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Excitation functions were determined by the
"stacked foil" method at the Buenos Aires 60
inch Synchrocyclotron Sgr the /o,xn/ and
[a,0xn/ reactions on 1 Rh, up to 55 MeV.
Thick-target yields were calculated as a .
function of energy for the production of
105ag and 106mpg;

INTRODUCTION

The experimental information available on a-reaction
cross—sections has until now been very scarce.
During the last decade, considerable progress was

achieved in techniques for the counting and absolute
standardization of radioactivity, as well as in the
quality of charged particle beams. Therefore, excitation
functions determined at present by use of the "stacked-
foil" method should yield in more accurate and repro-
ducible measurements.

103Rh was

Early work on /a,n/ and /a,2n/ reactions of
done by Bradt et al.1 in 1947. In all these measurements,
done by activation, no absolute cross-sections were ob-

tained.
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In the present work absolute o/a,xn/ and o/o,oxn/ on

103Rh have been measured up to 55 MeV using a solid

state detector /Ge intrinsec/.

EXPERIMENTAL

Irradiations

The experiments were performed in a similar way to
that outlined in previous papersz_G. Stacks of rhodium
foils /17.70 mg/cm2/ were irradiated in the eﬁternal
beam of the 60 inch Synchrocyclotron of Buenos Aires.
Maximum uncertainty in the incident beam energy was
estimated as being lower than 1%. The rhodium and copper
foils were analyzed spectroscopically for interfering
impurities; the amount of these were found to be negli-
gible.

The stack consisted of target foils inserted between
appropriately chosen catcher foils of copper to collect
the recoils escaping from the targets, and also copper
absorbers which degraded the energy of the bombarding
particles. Furthermore, in order to estimate the contri-
bution of reaction products induced by fast and slow
neutrons on target material, target and catcher foils
were stacked well beyond the range of 55 MeV a-particles.

The copper foils were also used for the determination
65Cu/a,2n/67Ga

needed for the monitoring of the ion current. The cross-

of the excitation function of the reaction

section values-established by Porile et al.7 were taken
as standards.

The mean a-particle energy for each foil was calculat-
ed by means of a computer program8 based on the range

energy relationships given in the literatureg.
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The uncertainty of the incident energy was estimated
to be below 1%, while fluctuations in the primary beam
energy during bombardment were calculated to be less
than 0.3 MeV. Within the straggling in energy losses in
the foils, effective energy spreads of 0.5 MeV were ob-
tained for 10 MeV a-particles.

A comparison of the yields of the radioactive iso-
topes formed in the irradiation of rhodium with that of
67Ga yield in copper foils permits to obtain the absolute
cross—-section values for the concerned reactions result-

ing of rhodium with o-particles.

Counting

The cross-sections were measured by the activation
method.

Since the determination of the reaction products was
done by the non-destructive procedure on target and mon-
itoring foils, possible errors introduced by chemical
treatment and special source preparation were avoided.

After bombardment, the y-spectra of each sample were
measured using a high resolution Ge intrinsec detector
coupled to a multichannel pulse-height analyzer.

The nuclides produced by a-induced reactions, were
recognized following carefully the decay curves at each
photopeak energy.

The photopeak areas were calculated by using Wasson’s
methodlo'll with a HUNTER programlz.

Standard sources of y-emitters with well-known values
of energy and intensities of y-rays were used for the
accurate calibration of the energy and detection efficien-
cy of the spectrometer. Most efficiency determinations
agreed with the statistical error of 3%. The formula
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e/EY/ = const. Ean was used to interpolate the effi-
ciency ¢/E,/ to other energies. A computer program was
developedlg.

The areas of all y-peaks observed were corrected for
efficiency of detection and the activities of the radio-
active products were calculated separately for each peak
on the basis of the nuclear datal4’15.

Foil thicknesses and a-particles flux were measured
and used to calculate cross-sections for the active
isotopes found in each foil. Corrections for the energy
sbread in each foil due to uncertainties in the foil
thickness and the energy decrease in the preceding foils
were not applied. Losses of reaction products by recoil
were assumed to be negligible.

Spectra from those foils set up beyond the range of
a-particles that might belong to secondary neutrons

showed no significant contribution to our data.

RESULTS AND DISCUSSION

The cross-sections and excitation functions for the
reactions measured in the present work are given in
L]
Tables 1 and 2 and Figs 1 to 6. In Fig. 1 our results

are compared with those of Hansen and Steltsl6.

Threshold energies given by Keller, Lange and Mﬁnzel17
are shown on the respective graphs.

Uncertainties in the cross-section values were estima-
ted by propagating in quadrature the contributions from
both, decay curve and peak analysis /the latter including
statistics/, absolute detector efficiencies, disintegratic
schemes, target thicknesses and deuteron flux.

The excitation functions may in some instances in-
clude contributions from the decay of short life precur-

sOors.
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TABLE 1
Cross-sections for the /a,n/ and /o,2n/ reactions on
103Rh
Eq 0 /mb/
/MeV/ 103Rh[a,n/106mAg lO3Rh/q,2n/105gAg
54.3 + 4.1 34.7 + 2.6
51.4 7.9 + 4.0 49.9 + 4.2
48.5 5.8 + 7.4 '58.2 + 5.0
45.6 - 99.5 + 6.2
40.6 8.1 + 4.4 103.4 + 8.1
39.0 13.3 + 6.6 129.6 + 9.8
37.3 14.3 + 7.1 169.3 + 12.8
33.5 33.3 + 19.3 346.8 + 26.3
31.6 51.13 + 26.4 423.5 + 34.8
29.6 66.9 + 33.3 693.3 + 52.3
24.6 80.9 + 40.3 757.4 + 57.3
22,2 79.0 + 39.3 617.6 + 46.7
19.7 31.5 + 15.7 397.7 + 30.13
16.9 14.1 + 7.2 16.48 + 1.2
10.1 10.1 + 5.1
lOSgAg, 1O4gAg and lO3gAg directly produced by
103Rh/a,Zn/lOBAg, 103Rh/a,3n/1042-\g and lO3Rh/a,4n1103gAg,
ngld be partially generated by lOsmAg, lO4mAg and
m

Ag, respectively, and therefore they would contrib-
ute to the measured yields of lOSgAg, lO4gAg and lO3gAg.
The maximum cross-section values obtained from our

data were compared with systematics for excitation

functionsl7'18

. A good agreement was found.
Within the frame of this work, no attempt was made to
clarify the reaction mechanisms involved with the ex-

citation functions we report on work.
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The thick target yields for lOSgAg and 106mAg pro-
duction were calculated by numerical integration apply-
ing experimental cross-section values obtained in the
present work /[Figs 1 and 2/, into Miinzel and Svoboda’s
method18'19. A computer program20 was developed.
Values for energy integration ranges are listed in
Tables 3 and 4. Our results are shown as plots of yields

vs. a-particle energy in Figs 7 and 8.
%®

The authors are indebted to, the Synchrocyclotron

staff who performed the irradiations.
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