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Abstract: The cross sections of the reacfions_ producina lona-

ioamAg, 15C’Eu, and 1SEEu have been measured at neu-

lived nuclides:
tron enerav about 14 MeV. An activitv of irradiated samples was mea-—

sured with a Ge(Li)-detector. Isotoniﬁally pure samples were used.

INTRODUCTION
In fusion reactors the materials should be used. that do not oro-
duce large guantitv of lona~lived radioactivitv at irradiation bv i4-MeV
neutrons. The IAEA specialists® meetino recommended to pav espesial at-
tention to a number of reactions which are imoortanf in this respect. In
the present work the cross sections of three reactions of thic list were

measured.

EXFERIMENTAL DETAILS
The samples were irradiated at neutron generators NG-400, where

fluence about 1013 n-sm"2 was received bv the samples, and NG-200 (flu-

-2 .
014 n-sm ). The first irradiation at low beam current was

ence about 1
performed in order to clear uo the real backaround conditions. to
choose the obntimal parameters of the cvcle: irradiation -~ cooling - mea-
surement., and to refine some other experimental details.

The irradiation of the <samples was carried out at the arranoement
shown in Fig. 1. The construction consisted of four assemblies that were
placed at 0. 609, 907, and 120° with resbect to the beam. Every assemb-
lv contained three isotopes studied. i.e. ioqﬂg, 151Eu and 1SS’Eu and al-

so five neutron monitor foils made of 93Nb (two foils). qoZr, SBNi, and

19784, The characteristics of the used samoles are aiven in Table 1. The
averaoe distance from the sample to the taroet was 45 mm. At the anole

70° 7000 ma of the natural europium’s oxide (Eun0-) were also placed.

This work is carrvina out under IAEA research aareement
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. 1.

The experimental arrangement at the NG-400.-
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Table 1.

Isotopnic abundance of the samples

Enriched Chemiral Isotonic Fure
isotooe form abundance weiaoht
19%35 Ao 10940 ~ 99.4z 4.1250 mg

1070g - 0.6%
- .
19lg, Eun0< 9lgy, - 97.5% 4-500 mg
i 153, - 2.8% )
133g,, |  Eugls 133z - 99,27 4-500 mg
B8lg, - o.8%

The neutron Flux was measured with a lono counter and a bplastic

scintillator counter. To maintain the neutrqn flux constant the accelera-

'tinp voltaoe was araduallv increased'durinn irradiation (from 240 kV at

the beainnina to 280 kV at the end).

The qub(n. 2m 7°Mh  reaction was used as a standard for neutran
fluence determination. The cross section of this reaction was shown to
chanqé no more then x1% in the nedtron ranae 14.1 - 14.8 MeV /1/. an the
uncertaintv of the evalution of the cross section at 14.7 MeV is 1.6% /2/.

A simultaneous use of foils made of other materials schould increase
reliabilitv of the results. Besides. in this case th= mean enerav of neu-

trons cassad throuah the sample mav bhe deduced experimentally. since the
9 , 89

L. 5 . 57... 58... . 3] . . -
cross sections of the “SNitn. 2n)=7Ni. IBNi tn. 0)°%Co and Irin. 2n ir

reactions depend on the eneragv ouite ditferentlv.

The irradiation’s arrangement at NG-200, where the neutron Fluence

L]

Y -2 . . C . .
about 1¢°7 n.sm was achiesved. differed onlv in inessential details. The-
re were used two assemblies at 15° and 55°.

The flux. the mean energv, and the eneragv dispersion of neuwtrons at

the agiven anale in the laboratorv system were calculated bv a oroaram

using the recommended data on the 3H(d. n)4He reaction in the centre of

mass svstem /4/. The orooram accounted for the real characteristics of

the beam f{energy. current) and of the +target (sorbing material, its

thickness. auantitv of the absorbed tritium).

The induced gamma-rav activity was measured with a Ge(li}-detector.

Its energv resolution was 2.7 keV and the peal efficiencv was 7.9%4 at

1332 ke¥ oamma—rav energv. Fraoments of the measured soectra are shown

-

irn Fiag. 2-3.
The data were processed bv a multichannel analvzer NOKEIA LF 4%00R,

which had & set of oroarams for treatment of aamma-rav spectra. for de-
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The Xlray spectrum from natural europium irradiated by 14.1 MeV

neutrons (90°). Cooling is 55 days. Lines from 150gy are
labeled by "0", from 152Eu - by "2"; "B" - background.
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Fig. 3. Fragment of the f—ray spectrum 151gy irradiated by 14.1 MeV
neutrons (90%). Cooling is 55 days. Lines from 150gy are
labeled by “0", from 152gy - by "2"; "B".- background.

termination of the spectrometer calibration parameters. and for calcula-
tion of volume source activitwv.

In the present work all_qamma~activities were measured in a standard.
aood calibrated geomeirv. in which the sample centrz wazs placed at a dis-
tance of 62 mm from the effective centre of the detector. The accuracv
of the detector efficiencv determination and of the source size correc-
tion were checked with a number of standard gamma-rav sources. It has
been found that the sum uncertaintv for these two values does not ex-

ceed 3I.2% under the experimental conditions used.

RESULTS AND DISCUSSION
The measured cross sections are listed in Table 2. The mean neu-
tron energv aiven in the first column was obtained by the mentioned

nrogram calculation. The mean eneray values deduced from a comparison
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Tabla 2. Fesults of cross sections measurement at neutron
enerav about 14 MeV

Mean Cross section { mb

neutron -

anerav IDqﬁq(n, 2n} lf%Euin. 2n} 1530 tn. 2m 7INb tn, 2n)
(Mev) 108m 3%y 152y 720
12.7 186 (36} 1077 (85) 1883 (120) 4357 (9}
14.1 COR00E) 11462(83) 1463(110) 441 (3]
4.5 204 (3T 1147(87) 1482115 464 (F)
14.9 205(37) 1020 (54} 174010145 455 ()

Table

|

. Nuclide decav data

y-rav .
Radionuclide snerav Yield Half~-life
(kail (%) Y

AZTZT.9ET(T) 0.905(6)
£14.281 (6) 0.899(21) 127(21)
722.938(8) 0.909(21)

IDBmAd

ey
LA

_ TIT. 971 (12D 0.960 (30)
1a0g 439,401 (15) 0.804(34) I5.80(10)
584,274 (17) 0,524 (37)

244,281 02 0 H(i
FIR.RI(1) E 296 (7

64,131 (7} U.lﬂb (&} 13.3304)
1408,011 (14} 3.208%5 (B}

G
7!

ot thRe TN, EBEG= and “7Ir. activities dno not contradict to the calcu-
1arsd onos. Dot have insuwfficisntiv hiagh accuracw. This 1s connected
with the fact. that the oross sections of the rresponding  reactions
a5 nat bnown with tha necessary nrecision vab. It mav be sesn. for
cramnle, in Handhoclk on Nuclesar Adctivation Datas 757,
1+ should be noted. that the data on the - Nein. 2n)7“™ib cross

zaction S5, HF contained in Ref. 3/ have 3150 rather low accuracy
fE-10%Y and are in e rot verv acod aoreement with the evaldation /72/.
Thara{ore. we docibde o saasyrs the oross section of  this reartion re-
tative tn the well studied crpes section of 2FQ1(n.¢~}E4Na f7i. For
thiz purpose. in an arranaement similar o that  shown in Fiao. 1. some

short~-time irradiations were conductsd. in which the aluminium Ffoils

arn placed close to the niohium ones. The obtained in such a wav
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TENR (N, 20 72™Nb  cross sections are shown in the last column of Tab-
le 2. Thev appzar to be constant within 2% in the relevant eneray
reaion. according te /1i/. and the mean value obtained by us is 461 mb.
This differs slightiv from the evalution /2/. Bv neutron fluence de-
termination we have used the cross section value of 4461 mb in  the
whola ensrav interval 13.7 - 14.% MeV. assuming its error is 2%,

In Table 3. the gamma-rav =snergies and vields are shown, that we-
re used at the IGBmAg: 15GEU{. and ]SEEu. activitv determination. The
data were taksn from Refs. /8 ~ i/, Everv of the listed in Table 3
aamma-lines was searched in the correspondino spectrum. and from its
arsa the radionuciide activitv was deduced. Then the mean-weiohted wva-
iue was calculated and the corresponding cross section was obtained.

The main uncertainties of ths cross sectiong listed in Tabie Z
are the followinos

~ the uncertaintv of the effective fluence determination (including
a possible irreaularitv of the sample mass disiribution) < &%

— the uncertaintv of the induced activitv determination — up to 15%
for verv wealk peaks:

~ the half-life uncetaintlv - us to 17% for the loamﬁg.

In order to improve the accuracv of the results efforts should be
made to increase the neutron fluence received bv samples and to obtain

. - 108 . .
a more orecise value of the ““"Mag  half-life.
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