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The activation cross section of 115In for a 150 Ci 22Na source emitting 1.38 and 2.75 MeV
gamma photons has been determined. The value found on the basis of the induced 115mIn
activity proved to be 13.5x 1073 cm?, being about threefold of 4.9 1022 cm?, the value
determined with the aid of $°Co photons.

This deviation gives evidence of the existence of higher, 1.42, 2.13 and 2.63 MeV acti-
vation levels in addition to the first 1.078 MeV, which have already been measured when using
accelerators for excitation.

The isomeric activity resulting from the 5In(y, y’) 115"In reaction has

already been measured and studied by several authors. For its activation not
only the bremsstrahlung from particle accelerators [1] but also some of the
y-emitting radioisotopes were used. The activation cross section per gamma
quantum, as evaluated for the 1.17 and 1.33 MeV y-rays from 8°Co [2—4] was
found to lie in the range (1.3—8.3) X 10~%2 ¢m?, varying with the experimental
conditions. For activation with y-rays from the 54 min half-life 118™In produced
by indium—gallium reactor-loop, ABRAMS et al. [5] obtained a 1**In activation
cross section of (1.54-0.3) x10-31 c¢m?. The reaction cross section is obviously
dependent on the energy of the primary y-rays of the radiation source used.
The relation between the energy of the activation level and that of the primary
gamma quantum is always E; < E,, since a metastable state in any nucleus
cannot be produced except by decay from a higher excited level. The isomeric
activation cross-section also varies with the experimental conditions under
which the Compton scattering resulting in the y-quantum with an energy
equal to that of the activation level is being produced. In addition, it depends
on the number of higher levels which can be excited in the nucleus.
' To extend the number of radiation sources available for the practical
applications of the nuclear photo effect, like activity measurement and activa-
tion analysis [6—7], for which the effective activation cross section must be
known, it seemed of interest to measure the 15In activation cross section for
the 1.38 and 2.75 MeV y-rays from 2Na.

* Dedicated to Prof. P. GomBAs on his 60th birthday.
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Experimental
a) Preparation of *Na source

Sodium carbonate of c. p. grade, compressed to 19 mm X 44 mm cylindri-
cal form of 19.108 g was irradiated for 71 hours in a thermal neutron flux of
4.33 - 103 n cm —28ec™! of the WWRS—2M reactor. One hour after termination
of the irradiation the 2Na activity was found to be 145 Ci. The activity measure-
ment taken 25 hours after irradiation with the use of the Philips-type ionization
chamber of the National Bureau of Measurements calibrated to 439, showed
4573 Ci, in good agreement with the value predicted from the reactor flux with
correction for decay time.

b) Isomeric activation by **Na source

Natural indium targets, each 3 g and § 10 mm by 6 mm in size, were
used for the activation of 15"In. The Na source was placed in a paper cup
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Fig. 1. The position of the indium targets during the gamma-irradiation by 2*Na source

located 400 mm from the bottom and at a somewhat greater distance from the
top and the side-walls of the hot cell. Four indium targets were mounted
around and two above the source in the arrangement shown in Fig. 1. Because
of the 15h half-life of the 2!Na activity, the irradiation time was chosen to be,
generally, 3 hours.

c) Measurement of isomeric activity

The irradiated samples were measured by Siemens single channel analyzer
coupled to a 2 in. X1 —i—in. Nal (T1) well-type scintillation counter. The energy
and half-life of the measured radiation were found to be E = 335 keV and
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T,,= 4.5 h, i.e. the characteristic data for 1*"In. The resolution of the
detector, as checked with the 661 keV line of 37Cs—3"Ba was 13.7%,. For
the 323 keV line of 51Cr used for the calibration of the efficiency and geometric
factor of the well-type Nal (T1) crystal and the self-absorption of the sample,
the counting efficiency in the channel width used was measured as 289,. The
activity measurements lasted from 5 to 10 minutes. The background in the
channel corresponding to the 335 keV photopeak of 15"In with a channel
width of 14 V (174 keV) was found to be 32 cpm.

Discussion

The activation cross section per primary gamma quantum of the radiation
source can be evaluated from the measured isomeric activity by making use of
the expression
_ Ja+1) A 1
- Qx N.a.m. f8°’

where the first factor on the right hand side gives the isomeric activity as
determined by the counting rate I in cps, the internal conversion coefficient
is « and the counting efficiency is 2. The second factor gives the number of
target nuclei as determined by the atomic weight 4, the Avogadro number N,
the weight m and the isotopic abundance a of the target. The third factor stands
for the primary y-flux f and the saturation factor S = 1—exp. (—0.693¢ - T—?)
with ¢ being the irradiation time and T the half-life of the isomeric nucleus.
The activation cross section evaluated for the primary y-quanta of #Na with
the use of this formula, gives 1.35 4 0.27 X 10731 ¢m? as compared with that of
4.9 - 10~% cm? obtained in an earlier measurement [8] for %°Co of the same
size as the Na source and with similar indium targets. The difference of the
two values can be explained by the fact that the 1.17 and 1.33 MeV y-lines
of 8°Co can excite, through Compton scattering, only the first activation level
in indium at 1.078 MeV [9], while the 2.75 MeV lines of #Na are capable
of also exciting the higher levels of 1.42, 2.13 and 2.63 MeV, the existence of
which have already been shown in experiments with bremsstrahlung (Fig. 2).

The effective activation cross section under the given experimental con-
ditions can be predicted [10—11] if one uses the formula
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where AD,; the differential cross-section for electron scattering to the i-th
activation level i.e. to the range of energies corresponding to the level width.
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Fig. 2. The excited level scheme of '5In

AD,; can be evaluated from the Klein—Nishina formula. o,; is the cross-section
for resonance absorption at the i-th level. The terms in the brackets stand for
the source, the absorber and the target, as determined by the electron densities
Mgy Nog and nyy, the absorption coefficients u), u, and u, and the thicknesses
d, g, l, respectively.

The cross section for excitation to the first, 1'078 MeV level in indium
with subsequent decay to the metastable state was evaluated from Eq. (2),
as ¢ = 5.15x 1072 em? by taking the resonance level width to be 4 - 10~3 eV,
as estimated by GurH [12], which gives 0, = 10=2 c¢m? for the absorption
cross section.

Comparison of the value predicted for the first excited level at 1.078
MeV with the measured cross section of 13.5x 1073 cm? shows clearly that
there must be an appreciable contribution to the activation from the second
and possibly higher excited levels of indium. The individual contributions,
however, cannot be evaliated without a knowledge of the absorption cross
section and level width data involved.
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N3MEPEHHE 3®PEKTHBHOIO CEUEHHWS AKTHUBAIIMU SAOEPHOIO
HW30MEPA In 9-JIYUAMH 2Na

A. BEPEUI » JI. JJAKOILUIH

Peszwome

Onpenensiercsi 3d(peKTHBHOE CeueHHE aKTMBaLHH H3omepa '5In, oTHoCsIIeecs K raMma-

nydam sHepruu 1,38 u 2,75 MaB pajH0aKTHBHOTO HCTOUHHKA 24Na npH akTHBHOCTH 145 Kwopu.
M3u3vepennst akTaBHOCTH H30 viepa '¥=n naHHoe 3HaUeHHE NOJIYYHIIOCh PaBHBIM 13 5 x 10~32cm?,
YT0 NPHMEPHO B TPU pa3a 007buI2 3HAUEHHS MTOYUEHHOr0 ravivia-Ty4yamd ©Co (4.9 x 10732 cm?),
CTeneHb PaCXOXKAEHHsI MOATBEP)KAAET, UTO HAPSAY C NEPBbiM AKTHBALIMOHHHM YPOBHEM MNPH
1,078 MaB CymecTBYIOT M BBICLIHE YPOBHH C 3Heprueit 1,42; 2,13, 2,63 Mas, yxxe HalumoneH-
Hble YCKOPHTENSIMH.

Acta Physica Academiae Scientiarum Hungaricae 27, 1969



