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ABSTRACT

The reaction cross-sections of “Ti(n,2n)*Ti and *Fe(n,2n)**"*¢Fe, which are important
for fusion reactor neutron dosimetry, were evaluated using a generalized least squares
method. The experimental cross-section data of all measurements performed up to January
1993, were critically reviewed. The evaluated cross-section data are presented in analytical
form and in ENDF-6 format, including covariance data.
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INTRODUCTION

The development of activation detectors having selective
sensitivity to neutrons in energy range 13.5-15 MeV is one of the
important problems of neutron metrology on fusion facilities.
Analysis of reaction <cross-sections with high energy threshold

indicates the possibility of development of such detectors on the

46 45 5 +
basis of the Ti(n,2n)*°Ti and °‘Fe(n,2n) > "'&

Fe reactions.
The energy threshold of enumerated reactions equal to 13.48 MeV and
13.63 MeV respectively.

The production technology of highpurity materials on the basis
of metallic titanium and iron for various concentrations of target
isotopes 1is well-developed. So the production of activation
detectors with numbers of nuclei of the isotopes 46Ti and 54F

known within 0.5 + 1% (20) doesn't meet difficulties [1].

e

53
The uncertainties in decay data for radionuclides 45Ti, gFe,

53m
Fe don't exceed 1% (17) except for quantum yields of some

gamma-lines.

Nowadays the problem of the use of activation detectors on the
basis of 46Ti(n,2n)45Ti and 54Fe(n,2n)53m+gFe is connected first of
all with lack of reliable reaction cross-section evaluation data.
In International Reactor Dosimetry File {2] and National Japanese
and Chinese Dosimetry Files [3,4] cross—-section data for considered
reactions are absent. The BOSPOR-86 [6], JENDL-3 [7], REAC-ECN-5
[8] include the evaluated cross-sections for two reactions of
53m+gFe

reaction cross—section evaluation only. All the enumerated

interest while ENDF/B-6 1library [5] contains 54Fe(n,2n)

evaluations have essential drawback which doesn't permit
to use them in neutron dosimetry. These evaluations don't include
the covariation matrix of cross-section uncertainties (File 33).
Besides that the evaluations from different libraries are
inconsistent with each other in some energy ranges. So there 1is a
necessity in new evaluation (which includes covariance information)

] 54 53m+ .
of the 46Ti(n,2n)45T1 and }Fe(n,Zn) m gFe reaction Cross-

54 53m+
sections. It should be noted that the Fe(n,2n) m gFe reaction

cross-section evaluation is important not only for the wuse in

neutron dosimetry. This evaluation is necessary also for



TABLE 1. SUMMARY OF EXPERIMENTS FOR THE REACTION Ti46(n,2n)Ti45

-------------------------------------------------------------------------------------------------------------------------------

ENERGY-RANGE NR. OF DATA METHOD OF MEASUREMENT MONITOR REFERENCES No
{MeV] POINTS
14.80 14.80 1 Act, Beta Cub3(n, 2n)Cuéb2 norm at 14.10 MeV Poularikas+ 59 [10]
14.40 14.40 1 Act, Two Nal(Tl) ,Ann.Gammas Coinc. Cubé3(n,2n)Cub? Rayburn 61 [11]
13.40 14.93 6 Act, B+ (Ti45),B- (Na24), Prop.count T(d,n)He4 assoc.pt. and Al27(n,a)Na24 Prestwood+ 61 [12]
16.50 19.76 3 Act,B+,Prop.count,Fiss cout,R.Chem. U238(n,f)FP . Prestwood+ 61 [12]
164.13 14.13 1 Act, Nal(Tl) ,Ann.Gammas T(d,n)He4 assoc.pt. Cevolanij+ 62 [13]
14.70 14.70 1 Act, NaI(Tl), Gamma Al27(n,a)Na24 Strain + 65 [14]
14.10 19.60 7 Act, Two NalI(Tl) ,Ann.Gammas Coinc. 1-H-1(n,n)1-H-1 Bormann+ 65 [15]
14.60 14.60 1 Act, NaI(Tl), Ann.Gammas Cub3(n,2n)Cub2 Csikai 65 [16]
13.60 14.80 2 Act Nal,Ann.Gammas, 4P B-G counter  Al27(n,a)Na24 Pai 66 [17]
16.00 19.50 3 Act,Nal ,Ann.Gammas, 4P B-G counter  Al27(n,a)Na24 Pai 66 [17]
14.20 14.20 1 Act, NalI(Tl), Ann.Gammas Cub5(n, 2n)Cubs Maslov+ 72 18]
14.60 14.60 1 Act, Nal(Tl), Ann.Gammas Cub3(n, 2n)cubl Araminowicz+ 73 [19]
13.79 19.59 18 Act, Nal(Tl), Ann.Gammas, P-rec.tel. 1-H-1(n,n)1-H-1 Paulsen+ 75 [20]
14.60 14.60 1 Act, Ge(Li), Ann. Gammas Al27(n,a)Na24 Sigg 76 [21]
14.70 14.70 1 Act, Ge(Li), Ann.Gammas, P-rec.tel. Al27(n,a)Na24g Qaim+ 76 [22]
13.50 14.78 6 Act, Ge(Li), Ann.Gammas Al27(n,a)Na24 norm at 14.10 MeV Csikai+ 82 [23]
14.80 14.80 1 Act, Ge(Li), Ann.Gammas Al27(n,a)Na24 Mol la+ 83 [24]
14.60 14.60 1 Act, Ge(Li), Ann.Gammas T(d,n)He4 assoc.pt. Zhou Muyao+ 87 [25]
13.63 15.01 6 Act, Ge(Li), Ann.Gammas Nb93(n, 2n)Nb92m Tkeda+ 88 [26]
14.70 14.70 1 Act, HPGe and NaI(Tl),‘Ann.Gammas AlL27(n,a)Na24 norm at 14.10 MeV Dighe+ 91 [27]



calculation of the activation of structure materials in fusion

5 +
facilities. As known the 4Fe(n,2n)53m &

Fe reaction is one of the
53 . . . . . .
sources of long-lived Mn accumulation at irradiation of iron in

fusion facility neutron spectrum.

4 4
THE EXPERIMENTAL DATA BASES FOR THE 6Ti(n,2n) 5Ti

+
AND 54Fe(n,2n)53m EFe REACTIONS CROSS~SECTIONS

The experimental data on the 46Ti(n,2n)45Ti reaction Cross
section have been reported since 1959, All the measurements have
been carried out by activation technique. The list of experiments
for the 46Ti(n,2n)45Ti reaction cross—-section is given in Table 1.
Columns 1-3 contain the lower and upper limits of the energy range
under consideration in the experiment and the number of experimen-
tal points within this range.Methods of measurements of induced ac-
tivity and neutron flux are given in columns 4, 5. In columns 6, 7
the name of the first author of the publication and the reference
number are listed.

The original experimental data have been renormalized to new
recommended standard cross-sections [2,9], quantum and positron
yields [48].Corrections due to changes in half-lifes of radiocactive
nuclei are negligible.Of other introduced corrections (see Table 2)
the most important are:

1. The errors of measured cross-sections declared by authors didn't
include the error in average neutron energy. Respectively the
contribution to cross-section error due to uncertainty in average
neutron energy has been calculated on the basis of existing eva-
luation (JENDL-3) and added.

2. The analysis of the experimental data for other reactions cross-

9
sections (SZCr(n,Zn), > Co(n,2n)) shows that the cross-sections

measured by Ikeda et al. are systematically lower than the main
bulk of the experimental ‘data. In our opinion the most probable
reason of this is systematical error in determination of average

neutron energy. So we have shifted the cross-sections measured
by Ikeda et al. to the left along the energy scale by 80 keV. This
shift is within the error in average neutron energy declared by

author.



TABLE 2.

CROSS SECTION DATA FOR THE REACTION Ti4b(n,2n)Ti45
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REFERENCE

lkeda+

Pai

Tkeda+
Prestwood+
Csikai+
Prestwood+
lkeda+
Paulsen+
Prestwood+
Bormann+
Csikai+
Cevolani+
Maslov+
Csikai+
fkeda+
Rayburn
Paulsen+
Prestwood+
Araminowicz+
Sigg

Zhou Muyao+
Tkeda+
Csikai+
Strain +
Qaim+
Dighe+
Paulsen+
Csikai+
Poularikas+
Pai

73



31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58

14
14
15

15.

15

15.
15.
16.

16

16.
16.
16,
16,
17.
17.
17.
17.

17.
18.
18.
18.
18.
19.
19.
19.
19.
19.
19.

.930 0.180 0.360 44.500 3.000 18 43.340 8.210 Prestwood+
.930 0.050 0.200 54.900 3.000 178 54.430 5.620 Tkeda+
.000 0.060 0.300 69.500 8.000 8 69.500 8.900 Bormann+
090 0.058 0.290 61.100 4.200 38 60.400 5.100 Paulsent
.370 0.058 0.290 90.500 5.700 38 89.400 6.700 Paulsent
750 0.056 0.280. 112.000 8.000 38 110.700 8.500 Paulsen+
990 0.056 0.280 117.000 7.000 38 115.600 7.500 Paulsen+
000 0.060 0.300 137.000 17.000 8 137.000 17.300 Bormann+
.000 0.125 0.500 100.000 10.000 18 104.300 10.700 Pai

250 0.054 0.270 131.000 9.000 38 129.500 9.200 Paulsen+
420 0.054 0.270 142.000 8.000 38 140.300 8.200 Paulsen+
500 0.030 0.300 145.000 7.000 18 140.000 9.500 Prestwood+
610 0.052 0.260 149.000 9.000 38 147.200 9.100 Paulser+
000 0.060 0.300 173.000 22.000 8 173.000 22.100 Bormann+
270 0.094 0.470 188.000 18.000 38 185.800 18.200 Paulsen+
300 0.175 0.700 170.000 14.000 18 168.300 12.300 Pai

750 0.0%90 0.450 197.000 14.000 38 194.700 14.100 Paulsen+
950 0.030 0.320 185.000 9.000 18 178.200 10.000 Prestwood+
000 0.060 0.300 202.000 25.000 8 202.000 25.100 Bormann+
330 0.082 0.410 218.000 15.000 38 215,400 15.000 Paulsen+
600 0.060 0.300 213,000 26.000 8 213,000 26.000 Bormann+
710 0.074 0.370 232.000 14.000 38 229.300 13.800 Paulsen+
130 0.062 0.310 226.000 14.000 38 223,300 13.900 Paulsen+
360 0.052 0.260 235.000 14.000 38 232.200 14.000 Paulsen+
500 0.050 0.200 250.000 25.000 18 243,900 22.000 Paf

590 0.046 0.230 239.000 14.000 38 236,200 14.000 Paulsen+
600 0.020 0.100 214,000 26.000 8 214,000 26.100 Bormann+
760 0.040 0.430 233.900 12.000 18 225.900 12.600 Prestwood+

CORRECTION CODES:

1)
3

O DNODM

)
)
)
)
)

Cross-section renormalized to the new recommended values of reference cross section used in measurement.
Cross-section renormalized to the new recommended decay data (half-life, emission probability etc.).
Uncertalnty in the half-life data are included in the total cross-section data error.

The center of energy resolution function was shifted. See text for details.

Uncertainties in neutron energy are included In the total cross-section data error.

The total error in the cross-section data was evaluated.

61
a8
65
75
75
75
75
65
66
75
75
61
75
65
75
66
75
61
65
75
65
75
75
75
66
75
65
61



TABLE 3. SUMMARY OF EXPERIMENTS FOR THE REACTION Fe54(n,2n)Fe53g+m

ENERGY-RANGE NR. OF DATA METHOD OF MEASUREMENT MONITOR REFERENCES NR
[(MeV] POINTS
164.10 14.10 1 Act, Prop. Counter, Beta+ Cub3(n,2n)Cub2 Altan 56 [28]
16.89 17.89 2 Act, GEMUC, B- Fe56(n,p)Mn56 norm at 14.30 Mev Terrell + 58 [29]
15.00 15.00 1 Act, Prop. Counter, Beta Cub3(n,2n)Cub?2 Depraz + 60 [30]
14.40 14.40 1 Act, Two NaI(Tl) ,Ann.Gammas Coinc. Cub3(n,2n)Cu62 Rayburn 61 11
14.80 14.80 1 Act, B+ Al27(n,a)Na24 and Cubé3(n,2n)Cub2 Chittenden+ 61 [31]
14.10 14.10 1 Act,Boric acid counter+Nal(Tl),Gamma NO INFORMATION GIVEN Pollehn + 61 [32]
164.50 14.50 1 Act Al27(n,a)Na24 Cross + 63 [33]
14.10 14.10 1 Act, Two Nal(Tl) ,Ann.Gammas Coinc. Cu63(n,2n)Cub2 Carles 63 [34]
14.70 14.70 1 Act, Nal(Tl), Gamma Cub3(n,2n)Cub2 Strain + 65 [14]
14.05 16.75 2 Act, Nal, Ann. Gamma NO INFORMATION GIVEN Salisbury+ 65 [35]
14.60 14.60 1 Act, Nal(Tl), Gamma Cub3(n,2n)Cub2 Csikai 65 [16]
13.87 17.40 10 Act, Solid Scint.,Ann.Gamma Cub3(n,2n)Cub2 norm at 14.30 MeV Andreev + 68 [36]
13.87 17.40 10 Act, Solid Scint.,Ann.Gammas Coinc. Cu63(n,2n)Cué2 norm at 14.30 MeV Andreev + 68 [36]
14.70 14.70 1 Act, Ge(Li), Ann.Gamma AL27(n,p)Mg27 Qaim 72 [37]
14.60 14.60 1 Act, Nal(Tl), Gamma Cu63(n,2n)Cub2 Araminowicz+73 [19]
14.80 14.80 1 Act, Ge(Li), Ann.Gamma AlL27(n,p)Mg27 Sigg + 75 [38]
14.05 18.23 11 Act, Nal, Gamma and G-G coincidence 1-H-1(n,n)1-H-1 norm at 14.30 MeV Bormann + 76 [39]
14.65 19.00 6 Act,4P1 Beta PROPC coinc with Nal Fe56(n,p)Mn56 Ryves + 78 [40]
15.30 18.95 6 Act,4 Pl Beta-Gamma coinc. counter  1-H-1(n,n)1-H-1 norm at 14.77 MeV Ryves + 78 [41]
14.70 14.70 1 Act, Ge(Li), Gamma AL27(n, p)Mg27 Bahal + 84  [42]
13.95 14.64 6 Act, Ge(Li), Gamma AL27(n,p)Mg27 and Al27(n,a)Na24 Greenwood+ 85 [43]
14.60 14.60 1 Act, Ge(Li) , Gamma T(d,n)He4 assoc.pt. norm at 14.40 MeV Zhou Muyao+ 87 [25]
13.70 14.87 5 Act., HPGe, Gamma Al27(n,p)Mg27 Katoh + 89 [44]
13.93 14.83 5 Act, Ge(Li), Gamma AlL27(n,p)Mg27 Viennot + 91 [45]



The corrected experimental data for the 46Ti(n,2n)45Ti reac-
tion cross-section are consistent with exception of the energy
range near threshold where excitation function increases.We discar-
ded the cross-section measurement from the work [12] at energy
13.4 MeV being lower than reaction threshold.The cross-sections va-
lues given by Csikai at 13.5 MeV [23] and at 14.6 MeV [16], Paulsen
et al. at 13.79 MeV [20], Molla et al. at 14.8 MeV [24] differ from
the main bulk of experimental data more than two standard devia-
tions. So they have been withdrawn also.

As to integral data there is the only experiment by Csikai et
al. [49] which measured average 46Ti(n,Zn)'asTi reaction cross-sec-
tion in the 2520f spontaneous fission neutron spectrum. In our opi-
nion measured average cross-section overestimates the true value by

order approximately and can’'t be used as benchmark.

45 . .
Unlike the 46Ti(n,2n) Ti reaction cross-section the

experimental data for the 54Fe(n,2n)53m+gFe reaction cross-section
are inconsistent and present a good object for demonstration of the
power of theoretical model calculations and significance of preli-
minary analysis of the experimental data.

In the energy range from threshold to 16.63 MeV 54Fe(n,2n) re-

53 . .
action leads to Fe formation in the ground state.At neutron ener-

53
F

gies exceeding 16.63 MeV the 3.04 MeV isomer level of the e

(J = 19/2—, T1/2 = 2.58min) is excited. The transition from isomer
state to ground one is realized with a probability of 100%.
The ““Fe(n,2n)> "8
(first of which dates from 1956 [28]) cover rangesgrom 13.7 MeV to
m+g

Fe reaction cross-section measurements
19 MeV. The list of experiments for the 54Fe(n,2n) Fe reaction
cross-section is given in Table 3. The original experimental
data are shown in Fig.5,6. All the experimental data have been re-
normalized to new values of standard cross-sections [2,9], quantum,
electron and positron yields [48]. The changes in half-lifes of ra-
dioactive nuclei have been taken into account by means of increa-
sing of cross-section errors. The 27Al(n,p)27Mg cross-section ex-
tracted from [2] has been renormalized to new evaluation of this
cross-section at E = 14.7 MeV [50].

In the energy range from threshold to 15 MeV results of recent

Greenwood's and Viennot's experiments [43,45] are consistent with

9



TABLE 4.
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CROSS SECTION DATA FOR THE REACTION

Fe54(n,2n)Fe53g+m
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each other.The measurements of Kato [44]) don't contradict to Green-
wood's and Viennot's data but exceed them below 14.7 MeV. The mea-
surements of Qaim [37] and Bahal [42] at energy 14.7 MeV coincide
practically. They are in agreement with results of experiments des-
cribed above also. The same is true for measurements reported by
Chittenden at 14.8 MeV [31] and Depraz at 15.0 MeV [30]. In spite
of corrections the results of many experiments in the energy range
from threshold to 15 MeV [11,14,16,19,25,28,29,32-34,36,38,39] are
inconsistent with both theoretical model calculations [47] and mea-
surements considered above. 1In particular cross-sections measured
in those experiments are higher by a factor of 2 to 4 than Green-
wood's and Viennot's data.By this reason they have been disregarded.

In the energy range 15 - 19 MeV there are three trends in the
cross-section behavior (the data of Ryves [40],[41]), Bormann [39],
Andreev [36]). The measurements of Ryves [40,41] have been carried
out by two different techniques (in point of view of both neutron
flux monitoring and induced activity measurement).Besides the cross
sections given by Ryves are in agreement with theoretical model cal
culations [47]).As to Bormann's data they are inconsistent with al-
ready accepted experimental cross-sections (below 15 MeV) and theo-
retical model calculations [47] (above 17 MeV). In its turn And-
reev's data exceed the cross-sections reported by Ryves and results
of theoretical model calculations by a factor of 2.So Bormann's and
Andreev's data have been withdrawn. The resulting experimental data
base for the 54Fe(n,2n)53m+gFe reaction cross-section is given in
Table 4. It includes information about average energy and energy
spread of incident neutrons, the error of average neutron energy,
cross-sections values and their errors given by authors, corrected
cross—-sections and their errors.

For all the experimental sets included in data bases the ana-
lysis of cross~section error components has been performed and ave-
rage correlation coefficient for each experimental data set ( sece

Tables 5,6 ) has been calculated.

11



Table 5. Average correlation coefficients (F-corr) for the

experimental data used for the evaluation of the

Ti46(n,2n)Ti45 reaction excitation function.
Experimental data F-corr Experimental data F-corr
1. Poularikas+ 59 0.00 10. Maslov+ 72 0.00
2. Prestwood+ 61a 0.17 11. Araminowicz+ 73 0.00
3. Prestwood+ 61b 0.54 12. Paulsen+ 75 0.46
4. Rayburn 61 0.00 13. Sigg 76 0.00
5. Cevolani+ 62 0.00 14. Qaim+ 76 0.00
6. Bormann+ 65 0.31 15. (Csikai+ 82 0.13
7. Strain + 65 0.00 16. Zhou Muyao+ 87 0.00
8. Pai 66a 0.42 17. 1keda+ 88 0.66
9. Pai 66b 0.32 18. Dighe+ 91 0.00
Table 6. Average correlation coefficients (F-corr) for the
experimental data used for the evaluation of the
Fe54(n,2n)Fe53g+m reaction excitation function.
Experimental data F-corr Experimental data F-corr
1. Chittenden+ 61 0.00 6. Bahal + 84 0.00
2. Salisbury+ 65 0.30 7. Greenwood+ 85 0.80
3. Qaim+ 72 0.00 8. Katoh + 89 0.69
4. Ryves + 78a 0.66 9, Viennot + 91 0.37
5. Ryves + 78b 0.61

STATISTICAL ANALYSIS OF THE EXPERIMENTAL DATA
AND RESULTS OF CALCULATIONS

The method of statistical analysis of the correlated
experimental data was described in detail in [46]. Here we will
outline only the main features of the method.

The experimental data are analyzed within the framework of

non-linear regression model. The rational function

12



4G 45
Table 7. Evaluated group cross-sections for the Ti(n,2n) Ti

reaction.

ENERGY GROUP GROUP CROSS-SECTION ERROR ERROR
[MeV] to [MeV] NUMBER {mb] {mb] [Z]
13.60 13.70 1 1.34 0.23 16.98
13.70 13.90 2 4.31 0.41 9.60
13.90 14.10 3 10.13 0.57 5.66
14.10 14.30 4 17.86 0.72 4.06
14.30 14.50 5 27.06 0.88 3.27
14.50 14.70 6 37.33 1.04 2.79
14.70 14.90 7 48.33 1.21 2.50
14.90 15.10 8 59.73 1.41 2.36
15.10 15.30 9 71.28 1.67 2.34
15.30 15.50 10 82.78 1.99 2.40
15.50 16.00 11 102.25 2.61 2.55
16.00 16.50 12 128.07 3.47 2.71
16.50 17.00 13 150.91 4.12 2.73
17.00 17.50 14 170.72 4.54 2.66
17.50 18.00 15 187.75 4.84 2.58
18.00 19.00 16 208.62 5.30 2.54
19.00 20.00 17 230.35 6.44 2.80

1 1
1 a, 2 O, (E-E_)+f
f(E) = C + z —2 z k kK (1)

: 2 .2
i=1 E-p, k=1 (E-€)7+7,

is used as model function. The minimized functional has the form:

-4 - T -1 = -
S=((0-f)v (0 - 1) (2)
0 -
In formulas (1) and (2) C, ai, pi, Gk, ﬁk’ Sk, Yk parameters to

-
be estimated, U and V - vector and covariance matrix of measured
cross—-sections, superscript T denotes a transpose. For calculation
of covariance matrix of the estimated parameters W the following
formula has been used
-1_.-1

W=—— (X'V X)
where n - the total number of measured c¢ross-sections, L - the
number of parameters of the rational function, X is a matrix of the
sensitivity coefficients of the rational function to a variation of
parameters.

The results of evaluation are shown in Fig.1-10. The evaluated

3m+
curve for the 54Fe(n,2n)5 nre

Fe reaction has 5 parameters in
representation (1) (energy in MeV, cross-section in mb, energy

range 13.7 - 20 MeV): Ql=329.74, ﬁl=-545.26, 81=15.804, 71=3.4700,

13
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54 53
Table 8. Evaluated group cross-sections for the Fe(n,2n) Fe

reaction.

ENERGY GROUP GROUP CROSS—-SECTION ERROR ERROR
[MeV] to {MeV] NUMBER fmb] [mb] (%]
13.70 13.90 1 0.39 0.13 33.45
13.90 14.10 2 0.96 0.19 19.41
14.10 14.30 3 2.00 0.27 13.61
14.30 14.50 4 3.55 0.38 10.59
14.50 14.70 5 5.66 0.51 9.06
14.70 14.90 6 8.35 0.69 8.23
14.90 15.10 7 11.63 0.89 7.69
15.10 15.30 8 15.49 1.13 7.26
15.30 15.50 9 19.90 1.37 6.88
15.50 16.00 10 28.81 1.80 6.26
16.00 16.50 11 42.95 2.44 5.68
16.50 17.00 12 57.38 3.00 5.23
17.00 17.50 13 70.54 3.32 4.71
17.50 18.00 14 81.46 3.32 4.08
18.00 19.00 15 92.92 3.14 3.37
19.00 20.00 16 101.47 4.27 4.20

46 45
Yable 9. Correlation matrix of evaluated group cross-sections for the  Ti(n,2n) Ti

BEERGY GROUP
[Ne¥]

13.60
13.70
13.90
14.10
14.30
14.50
14.70
14.90
15.10
15.30
15.50
16.00
16.50
17.00
17.50
18.00
19.00

C=75.484.

has

13.70
13.90
14.10
14.30
14.50
14.70
14.90
15.10
15.30
15.50
16.00
16.50
17.00
17.50
18.00
19.00
20.00

The

46

ik

5 parameters

1

too

1

00
91
18
56
36
1]
16
13
13
15
19
3
28
26
25
20

2

100
9
13
54
40
29
22
17
15
14
15
17
19
20
19

(energy range 13.60 - 20 MeV):

3

100

4

92 100

80
66
53
40
29
21
12

13
18
22

95
86
14
60
45
32
17

10
19
28

5

100
96
88
15
61
Y]
29
16
1
11
14
21
32

b

100

)

7 100
97 100

88
76
64
1)
i
25
23
2
2
34

89
80
b4
50
43
39
38
38
35

97
92
80
68
61
56
53
Y
36

Ti(n,2n)45Ti evaluated

9

100
%8
91
82
15
10
65
54
37

10

100
97
91
85
80
3
59
37

1 12

100
%8 100

reaction.Correlations are given in percentages., BR - the group suamber.

13 1 15 16 17

94 99 100

89 96
82 89
66 73
38 M

reaction

ﬁ1=—2878.4, 81=12.808, 71=2.9882, C=337.02.

14

%9 100

95 98 100

80 88 95 100

53 64 76 91 100

cross-section

G1=—424.23,



. . 54 53m+
Table 10. Correlation satrix of evalvated group cross-sections for the  Fe(n,In) E%e

reaction.Correlations are given in percentages. R - the group number.

BEERGY GROTUP n 1T 2 3 & 5 6 7 & 9 10 11 12 13 14 15 16
[¥eV]

13.70  13.90 1 100

13.90 1410 1 19 100

1410 14.30 3 26 67 100

14.30 14,50 4 31 66 82 100

14.50 14,70 5 3659 77 89 100

16.70 14,90 6 34 50 68 84 94 100

14,90 15,10 1 3¢ 42 59 77 90 96 100

15.10  15.30 8 32 35 51 70 85 93 97 100

15.30  15.50 9 30 29 44 63 79 89 95 98 100
15.50  16.00 10 26 21 33 50 66 78 86 92 96 100

16.00 16.50 " 19 14 21 34 47 58 68 77 84 94 100
16.50 17.00 12 1311 14 21 30 39 48 58 67 81 96 100
17.00 17.50 13 § 9 10 13 18 25 33 42 51 69 87 97 100

17.50  18.00 14
18.00 19.00 15

19.00 20.00 16

109 10 13 17 24 32 40 57 77 90 97 100
10 12 14 16 19 22 26 30 39 51 62 73 86 100
793 20 25 27 2 23 20 13 05 4 11 28 72100

w5 o~ o

The values of minimized functional S equal to 1.02 and 1.09
respectively. In energy range from threshold to 13.7 MeV (for the

+
54Fe(n,2n)53m gFe reaction) and from threshold to 13.60 MeV (for

the 46Ti(n,2n)45Ti reaction) linear interpolation must be used.

As seen from Fig.1,2 and Fig.7,8 there is essential difference
(especially in the important energy range from threshold to 15 MeV)
between our evaluation and the JENDL-3° and ENDF/B-6 evaluations.
Our curves are systematically 1lower the JENDL-3 and ENDF/B-6
evaluations. In our opinion the reason of this deviation is in the
difference of the used experimental data bases. Our evaluations are
oriented on recent measurements carried out by Ikeda et al.[26]
(for the 46Ti(n,2n)45Ti reaction), Viennot et al.[45], Katoh et al.
[44], Greenwood et al.[43] (for the 54Fe(n,2n)53m+gFe reaction).

Fig.3,4 and Fig.9,10 illustrate the variation of uncertainty
of the evaluated cross-sections via energy of incident neutrons.
According to Fig.3,4 the 46Ti(n,2n)45Ti reaction cross-section is

known to an accuracy of 20.0 - 4.0%Z in the range from threshold to

54
15 MeV and to about 4% in the range 15 - 20 MeV. The Fe(n,2n)

reaction cross—-section is known to an accuracy of 33.0 - 11.0% in

15
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the range from threshold to 14.5 MeV and 11.0 - 3.5%Z in the range
14.5 - 20 MeV.Evaluated group cross-sections and their correlations

are given in Tables 7-10.

SUMMARY
1. The experimental data bases comprising the results of the
46 . 45 . 54 53m+g . .
Ti(n,2n) "Ti and Fe(n,2n) Fe reaction cross-section

measurements up to January 1993 have been compiled. After «critical
review of the experimental data and introduction of corrections the
resulting data bases have been formed.

46 . 45_ . 54 53m+
2. The evaluations of the Ti(n,2n) Ti and Fe(n,2n) mre

Fe
reaction cross-sections were carried out on the basis of
Pade-approximation with taking the correlation of experimental data
into account. The evaluated cross-sections are presented in the
analytical form convenient for the use in applications. The wuncer-
tainty of evaluated cross-sections in energy range 13.7 - 14.5 MeV
{critically important for fusion application) is 33 - 11 % for
the 54Fe(n,2n)53m+gFe reaction and 20-4 Z for the 46Ti(n,2n)45Ti
reaction. It is evident that new precise measurements with high
resolution would be desirable in the energy range 13.7 - 14.5 MeV.

3. The files of evaluated cross-sections (File 3) and covariances

(File 33) were prepared in the ENDF/B-6 format.
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