.252E+00 1.960E+00
38-Sr~- 91 1.090€+01 8.100E-01 1.103E+00 5.625£+00 1.240E+00
38-Sr- 92 * 1.288e+01 7.065£-01 2.515€-01 6.391€+00 2.360E+00
38-Sr-~ 93 * 1.386£+01 6.939£-01 1.878E+00 5.664E+00 1.240E+00
38-Sr~ 94 * 1.485E+01 6.915€-01 4.495E-01 7.333e+00 2.530E+00
38-Sr- 95 * 1.586E+01 6.842E-01 4.531E+00 6.411E+00 1.240E+00
39-y - 87 * 1.388£+01 7.471E-01 2.541£+00 6.730E+00 1.460£+00
39-y -~ 88 1.109€e+01 7.450€-01 3.738E+00 3.570£+00 0.0

39-Y - 89 7.900E+00 8.500£-01 3.983E-01 3.440£+00 9.300E-01
39-Y ~ 90 1.027e+01 6.770E-01 1.716E+00 2.209€+00 0.0

39-Y - 91 1.050£+01 7.1406~01 8.362e-~01 3.521£+00 7.200E-01
39-Y - 92 1.012€+01 7.629E-01 2.480E+00 3.191E+00 0.0

39-Y - 93 1.150e+01 8.053E-01 1.740£+00 5.854E+0G 1.120E+00
39-Y - 94 9.149E+00 7.385E-01 1.378E+00 2.222t+00 0.0

39-Y -~ 95 1.070e+01 8.306E~01 1.082£+00 5.839E+00 1.290£+00
39-Y ~ 96 * 1.603E+01 6.771E-01 2.794E+01 5.117E+00 0.0

.932E-01 7.870E+00 2.660£+00
.379E+00 5.864E+00 1.200E+00
.526E-01 5.383E+00 2.130E+00
.036£+01 8.000E-01 7.822£-01 5.057E£+00 1.200£+00
.088E+01 8.192E-01 5.122E~01 6.429E+00 1.920E+00

.404€+Q1 7.386E-01 4
1
1
7
5
.298e+01 7.000E-01 1.273E+00 5.183£+00 1.200E+00
4
5
2
2

.095e+01 8.260E-01
.152e+00 8.222E-01

-2758+01 7.530€-01 4.411E-01 7.019€+00 2.320C+00
.331e+01 6.070E-01 5.453g-01 3.985£+00 1.200E+0Q
.320€+01 7.000E-01 2.235£-01 6.589€+00 2.490E+00
.259E+01 5.590E-01 2.497£-01 3.084£+00 1.200E+Q0

SYST: * = |DP's were determined from systematics.

£
o
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Spin cutoff params were calculated as 0.146*SQRT({a)*A**(2/3).



JAERI- M 92 -076

References

1)

8)

9)
10)
11)
12)
13)
14)

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

and Technology, Mito, p. 569 (1988).

lijima, S. et al.: JAERI-M 87-025, p. 337 (1987).

Iijima, S. and Kawai, M.: J. Nucl. Sci. Technel., 20, 77
(1983).

Perey, F.G: Phys. Rev. 131, 745 (1963).

Huizenga, J.R. and Igo, G.: Nucl. Phys. 29, 462 (1962).

Lohr, J.M. and Haeberli, W.: Nucl. Phys. A232, 381 (1974).

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).

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

Iijima, S., et al.: J. Nucl. Sci. Technol. 21, 10 (1984).

Gruppelaar, H.: ECN-13 (1977}.

Forrest, R.A.: AERE-R 12419 (1986).

Ikeda, Y. et al.: JAERI 1312 (1988).

Qaim, S. M., et al.: Euratom Report 5182E, 939 (1974).

Bayhurst, B. P., et al.:J. Inorg. Nucl. Chem., 23, 173
(1961).

43



JAERL- M 92- 076

3.22 Nb-93

41-NB- 93 TOSHiBA EVAL-NOVBS M.KAWAL, N.YAMAMURD
DIST-JuL91
HISTORY
88-10 EVALUATION WAS PERFORMED.
91-07 GAS-PRODUCTION DATA FILE WAS CREATED FRGHM JERDL-3
BY T.NARITA AND T.NAKAGAKA

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

MF=2 RESONARCE PARAMETERS
MT=151  SCATTERING RADIUS ONLY

MF=3 NEUTRON CROSS SECTIONS

MT=203 HYDROGEN PRODUCTION CROSS SECTIGM
= MT028 + MT103

MT=204 DEUTERIUM PRODUCTION CROSS SECTIOH
= MT104

MT=207 HE-4 PRODUCTION CROSS SECTION
= MT022 + MT107

**xx  OQRIGINAL DESCRIPTIVE DATA IN JENDL-3  rdxssddaddsttattaedsds

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

THE INELASTIC SCATTERING CROSS SECTIONS TO DISCRETL LEVELS
WERE CALCULATED WITH THE STATISTICAL-MODEL CCDE CASTHY/1/,
CONSIDERING LEVEL FLUCTUATION, USING MODIFIED WALTER-GUSS
POTENTIAL PARAMETERS FOR NEUTRONS. THE COMPORENTS OF THE
DIRECT PROCESS WERE ADDED TO THE LEVELS CF MT=53,54,56,57,
58,60 BY USING THE OWUCK CODE /2/. THE CROSS SECTION TO
CONTINUUM WAS CALCULATE WITH THE THE GNASH COBE /3/
CONSIDERING PRE-EQUILIBRIUM.

THE LEVEL SCHEME IS GIVEN AS FOLLOWS:

NO. ENERGY({MEV) SPIN-PARITY
G.S 0.0 9/2 +
1. 0.0304 172 -
2. 0.6860 3/2 -
3. 0.7840 /2 +
4. 0.8087 5/2 +
5. 0.8101 3/2 -
6. 0.9499 13/2 +
7. 0.9791 11/2 +
8. 1.0826 9/2 +
9. 1.2900 3/2 -
10. 1.2974 9/2 +
11. 1.3156 5/2 +
12 1.3351 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, VS0=6.004-C . 015*EN

VSYM=-16.5 , Wl=-0.963+0.153*EN, wSG=0.291-0.018*EN
RO=1.229 , RS=1.282 , RI=1.42, RSO0=i.103
A0=0. 688 , B=0.512 , AI=0.509, AS0=0.56

THE LEVEL DENSITY PARAMETERS FOR GNASH AND CASTHY
CALCULATIONS ARE AS FOLLOWS:
A EX 1 DS GAMMA-G
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(L7Miv) (Miv) (V) BV Ly
NB-94 14.4 4.659 0.719 30.0 0.0%2
NE-SG3 13.0 5.884 0.834 - g.17¢
NBE-92 11.5 3.254 0.79G - G.170
NB8-91 11.0 5.451 G.895% - c.1/¢
ZR-93 13.7 5.623 0.781 - G140
ZR-9? 11.5 6.284 0.858 - 0.145
Y-90 11.1 1.441 0.721 1210 £.130
Y-89 1¢.7 2.946 0.762 - 0.136

MT=22,28,103,104,107 (N,N'A),(N,N'P), (N,P) (&,D) ASD (N,A} CRGSS

SECTIONS

CALCULATED WITH GNASH/3/. OPTICAL POTENTIAL PARAMITERS
FOR PROTON, ALPHA-PARTICLE AND DEUTERSH WERE TAKEH FROM

THE WORKS OF PEREY/Z4/, LEMOS/S/, AND LTHR AKD HAIVERLI
76/, RESPECTIVELY.
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6) LOHR, J.%. AND HAEBERLI, W.: NUCL. PHYS. A232, 381 (1574).
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3.23 Natural Mo

42-M0- (0 JNDC EVAL-MAR83 JNDC FPND wW.G.
DIST-JUL9l
HISTORY
89-03 DATA WERE COMPILED FROM ISOTOPE DATA EVALUATED BY JNDC FPND
W.G.

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

MF=1 GENERAL INFOKMATION
MT=451  DESCRIPTIVE DATA AiD DICTICHARY

MF=3 NEUTRON CRCSS SECTICNS

MT=203 HYDROGEN PROQUCTION CROSS SECTIOH
= MT023 + MT103 + MT111%*2

MT=204 DEUTERIUM PRODUCTION CROSS SECTIGH
= MT032 + M7104

MT=205 TRITIUM PRODUCTION CROSS SECTION
= MT1GS

MT=206 HE-3 PRODUCTICN CROSS SECTION
= MT106

MT=207 HE-4 PRODUCTION CROSS SECTION
= MT022 + MT107

**%x%  ORIGINAL DESCRIPTIVE DATA IN JENDL~3  **¥ddkkxdxxdxkdksxkaxix

MF = 3 NEUTRON CROSS SECTIONS
THE THRESHOLD REACTION CROSS SECTIONS WERE CALCULATED wITH
PEGASUS/1/ STANDBING ON A PREEQUILIBRIUM 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 1GO/4/
DEUTERON = LOHR AND HAEBERLI/S/

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'PY, (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
J1/. 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 FOLLOMWS.
ISOTOPE (N,P) (N,ALPHA)
MO- 92 116 MB/11/ 24 MB/12/
MO- 93 55.1 MB/11/ 17.5 MB/11l/

MO- 94 38 MB/11/  13.5 MB/1l/

46



MO- 95
MO- 9/
MO- 98
M0-100

JAERD M

23 MB/12/
17 MB/12/
5.8 Me/12/
2.5 MB/11/

Y2 076

TABLE 1 NEUTRON OPT{CAL

POTENTIAL PARAMLILRS

DEPTH (MEV) RADIUS(FM}

= 46.0-0.25€ RO = 5.893

= 7.0 RS = 6.393

0= 7.0 RS0= 5.393

TABLE 2 LEVEL

SYST A

(FHEV)

DENSITY PARAMETERS

T(MLY)

4]1-NB- 99
41-NB-100

42-M0- 90
42-M0- 91
42-MO- 92
42-M0- 93
42-M0- 94
42-M0- 95
42-M0- 96
42-M0- 97
42-M0- 98
42-M0- 99
42-M0-100
42-M0-101

*

—_ b e b b e O

»*

* %

»*

b b b e b (D) b p—

.404£+01
.095£+01
.152E+00
.026£+01
.088L+01
.298E+01
.2756+01
.331E+01
.320£+01
.259E+01
.725E+01
.831£+01

.420E+01
.395E+01
.464E+00
.040E+01
.250E+01
.2810+01
.277E+01
.331E+01
.337e+01
.380E+01
.742E+01
.850£+01

.436E+01
.168E+01
.064E+01
12568401
.301E+401
.360E+01
.403E+01
.517e+01
.594£+01
.774E+01
.780£+01
.085E+01

7.386E-01
8.260£-01
8.222£-01
8.000E-01
8.192€-01
7.000£-01
7.530€-01
6.070£-01
7.000€-01
5.9590£-01
6.633£-01
6.566E-01

7.303C-01
7.222€E-01
7.143£-01
8.410E-01
7.120E-01
7.230€-01
7.500€-01
5.880E-01
6.710E-01
5.110E-01
6.566E-01
6.500E-01

7.2228-01
7.820€-01
7.770€-01
7.800€-01
6.850€E-01
7.150€-01
7.4]10E-01
6.800E-C1
6.900E-01
6.200E-01
6.000E-01
5.650E-01

4.932£-01
1.379E+(G0
1.526£-01
7.822£-01
5.122e-01
1.273€+00
4.411€-01
5.453E-01
2.235E-01
2.497E-01
1.790£+00
1.170e+01

2.467E+00
1.458E+01
3.924E-01
4.607E+00
2.205E+00
7.7€3£+00
2.121e+00
3.406£+00
9.771€-01
2.350E+00
1.085E+01
7.329E+01

4.129e-01
1.284E+00
2.062E-01
9.792£-01
3.417e-01
1.847€+00
6.991£-01
2.769E+00
7.358E-01
4.294€+00
6.702e-01
7.153E+00

.870£400

.864E+(0
.383E+00
-0576+00

.429E+00
.183E+00

.019€+06
.985E+00

.589E+00
.084g+00C
.555E+00
.957E+C0

L611E+G0
.869E+00
.082E+0G
L477E+00
.629E+00
.250E+0Q
.782E+00
.530E+00
.026£+0C
.731£+00
.300E+00
.659E+00

-834E+C0
.770E+C0

.938c+00
.457E+00
.770C+00
.835E+00
.645E+00
.036L£+00
.888E+00

.058E+00
.645£+00
.092£+00

L6601 +00
.200E+0¢
130E+30
.200E+00
.920E+G0
.200E+00
.320E+GC
.200E+00
.490E+Q0
.206E+00
.140€+00G
.200£+G0

.460L +00
.0
.3060£-01
.0
.200£-01
.0
-120£+00
-0
L2HE+GC
0
.400E-01
.0

.740E+00
.280E+Q0
.210£+00
.280E+00
.000C+GO
.280£+00
.400E+00
.280E+00
.570E+00
.280£+00
2.220E+00
.280£+00

= LDP'S WERE DETERMINED
SPIN CUT-OFF PARAMS WERE CALCULATED AS 0.146*SQRT{A)*A**(2/3).

SYST: *

REFERENCES

FROM SYSTEMATICS.
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Table | Data in the JEXDL-gas-production cross section file

Material MAT number reactions

Li- 6 341 p. d, t, “He production

Li- 7 342 d, t, “He productisn

Be—- 9 441 p. d, t, “He production
B-10 541 p, d, 1, “He production
B-11 542 p, d, 1, “He production
C-12 641 p, d, “He production

N -nat 740 p, d, 1, “He production
F-19 941 p. d, t, “He production

Al- 27 1341 p, ‘He production

Si-nat 1440 p, ‘He production

Ti-nat 2240 p, ‘He production

Vv - 51 2341 p, d, t, “He production
Cr-nat 2440 p, “He production

Mn- 55 2541 p, 4, t, *He, *He production
Fe-nat 2640 p, “He production

Co- 59 2741 p, d, “He production
Ni-nat 2840 p, d, t, 3He, ‘He production
Cu-nat 2940 p, d, *He production
As-75 3341 p, 4, t, *He, *He production
Se~-nat 3440 p, d, t, *He, *He production
Zr-nat 4040 p, 4, t, *He, *He production
Nb- 93 4141 p, d, “He production
Mo-nat 4240 p. d, t, *He, *He production
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