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1. Introduction

Neutron activation cross section data around 14 MeV have become important
from the viewpoint of fusion reactor technology, especially for calculations on
radiation damage, nuclear transmutation, induced activity and so on.

In recent years formation cross sections of long-lived nuclei were measured
systematically in a good accuracy?. However there remain many short-lived nuclei
whose cross sections have not been measured yet or have not been measured in
a reasonable accuracy because of difficulty in measurement for short-lived nuciel.

A measuring program for activation cross sections of short-lived nuclei around
14 MeV neutrons has been carried out at the intense 14 MeV neutron source
facility (OKTAVIAN) of Osaka University since 1988. Up to now, we have
measured 47 cross sections for the (n, 2nm), (n, p), (n, n'p) and (n, a) reactions
leading to short-lived nuclei in a qualified experimental condition®™.

In this work 18 cross sections producing short lived nuclei (T;,= 21 s - 22
min) were measured in the energy range from 13.4 MeV to 14.9 MeV for Ru, Pd,
Cd and Sn. Measured reactions are shown in Table 1.

Half-life of three short-lived nuclei was measured with Ge detectors in the
spectrum multi-scaling mode. These values are needed for the cross section

determination. The measured half-lives are shown in Table 2.

7 Measurement of activation cross sections

The activation cross section values were obtained by measuring the
radioactivities induced with neutron irradiation as follows:

C = Nooedy(1-exp(-M Dexp(-MJ(1-exp(~At,))/ A

where
. y-ray peak counts,
- atomic number of target nuclide,

. activation cross section measured,

< Q Zz 0O

. neutron flux at the irradiation position,
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€ a Z 0
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g © full energy peak detection efficiency of y-ray,
Iy : y-ray emission probability per disintegration,
A 1 decay constant of induced radioactivity,
t. . irradiation time,

t. : cooling time,

t: measuring time of y-ray.

All cross section values were obtained relative to the standard reaction cross
section of 2’Al(n, )®*Na (ENDF/B-V)*.

2.1 Experimental

2.1.1 Neutron irradiation and fluence monitoring

The d-T neutrons were generated by an intense 14 MeV neutron source facility
(OKTAVIAN) of Osaka University. Incident d* beam cnergy and intensity were
300 keV and about 5 mA, respectively. A pneumatic sample transport system as
shown in Fig. 1 was used for the irradiation of samples. The angles of the
irradiation position to the d* beam were 0°, 50°, 75°, 105°, 125° and 155°, which
covered the neutron energies ranging from 14.9 to 13.4 MeV. Another pneumatic
tube was also set at —105° The distance between the T—target and the irradiation
position was 15 cm. When high neutron flux was required, an additional tube set
at 0° and at 1.5 cm was used. Typical neutron fluxes at each position are shown
in Fig. 2. The neutron flux at 75° was a little low owing to neutron scattering
with the rotating T-target assembly.

The neutron flux at the sample position was measured with use of the
substandard 2’Al(n, p)*’Mg (T 12= 9-46 min) reaction, whose cross sections were
determined by referring to the standard ?’Al(n, a)**Na (ENDF/B-V). The samples
were sandwiched between two aluminum foils of 10 mm x 10 mm x 0.2 mm thick.
The standard cross section of 2’Al(n, «) is shown in Table 3. Good statistics for
fluence monitoring could be achieved in reasonably short measuring time by using
the 2Al(n, p) reaction instead of *’Al(n, o). The use of the substandard 2TAl(n,
p) reaction brought only an additional statistical uncertainty of 0.5% to final results.

The effective energy of incident neutrons at each irradiation position was
determined by the ratio of the %°Zr(n, 2n)¥Zr(3.27 d)® and **Nb(n, 2n)**™Nb (10.15
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d)” cross sections (Zr/Nb method®). Since cach position of the pneumatic tubes
was mutually arranged in a good accuracy, the effective d* energy was chosen as
a fitting parameter in the relativistic calculation of d-T neutron energy. A fitting
result obtained for E; = 130 keV is shown in Fig. 3. The uncertainty in the
neutron energy was estimated to be 50 keV.

Mass separated isotopes from the Oak Ridge National Laboratory were used
as samples. Powder samples were wrapped in powder papers (each sample size:
10 mm x 10 mm and about 1 mm thick, sample masses: 20-70 mg). The isotopic
compositions of samples used arc shown in Table 4.

2.1.2  Activity measurement

Gamma-rays emitted from the irradiated samples and monitor aluminum foils
were measured with 12% and 4% HPGe detectors, and a 16% HPGe detector,
respectively.  Foils of Nb and Zr for neutron energy determination were measured
with 2 22% HPGe detector. The Ge detectors used are shown in Table 5. Each
detector was covered with a 5 mm thick acrylic absorber in order to reduce p-rays.
The peak efficiency calibration at 5 cm was accomplished by using sources of
24Na, 36Co, 133Ba, 152y and P*Eu.  Corrections for true coincidence sums were
applied. The errors in the efficiency curves were estimated to be 1.5% above 300
keV, 3% between 300 and 80 keV, and 5% below 80 keV.

To measure the weak activities efficiently, the samples were put on the
absorber surface (source-to-detector distance is 5 mm). To convert the efficiency
at 5 mm to the one at 5 cm, calibration measurements were carried out at both
distances by using extra samples irradiated with rather strong neutron flux through
the pneumatic tube set at 1.5 cm. This method improved the detection efficiency
by a factor of about 7. The calibration procedure brought an additional error of
1.0% to the results.

Peak areas of the y-rays were evaluated by summing all recorded counts in
the channel interval {C-3c, C+3c} and subtracting the background counts (Np),
where C is the position of the peak center and o is FWHM. Np is given by (60)
x (N + Np)/2, where Ny and Ny are the average counts of 5 channels in the
vicinity of (C-30) and (C+30), respectively. In Fig. 4, the peak area cvaluation
of the 215 keV y-ray emitted by 107mpq produced by 108pd(n, 2n)!"™Pd reaction

is shown as an example. This summing method is similar to that by Debertin and
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Schétzig”.  The uncertainty from the peak area evaluation was estimated to be
0.5%.

2.1.3 Decay data

In Table 6, measured reactions and associated decay datal® of the half-life
(Ty/,), the y~ray energy (Ey) and the absolute intensity in photons per disintegration
(Iy) are listed together with the Q values. The half-life of 9™Rh, 120mlyy ang

120m21, was determined in this work.

2.1.4 Corrections
The following principal corrections in deducing cross sections were made:

1) fluctuation of the neutron flux during the irradiation,

2) contribution of scattered low energy neutrons,

3) true coincidence sum,

4) random coincidence sum,

5) deviation in the measuring position coming from different thickness of each
sample,

6) seli-absorption of the y-ray in the sample material,

7) interfering reaction producing activities emitting the y-ray with the same energy
of interest.

The detailed procedures are described clsewhere®?).

2.1.5 Error Estimation

The total errors (8,) were derived by combining the experimental error (8,) and
the error of nuclear data (8) in quadratic: 6t2 = 532 + 6r2. Estimated major sources
of the error are listed in Table 7. When good counting statistics were achieved,
the experimental and total errors were 2.4 and 6.0%, respectively. The main error
sources are due to the y-ray detection efficiency and the standard 2’Al(n, o)**Na
reaction cross section. In some cases the errors of the y-ray emission probability
or the half-life were dominant. When the error of nuclear data is reduced, the total

crror will be much improved.

2.2 Results and discussion
Numerical data tables of the cross sections are given in Table 8 and the
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Schétzig”. The uncertainty from the peak area evaluation was estimated to be
0.5%.

2.1.3 Decay data

In Table 6, measured reactions and associated decay data'® of the half-life
(Ty), the y-ray energy (Ey) and the absolute intensity in photons per disintegration
(Iy) are Iisted together with the Q values. The half-life of !%™Rp, 20mlp; 4nd
120m2In was determined in this work.

2.1.4 Corrections
The following principal corrections in deducing cross sections were made:

1) fluctuation of the neutron flux during the irradiation,

2) contribution of scattered low energy neutrons,

3) true coincidence sum,

4) random coincidence sum,

5) deviation in the measuring position coming from different thickness of each
sample,

6) self-absorption of the y-ray in the sample material,

7) interfering reaction producing activities emitting the y-ray with the same energy
of interest.

The detailed procedures are described elsewhere®?.

2.1.5 Error Estimation

The total errors (8,) were derived by combining the experimental error (8,) and
the error of nuclear data (8,) in quadratic: 82 = 8.2 + 8.2 Estimated major sources
of the error are listed in Table 7. When good counting statistics were achieved,
the experimental and fotal errors were 2.4 and 6.0%, respectively. The main error
sources are due to the y-ray detection efficiency and the standard 2’Al(n, «)**Na
reaction cross section. In some cases the errors of the y-ray emission probability
or the half-life were dominant. When the error of nuclear data is reduced, the total

error will be much improved.

2.2 Results and discussion
Numerical data tables of the cross sections are given in Table 8 and the
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measured data are compared to other data in Fig.5. In the figures the total errors
are shown.

For the following four reactions the cross sections were measured for the first
time: “Ru(n, np)!®Tc, %Pd(n, np)!** Rh, °%Pdm, np)!®™Rh and '*Cd(n,
a)!®Ppd. No previous works on these reactions might be made due to too small
cross sections (less than 5 mb). The previous cross section data of °'Ru(n,
p)lOLTclD), 198pgn, 1p)!%Rh!?, 16Cd(m, p)llﬁgAgB) and 19Sn(n, p)''%n!? are
discrepant with the present values by a factor of more than 2. In particular the
cross section of *'Ru(n, p) reaction measured by Paul and Clarke!Vis discrepant
with the present values by a factor of more than 10. In Fig. 5.1 the present cross
section data of '®Ru(n, p) are shown together with the previous and estimated

5)

values based on the systematics proposed by us. The systematics is expressed

by the following formula:

o, (mb)=(6.0x10")4%7(0.585)®4 exp(-33(N-Z)/A +8)

0 (e-e target nucleus)
6= +0.15 (e-o0)
-0.15 (o0-e)

where N, Z and A are neutron, proton and the mass number of the target nuclei.
The present values of this reaction cross section are consistent with our systematics.

The cross section data of %Ru(n, p)!%*™Tc, ®Ru@m, p)!*Tc and “Ru(n,
a)!*Mo by Gray et al.1® agree with the present data within the uncertainties, but
his data show systematically low values compared with the present data. The
induced radioactivities produced by these reactions emit cascade y-rays. Inm our
measurement the true coincidence—sum corrections ranged between 15% and 30 %
at 5 mm. His lower values might result from insufficient corrections.

For ®™In produced by the reaction '?°Sn(n, p)'?®™In the existence of two
isomers with similar half-lives was recognizedm. In this work the formation cross
sections of two isomers, 12°"?In, were separately measured. The previous values
of the ®Sn(n,p)'**™In cross sections were measured without the separation of the
decay of two isomers ?™In. The previous values of 108pd(n,2n) 0"mpd 1819 cross
section agree well with the present value.

In appendix 1, the singles y-ray spectra of the samples irradiated by 14 MeV
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neutrons are shown.

3. Measurement of half-lives

The half-life value is onc of the important decay data for cross section
measurement. It is therefore required that the half-life values are precise and
reliable. The error of the ™Rh haif-life previously reportedzo) was not evaluated.
It had been considered ?°In had one isomer with a half-life of 44.4 s*0,
et al. found 2°"In had two components'). It was determined by them that one
half-life (2°™lIn) was 47.3(5) s and another (***™In) 46.2(8) s.

We measured the half-lives of ®™Rh and of two isomers of 120y, These

values are needed for cross section determination. The y-rays were measured with

Cheung

the Ge detector in the spectrum multi-scaling mode. The measurement was made
at equal interval of 1/3 to 1/6 of the half-life for about 10 times the half-life. The
37cs, %Tm and **'Am sources and a pulse generator with a rate of 60 cps were
simultaneously measured together with the short-lived activity for the correction of
the pile—up and the dead time losses (source method, constant—pulser method). The
initial counting rates were always kept to be less than 9 x 10® cps. Data points
were analyzed by the least squares fitting. The detailed procedures are described

elsewhere??).

The results are summarized in Table 9 together with the production reactions,
followed y-rays, reference sources for corrections and previous data. The results
are shown in Fig. 6 together with the previous works. As an example, singles
y-ray spectrum and the decay curve of 105mRh are shown in Fig. 7 and Fig. 8,
respectively.

Previous values of these half-lives are longer by 6-4% than the present
values. This might be due to insufficient corrections of the pile-up and the dead

time losses.

4. Summary

The activation cross sections were measured on the 18 reactions producing the
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elsewhereZD.

The results are summarized in Table 9 together with the production reactions,
followed y-rays, reference sources for corrections and previous data. The results
are shown in Fig. 6 together with the previous works. As an example, singles
y-ray spectrum and the decay curve of 105mph are shown in Fig. 7 and Fig. 8,
respectively.
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4. Summary
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short-lived nuclei in the neutron energy range of 13.4 to 14.9 MeV for Ru, Pd, Cd
and Sn by the activation method. The half-life of 120mly, 120m21, apd 19MRh was

measured by applying both the source and pulser methods.
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Table 1
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Measured reactions

Reaction?®’ T1/2 Reaction Ty,
101Ry(n, p)10lpe 14.2 min  108pg(n,2n)107mMra  21.3 s
102gu(n,p)102mre  4.35 min (n,p)L089rn 6.0 min

(n,np)lOITc 14.2 min (n,np)107Rh 21.7 min
104Ry(n, p)104rc 18.3 min  112¢cd(n,a)109mpg 4.69 min

(n,a)10lye 14.6 min 116Cd(n,p)llsgAg 2.68 min
104pg(n,p)l04mgy  4.34 min  119%n(n,p)119%i1n 2.4 min
105pg(n, p)l05MRrn  42.4 &P) 119mypy 18.0 min

(n,np)104Mrn  4.34 min  129gp(n,p)120mlinc) 43.5 SP)
106pg(n, np)l05Mrn 42.4 s 120m214C) 45.6 P

a) (n,np) means [(n,d}+(n,n'p)+(n,pn)].

b) Measurd in the present work.

C) 1t was shown that 129In had two isomers in ref. 17.

is a low-spin iscmer (3%, 4%, 5%),

high-spin isomer (87 ).

Table 2

Measured half-1lives

lZOmlIn

In is a

Nuclide
(half-1life)

105mgy,

(42 s)

120mly,
(44 s)

lZOmZIn
(46 s)
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)

Table 3 Cross section of 27A1(m,a) 2"Na reaction®

En(MeV) Cross section(mb)
14.96 113.42
14.92 113.93
14.84 114.97
14.71 116.65
14.53 118.97
14.32 121.28
14.10 123.63
13.95 125.02
13.81 125.93
13.68 126.77
13.55 127.62
13.33 128.60

a) Taken from ENDF/B-V. Uncertainty is #3% for all values.
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a)

Table 4 Samples of enriched isctopes
Sample Chemical Enrichment ~ Weight  Reaction Isotopic composition

form (%) (mg) Mass Number(atomic percent}
101gy  Ru 96.03 60 10lRu(n,p) 99(0.24), 100(0.64)
102(2.73), 104(0.36)
102Ry  Ru 98.95 47 102gy(n,p)™ 99(0.12), 100(0.15)
(n,np) 101(0.37), 104(0.41)
104gy  Ru 99.05 37 104ru(n,p) 99(0.10), 100(0.13)
(n,a) 101(0.23), 102(0.49)
104pg pa 96.02 16 19%4pg(n,p)™ 105(4.48), 106(1.15)
108(0.79), 110(0.56)
105pg  pa 96.58 30 105pa(n,p)™ 104(0.41), 106(2.35)
(n,np)™ 108(0.46), 110(0.20)
106pg pg 97.51 38 106pg(n,np)™ 104(0.24), 105(1.00)
108(0.72), 110(0.53)
108pg pg 98.79 38 108pg(n,2n)™ 104(0.15), 105(0.31)
(n,p)Y9,(n,np) 106(0.39), 110(0.36)
112¢4 cao 97.26 58 112cd(n,a)™ 106(0.02), 108(0.02)
110(0.26), 111(0.63)
113(0.88), 114(0.85)

116(0.08)
116cq cao 94.97 43 116ca(n,p)9  106(0.07), 108(0.02)
110(0.24), 111(0.58)
112(0.74), 113(0.73)

114(2.65)
11950 sno,  84.48 65 119n(n,p)™ 9 116(0.40), 117(0.85)
118(3.63), 120(9.98)
122(0.44), 124(0.20)
120gn sno, 98.05 70 120gn(n,p)™-2116(0.13), 117(0.11)
118(0.61), 119(0.66)
122(0.34), 124(0.10)

a) Enriched isotopes were obtained from the Oak Ridge

National Laboratory.

Table 5 Ge detectors used for cross section measurement

Detector Volume Efficiency FWHM?®  Object of measurement
em (%) (keV)

p-type HPGe 60 12 1.75 Short-lived nuclei

n-type HPGe 30 4 0.61P) short-lived nuclei

n-type HPGe 89 16 2.00 Al monitor foil(27Mg)

p-type HFPGe 102 22 1.65 Neutron energy calibration
(Nb, Zr foils)

a) at 1333 keV

b) at 12

2 keV



Table 6 Measured reactions and decay parameters
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a)

ReactionP’ Ty /2 Ey(keV) IY(%) 0(Mev)©)
101gy(n,p)1fiTc 14.2(1) min 306.8 88(4) -0.84
102gy(n,p)102mre 4.35(7) min 475.1 85.3(20) -3.74

(n,np)0%lre  14.2(1) min 306.8 88(4) -10.1
104gy(n,p)104rc 18.3(3) min 358.0 79(10) ~4.83
(n,a)iO%lMo 14.6(1) min 191.9 18.8(10) 1.06
104p3(n, p)104mrn 4.34(5) min 51.4 48.3(5) =~1.79
105pg(n,p)t05mrn  42.4(5) s4) 129.6 20.0(4) 0.086
(n,np)l0%Mrn  4.34(5) min 51.4 48.3(5) -8.88
106pg(n,np)t05MrRn 42.4(5) s3) 129.6 20.0(4) -9.35
108p4(n,2n)i0%7mMpg  21.3(5) s 214.9 69.0(29) -9.43
(n,p)108Irn 6.0(3) min 581.0 59(12) -3.65
(n,np)107Rh  21.7(4) min 302.8 66(5) -9.95
11264(n, ) 109mpg 4.69(1) min 188.9 55.8(7) 2.48
116ca(n,p)ll09ag 2.68(1) min 513.5 76(4) -5.21
119gsn(n,p)11991n 2.4(1) min 763.1 99.08(15) -1.55
119my,  18.0(3) min 311.4 0.99(20) -1.86
120gn(n,p)120mitnelgs,5¢8) s4) 1171.3 96.1(10) -4.52
120m2y1.e)4g8.4(4) @) 197.1 80.6(31) -4.52
2771 (n.o)%4na £) 14.959 h 1368.6 99.994(3) -3.13
27a1(n,p)27Mg 9) 9.46 min 843.8 72.0(4) -1.83
a)Taken from ref.10.
b)(n,np) means [(n,d)+(n,n'p)+(n,pn)]
Clo(n,n'p) is given here. Q(n,d)=Q(n,n'p)+2.225 MeV.

d)Measured in this work.
€)gee ref. 17.
f)Standard reaction(ENDF/B-V) used in this work.

g)Secondary standard reaction used for short-lived nucleil.
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Table 7 Principal sources of uncertainty in the measured
cross sections

Experimental error (69)

Source of error Uncertainty( %)
Counting statistics 0.5 - 29
Sample mass including purity 0.1
Neutron flux fluctuation < 0.1 (20% of correction)
Gamma-peak area evaluation 0.5
Detector efficiency 1.5 (Ey> 300keV)
3 (300-80 keVv)

5 (Ey < 80 keV)
Efficiency calibration at 0.5 and 5 cm 2.0

Correction for

true coincidence sum < 17

random coincidence sum < 0.4

sample thickness 0.6-1.4 (20% of correction)
self-absorption of y-rays 0-2.6 (20% of correction)
low energy neutrons 0.7 (30-40% of correction)

Secondary reference cross section for
27Al(n,p)27Mg 0.5(0Only statistics)

Error of nuclear data(b,)

Source of error Uncertainty(%)

Reference cross section

2771(n,a)24Na (ENDF/B-V) 3.0
Absolute y-ray intensity 0-20
Half-1life 0-5
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Table 8(a) Activation cross section of short-lived nucleil

101gy(n,p)10lrc (14.2 min) 102gry(n, p)102M1e (4.35 min)
En(MeV) o(mb) 05(%) 8.(%) 8,(%) o(mb) 8g(%) 8.(%) 8.(%)

14.87 25.1 2.4 5.5 6.0 9.5 8.6 4.1 9.5
14.58 25.0 2.4 5.5 6.0 8.8 8.7 4.1 9.6
14.28 22.5 2.5 5.5 6.1 7.5 8.8 4.1 9.7
13.88 20.5 2.4 5.5 6.0 7.1 8.6 4.1 9.5
13.65 19.3 2.5 5.5 6.0 6.3 8.8 4.1 9.7
13.40 18.3 2.4 5.5 6.0 5.6 8.7 4.1 9.6

102Ru(n,np)lOch (14.2 min) 104Ru(n,p)104Tc {18.3 min)
En({MeV) o(mb) 6e(%) ér(%) Gt(%) o(mb) 58(%) 6r(%) 6t(%)

14.87 2.95 4.0 5.5 6.8 8.3 5.1 11 12
14.58 2.21 4.3 5.5 7.0 8.0 5.5 11 12
14.28 1.47 5.6 5.5 7.9 6.8 5.6 11 12
13.88 0.94 5.9 5.5 8.1 5.6 5.3 11 12
13.65 0.71 7.6 5.5 9.4 5.1 6.9 11 12
13.40 0.58 8.4 5.5 10 4.3 5.7 11 12

104gy(n,a)10lMo (14.6 min) 104pd(n,p)l04™Rh (4.34 min)
En(MeV) o(mb) 85(%) 8.(%) 8.(%) o(mb) dg(%) 8.(%) 84(%)

14.87 3.1 10 6.2 12 19.2 5.9 3.4 6.8
14.58 3.5 13 6.2 14 19.6 5.6 3.4 6.5
14.28 2.8 14 6.2 15 19.0 5.7 3.4 6.6
13.88 2.4 11 6.2 12 17.2 5.5 3.4 6.4
13.65 1.8 25 6.2 26 16.4 5.5 3.4 6.5
13.40 1.7 14 6.2 15 15.3 5.6 3.4 6.5
105p3(n, p)105MRh(42.4 s) 105p4(n, np)104MRn(4.34 min)
14.87 15.7 8.5 3.8 9.3 4.91 6.3 3.4 7.2
14.58 12.9 9.2 3.8 9.9 3.74 6.6 3.4 7.4
14.28 14.3 9.6 3.8 10 2.5¢ 7.0 3.4 7.8
13.88 13.5 8.9 3.8 9.7 1.80 7.1 3.4 7.9
13.65 12.7 9.1 3.8 9.8 1.44 7.3 3.4 8.0
13.40 10.7 10 3.8 10 0.81 9.4 3.4 10

* d,:experimental error, d,.:error of nuclear data,
2.5 2,5 2
01 “=0,“+0g
* Error of neutron energy was estimated as about 50 keV.



Table 8(b)
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Activation cross section of short-lived nuclei

106pg(n,np)l05mrn (42.4 s) 108pa(n,2n)107Mpg (21.3 s)

En(MeV) o(mb)

8o(%) 8.(%) 8u(%)  o(mb) Bo(%) 8.(%) 8u(%)

14.87 1.21 25 3.8 26 472 3.6 4.8 6.0
14.58 1.40 35 3.8 35 474 3.6 4.8 6.0
14.28 0.90 42 3.8 42 455 3.7 4.8 6.0
13.88 0.47 35 3.8 36 435 3.4 4.8 5.9
13.65 473 4.3 4.8 6.4
13.40 431 3.6 4.8 6.0
108pq(n,p)l089rn (6.0 min) 198Rd(n,np)1%7rRh (21.7 min)
En{MeV) o(mb) 68(%) d.(%) d.(%) o(mb) 065(%) 8..(%) 6t(%)
14.87 4.7 16 21 26 1.80 6.2 8.3 10
14.58 4.0 17 21 26 1.14 8.6 8.3 12
14.28 2.8 19 21 28 0.87 12.2 8.3 15
13.88 2.6 17 21 26 0.54 12.5 8.3 15
13.65 1.8 17 21 26 0.30 19.6 8.3 21
13.40 2.8 18 21 27 0.32 18.8 8.3 21
11205(n,a)109mpg (4.69 min) 116cd(n,p)1169ag (2.68 min)
En(MeV) o(mb) 8g(%) 3,.(%) 8.(%) o(mb) 8.(%) d.(%) 84(%)
14.87 0.61 30 3.3 30 2.30 10 6.1 12
14.58 0.59 27 3.3 27 1.69 9.8 6.1 12
14.28 0.52 23 3.3 23 1.48 11 6.1 13
13.88 0.52 19 3.3 20 1.33 10 6.1 12
13.65 0.37 28 3.3 28 0.90 13 6.1 14
13.40 0.38 25 3.3 25 0.78 13 6.1 14

119gn(n, p)11991n(2.4 min)

En(MeV) o(mb)

119n(n, p)t19mIn(18.0 min)

8o(%) 8.(%) 8.(%) o(mb) 8,(%) 3.(%) 8.(%)

14.
14.

14

13.
13.
13.

87
58
.28
88
65
40

i N 1 o

3.

.25
.36
.12
.08

00

W

7.

W~y ww

1

5.

S N e
(IR -

4.69 10 20 23

[sale B oc B
o N R

1 8.7

* §,:experimental error,
8.2=8.2+8,2
* Error of neutron energy was estimated as about 30 KeV.

ér:error of nuclear data,

_15 —
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Table 8(c) Activation cross section of short-lived nuclei

120gn(n,p)Ll20mlyy (43.5 s) 120gn(n,p)l20m21n (45.6 s)
En(MeV) o(mb) 8,(%) 8,.(%) 8.(%) o(mb) 8o(%) 8.(%) 8.(%)

14.87 4.8 12 11 16 0.95 19 5.1 20
14.58 4.0 16 11 18 0.85 29 5.1 24
14.28 3.4 17 11 20 0.59 34 5.1 34
13.88 2.6 17 11 20 0.48 32 5.1 32
13.65 2.8 16 11 19 0.46 32 5.1 32
13.40 1.9 18 11 20 0.43 32 5.1 32

* Ge:experimental arror, 6r:error of nuclear data,
802=0,2+8,2
* Error of neutron energy was estimated as about 50 keV.

Table 9 Results of half-life measurement

Nuclide Production Ey Reference? Half-life
reaction (keV)}  (EyinkeV) Present Reference

105mpn  105pg(n,p) 129.6 170rn  42.4(5) s 45 sP)

(84.3)
120mlyn 120gn(n,p) 863.3 137cs  43.5(8) s 46.2(8) sC)
(661.7)
120m271, 120g4(n,p) 197.3 241am  45.6(7) s 47.3(5) sS)
(59.5)

a)These sources were used for corrections of dead-time and

pile-up losses.
b)Taken from ref. 10.
C)raken from ref. 17.
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Appendix 1 Gamma-ray spectra of sample irradiated by 14.9 MeV neutrons

Gamma-ray spectra of sample irradiated by 14.9 MeV neutrons are given in
Fig.A.1.1 — 22. The legend which appears in the figures is explained below.

Sample: lOIRu(QG 03%)
Timei 00s- 405—89

$: Ru{(n,p) Tc{1l4.2m)
Det.: 12% HPGe

Distance: 0.5 cm

(1)
(2)
(3)
(4)
(5)

N P A

3
4
5

(1) Sample (enrichment % for separated isotopes)

(2) Irradiation time, cooling time, measurement time

(3) Reaction

(4) Detector. Usually Ge detectors are covered with Smm acrylic absorber.
(5) Source—to~detector distance.

* Gamma-ray energies are given in keV. 511y; 511 keV annihilation y-ray.

Irradiated samples  Fig. A.1.X Irradiated samples  Fig. A.1.X

101Ru(96.03%); 1, 2 108pa(98.79%) ; 13, 14
102ru(98.95%); 3, 4 112040(97.26%) ; 15, 16
104Rr4(99.05%); 5, 6 116cq0(94.97%) ; 17, 18
7, 8
9, 10

r

-

104p4(96.02%); 119sn0,(84.48%); 19, 20
105p3(96.58%); 1ZOSnO (98.05%); 21, 22

106pg(97.51%); 11, 12

r

r
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