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Abstract

The excitation function for the reaction 58Ni(n,2n)57Ni was evaluated
in the neutron-energy range from the threshold (12,41 MeV) to 20 MeV.
All available experimental data sets were critically reviewed and ob-
viously erroneous data sets were disregarded. If necessary, the data
were renormalized -in order to take into account adjustments of the
decay data of the product nucleus 57Ni and of reference cross sections,
Cross section values were evaluated for energy groups 0.2 MeV to

1.5 MeV wide, the width depending on the number of available data
points. For each evaluated cross section value also an uncertainty,
representing an equivalent standard deviation, was derived taking into
account the errors given by the experimentalists (after a critical re-
view) and the general consistency of the experimental data. In addi-
tion the covariance matrix and the correlation matrix of the eva—
luated cross section data were derived. In the energy range above

fS MeV the results of the evaluation are up to 307 higher than the
value; from the ENDF/B-V, caused by the inclusion of a

number of recent experiments and by renormalizations applied according

to adjustments in the decay scheme of 57Ni.
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I. INTRODUCTION

In order tofsatisfy’ the increasing:demand for.neutron:cross section: -
evaluations-.also providing information:on'the unéertainties of‘’the-
evaluated- data:and theirvcorrelations;*pfoCedures<Wefe‘devéiopedfat~'~
our institute forﬂderiviﬁg values ofi the-diagonal andy-at least® “'-/ -
approximately;ia130<of-thefofdeiagonal*elemenESv6f*the;COVariéncé;”
matrices of-the evaluated cross' sections /1, 4f. These procedirés were °
applied to a number of neutron induced reactions chosen for their
importance in fast neutron dosimetry /1, 2, 3/. In continuation of
this evaluation programme the cross sectibnsvéf{;he 58Ni(n;2ﬁ)57NiA".
reaction were evaluated using the géneraluprocedurés déscfibed in

Ref. /1/, section II.

The 58Ni(n,2n)57Ni reaction has a Q-value of - 12.20 MeV /5/, re-

sulting in a reaction threshold of 12.41 MeV. Therefore this reaction
has become important for activation-detector fast-neutron.dosimetry
applications, and a precise knowledge of .the energy dependent cross
section data is required. This reaction has been classified as a’ -
category~I reaction, but above 15 MeV the knowledge of the -excitation
function has been unsatisfactory. There .are differences > 307 between
the results of different authors (not taking into account the ob-
viously wrong data of Jeronymo 63). The cross séctions originally re-
ported by the authors are shown in Fig. | for all experiments pro-

viding data points above 16 MeV neutron energy.

Previous evaluations /6-10/ resulted in excitation functions- similar
to the measurement of Paulsen 65. Recent exﬁeriﬁeﬁtsiéAdaméki 80, °
Hanlin 82, Pavlik 82), which were not considered in-tli€ previous' :°
evaluations, delivered cross sections up to‘3OZ~Highéf;4iﬁ”agfeemeﬁt
with Bayhurst 75. To evaluate ‘the cross sections df~th€~58Ni(d;2ﬁ)57Ni
reaction all .available experimental literaturé ‘datd were critically *

. . T RS I

reviewed and renormalized, if necessary.'’



II. EXPERIMENTAL DATA BASE

To establish the data base, CINDA up to Supplement 81 (November 1981)
and the compilation in Ref. /11/ were used as index to the existing
literature. The most recent editions of some journals most likely to
contain relevant publications have also been searched up to Nov. 1981.
The experiment of Hanlin 82 (private communication) and the authors'

own experiment (Pavlik 82) were also included in the data base.

The original papers had been looked up, whenever available.
Simultaneously it was checked that references cited therein were al-
ready contained in the literature list. The most important information
on the 37 papers found in this way is briefly summarized in Table 1.
The authors used the activation method throughout. Columns 1 to 7
give the energy range of the experiment, the number of data points
within this range, the accuracy of the measurements as estimated by
the evaluators, the method used to‘determine the neutron fluence, the
first author and date of the respective paper and a reference number
used furtheron in the compilation. In several cases where measure-
ments of the cross sections by different methods were reported in one
paper, the paper was split up into two parts for further processing.
Therefore two entries appear in Table | for the papers Prestwood 61,

Csikai 65, Bayhurst 75 and Pavlik 82,

A number of papers was rejected because they had been superseeded by
more recent papers of the same authors:

Rayburn 59 by Rayburn 61

Preiss 60 by Bramlitt 63

Cross 62 by Cross 63

Bormann 65 incorporated in Bormann 66

Adamski 77 and Marcinkowski 79 by Adamski 80.
Detailed analysis of the remaining experiments resulted in rejection
of three further data sets for the following reasons:
Jeronymo 63, reference number 22:

The cross sections deviate by more than 3 standard deviations

from the main body of the data in the energy range above 14 MeV.



Csikai 65, reference number 177:
The experimental results for the shape of the excitation
function did not allow adequate renormalization as the shape
strongly deviated from a preliminary evaluated excitation .
function based on experiments that provided absolute cross
section values. (For the renormalization procedure of relative
excitation functions see Ref. /1/, section II.)

Bormann 66, reference number 456:
The data deviate more than three standard deviations from the
average. Due to the lack of information given in the relevant
paper about the standards used, a (prebably necessary) renormali-
zation was not possible. Also the shape of the excitation

function disagrees strongly with all other data.

The cross section values from all accepted data sets are summarized
in Table 2. The table lists all cross section measurements in order
of increasing neutron energy. For each data point the following
quantities are given: the average neutron energy and the energy
spread (half width at half maximum) of the neutrons employed for the
measurement, the uncertainty of the average neutron energy, the
cross section value and its uncertainty as reported by the author, an
indication which renmormalization procedures were epplied'to both -
cross section and uncertainty (see explanation of the correctioﬁ
codes at the end of Table 2), and finally thelrenormaiized cross‘
section value and its uncertalnty The uncertalntles of the average
neutron energies were not given in most .papers and were estlmated

from the experimental conditions described in the papers.

The renormalized cross sections and uncertainties have reference to:
a) Decay scheme and half life of 57Ni such as given in the Table of
Isotopes, 7t eqition /12/.

f

b) Cross sections for the reference reactibns 56Fe(n,p) Mn,
65Cu(n,2n)64Cu and 238U(n f) such as 1n the ENDF/B-V f11e /6

The uncertainties of these refercnce cross sectlons were taken
from the correspondlng covariance file and 1nc1uded in the flnal

uncertainties of the renormalized cross sectlons.



c) The cross sections and their uncertainties for the reference

. 6 . .
reactions ,"Al(n ,a) Na and v3Cu(n,2n)620u such as given in the

recently performed evaluations, Refs. /3/.and /1/, respectively.
In the foliowfng.cases additional special corrections had to be

- C

app11ed
Paulsen 65 ‘ _ _
The neutron fluence was measured'hy means of a proton-recoil
telescope. The data from Gammel /13/ had been used for the
(n,p) scatter1ng cross sectlons. To convert to the (n,p)
‘vscatterlng crossnsect1ons of Hopk1ns and Breit /14/ as reference,
.small renormallzatlon factors (for the two runs of Paulsen s
experlment l 013 and l 009, respectlvely) were app11ed
Strain 65:
.The. goal of the original work was to derive.y-spectra from the
..decay of various radioactive nuclei. For some of the producing
reactions cross sections had been deduced. As no uncertainty in-
formation is given by the author an uncertainty of + 157 was
assumed according to the 'state of the art" in 1965 and taking

into account, the uncertainties of the reference cross sections.

The most 1mportant adJustment was the renormallzatlon accord1ng to

the decay scheme in the most cases. In Table 1, column 4, the type ofy
radlatlonils 1nd1cated wh1ch had been used to measure the 1nduced
activity; df the B or the 0 511 MeV annihilation rad1at10n had been
measuredulcross sectlon values were multiplied by l. 15 to 1.17 (de-
pendlng on the decay scheme data used by the experlmentallsts) to re-
late the measurements to the reference decay scheme. A renormallzatlon

factor of 1.03 to 1.11 was applied, .if the 1.37 MeV y radiation of.

the §7N; decay; had been. measured.. .

o

. ' . . [N
The renormallzed and corrected cross sectlon data of a11 accepted
e g
measurements are shown in F1gs. 2 and 3 The renormallzed cross
M b E v i ey e 0 vl i
sectlons from the varlous authors agree qu1te we11 1n the whole

3 ESEAN r ' e

energy range. The renormallzed values from Paulsen 65 (0 511 MeV
i 8] Segfyygf S S Speri
ann1h11at10n radlatlon measured) are now 1n agreement as well w1th

v i
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the data from Adamski 80 (1.37 MeV y radiation‘détected)‘ds with'the: -
data from Bayhurst 75 and Pavlik 82. Bayhurst 75 used a NaI(T1l)
well-type detector for the calibrétidn"of:the'brosoffidﬁél counter
employed. Pavlik.821measured the induced_ac;ivity,q%;ectly,by means
of a NaI(T1) well-type detector. Activity»measurements,with,NaI(Il)WI_.
wellfpype de;ectorqAare rather indepgndgnthf the degay scheme data
used (sgg;e.é.,/l§/). For instance, .the variation of the,galéqlated
detegtibn”efficigncy of the‘l2.7 x.12,7 cm NaI(Tl)vwe117§yp¢ detectqr“
at our in;titute,wag found to be less than 17 using the various
versions of the decay scheme . for 57Ni from the literature /12, 16,

17/.

By applica;iqn of the appropriate renormalization factor due to the.
decay gqheme agreement amongst experiments employing different methods
of activi;y measurement was achieved. This shows. that discrepancies
in the original data were essentially effected by.inconsistent decay .

scheme data used by different authors,



IT1I. EVALUATION AND RESULTS

I1T1.1. Evaluation of group cross sections

The whole energy range was divided into 16 energy bins. In the energy
range from 13.5 to 14.7 MeV the bin width was chosen to be 200 keV,
considering the energy resolution of the most experiments and to get
a sufficient number of data points within each bin. Outside this
range the bin width depended on the number of available data points.
It was chosen in such a way that at least one data point of each ex-

periment covering the respective energy range was inside each bin.

The intermediate and final evaluation results are given in Table 3.
Column 1 shows the lower limit of the energy bin, columns 2 to 4
show the neutron-energy, renormalized cross section and uncertainty
of each data point, in column 5 the cross section value related to
the center of the energy bin is listed. In order to adjust the cross
section to the bin center the shape of d preliminary evaluated ex-
citation function was used. The group cross sections of the prelimi-
nary excitation function were calculated as weighted average of the
cross section values in each bin.Column 6 contains the reference

number.

The final group cross section, i.e. the weighted average of the cross
sections related to the center of each bin, is given in column 7 at
the end of each group. The internal and external errors of the group
cross sections are given in the columns 8 and 9. If one energy bin
contained two or more data points of the same experiment, these data
were pre-averaged assuming full correlation within that bin. This
avoids the weight of a data set to become higher only due to a larger

number of data points.

In order to take into account the uncertainty of the average neutron
energy, corresponding uncertainties (Ao/dE)AE were added quadratically
to the standard deviations of the cross sections. The inverse squares
of these uncertainties were used as weights to calculate the weighted

average. The internal or the external error, in any case the larger



one, was assigned as equivalent standard deviation of the evaluated

group cross section.

II1.2. Evaluation results

The results of the evaluation are given in Table 4. The cross section
averages (group cross sections) may as a good approximation also be
considered as cross sections at the centers of the corresponding
energy biﬁs, since the curvature of the excitation functions is

sufficiently small within each energy bin.-

Thus we recommend to use the evaluated group cross sections also as
point cross sections at the group centers and to calculate the cross
sections at other energies by linear interpolation. The evaluated

cross section are given in Table 5 according to the ENDF/B format.

Except for the first energy bin the average uncertainty of the eva-
luated cross section is 3.6% and in the energy range above 15 MeV the
average uncertainty is 4.37 which is sufficient for most applications

in fast neutron dosimetry.

The evaluation results and a comparison with previous evaluations /6,
7/ are shown in Fig. 4. Above 15 MeV the results of the new eva-
luation are up to 30% higher than the ENDF/B-V values. Since the data
base has been improved by a number of precise measurements, there is
a significant decrease of the uncertainties in the whole energy

range compared to previous evaluations.,

I1I.3. Derivation of the covariance matrix

Covariances and correlation coefficients between ail evaluated cross
sections were calculated approximately according to the procedures
described in Ref. /1/, section II. These procedures use an average
correlation coefficient Bnnk within each data set and neglect
correlations between different data sets. The~Bljlnk values for the
data sets containing more than one data point were estimated from the
error analysis given in the papers, and are summarized in Table 6.

A number of papers was split into two experiments,



assumed to be independent, if
the correlation between the two data sets was small (< 10%) and’

different Bn values had to be assigned to each data set (see

nk
section TI).

The correlation matrix for -the evaluated group cross sections is- given
in Table 7, the corresponding fractional.covariance matrix with '

matrix elements cov (xi,xj)/(xixj), is given in Table 8.

I111.4, Comparison with integral data

Using the presently evaluated cross sections for the reaction

58 252

. 57... .
N1(n,2n)_7N1, the spectrum-averaged cross section .<g> for the "~ Cf
spontaneous—-fission. neutron field was calculated taking spectra para-

meters from Grundl and Eisenhauer /18/. This resulted in: -

0> ale = 0.00856 + 0.00040 mb for a Maxwellian spectrum, (<E> =
' 2.13 MeV) and segment corrections,:
<0>caIc = 0.0113 + 0.0003 mb for a Maxwellian spectrum with the

same average energy and no segment

corrections.

The uncertainties of the-calculated <o> values stem from the uncer-
tainties of the evaluated. cross sections considering the full
covariance matrix, but do not take into account the uncertainty of the
2520f spectrum representation. The calculated averaged cross sections

can be compared with the most recent experimental value from Mannhart

/19/:

<g> = 0.00894 + 0.00028 mb.
exp. - - -
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TABLE 1

EXPERIMENTS SUMMARY FOR

ENERGY-RANGE
CNEV)
14,30 14,50
14.10 14,10
14,40 14,40
14.80  14.80
16.50 19,74
13.52  1a.81
14,40 14,40
14.50 14,50
13.84 14.88
14,70 14,70
14.50 14,30
12.55 21,00
14,10 14.10
13.30  1%.50
14,60 14,40
13.356 14.71
12.98 19,58
14,70 14.70
12.95 19,40
15,40 15.40
13,72 14,79
14,60 14,60
14.50  14.%0
14.80  14.80
14,40 14,40
14,40 14,40
14,70 14,70
17,23 19,99
16,21 28.0%

NR.OF DATA AVERAGE

POINTS

7?7 - 10 ALT

15 ACT,
7 ACTy
15 ACT,
10 acT,
3 ACTy
6.3  aACY
.3 acTy
13 act,
10 ALY,
4.6 ACTy
7 acT,

S ACT»

THE REALYION U8 NI

METHOD
CALCUR X
38 ACTy FROF L2 BEYAY
2 ACTs SCINT Gy 011
ACT» NAl, .U11 MEV
ACT
8.7 ACYy FROP C» BETAY
é ACYT)» PROP €y RETA+
22 ACTy» NAI» .U11 MEV
ACY) OGANM
8 ACTy RAT: (311 MEV
12 ACT,» NAT» 1.37 NEV
13 ACYy GAM
ACY» NAL WELL,» UAM
ACYs NAls» GAM
17 ACT» NATr» U111 MEV
8 ACTs NALl WELL» GNH
S ALCT» NAI WELL, CAM

NAly. +U11 HEV
NALr UAM
NAI» GAM
NAXs 2511 MEY
NAI» 311 MEV

Nat» 1,37 NEV

NALl:, 1.37 MEV
GE(LI)s» GAM
NAT,» ,3U11 MEVY

NAL, 5700 OANM

(N»2N)

MEY GAM

GAM COINC

GAM COIRC

BAH COINC

0AM

HAM CUINC

GAM

UAM
anm
UAM

GAM

HAM

PRUP/BEYA+sCAL RY NAL-UW

FROUF+BETA+LCAL

BY NAI-W

FLUXs» REF X-SECTION

LONG CTR CALIRB BY ASY ALFHA FART
AYSHC AILPHA PART

AJCUIRI2N)

27ALIN> Ay ABLUCINS2N) 2 ABCUINI2N)
233U(N;F)

ASBOC PARY, 27AL(N2A) REL EXU FUTN
SICUCNI2N) TOX MB

L2a4L.(MA) 11T N?

ASKROC PARTY ASCUCHI2N) REL EXG FUTH
Q2/ALINIA) 114 NB

27AL(NyA) 3110 MK

PLASTIC SZINT RECOIL SPECT
STILBENE C

ATCUHING2N)Y AT LA, 2NMEYUAFE(N:P) REL
SSCUCNI2N) BAL M3

RELATIVE EXCIT FCTN

PROTOR=-RECOIL TELESCOPKE

L27ALINIAY s ASCUCNI M) 2REI(NYP)
STILRERE € AT 14.1 MFV

AJCUINIIN) AH8 MB AT 14,1 NEV
ASEOL ALFPHA PART

A7ALINIA) 120.7 MB

27AL(NsAY 121.0 MR

PROVON=-RECOIL TVELESCOPE

S6FE(NIF) 100 MM

SGICUINS2N) 5IH MB

S6FE(NIF) 97.8 MR

2746L(NsA) EXCIT FCTN

FROTOR-RECOXL TELEBCOPE

REF

FAUL 33
PURYER 59
RAYBURN 5%
PREISS 60
FRESTHOODI 61
PRESTWONUL 41
RAYRURN 641
CROSY 62
GLOVER 42
BRAMLITT 63
CRUBH &3
JERONYHO 63
BORMANN A%
CHOJUNACKI &3
CSIKAT &%
CYIKAL 45
PAULEFEN 4%
STRAIN 645
BORMANN &4
CYIKAL 67
TEMFERLEY 48
HARRALL 49A
HARRALL 49K
RARRALL 69C

FINK 70

ARAKMINOWICZ 73

HEMIRUNAY 73
BATHURST 75

BAYHURBY 725

NR.

12
451
470

41
100
111
112
471

35
101

452

n
(3]

472
453
454

1722

176
457

13

407
438
123
as9
106

460

It



TABLE 1

N N

ENERGY-RANGE _ NR.OF .DAYA AVERAGE
! ACLUR X

CHMEV1™

Tt BN

14,10 14,10
PERCHRAR [
14.70 14,70
AR MR
14.60  14.60
14.00 17,50
TRt LA
13,30 17.10
14,00 17,90
o KA
17.90,
P RN
13.55  14.71
13,52 14.80
12,79, 18,26
13,47 14.83

13,31 19.57

FPOINTS

13

i8

11

13

8.5

8.5

10
k4
10

10

" EXPERIMENTS SUMMARY 'FUR THE REACTION 58 NI (N, 2H)

HETHOR

AFT-
ALYy
ACT,
ALY
ACTY
ACTH,
F.'.(‘.Tr
ALYy
ALT
ACY,
ALT,

ACY)

‘NAIy» 511 MEV GAH

BECLI)» 1,37 MEY GAM
GE(LI)» GAK

GE(LY) 1.3? ﬁEV‘GAH
GﬁﬁLI)hlg37.HFV Gan
GE(LIYy 1.37 MEV GAM
GE(L1), }.37 MEV BAM
BECLIDy 1,37 MEV QAN
BE(LYI)r .1.37 MEVY 127
NAI, 1.37 NEV UGANM
NAI-WELLs GAM

NAL-WELL» GAM

L FLUX REF Y-SECTIOR

27aL(N.n) IIQ.KBF
27AL(N7A) 121 HB
27AL(NYA) 111.2 HB
2ALANSA)y BAFE(NIPY
27AL (N1 A) EXCIT FCTN
27ALUMIAY Y BAFE(NIP)
27AL(NsAY s SEFECNIF)
27ALINsA) EXCYT FCTN
27AL(NsAY EXCIT FCTN
27ALINIAIAT 14,6 NEV

27AL(NenY EXCIT FCTH

PROTON-RECOXL TELESCOPE AT 0 DEG

PAGE

REF

séaﬁﬁLEﬁ 75
UAIN 76
s166 76
ADAMSKI 77
HURSON 78
HARLINKUWSKI 79
ADANSKI 80
NGOC 80
RALCS, 81
HAN LIN B2
FAVLIK 82

FAULIK 82

-

<

461
473

463

474
464

465

447

466
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CTABLE 2

NK.

O ONe D WM

E-NEUTR
CMEV]
12.79
12.86

12,98
13,10
13,30
13,30
13,31
13,38

WIDTH

. CMEV]

. 0.290

0.210
0,170

0,180

0,300
0,140
0,115

20,210

0,160
0,200
0.150

lo.120

0,220

.0.120
0,130

0,120

- 0.310
-0.350

0,110
0,200
0.100
0,120
0,090
0.100

.. 0,100

0.240
0,200
0.130

0,080

0.800

. 0,080
" 0.250

0.110
0.100
0,300
0.250
0.220

. 0.100
. 04090

0,0B0
0,100
0.250

T 0,100

0,110

0,130

0.310
0.1%0
0,300

.0.300

0,130
01530

+ 0,260

0,120

0,170
04200 .

0.350
0,200

-0.300

0.200

ERR.CENTR
[MEV]

0,030
0,030
0,020
L0,020
0,030
1 0.015
0,025
0.020
0,015
0,020
0,015
0,015
0,030
0,015
0,015
0.010
0.030
0.040
0,010
0.020
0,010
0.015
0,010
0,015
0,015
0,030
0,020
0.030
0,010
0.030
0,010
0,030
0,010
0.015
0,030
0.025
0,020
0,018
0,010
0.010
0.020
0,020
0.015
0.010
0,01%
0.020
0,015
0,030
0,030
0,010
0,010
0.030
0,015
0,015
£ 0,020
0.100
0,020
0,030
0,040

£=-SECT(ORIG)
LHK2]

3,500
.4.600
3,200
4,600
. 21,000
.11.000
9,060
10,100
11..240
19.000
13.900
12,000
11.900
11,900
12,980
14,200
16,400
18.700
. 15.080
19.000
16.300
15.900
18,450
18.700
21,400
19,600
24,400
21,430
21,370
19.900
23.410
22.000
20.800
23.500
38.000
. 24.000
22,000
22,700
24.770
22,700
30.000
25,500
.27.,200
28.780
- 31,100
28.100
29,300
+ 34,200
-%8.000
27,000
31,470
29.400
29,600
33.240
1,700
40.4600
34,300
. 35.000
31.3500

s

CROSS-SECY1IO0N LAYA FOUR THE REACTION 58 NI- (Ns2N)

ERK(ORIG)
CHKD

- 0.,300
. 0.400
0.300
0.400
4,000
1,000
3,330
0,700
0,330
4,000
0.700
0.500
0,800
14100
0,400
0,360
1,300
0.9200
0,400
1.900
0,600
1.200
0,360
1.500
1,100
1.400
2:400
3.000
. 0,430
2.300
0.460
1.500
1.800
1.200
8,000
3.000
2.000
1.800
0,350
0.700
7,000
2.600
2,200
0.590
1,600
2.800
2,300
7.500
53.000
2.100
0.360
2.100
1,000
0,490
2+s500
12.200
1.700
4,000
2,000

CORR . APPL,

1w
1)39)
1)6)
1)6)
1)3)
1)9)
NUONE
1)&)
NONE
1)
19
1)9)

R PX-Y

1Y
NONE

. NONE

19
1)9)
HONE
1)

19
19
NONE
13
19
1)6)
1)

NONE
NONE
13
NUNE
1)6)
1)9)
1)
1)

1)9)
1)9)

D)

NONE
1Y)
103
1)
NI
NONE
139)
1
nH»
1)9)
ndH
%)
NONE
1)68)
09
NONE
113
1
19
1))
19)

X=-SELT(FINY
- CMB2

. 4,800
3.900

. %.800
L 8,500
23,000
12,100
. 9,060
12.100
11,240
22,000
15,700
12,400
14,200
.13,000
12,980
14,200
17,700
20,200
15.080
21.72060
16,900
17, %00
18.450
21.200
24,300
. 23,400
27.800
021,430
21,370
21.800
23,410
26.300
22,900
27,100
44,500
- 27,0600
2%,800
2%.900
24,770
- 23,800
34,000
29,100
%0..300
28,780
35,900
- 32,100
32,600
32,600
40,700
29300
$1.470
35.100
$0.800
33.240
85,600
47,300
39.000
38,800
314,900

ERR(FIN)
CHE)

0,500
0.400
0,400
0.500
1,000
1.300
3,330
0.800
0,330
L 44000
0.900
L 0,500
.1,000
1,200
20,400
0.3560
1,400
1,000
0,400
2.200
0.400
1.300
0,380
1.700
1.500
1,700
2,800
3.000
0,430
2.500
0.460
1.800
2,000
1,600
12,000
3.500
. 2,200
2,100
0,350
0.700
6,000
2.900
2,400
. 0.590
2,200
.3.200
' 2.600
7,200
- 5,300
L 2.300
- 0,560
2,500
1.000
~.0.490
. 2,900
16,600
2,300
5.000
2,200

PAGE 1.

" REF-

- HAN-LIN 82
HAR LIN. 82
PAULSEN: 65
PAULEER. 65
CHOUNACK] . 65
HUDSUN- 78
PAULIK 82
PAULSEN 45

JPAVLEK B2
CHOJRACKT 635
PRESTUWQND &1
RAICS 81,
PAULSEN 65
NGOC 80!
PAVLIK 82 -
FAVLIK, 82
HAN LIN 82
HAN LIN 82
PAYLIK 82
TEMFERLEY 68
CRAILS 81,
NGOG 8O
PAULIK 82
GLOVER 62
PRESTWOOD 61
FAULSEN 6%
TEMPERLEY 68
FAVLIK B2
_ PAVLIK 82
ANAKSKI BO
PAVLIK .82
FAULSEN 65
_NGOC 80
"PRESTNUOD 61
PURSER 59
SFANGLER 75
HUDSON, 78
GLOVER 42
PAVLIK 82
RATCS 81
CHUJNACKI &5
TEMFERLEY 48
GLOVER 62
L FAVLIK B2
PRESTWOOL 61
TENFERLEY é8
JGLOVER 62 .
RAYBURN. 61
FINK 70
NGOC 80
PAVLIK. B2
PAULSEN &5
RAICS 81
PAVLIK B2
BLOVER 62
PAUL 53
PRESTWOUD &1
CROSS. &3
BARRALL 498

|



TABLE 2
NR.  E-NEUTR
CHEV)
&0 14,53
61 14,5S
62 14,59
63 14,60
64 14,60
65 14,60
66 14,40
67 14,61
48 14,61
69 14,62
70 14,46
71 14,69
72 14,69
73 14,69
74 14,70
75 14,70
76 14,70
77 14,70
78 14,71
79 14,75
80 14,77
81 14,78
82 14,79
83 14,80
84 14.80
8s 14.81
86 14,81
87 14.83
88 14.83
89 14.90
90 14,99
91 15,18
92 15.20
93 15.20
94 15,40
95 15.40
96 15,49
97 15.50
98 15.55
99 15,48
100 15.71
101 14.00
102 16,03
103 16.05
104 16,21
105 16,24
104 146,31
107 14,50
108 16,59
109 16,63
110 16,90
111 16.93
112 17.10
113 17.12
114 17.18
115 17,23
116 17.27
117 17.30
118 17,40

WIDTH
CMEV]

0,320
0.180
0.200
0.100
0.200
0.380
0.200
0.260
0.300
0.140
0.210
0,250
0.1%0
0.150
0.200
0.300
0.200
0,300
0.140
0.230
0.250
0.240
0,300
0,200
0.170
0.310
0.250
0.270
0.300
0.300
0.270
0.2460
0.240
0.400
0,300
0.100
0,160
0.300
0,240
0.360
0,230
0,150
0.210
0,430
0.110
0,200
0,165
0.300
0,190
0.330
0.700
0,470
0,100
0.170
0.380
0.170
0.4460
0.260
0.400

ERR.CENTR
LHEV]

0,020
0,015
0,020
0,010
0,020
0.040
0.020
0.030
0,020
0,013
0,015
0,025
0,030
0.030
0,040
0.100
0,015
0.030
0,015
0.015
0,023
0,013
0,020
0.040
0.015
0.030
0,013
0.013
0,030
0,030
0,030
0.030
0.020
0.030
0,030
0.013
0,035
0,030
0,030
0.040
0.020
0.015
0,020
0,040
0,020
0.020
0,040
0,030
0:020
0.040
0,030
0.040
0,015
0,040
.0.,040
0.020
¢.040
0.030
0,020

X-SECT(ORIB)
CHE

27,300
34,840
33.500
37.000
33,400
37.900
44,700
33,400
34,900
30.100
36.620
35.900
38,060
37.4650
31.000
35.000
32,600
35,000
31.200
392.050
36.200
39,6%0
29,100
36.000
35.300
39.300
40,010
40.5%0
39.500
43,000
48.000
39.500
45.000
47,000
52,000
45,000
51.920
71.000
43,000
56,300
44.3500
46,000
446,100
59.800
63,000
47,100
48.580
53,300
50,400
64,800
$3.400
49.%900
54,000
65,410
44,300
70,000
51,200
6%9.700
40,600

CROSS-SECTION DATA FUR THE REACTION S8 NI (Ns,2N)

ERK(ORIB)
CHR]

2,700
0.8670
2,700
3,000
0,020
3.800
2,700
2,300
1,300
2,400
0,470
2,900
3.080
2,820
4,000
0.000
2,700
3.000
2,300
0,620
2,900
0.520
2,900
3.000
1,400
2.000
0,450
0.540
3.200
10.000
2,700
2,800
4,000
12.000
13,000
6.800
4,400
16.000
3.000
3.000
3,100
$.000
3,200
3,200
3,000
3,300
3,090
4,300
3,300
2,400
4,500
3.500
5,000
2.900
2,500
5,000
3,600
2.600
4,200

CORR,APPL,

1)
NONE
13
1))
129
1)9)
1)9)
1)6)
1)9)
1)9)
NONE
1HI)
NUNE
NONE
1)9)
1)6)9)
3
1)%)
1)9)
NONE
1)3)
NONE
1)
1)3)
1)9)
1)9)
NONE
NONE
1)3)
1)3)
1)6)
1)6)
1)9)
13
1)3)
1)9)
NONE
1)3)
1)6)
1)9)
1)6)
1))
1)6)
1)9)
1)
1)6)
NONE
1:%)
1)6)
1)9)
13
1)6)
1)9)
NONE
1)9).
1Y)
1)6)
1)9)
1)

X-SECT(FIN?

CHR]

31,100
34.8140
37,900
3A4.800
3%,100
37.000
48,900
39,900
39,900
32.800
14,620
40,400
38,080
37,4650
49,700
d7.700
34,500
36,300
34,400
39.050
40,900
39,430
33,200
3¥.900
37.600
44,800
40,010
40,350
44.700
A8, 000
45,400
47.200
44,000
53.000
{ig,000
49,200
¥t1,920
80,000
31,400
60,800
093,200
S0.500
45,100
644600
64,300
34300
58,580
57.000
40,200
70.000
59,700
59.400
35,800
65,410
73,800
69,3500
40,900
75.300
43,500

ERR(FIN)

[ME]

3,100
0.870
3,000
2,900
1.100
3.700
3.300
2,700
1.400
2,600
0,470
3,200
3,080
2.820
3,800
5,700
1.600
3,100
2,500
0,620
3,300
0.520
3,300
1.7200
1,400
2.700
0,650
0.540
3,400
8.000
4,200
3.300
4,100
?.000
10,000
7.400
A.4800
14,000
3,600
3,200
3,700
5.500
3,800
3.500
4,100
3,700
3,090
5,000
4,200
2,600
5,000
4,200
5.200
2,900
2,700
5.000
4,300
2,800
4,300

PAGE 2

REF

TEMPERLEY ,68
PAVLIK 82
BLOVER 62
CSIKAL 65
BARRALL &9A
ARAMINGNYCZ 73
STGH 74
FAULSEN 65
HAN LIN 82
NGOE 80
PAULIK 82
GLOVER 62
PAULTK 82
FAVLIK 82
BRAULITT 63
STRAIN &5
HEHINGNAY 73
UAIHM 76

NBOC 80
PAVULIK 82
GLOVER 62
PAVLIK 82
TEMPERLEY 68
BARRALL 69C
RAICS 81
PRESTWOOD &1
PAVILTK 82
FAVLIK 82
GLOVER , 62
CHOJRACKY &3
PAULSEN 65
FAULSEN 65
HUDSON 78
CHOUNACKT 65
CHOJNACKI &5
‘CSIKAY 67
PAVLIK B2
CHOJNACKI &5
PAULSEN 65
HAN LIN B2
PAULSEN 65
HUDSON 78
PAULSEN 65
HAN LIN 82
BAYHURST 75
FAULYSEN 65
PAVLIK 82
FRESTHOON 61
PAULSEN 65
HAN LIN 82
ADAMSKI 80
PAULSEN &5
HUDSON 78
PAVLIK B2
HAN LIN 82
BAYHURST 75
PAULSEN &5
HAN LIN 82
ADAMSKI 80

VAl



TaB
NR,

119
120
121
122
123
124
125
12

12

128
129
130
131
132
133
134
1335
136
137
138
139
140
141

COR
1)
2)

3)

4)
3)
)
7

8)
?)

LE 2 . CRDSS-BECTION DATA FOK THE REACTIUN SH N1 (N:2N) FAGE 3
E-NEUTR WIDIH ERR.CENTR X-SECT(ORIO) ERR(URIN) CORR.APPL, X=SECT(FIN) ERR(FIN) REF
CMEV] CHEV] CMEV] 4.} LMR] [4,1:-D] CHRI
17.40 0.400 0.020 65,300 6.900 13 72,800 7.700 AVAMSKI B0
17.54 0.220 0.030 72,800 2,700 1)9) 78,4600 2.%00 HAN LIN 82
17.59 0,440 0.040 55,100 3,900 1)6) 65,600 - 4,600 PAULBEN &5
17.88 0,170 0,033 69.230 2.970 NONE 49,250 2.970 PAVLIR 82
17.90 0.420 0,040 $5.000 3,900 1)6) 65,400 4,600 PAULSEN &5
17.90 0,100 0.020 64,000 6,300 1)9) 67.400 4,800 ADAMEK] 80
17.90 0.100 0,020 49.100 7,100 ) 77,000 7,900 ADAMSKI B0
17.95 0,320 0.032 67,4600 3,400 HnYH 73.200 6,400 FREBTHOOD 61
172.97 0.270 0,030 71.000 2,700 SR 2 746,700 2,900 HAN LIN 82
18.19 0,390 0,030 36.400 4,000 1)8) 67,100 4.800 PALILBEN &5
14,24 0.090 0,020 76,000 5,000 1 RL 2 78,4600 $.200 BAYHURST 79
18.26 0.210 0,030 75.800 2,900 1)9) 81,900 3,100 HAN LIN 82
18,47 0,340 0,030 58,300 4,100 1)6) 49,600 4,900 PAULSEN &5
18.54 0,175 0,030 72,160 3.010 NONE 72.160 3.010 FAVLIK 82
18.71 0,330 0,030 60,400 4.200 1)68) 71,900 5,000 PAULSEN 63
18.94 0:290 0.020 60,500 4,200 1)6) 72.000 S.000 PAULBER 43
19.07 0,205 0,025 73,700 3,160 NOME 75.700 3.160 PAVLIK 82
19.29 0,200 0.020 43,800 4,300 1)8) 75,900 5.400 FAULBERN 64U
19.42 0,220 0,02% 74,700 3,340 NUNE 74,700 3,340 PAVLIK B2
19,57 0,225 0.020 79.2%50 3,420 NOKE 79,250 3.420 PAVLIK B2
19.59 0.190 0,020 65,500 4,700 1)6) ?7.,900 %,600 PAULSEN 65
19.76 0,430 0,043 77.400 3,900 13 ¥1,000 7.900 FRESTWOODN &1
19,99 0,110 0.020 92,000 6.000 1)9) 92,400 6,100 BAYHURST 75

RECTION COLES:

CROSS~SECTION RENORMALIZED TO FRESENT DECAY DATA (HALF-LIFE» BRANCHING RAT108 ETL.)

ERRUR GIVEN IN PUBLICATION DID NOT INCLUDE ERRUR OF REFERENCE CROSS-SECTION.

CROSS-SECTION RENORMALIZEDR TO ENDF/B~V VALUES OF REFERENCE CROSSB-SECTION UBEL IN MERSUREMENT.,
ERRORS YAKEN FROM THE ASSOCILATED FILE 33 INCLUDED IN FINAL ERROR..

CROSS-SECTION RENORMALIZED TO ANGULAR DISTRIKUTIUW OF SOURCE NEUTRONS OF LISKIEN ARD FAULSEN.
ERRUOR HAS BEEN REDUCED BY A FACTOR TWO OR THREE IN ORBER T0 REPRESENT 1 STANDARD NWEVIATIUN,
SFECIAL CORRECTION. SEE TEXT FOR DETAILS.

CROSS~SECTION FRUM MEASIJKED RELATIVE EXCIT., FN.s» NORNALIZED TOD PRESENT EVALUATION.
CROSS-SECTION FROM THEORETICAL CALCULATIONs NOKMAULIZED VO FRESENT EVALUATION.

RENORHALIZATION USING REF.X-SECTIUN EVALUATED AT IRK:s

SEE FHYSICS DATA 13-1, 13-2, 13-3.
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TABLE 3

GRP ENERGY

CHEV)

12.73

13.25

13.50

13.70

13.90

14.10

14,30

38 NI (M)2N)

E-NEUTR
CMEV)

12.7%
12.86
12.98
13.10

13.30
13.30
13.31
13.38
13.47

13,50
-13.52.
13.52
13.54

13.55 -

13.57
13.62
13,64
13.68

13.48

13.72
13.7%
13.77
13.82
13.86
13.88
13.88

13,95
13.94
13.94°

'14.00

‘14.04

“.14.0%

“14.08
14,09

‘14,10
14.10
14.10

‘14411

14,12
14.12
14.20
14.20
14.24

14,27 ¢

14.31
14,34

X-SECT(EXP)
[HMEBI

3.800
3.900
3.800
$5.500

23.0060
12,100

9.040
12.100
11.240

22.000
15.700
12.400
14,200
13,000
12,980
14,200
17.700
20,200
15,080

21.700
16,900
17.300
18.450
21,200
24,%00
23,400

27.800
21,430
21.370
21,800
23.410°
246.300
22.%00-
27.100

44.5%00

27.600
23.800
25,900
24.770°
23.400
34.000
19,100
30.300
28,780

35.900
42,100

INTERHEN1AIE ARD

ERR(EXP)
CHMB1]

0.500
0.400
0.400
0,500

4.000
1.100
3.310
0,800
0.330

4,000
0,900
" 0.%00
! "1.000
1,200
0.400
0,340
1,400
1.000
0.400

2.200
0,600
1.300
0,360
1.700
1.500
1.700

2.800
3.000
0.430
2.500
0.460
1.800
2,000
1.600

12.000
3,500
2,200
2,100
0.350
0.700
6,000
2,900
2.400
0.590

2.200
3,200

FINAL BEVALUATLUN RESULTY:

X=SECT(MN.E)
LMH)

6,294
0. 453
4,129
3,934

26.022
13.4%90
10,158
12,091
10,2481

24.0%52
16,889
'13.324
153,000
13.617
13,427
13.777
16.676
17.990
13,430

24.9%1
17.93%
17.932
189,142
19.919
22,410
21.580

29.044
22,303
22.140
21.4H00
2.73%
25,252
21,499

23.293

aB. 491
30,075 " "
25.934
28,018
26.699°
25,541
34.000
19,100
29.022
26.804

319.074
34,937

REF

446
A6
ALS
A55

453
4463
127
ASS
128

A433
111
467

" A35

4465
128
128

A68°

166
128

AL7
467
465
128

111
AG5

451
60
463
5SS
1728
4567
AL3
457
535

128

457

X=SFC1 CAVH)
[HH1

4.041

10.777

14.120

18.594

22.861

26,588

EXT . kKK
LMK |

0.RBOO

0.6v2

0. 1581

0.L44

0.046 -

0.451

FaGE

1M1 . EKKR
[MRrI

0.431

0.304

0.291

0.410

1

91



TAFLE 3

GRF ENERGY

CMEV]

14.59

14.70

S8 N1 (Ns2N)

E=-NEUTR
[HEV)

14,37
14,40
14,40
14,40
14,42
14,42
14,45
14,48
14.49

14, %0
14.50
"14;50
14.50
14.53
14.59
14,59
14,60
14,60
14.60
14,60
14.41
14.61
14,62
14.66
14,89
14,69
14.69

14./70
14,70

" 14.70

14.70
14.71
14,75
14,77
14.78
14.79

''14.80

14.20
14.81
14.41
14,81
14,88
"14.90
.14.,99

15,18
15.20
15.2

15,40
15.40
15,49
15.50
15.55
15,68

A-SECY(EXP)

CHMR1]

32,600
32,600
40,700
29,300
31,470
35.100
30,800
33.240
35,600

47.%00
39,000
38.800
54,900
31.100
14,840
37.900
TA.8500
35.100
37.000
38.900
49,900
319.900
2.800
36,620
40.400
38.040
37.4650

29,700
37.700
34.500
36 3C0
34,400
49,050
40,900
9,630
33,200
%9.900
©37.400
44.4H00
40.010
40,7350
44,700
48,000
.45.400

47.200
34,000
$3.000
YH.000
49,200
01.920
80.000

51,400

40.800

INTERHMEDIATE ARD

ERR(EXP)
[MBD

2,600
7.200
5.300
2.300
0,560
2.500
1.000
. 0.,4%0
2,900

16.600
2,300
5.000
2,200
3.100
0,470
3.000
2,700
1.100
3.700
3.300
2.700
1.400
2,400
0.470
3,200
3.080
2,820

3.800
L.700
1,600
3.100
2.500
n.620
3.300
0.52

3.300
1.700
1.400
2.700
0.60L0
0.5L40
3.600
#,000
3,200

3.300
. 4,100
?.000
10.000

.. 7.400

4,800
14.000
3.600
3,200

FINAL BVALUATTON KESUL IS

X=SECY(M.E)
[MEB)

3.507
32,4600
40, /00
27.300
31.116
34,%87
Y. 742
31.448
33.483

S50.54n
41,492
41,279
$7.17%0

2,458
15.%06
38.106
54,800
35.100
37,000
38,900
19,761
39.761
L.u72
35.847
19,167
36,894
36,501

31,392
19.848
36,466
ECIRTY
36,224
40,589
- 42,2351
a0, 785
“34,028
40,726
38,474
40,549
40.6/0
40,882
v 44,143
_A7ias
‘42,961

52¢.L01
LAY, 799
58,592
LY .HA8
50,785
n2,142
80.000
0,616-
57.590°

RFF

S5
112
A58
Ab65
128
AGT
EY-¥4

03

101

‘ANe

Ab2
465
128
© 55
128

a7

407

“a87

111
128
12

* 55

', AS3

405

455
462
AL3
A52
176
127
403

455

466

H=-HELCT (AVE)
CHMB)

31.486

36.B5H

39,946

EXI.ERK
CMEd

0./71v

0.661

0.4/3

PAGE

1H1 . EXFR
CMR]

0.460

0.u/1

0.A4H1

Ll



TABLE I

GRF LNERGY

CMEV]

16.00

14.50

17.00

18.00

19.00

w8 NI

E-NEUTR

[MEV]

15.71

16.00
16.03
14,05
16,21
16.24
16.31

16.00
14.59
146.62
16.90
16.93

17,10
17.12
17.18
17.23
17.27
17.3¢
17.4C
17.430

17.54
17.59
17.88
17.9¢
17.%0
17.96
17.9%
172.97

15.19
15.24
15.04
18.47
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X=SECT(EXF)
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2,900
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J.1e0)
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3.340
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X~-SECT(n.t)
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EVALUATED GROUP CRCES SECTIONS

FCR THE REACTICON 338 NI (N,ZN}Y 37 NI
GROUF-ENERGY X-SECTION ERROR
[MEV] TO L[MEV] CME] CMR]
12.75 13.25 4.3541 0.800
13.25 13.50 10.777 0.692
13.50 13.70 14.120 0.381
13.70 13.90 18.594 0,544
13.90 14.10 22.881 0.546
14.10 14.30 - 26.588 0.451
14.30 14.50 31,486 0,719
14.350 14.70 36.858 0.661
14.70 15.00 39.236 0.673
15,00 16.00 S50.6395 3.099
15,00 16.50 60,988 2,275
16.50 17.00 65.166 3.327
17.00 17.50 67.600 2,636
17.50 18.00 70.638 2.189%
18.00 19.00 76.680 3.311
19.00 20.00 81.78% 3.421
TAZLE S

EVALUATED CRISSS SECTICNS ACCORDING TO

ENDF/B FCRMAT
MATERIAL?! SBNI

REACTION TYFE?! (Ns»ZN)

NUMEER OF DATA FOINTS: 17

INTERFOLATION LAUW:
REACTION Q VALUE?

N £

[EV]
1 1.,2410E407
2 1.3000E407
3 1.3375E407
4 1.3600£407
5 1.3800E+07
6 1.4000E407
7 1.4200E407
8 1.,4400E407
9 1.4600E407
10 1.4850£E407
11 1.5500E407
12 1.6250E407
13 1.6750E+407
14 1.,7250E407
15 1.7750E+07
16 1.8300E407
17 1.9500E+07

LIN-LIN

-1.220E+07 EV

SIGMA(E)
CEARNI

0.0000E400
4.5412E-03
1.0777E-02
1.4120E-02
1.8594E-02
2,2881£-02
2.6588E-02
3.1486E-02
3.6858E-02
3.9936E-02
5.0635E-02
6.0988E-02
6.3164E-02
6.7600E-02
7.0638E-02
7.56680E-02
8.1783E-02

ERROR

£%1

* * = o * ® * e e - * @
PR =0 NN DN DO DO

S D WU L= =)= NDND O
L 4

. e
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Table 6

Average correlation coefficients for data sets with more than one

data point

Ref. o Ref. Nr. B
Prestwood 61 - 100 .. 0.80
Prestwood 61 1 0.50
Glover 62 Co 55 0.80
Chojnacki 65 453 0.50
Paulsen 65 . 455 0.70
Temperley 68 457 0.80
Bayhurst 75 : 106 0.50
Bayhurst 75 460 -— )
Hudson 78 463 0.80
Adamski 80 464 0.80
Ngoc 80 465 0.40
Raics 81 467 0.70
Hanlin 82 466 - 0.60
Pavlik 82 128 0.20
Pavlik 82 127 0.50

Frow this data sct only one point below 20 MeV was used in

the evaluation
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FIGURE CAPTIONS

Fig. |. Cross sections for the 58Ni(n,2n)57Ni reaction as originally
reported in the literature (Only data sets are shown which

provide values above 16 MeV neutron energy)

Fig. 2. Renormalized and corrected cross section data for the

reaction 58Ni(n,2n)57Ni from the threshold to 20 MeV

Fig. 3. Renormalized and corrected cross section data for the

reaction 58Ni(n,2n)57Ni in the energy range 13 MeV to 15 MeV

Fig. 4. The final evaluated 58Ni(n,2n)57Ni cross sections compared

with previous evaluations
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