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IN (v,y') REACTIONS
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By using microtron bremstrahlung beam the yield curves of 7""Se, '''™Cd, "™Hf
isomeric states were measured in the energy range of 5-8 MeV and with step of 0.1-
0.2 MeV. Using these yield curves, the corresponding isomer integrated cross-

sections in the (y,y")-reaction were calculated.

1. Introduction

In [1] A(y,y)"A reaction integrated
cross-sections for "’Er, “Br, “'Ir, "W, "Au,
7Se, ¥Y and ""Ba nuclei were obtained in
the energy range from 1,5 MeV to 6 MeV
with a step of 0,25 MeV. Practically for the
most of isotopes in the energy dependence of
the cross-sections there are maxima and
minima showing the existence of activative
levels near these energies.

The authors of [2] reported the investiga-
tion of 19 isomers in A(y,y* )"A reactions on
167Er’ 79Br, 91y 197Au’ Qe SQY, mBa, 9,
"Hg, '"'Cd, '"In, ¥Sr, 1—/6Lu, 1n, '89Tq,
13 *Ba, 'P°Pt, 'Sn, "Tc nuclei. As a brem-
strahlung source four different electron accel-
erators were used that allowed to have the
maximal energy of bremstrahlung from 0,5
MeV to 11 MeV.. More than in fifty per cent
of cases the accelerated channels of resonance
excitation were observed with the integrated
cross sections by 3-4 orders of magnitude
greater than that for (y,y*)-reaction. An ex-
planation was proposed that for these reaction
the corresponding activative levels located 3-
4 MeV above the ground state were populated
via the observed isomers.

In [4,5] the data on measured yields and
calculated cross-sections of (y,y‘)-reactions for
167gy, 1°Hf, W, 1 Au isotopes are reported.

In the paper [6] the (y,y‘) cross-sections
together with excitation of isomeric states of
77Se, 78Br, Med, "1, ®"Ba nuclei in the
energy range 4-15 MeV with 0,5 MeV step
were obtained as well as the data on absolute
integrated cross-sections for A(y,y)"A reac-
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tions for 12 isotopes with isomeric states,
particularly, for "°Hf, Mg, '!Cd and "’Se.

The goal of the present paper is the in-
vestigation of the A(y,y‘?mA—reaction excita-
tion functions for 77Se, Cd and '°Hf nu-
clei in the energy range 7-9,5 MeV and
checking the presence of activative levels in
this energy range.

2. Experimental apparatus and
measuring method

The measurements were carried out us-
ing the activative method with a brem-
sstrahlung beam of y-emission from M-10
microtron at the Nuclear Physics Department
of Uzhgorod State University. The maximal
bremsstrahlung energy was varied with a
step of 0.1-0.2 MeV during the period of the
samples irradiation.

For bremsstrahlung monitoring an ioni-
zation chamber was used the current from
which passed to an RC-circuit.

The resulting activity in the samples was
detected by a scintillation fy-spectrometer,
based on the 60x60 mm Nal(T1) crystal.

The activative method for registration of
beam yield curves in nuclear reactions regard-
ing to the sample irradiation by bremsstrahlung
and neutrons is described in [7, 8].

The integrated cross-section was ob-
tained according to the expression [9]
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where W(E,) is the yield, W(E, E,) —the
bremstrahlung spectrum with the maximal
energy E,, E,— the energy of the first activa-
tion level for the corresponding isomer.

3. Results
3.1. The "'Cd(y,)!''"Cd-reaction

For the yield measurements the samples
prepared of metallic cadmium witl: natural
mixture of isotopes were used. The irradiation
of the sample was carried out with the period
of 30 min, cooling time duration 180 s, and the
measuring period 1800 s. The measurements
were performed for two lines: 151 keV and
246 keV [10], ejected by '''""Cd. From the
obtained yields the integrated cross-sections
were found in correspondence to Eq. (1).
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Fig.1. Integrated cross-section oy, for the
Medy,y)' ' "Cd-reaction.

In Fig.1 the dependence of the integrated
cross-section oy as the function of the maxi-
mal bremsstrahlung energy is shown. It is clear
from Fig.l that the oy, plot is monotonous,
without sharp breaks which could indicate the
existence of separate activative levels with
large cross-section in this energy range.

3.2. The ""Se(y,y") ™Se-reaction

The sample for the yield measurements
was prepared of metallic selenium. The irra-
diation of the sample was carried out with a
period of 40 seconds, cooling time duration
5 s, the measuring period 40 s.

The yield of ""™Se isomeric nuclei was
obtained for the line with the energy of 160
keV [10].

In Fig.2 the results of the integrated
cross-section oy calculation are shown.
From these data it is obvious that there is no
evidence of the yield dependence curve and
no essential breaks of the integrated cross-
section are observed which could indicate
the presence of activative levels with a large
cross-sections in this energy range.
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Fig.2. Integrated cross-section o, for the
77 n77m .
Se(y,y)" " Se-reaction.

3.3. The "PHf(y,y))! " Hf-reaction

The sample for the yield measurements
was prepared of HfB, compound. In the case
of natural hafnium after bremsstrahlung irra-
diation 4 isomers with half-life periods of
1s,4.3s,18.6s and 5.5 h, ejecting y-quanta
of different energies, can be formed. Hau-
wever, the differences in the spectra from
different isotopes are negligible. In order to
eliminate the influence of emission of
17y 18mpye 180Mpge in our measurements,
the following procedure was performed: the
sample was irradiated during 100 seconds
with the cooling period of 20 seconds and
the registration period of 100 seconds. Thus
the activity of the objectionable isotopes at
the beginning of the measurement decreased
to the value of 0.5% in comparison with the
activity of '””™Hf. The yield measurement
was carried out for the most intense line with
the energy 0.215 MeV (82% intensity) [10].

The calculation of the integrated cross-
section was carried out according to (1).

In Fig.3 the calculated values of the
integrated cross-section are shown. The en-
ergy dependence of the integrated cross-
section reveals two breaks at the energies

213



Haykoswuii BicHuK Ykropojacekoro yHiBepcutety. Cepis ®izuka. Bunyck 8. Yactuna 2. — 2000

6.2 MeV and 7.2 MeV that indicate the pres-
ence of the activative level with the large
cross-section at the energy of 6.2 MeV. The
break at the energy of 7.2 MeV is related to
the "®°Hf(y,n)!"™Hf-reaction threshold.
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Fig.3. Integrated cross-section Gy, for the
: 79Hf((y,y') 179mpre reaction.

4. Conclusions

The comparison of the measured inte-
grated cross-section for ''Cd(y,y)''"™Cd-reac-
tion in the present work with the results of [6]
shows that the difference of these results does
not exceed + 15 % at the energy of 8 MeV.

The value of the integrated cross-section
of the 77Se((y,y)”™Se-reaction in the present
paper is by 20 % less than that in {6] .

The results of the "Hf(yy)' "™ Hf-reac-
tion studies (Fig.3) show two breaks at the en-
ergy of 6.2 and 7.2 MeV. Although the first
break can be interpreted as corresponding to
the activative level at this energy, the second
one corresponds to the threshold energy of the

PHA n)!™Hf reaction (7.3 MeV), resulting
in the yield increase. The natural mixture of
hafnium isotopes contains 35.4 % '*°Hf and
only 13.7 % '"Hf. Thus, the observed break
can be used for calibration of the energy scale
of electron accelerators, e. g. microtrons or lin-
ear accelerators. Note, that the obtained inte-
grated cross-section at the energy of 8 MeV is
by 20 % less than that in [6].
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9.

JOCJIUKEHHS IHTETPAJIBHUX ITIEPEPI3IB
PEAKIIU 3bY/ZKEHHS I3OMEPHUX CTAHIB SJIEP
Y (v,y") - PEAKIISIX

B.C.boxinwk, O.M.®pankin, A.L.I'yTii, I.B. Ximiu,
O.I'.Oxynes, A.I1.Ocunenxo, O.M.Ilapaar

Kadenpa sineproi ¢izuxu, Y KropoAchkuil HaniOHAIBHUM YHIBEPCHTET,
Byn. KanityneHa, 9a, ¥xropoxn, 88000

Ha myuky ranbMiBHOrO BHIIPOMIHIOBAHHS MIKpPOTPOHA BUMIDSHO KpMBI BHMXOAY
i3omeprux cramiz smep ' "Se, ''"™Cd, ""™Hf B inTepmami emepriii 5-8 MeB 3
kpoxom 0,1-0,2 MeB. BHKOPHCTOBYIOYH i KPHBI BUXO/y, PO3PaxOBaHO IHTerpasbHi
Hepepi3u peaxiiiii (y,y") Ais BLINOBIZHUX i30MepiB.
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