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Netherlands Energy Research Foundation. 

Notice 

As from 1 August 1976 our name has been changed from Stichting Reactor Centrum 
Nederland (RCN) to Stichting Energieonderzoek Centrum Nederland (ECN), i.e. 
Netherlands Energy Research Foundation, ECN. 

This change of title is related to the Government's resolution to broaden our aims 
(previously restricted to research on the release of nuclear energy) to those of a 
research institute concerned with the whole field of energy supply. 

Accordingly the alphabetical part of the identification number of our research reports 
has been changed from RCN to ECN. The last report in the previous series was RCN-249. 
The recent series starts with ECN-1. 
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Abstract; 

A comparison of some integral cross section values for 

several cross section libraries in the SAND-II format is 

presented. The integral cross section values are calcula

ted with aid of the spectrum functions for a Watt fission 

spectrum, a 1/E spectrum and a Maxwellian spectrum. 

The libraries which are considered here are CCC-112B, 

ENDF/B-IV, DETAN7A, LAPEHAS and CESNEF. These 5 cross 

section libraries used have all the SAND-II format. 

Keywords: 

cross sections 

integrals 

comparative evaluations 

data processing 

data 

tables 

Watt fission spectrum 

Boltzmann statistics 

spectral functions 

resonance integrals 
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1 . INTRODUCTION 

In this report a comparison is given of the cross section libraries 

CCC-U2B, ENDF/B-IV BNL, DETAN74, LAPENAS and CESNEF. 

These libraries are written in the SAND-II groups format and can be 

used in neutron spectrum evaluations with the SAND-II program 

package 111. 

For the comparison use is made of integral cross section data obtained 

with a fission spectrum for the fast cross section part, a thermal 

Maxwellian for the thermal part and a 1/E for the intermediate part 

of the cross section distribution. The average value and the standard 

deviation of the integral cross section values vers determined for 

each reaction of the different libraries. 

Especially the standard deviation of this average value may show the 

agreement between the different cross sections for a particular reac

tion, but one has to be careful because a small icandard deviation can 

also indicate that the original data for all evaluations were identical. 

In some cases where it was known that exactly the same cross section 

was present in two libraries only one of the integral values was 

applied in the calculation of the average and standard deviation (e.g. 

CCC-112B and DETAN74). 

2. ORIGIN OF THE LIBRARIES 

The cross sect ion library coded CCC-112B i s part of the code package 

SAND-II, which was received from the Reactor Shielding Information 

Centre (RSIC) in Oak Ridge. The library CCC-112Bis a more recent ver

sion of the l ibrary described in | l | . The ENDF/B-IV dosimetry f i l e has 

been described by Magurno J2 | . This f i l e includes also a few unmodified 

ENDF/B-III cross sect ion data, e .g . for the reactions 3 2 S ( n , p ) , 
5l*Fe(n,p), 5 6 Fe(n ,p) , 1 1 5 In(r . ,n ' ) and 5 8 N i ( n , p ) . The cross sect ion data 

in the 620 groups as used in the SAND-II program were kindly supplied 

by Dr. A. Fabry from the CEN/SCK at Mol in Belgium. These data have 

been coded here as ENDF/B-IV BNL. At present no description of the 

procedure for deriving these 620 groups cross sect ion data i s avai lable . 

The cross section l ibrary DETAN-74 and the accompanying documentation 

were also received from DrP A. Fabry. This f i l e contained the cross 
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section data also in the SAND-II energy structure. The DETAN-74 library 

is partly based on the data presented by Simons and McElroy |3{, and 

partly equal to data in the CCC-112B library. The DETAN-74 library 

contains 9 new cross section sets, obtained by adjustment of cross 

section sets, to achieve consistent results with integral measurements. 

The actual source of the adjusted cross section set and other details 

on the adjustment procedure are not available; it was explicitly stated 

that the DETAN-74 file does not contain recommended values. 

The microscopic cross section data, on which our LAPENAS library in 

620 groups structure is based, were received from Dr. M. Vlasov of 

the Nuclear Data Section of the IAEA in Vienna. The data were origin

ally obtained in the form of a copy of the tables from the work of 

A.A. Lapenas |4| from the Physics Institute of the Letland Academy of 

Science at Riga. The library comprises 22 threshold reactions. The 

primary cross section values for each reaction were treated as point 

cross section values. They were available from threshold energy to 

about 17.5 MeV for energy steps of 0.1 MeV. For each evaluated point 

cross section value also the accompanying error is supplied. In our 

laboratory a conversion from point values to group values was performed. 

This conversion consisted of a linear interpolation between the 

successive cross section points and the determination of the (un

weighted) average cross section value for each of the 620 energy groups. 

The cross section library CESNEF is based on cross section data sup

plied by Dr. R. Dierckx (Joint Research Centre, Ispra) as part of the 

data set for an international intercomparison of neutron spectrum 

unfolding codes. The intercomparison was proposed in February 1974 

by the subgroup on unfolding techniques of the EWGRD (Euratom Working 

Group on Reactor Dosimetry). The original data were supplied in the 

form of a lineprinter output. The library comprises 13 reactions. 

It was assumed that the values of i.he lineprinter output represented 

group cross section values. The group cross section values in the listing 

comprise the energy range from the threshold energy or fro-n 0.5 eV up to 

18 MeV, and are presented in the SAND-II group structure. 

The origin of tne non-fission threshold reactions is given by Dierckx |5|. 

The choice of these reactions is made on the indications of the Nuclear 

Data Group (CNEN, Bologna, Italy). The 103Rh(n,n')103Rhin cross section 

is based on the work by Butler and Santry |ó|. 
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The n 5In(n,n') 1 1 5In m, "i7Ti(n,p)1,7Sc, 5,*Fe(n,p)5,*Mn and «»6Ti(n,p),t6Sc 

reaction cross sections originate from Simons and McElroy |3|. 

The 238U(n.f)1'*0Ba cross section is obtained from the UKAEA file 

(DFN4010, i970). 

The cross section data for the reactions 58Ni(n,p)58Co, 2tfMg(n,p)2,*Na 

and 27Al(n,a)2,,Na are based on the work by Bresesti et al. |7|. 

The cross section values for the fission reactions were supplied by 

the Centro di Calcolo, CNEN, Bologna, Italy. 

3 . PLOTS AND TABLES 

Tables with the 620 group cross section values and corresponding plots 

have been prepared for each reaction present in the libraries mentioned. 

These tables and plots are given in RCN reports with restricted distri

bution, which are available on request (ref. 8 to 12). 

4. CALCULATION OF INTEGRAL CROSS SECTIONS 

The integral cross sections were calculated for three theoretical neu

tron spectrum functions: 

a) The Maxwellian spectrum function describing the distributions of 

thermal neutrons corresponding to a temperature of 293 K was 

applied to calculate the average cross section. 

This spectrum function is given by the relation: 

Xm(E) = 1.5918xl0
15E exp(-3.987xl07E) 

where E is the neutron energy expressed in MeV. No upper cut-off 

was used. 

b) The 1/E spectrum function for the calculation of the resonance 

integral. 

This function is applied as follows: 

X,yE(E) = 1/E for 0.55 eV < E < 1 MeV 

Xi/jr(E) • 0 outside this range. 

c) The Watt spectrum function with an average neutron energy of 2 MeV 

was used to calculate the average fission cross section. 
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The following relation holds here: 

X (E) = 0.484 sinh(/2E) * e~E 

w 

where E is the neutron energy in MeV, comprising the energy range 

between 10~10 MeV and 18 MeV. 

The integral cross section values for each spectrum function and reac

tion of the different libraries was averaged. As measure of the spread 

in the values of the 2, 3 or 4 libraries considered the standard 

deviation was chosen. This measure does not imply a preference for one 

set or the other, as for instance may occur when the average deviation 

from one reference set, or the range between extreme values is considered. 

The chosen measure serves only as an indication of a disagreement between 

different sets. 

5. RESULTS 

Table 1 presents the results for the Maxwell spectrum function. 

The results for the 1/E neutron spectrum are given in table 2. 

The average cross section for the Watt fission spectrum function are 

listed in table 3. 

The last 2 columns of these tables show the average value and the 

standard deviations in these values. 

For the Maxwellian spectrum (table 1) a standard deviation higher than 

5% is found for the reaction 2 3 8U(n,y) 2 3 9. 

Table 2 shows a standard deviation higher than 5% for the reactions 
23Na(n,Y)21,Na, 53Fe(n,v)59Fe, 63Cu(n,>)6l*Cu and 115In(n,Y)116Inm. 

From table 3 it follows that for most threshold reactions the standard 

deviation is smaller than 5%. 

Exceptions are found for the reactions "46Ti(n,p)'*6Sc, 47Ti(n,p)'t7Sc, 

',8Ti(n,p)',8Sc, 55Mn(n,2n)54Mn, 60Ni(n,p)eoCo, e3Cu(n,2n)62Cu, 
61tZn(n,p)6l,Cu and 127I(n,2n)126I. 

In figures 1...4 the cross section distributions for the reaction 
58Ni(n,p)58Co are shown. Figures 5...8 show the corresponding data for 

the reaction 54Fe(n,p)51|Mn. 

From these figures it is clear that important deviations between cor

responding cross sections of different libraries are easily detectable. 

Specially in the region of the sharp increase near the threshold dif

ferent shapes have been found, but also above about 13 MeV the shapes 

differ. 
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DISCUSSION' 

From the numerical results presented in the tables it follows that for 

a number of reactions the integral values show an important scatter 

reflecting the discrepancies in the cross section data. 

This is especially the case for the l/E and the fission neutron spectrum. 

The absence of scatter and the agreement does not necessarily inply the 

correctness of the cross section data, but it only represents consis

tency of the data files considered. 

The consistency may be due to the absence of new experimental data. 

We did not yet try to trace the origin of important differences. Our 

main interest was to look for systematic differences in the data sets, 

which influence the integral values of importance to reactor neutron 

metrology. 

Moreover, a tracing of discrepancies would have delayed this report 

since the considerations of the evaluators were not all readily 

available. 



- 10 -

7. REFERENCES 

|l| McElroy, U.N. et al.: "SAND-II. Neutron flux spectra determination 

by multiple foil activation iterative method" 

RSIC Computer code collection CCC-112 (Oak Ridge National Laboratory, 

Radiation Shielding Information Center, May 1969). 

|2| Magurno, B.A.: "ENDF/BIV dosimetry file" 

BNL-NCS-50446 (ENDF-216); NEACRP-L-145; NEANDC(US)-193/L; 

INDC(US)-80/L 

(National Neutron Cross Section Center, Brookhaven National 

Laboratory, Upton New York, April 1975). 

I3| Simons, R.L.; McElroy, U.N.: "Evaluated reference cross section 

library" 

BNUL-1312 (May 1970). 

14a I ImreHac.ftft; 
'VteMOpeHM© CirOKTpO» HHOTpOHOB OKTMBOIlMOHHtiri MOTOROM". 
AKOKOMHW HayK IOTBWWCKOW CCP, MHCTHTIJT »M3HKH. 
(H3R<rre-njcTBO 'SMHOTHO", Pnra 1975) 

14bI Lapenas, A.A.: "Izmerenie Spektrov Nejtronov Aktivacionym Metodom" 

Publishing House "ZINATNE", Riga, USSR (1975) 

(It contains an evaluation of 22 dosimetry reactions). 

[5| Dierckx, R.; Guidetti, D.; Nimis, M.; Sangiust, V.; Terrani, M.: 

"Determination of the fast neutron spectrum at the 454 reactor 

core centre" 

Energia Nucleare 20 (1973) 49. 

\b\ Butler, J.P.; Santry, D.C.: "The neutron inelastic cross section 

for the production of ,03Rh" 

AECL-3043 (1968). Proc. Second Conf. on Neutron Cross Sections and 

Technology, Washington, March 4-7, 1968. NBS Special Publication 

299. Vol. II, p. 803 (NBS, Washington D.C., September 1968). 

I7| Bresesri, A.M.; Bresesti, M.; Rota, A.; Rydin, A.; "Threshold 

reaction excitation functions intercilibrated in a pure fission 

spectrum" 

Nucl. Sci. Eng. 40 (1970) 331. 

I 8| Keller, J.M.; Voorbraak, W.P.: 'V.ross section library (CCC-112B) 

of SAND-II" 

Internal Laboratory note 73/11 (Reactor Centrum Nederland, Petten, 

July 6, 1973). 



II -

|9| Rieffe, H.Ch.; Nolthenius, H.J.: "Cross section library ENDF/B-IV 

BNL (in the SAND-II format)" 

RCN-75-157 (Reactor Centrum Nederland, Petten, December 1975). 

10[ Rieffe, H.Ch.; Nolthenius, H.J.: "Cross section library DETAN74 

(in the SAND-II format)" 

KCN-75-I39 (Reactor Centrum Nederland, Petten, October 1975). 

11[ Kramer, L.G.A.; Nolthenius, H.J.: "Cross section library LA7ENAS 

(presented ir the SAND-II format)" 

RCN-76-020 (Reactor Centrum Nederland, Petten, February 1976). 

12f Kramer, L.G.A.; Nolthenius, H.J.: "Cross section library CESNEF 

(presented in the SAND-II format)" 

RCN-76-019 (Reactor Ceatrum Nederland, Petten, February 1976). 

ACKNOWLEDGEMENT 

The authors gratefully acknowledge the assistance of L.G.A. Kramer 

(student from the H.T.S. Dordrecht), who performed a large part of 

the data treatment necessary for this work. 



Table 1: Maxweliian neutron spectrum 

~" 
r e a c t i o n 

' L i ( n , j ) ? H 
WQ ( n , ; < ) " ' L i 
1 y (n,2n)K"F 
' N a ( n , - , ) - 'Na 
' " M g ( n , p ) - H N a 
• A l ( n , a ) : ' 4 X a 

"Al(n,p)-y'Mg 
' S i ( n , p ) ^ *"A1 
; 1 P ( n . p ^ ' s i 
3 ? S ( n , p ) J > P 

; " S ( n , ; » ) 3 1 S i 
, - C l ( n , ; i t 3 2 P 
' ' : , S c ( n , ^ ) ; t f ' S c 

""TiCn.pr^Sc 
' " T i ( n , p ) ; * 7 S c 

T i ( n , n p ) H r S c 
• * H T i ( n , p ) ^ S c 
"* T i ( n j n p ) 1 * Sc 
^ F e C n . p ) 5 4 M n 

5 r M n ( n , > ) 5 6 M n 
5 : M n ( n , 2 n ) 5 4 M n 
^' F f e ( n , p ) 5 6 M n 
- : < N ' i ( n , 2 n ) 5 ' Ni 
5 " N i ( n , p ) 5 8 C o 
" - ' ' c . C n . c O ^ M n 

F e ( n , ^ ) - F e 

' - ' ~ ) C o ( n , \ ) * ° C o 
' C o ( n , : i ) ' Mn 

" ; N T i ( n , p ) o J C o 

'•' C u ( n , 2 n ) ' Cu 
' C u ( n , . i ) ' ' L:O 

' \ : u ( n , - , ) ' | ! i C u 

C C r - 1 1 2 B 

4 . 8 0 5 - 1 0 " 1 

2 . 2 4 4 - 1 0 1 

1 . 1 8 5 - 1 0 1 

3 . 2 8 8 - 1 0 ' 

4 . 0 1 9 > 1 0 

. . 

ENDF/B- IV BNL 

8 . 3 7 3 - 1 0 
3 . 4 1 7 1 0 ' 

4 . 7 5 7 - 1 0 " 1 

2 . 3 4 9 - 1 0 ' 

1 . U 5 2 - 1 0 ' 
3 . 3 1 8 - 1 0 ' 

4 . 0 0 5 x 1 0 ° 

! a i b ) 

UK I'AN7 4 

K. >7o !(l 
3 . 4 1 7 - 1 3 ' 

4 . 8 0 5 - 1 0 " 1 * 

2 . 2 A 4 - l ü ' 

. if. 

1 . 1 8 5 - 1 0 ' 

1 . 0 6 3 10° 
3 . 2 8 8 - 1 0 ' 

4 . 3 7 1 1 0 " " * * 
4 . 0 1 9 - 1 0 ' 

.. ....... _ „ , _ . . . 

LAPENAS CtSNEF 

_ „ ft 

a v e r a g e 

8 . 3 7 5 - 1 0 2 

3 . 4 1 7 * 1 0 3 

4 . 7 8 1 x 1 0 " ' 

2 . 2 9 7 M 0 1 

1 . 0 5 9 x 1 0 ° 
3 . 3 0 3 " 1 0 ' 

4 . 0 1 2 - 1 0 ° 
— , - . . , — . • • 

standard" 
d e v i a t i o n 

s < a > ( in %) 

0 . 0 3 
0 . 0 0 

0 . 7 1 

. , . 2 3 

0 . 7 4 
0 . 6 4 

0 . 2 5 

. . 



Table I (continued): 

r e a c t i on 

' : u Z n ( n , p ) r '*Cu 
' " Z n ( n , 2 n ) ' 3Zn 
' ' C u ( n , 2 n ) ' 'Cu 
, : Z r ( n , p ) ) 0 Y 
- , ' 1 Z r ( n , 2 n ) ^ ' Z r 

n , R h ( n , n ' ) 1 C 3 R h m 

K \ \ g ( n , > ) n : - A g m 

U i I n ( n , n ' ) 1 ! 5 I n m 

1 l''ln(.n,y)il,:lnm 

1 ; ' i ( n , 2 n ) 1 2 " I 
l'1Eu(n,>)lh2Eu 
1 , w D v ( n , > ) K 3 5 D y 
1 7 5 L u ( n , , ) 1 " 7 6 L u m 

1 7 - L u ( n , Y ) 1 7 7 L u 
1 3 1 T a ( n , , ) l s l T a 
^ A u t n , - » ) 1 9 ^ 
2 3 2 T h ( n , f ) F P 
2 3 2 T h ( n , r ) 2 3 3 T h 
2 3 2 T h ( n , 2 n ) 2 3 1 T h 
2 3 5 U ( n , f ) F P 
2 3 7 N j ( n , f ) F P 
2 3 3 U ( n , f ) F P 
' 3 S U ( n , f ) 2 3 \ -
2 3 3 P u ( n , f ) F P 
- ^ ' A n K n . O F P 

CCC-112B 

1.411-10-

7 . 4 5 3 O 0 3 

2 . 2 1 8 x l 0 3 

2 . 2 5 4 ^ 1 0 1 

3 . 0 1 4 x l 0 3 

8 . 8 1 3 * ! 0'-

6 .936x10° 

4 . 9 8 9 x 1 0 -
1 . 6 5 4 x l 0 ~ 2 

2 . b 6 1 . 1 0 ° 

-;.-. 
ENDF/B-IV RNL 

1 .510-10" 

8 . 8 4 7 x 1 0 2 

6 . 5 6 3 x 1 0 ° 

5 . 0 9 6 x l 0 2 

1.429X10 - 2 

4 . 1 0 4 x 1 0 " ' - * * * 
2 . 4 1 1 x 1 0 ° 
6 . 9 6 9 x l 0 2 

• U n b) 

DETAN74 

3 .681>10° 

1.4 1 1 < 1 0 2 

1 .865X10 1 

8 . 8 4 4 x ) 0 2 

£, 

6 . 9 3 6 x 1 0 ° 

5 . 0 5 1 x J 0 2 

1 . 6 5 4 x l 0 ~ ? 

2 . 6 6 1 x 1 0 ° * 
6 . 9 5 9 x l 0 2 

LAPENAS 1 CESNEF 

4 . 9 8 9 x | 0 2 

1 . 6 5 4 x l 0 ~ 2 

2 . 0 2 2 x l 0 - 7 

a v e r a g e 
< 0 - ' 

1.461x10-

8 . 8 3 5 x ! 0 2 

6 . 7 5 0 * 1 0 2 

5 . 0 2 1 x | 0 2 

1 . 5 7 9 x l O _ ? 

2 . 5 3 6 x 1 0 ° 
6 . 8 5 5 x l 0 2 

s t a n d a r d 
d e v i a t i o n 

s < o > ( i n %) 

4 . 7 9 

0 . 2 1 

3 .91 

1 .02 
8 . 2 3 

6 . 9 7 
2 . 7 6 

Cross section set DETAN74 = cross section set CCC-112B (only one value applied for the calculation of 
averag- value and the standard deviation). 

»*The DETAN-74 cross section data for the 63Cu(n,a)60Co reaction show subthreshold activation, corres
ponding to a 1/v shape. 

***This values is due to subthreshold fission with sharp peaks in the keV region superimposed on a small 
1/v contribution. 



Table 2: The 1/E neutron spectri 

reaction 

6Li(n,c»)3H 
10B (n,c)7Li 
19f (n,2n)16F 
23Na(n,y)2l*Na 
'uMg(n,p)2l+Na 
27Al(n,a)2l4Na 
27Al(n,p)27Mg 
28Si(n,p)28Al 
31P (n,p)31Si 
32S (n,p)32P 
34S (n,a)3iSi 
35Cl(n,a)32P 
45Sc(n,>)46Sc 
i46Ti(n,p)1+sSc 
'+7Ti(n,p,i47Sc 
l47Ti(n,np)'+6Sc 
^TiCn.p^Sc 
l+8Ti(n,np)t,7Sc 
54Fe(n,p)5l+Mn 
5iMn(n,r)56Mn 
55Mn(n,2n)51*Mn 
-,6Fe(n,p)56Mn 
58Ni(n,2n)57Ni 
58Ni(n,p)58Co 
58Fe(n,y)59Fe 
59Co(n,2n)58Co 
59Co(n,Y)

60Co 
59Co(n,a)56Mn 
60Ni(n,p)60Co 
63Cu(n,2n)62Cu 
63Cu(n,a)60Co 
63Cu(n,>)6i4Cu 

CCC-1123 

2.864*10-1 

9.953X101 

1.560X101 

7.25AX101 

4.664x10° 

-° 
ENDF/B-IV BNL 

4.002xl02 

1.622*103 

3.315*10-1 

1.226x)0"6 

l.OÓOxlO1 

3.500xl0~5 

1.558x10° 

7.576x10* 

5.386x10° 

(in b) 
DETAN74 

4.001*102 

1.622xl03 

2.864X10"1* 

9.953x10° * 

'i.u69xl0~5 

2.039xl0~5 

1.560X101 * 

1.163xl0"5 

1.398x10° 

7.254x10* * 

6.169xl0"6 

4.664x10° 

LAPENAS 

6.000xl0"5 

4.000xl0~5 

CESNEF 

3.449xl0*5 

4.375xl0~5 

average 
o 

4.002xl02 

I.622*I03 

3.090x|0~l 

1.028X101 

3.539xl0~5 

4.020xl0-5 

3.179xl0-5 

1.478x10° 

7.415X101 

5.025x10° 

standard 
deviation 
«a (in %) 

0.01 
0.00 

10.3 

4.45 

3.25 

69.7 

55.3 
7.66 

3.07 

' 10.2 
_ 



Table 2 (continued): 

" - • 

reaction 

64Zn(n,p)6'lCu 
&uZn(n,2n)63Zn 
65Cu(n,2n)61+Cu 
90Zr(n,p)90Y 
9CZr(n.2n)89Zr 

103Rh(n,n')103Rh™ 
109Ag(n,Y)110Agm 

115In(n.n')n5In<n 
n5In(n.>)n6In,B 

127I (n,2n)126I 
151Eu(n,Y)152Eu 
164Dy(n,Y)165Dy 
175Lu(n,Y)176Lum 

176Lu(n,Y)177Lu 
181Ta(n,Y)182Ta 
197Au(n,Y)198Au 
232Th(n,f)FP 
232Th(n,Y)

233Th 
232Th(n,2n)231Th 
235U (n,f)FP 
237Np(n,f)FP 
238U (n,f)FP 
238U (n,Y)

239U 
239Pu(n,f)FP 
2l|1Aio(n,f)FP 

CGC-H2B 

2.842*103 

2.365*103 

4.192*102 

1.189xl03 

1.461xi03 

1.6I6xl03 

8.021X101 

2.870xl02 

9.825x10° 

2.800xl02 

a 

ENDF/B-IV BNL 

1.800xl0-2 

3.230xl03 

1.564xl03 

8.512XJ01 

2.702x102 

1.214x10° 
4.580xl0-3 

2.769xl02 

2.919*102 

(in b) 

DETAN74 

6.552X101 

2.146xl0-2 

2.842xl03 

7.634xl02 

1.600<103 

8.021X101 * 

2.702xl02 

9.825xl0_1 

3.925*10~3 

2.800xl02 

2.797xl02 

LAPENAS 

3.697xl0-1 

2.022x|0"2 

1.827xl0*4 

9.426xl0_1 

3.259xl0~3 

CESNEF 

4.005xl0_1 

2.069xl0"2 

5.625xl0_lt 

2.870xl02 

9.826xl0_1 

3.358xJ0"3 

1.393X101 

average 
a 

3.851xl0_1 

2.009*10"2 

3.036xl03 

1.597xl03 

3.726X10"1* 
8.267X101 

2.786*102 

1.030x10° 
3.781X10"3 

2.785xl02 

2.858xl02 

standard 
deviation 
8Ö (in.%) 

5.66 

7.39 
9.04 

1.95 
72.1 
4.20 

3.48 
12.0 
16.1 
0.79 
3.02 

Cross section set DETAN74 - cross section set CCC-112B (only one value applied for the calculation of 
average value and the standard deviation). 



T a b l e 3 : U ' a t t f i s s i o n n e u t r o n 

r e a c t i o n 

U U , O 'H 
' B ( n , , ) L i 
1 'F ( n , 2 n ) ' 'F 

Na ( ,n , , V " S a 
M g ( n . p ) - 'Na 
A l ( n , 0 " 'Na 
A l ( n , p ) Mg 
S i ( n , p ) 'Al 

:lP ( n , p ) ' M S i 
' S < n , p ) • P 
' ' S ( n , O < ! S i 

C l ( n , . ) ' P 
St- ( n , , ) " So 

" T i ( n , p ) " Sc 
T i ( n , p ) ' Sc-
I'i ( n , n p ) " Sc 

' ' T i ( n , p ) " ' "Sc 
'" ' T i ( n , n p ) ' * Sc 
" ' " F e ( n , p ) : '~Mn 

M n ( n , , ) ' Mn 
" M n ( n , 2 n ) ' J ' Mn 

'"• F e ( n , p ) " " Mn 
• ' \ \ i ( n , 2 n ) s Ni 

N i ( n , p ) "Co 
\ e ( n , , ) F e 

' C o ( n , 2 n ) 'Co 
" C 3 ( n , . ) ' : 0 C o 

" ' C o ( n , «)-,!"'Mn 
N i ( n , p ) ' J C o 

' * C u ( n , 2 n ) " - ' C u 
' C u ( n , <) ' 'Co 
' C u ( n , • ) ' ' 'Cu 

l ! 

C C C - l 1 2 B 

2 . 6 8 h - i n - " 

l . -iyti- i d " ' 
6 . 6 Jl !>)"• 

9 . 7 0 0 - i 0 " ' 

3 . 3 0 1 - i J " 
6 . 0 4 2 - i 0 _ 

' 2 .2 34 1 0 " 
1 , 3 2 b - !;>-• 
6 . 2 4 1 1 0 " 
1 . 1 -2B '. 0"-
1 , 7 1 9 1 0 -

2 . 3 6 4 - 1 0 " • 

7 . 6 2 8 - 1 0 " 
3 . 5 6 1 - 1 0 " ' 

1 . 0 8 b 1 0 " ' 
2 . Ï9 3 - 1 0 " 

1 . 0 2 2 • I ' T 1 

2.ut. .> 1 3 " ' 

5 . 3 i 6 - 1 0 " ' 

5 . 3 0 2 x 1 0 " ' 
8 . 4 6 1 0 " ' 
3 . 5 6 2 - 1 0 " * 
1 . 0 8 8 - 1 0 ~ - : 

E N 0 F / B - I V BNL 

4 . 7 9 5 - 1 0 " ' 
5 . 0 3 8 - I 0 " 1 

2 . 8 4 9 - 1 0 " ' 

6 . 8 4 3 - 1 0 " 
- . . 1 0 0 - 1 0 " ! 

6 . 5 0 5 - 1 0 " 

5 . 7 1 5 - 1 0 " ' 
9 . 9 2 0 - 1 0 ~ ' 
2 . 174- 1 0 " 
3 . 1 7 1 - 1 0 " ' 
1 . h 9 5 - 1 0 " " 
1 . 8 2 0 - 1 0 " ' 
7 . 8 4 6 - 10"-

2 . 3 2 0 - 10~ ! ' 
1 . 0 3 5 - 1 0 ~ 3 

2 . 5 3 9 - 1 0 " 

1 . 0 2 8 - 1 0 " ! 

I . 6 7 5 - 1 0 " 5 

1 . 6 2 4 1 0 " ' ' 
6 . 381 - 1 0 " ; 

1 . 4 5 7 1 0 " ' ' 
2 . 4 4 3 1 0 _ < 

3 . 4 7 1 • 1 0 " ' ' 
1 . 0 8 2 - 10"- ' 

( i n b ) 

DETAN74 

', . 6 7 2 - 1 0 " 1 

5 . 6 0 5 « 1 0 " 1 

ƒ , 0 3 6 - 1 0 " ' * 
1 . '»98- 111" * 
n . n j u - 1 0 " ' * 
1 .83 )• 1 0 " ' 

'.. >.'.)\ • 1 0 " * 
6 . OS» 1 • 10 ' 

6 . 2 4 1 • 1 0 " * 
1 . 1 - 8 - 1 0 - * 

1 . 7 1 9 - 1 0 " - * 

2 . ift't- 1 O - 1 ' * 

ft 

7 . 6 2 7 - 1 0 - ^ 
3 . 5 6 0 - 1 0 " " 1 * 

1 . 0 8 6 - 1 0 " ' ' * 
2 . 3 9 3 - 1 0 ~ ' * 
1 . 0 2 2 - I O - 1 * 
2 . « 6 4 - 1 0 " 1 * 

5 . 3 1 5 - 1 0 - 3 * 

8 . ' . 6 3 - 1 0 ~ r * 
4 . 7 2 8 K) - 1* 

1 . 0 8 7 * 1 0 " ? * 

LAPENAS 

6 . R 3 3 - 1 0 ~ f 

I . ^ 1 5 - 10~ -
6 . 8 7 2 - 10~ ! ' 
3 . 9 0 1 - 1 0 " 

6 . 3 0 4 - J O - - ' 

8 . 3 5 8 - 1 0 ~ : ' 

2 . 0 0 3 - l O - 1 ' 

1 . 0 9 9 * 1 0 _ i 

2 . 4 3 8 < I 0 " " 

1 . 1 3 2 - 1 0 " ' 

1 . 5 6 1 <10~ ' ' 

7 . 8 1 6 x 1 0~ r ' 

CESNEF 

I . 4 4 6 - 1 0 _ i ' 
6 . 8 9 6 - 1 0 " ' ' 

1 . 1 3 0 - 1 0 - : ' 
1 . 7 1 9 - 1 0 - 2 

7 . 6 3 4 - 10" - ' 

1 . 0 ' ( 3 * I 0 ~ : ; 

j . i . . 

a v e r a g e 

<o> 

4 . 7 3 4 ' I 0 " 1 

5 . 3 2 2 - 1 0 " 1 

2 . 7 6 8 - 1 0 " * ' * 
1 . 4 8 6 * 1 0 " ' 
6 . 8 1 0 - 1 0 " ' ' 
3 . 9 4 7 - 1 0 " ' 

6 . 3 0 0 - 1 0 " 

5 . 9 6 5 - I 0 _ i 

1 . 0 8 3 * 1 0 " ' 
1 . 8 7 1 - 1 0 -

2 . 0 3 0 - 1 0 " ' ' 

7 . 8 6 6 - 1 0 ~ ; ' 

? . 1 6 2 - 10"'* 
1 . 0 7 3 ' I 0 " 3 

2 . 4 5 6 * 1 0 " ' 

1 . 0 5 6 ' I 0 " 1 

2 . 2 7 0 ^ 1 0 - : ! 

5 . 8 4 9 * 1 0 ~ J 

l . 5 0 9 * I O " ' 4 

3 . 8 7 3 * 1 0 " ' 

8 . 1 4 0 * 1 0 " ' ' 
3 . 9 2 0 * 1 0 - ' ' 

1 . 0 8 5 * 1 0 " - ' 

s t a n d a r d 
d e v i a t i o n 

s . .... ( I n r 

1 . 8 4 
7 . 5 ) 

4 . 1 7 
2 . ; 2 
1 . 7 9 
3 . ', 'J 

3 . 2 8 

5 . 9 2 
7 . 30 

1 4 . 0 

2 3 . 3 

4 . 3 0 

1 0 . 4 . 

1 1 5 
3 . 1 0 

* . ri > 
3 7 . 0 

1 2 . 9 
4 . 8 7 

5 2 . 2 
5 . 6 2 

1 7 . 9 
0 . 3 9 

.,. .1 



Table 3 (.continued): 

1 

react ion 

'- *Zn(n,p)t '*Cu 
r"'Zn(n,2n)' 'Zn 

'"'-;Cu(n,2n)"'*Cu 
0 :Zr(n,p) ' Y 

"):Zr(n,2n)M)Zr 
1 ;'Rh(n,n')':'3Rhm 

1 ;^Ag(n,-,) u :Ag m 

1 1-In(n,n') 1 1 -In1" 
1 1 : ;Ii(r,,,) u: In m 

1 2 'i (n,2n)'2'I 
1 ;i!Eu(n,^)lr';,Eu 
1^Dy(n,1)

l";i3Dy 
'7:Lu(n,->)'^Lura 

hLu(n,>) Lu 
M1Ta(n,>)'32Ta 
'^Au(n,>)1?sAu 
-^Tuin.Dï'P 
:'32Th(n,Y)^:l3Th 
23:Th(n,2n)? H T h 
2 3 3U (n,f)F'1

> 

2 3 7Np(n,f)FP 
: 3 8L' (n,f)FP 
2 3 H U (n,>)-'39U 
- 3-Pu(n,f)FP 
;s,1Am(n,f)FP 
.„, . — , 

CCC-112B 

3.800-10~" 

7.952-10_: 

1.853-10"' 
].464<10_1 

6.865xl0_;' 
2.109-10 ' 
9.893x10"-
8.328xl0-; 

1.305<10-1 

8.283-10~2 

7.1 32^ 10_:3 

1.018<10-1 

1.230-10° 
1.293-10° 
2.869x10"' 
8.704xlO~2 

1.762<10J 

• • ; -

ENDF/B-IV BNL 

2.976-10"" 

1.704-10"' 
1 .350-10~' 
1.149'10"3 

8.305xlO-2 

7.025H0-2 

1.019x10"' 

1.241x10° 
1.337x10° 
3.015x10"' 
7.429xlO-2 

I.785-10° 

• (in b) 

DETAN74 

7.952- 10"r>* 

1. 151x10"-
1.853xlO_i 

1 .463-10-'* 
6. 864-• 10"'' 

I.035xl0_1 

8.555xl0"2
# 

7.131xlO-2 

1.018xl0_1 

1.241x10° 
1.292x10° * 
3.004xl0_1 

8.703xl0"2* 
1.817x10° 

I.APENAS 

4.293xlO~? 

1.657x10""' 
3.135-10"'1 

3.566'10-'' 

7.134X10"1 

1.770X10"1 

7.156x10"' 

1.503x10"' 

1.351x10° 
2.867xlO_1 

CESNEF 

7.22]xlO-1 

1.846X10"1 

7.557*10-2 

1.230xiO° 
1.293x10° 
3.083xl0_1 

1.253x10° 

average 

4.047*10"2 

3.056x10 "' 

7.178x|0"! 

1.793^10"1 

1.407-I0"1 

9.!77xlO"'( 

8.381xi0-2 

7.218xl0-2 

1.019x10"' 

1.233>10° 
1.319x10° 
2.967x10"' 
8.066xl0"2 

1.788x10° 

standard 
deviation 
s < a >(m%) 

8.62 

3.68 

O.f-'S 

3.93 

5.73 

35.6 

1 .80 
3.23 
0.07 

0.52 
2.28 
3.25 
11.2 
1 .55 

Cross section set DETAN74 = cross section set CCC-112B (only one value applied for the calculation of 
average value and the standard deviation). 
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Fig. 1 Cross section curve for the reaction Ni (n.p) Co (from ENDF/B-IV BNL). 
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Fig. 2 Cross section curve for the reaction Ni (n,p) Co (from DETAN 74). 
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Fig. 3 Cross section curve for thn reaction Ni (n.p) Co (from LAPENAS). 
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Fig. 6 Cross section curve for the reaction Fe(n.p) Mn (from DETAN 14) . 
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Fig. 8 Cross section curve for the reaction Fe(n,p) Mn (from CESNEF). 


