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The excitation function for the Al27(d,a/>)Na24 reaction has been measured between 0 and 28.1 Mev. The 
external beam facilities of the Buenos Aires 71-in. synchrocyclotron were used together with the stacked- 
foil technique. Between 19 and 28.1 Mev present results are more precise than those previously obtained, 
showing that the máximum of the cross section is located at 24.25 Mev with a valué of 51.4 mb.

1. INTRODUCTION

THE excitation function for the Al27 (d,ap) reaction 
as a function of energy was measured previously 

between 0 and 190 Mev by Batzel et a l}  using the 
external beam of the Berkeley 60-in. cyclotron (from 
0 to 19 Mev) and the beam of the Berkeley 184-in. 
synchrocyclotron. Their measurements exhibit a sharp 
peak between 20 and 25 Mev. They used the stacked- 
foil technique and they point out that the peak is 
inherently ill-defined due to range straggling of the 
190-Mev deuterons degraded by the absorber.

2. EXPERIMENT

We have used the recently available deflected 
deuteron beam facilities2 of the Buenos Aires 71-in. 
synchrocyclotron, illustrated in Fig. 1, and the stacked- 
foil technique to measure the above-mentioned excita­

tion function between 0 and 28.1 Mev. The aluminum 
foils were some 4.75 mg/cm2 thick, cut in 4 X 4  cm 
pieces, weighed individually to 0.1 mg. The error in 
area was less than 0.5% and the error in thickness was 
therefore less than 0.8%. The aluminum was found to 
be at least 99.7% puré through spectrographic analysis.

The foils were stacked and aligned carefully, within 
0.1 mm, in order to avoid geometry errors. They were 
compressed between two metal disks, one of them 
being perforated to permit the passage of the beam. 
The stack was irradiated at a distance of 20 feet from 
the machine (see Fig. 1), just in front of the scattering 
chamber. The pipe was pumped by the vacuum system 
of the machine. The deuteron beam was adequately 
focused by two pairs of alternating gradient quadrupole 
lenses. The beam spot is of the order of 1 cm2. Beam 
current was 0.05 ¡xA. Neutrón background was low 
because there is no need of collimators or slits along the

1 Batzel, Crane, and O’Kelley, Phys. Rev. 91, 939 (1953).
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The data of Batzel et al. between 0 and 19 Mev were 
considered trustworthy, and therefore our results 
were normalized to theirs in order to get absolute 
valúes of the cross section. The error due to counting 
statistics is of the order of 1% in the range between 
19 and 28.1 Mev. The over-all error of the cross section 
is therefore less than 2%. Figure 2 and Table I  contain 
the experimental results. The beam energy was deter- 
mined independently with a standard current trans- 
mission measurement equipment: Faraday cup, absorb­
ere, and electrometer. Figure 3 contains a diagram 
obtained during one of the measurements.

Aluminum range to energy conversión was performed 
using Bichsel’s3 recent experimental tables on proton 
ranges, converted to deuteron ranges by using the 
relation

M
R z m  (E) = ------- R ( — i

M VZ2 V M

where M  and Z are, respectively, the mass and the 
charge of the particle, E  is the energy, and M p is the 
proton mass.

The original beam energy spread is estimated to be 
less than 0.2% but a precise figure could be given only

F ig . 2. Excitation function of Al27(á,a/>)Na24 reaction.

beam path.2 This is achieved by keeping the beam 
size small and almost parallel with five pieces of iron 
located along the beam path. The iron is magnetized 
by the stray field of the machine. The beam direction 
was perpendicular to the stack within I o and therefore 
the target thickness correction was negligible.

The experiment was preceded by three trial runs. 
The induced Na24 activity (approximately 15 hours 
half-life) was measured starting 14 hours after the 
irradiation was finished, with an end-window halogen- 
quenched Geiger-Müller counter and conventional 
scaling equipment. The counter high voltage was kept 
constant to 1% and therefore the activity of a standard 
source was always the same within counting statistics. 
Usual dead-time and decay corrections were made. 
The dead-time correction factor was obtained by the 
method of many sources. The máximum counting rate 
was 20 000 counts/min and the máximum dead-time 
correction was 11%. The background was of the order 
of 60 counts/min. The activity of the foils was followed 
for six days and no activity other than the one due to 
Na24 was found to interfere within 1%. For the foil 
thickness used, the activity increases iinearly with 
thickness, and the data were normalized to a uniform 
thickness of 4.75 mg/cm2.
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F ig . 3. Example of beam energy measurement data.

2 J .  Rosenblatt and R . J .  Slobodrian, reported at the X X X I I I
Meeting of Asociación Física Argentina (to be published). 'H . Bichsel, Phys. Rev. 112, 1089 (1958).



through magnetic analysis. This is consistent with the 
valué o f  (7?ext— Ro)/Ro=0-027,  where Ro is the average 
range, and t is the extrapolated range, taking into 
account that range straggling is of the order of 2.2%.

3. DISCUSSION

I t  is worth while to point out that the Al27(<í,a/>)Na24 
reaction is in competition with the Al27(á,/>)A128 
reaction (2.3-min half-life). Data already obtained on 
the latter reaction by us show that the (d,ap) cross 
section starts rising when the (d,p) starts dropping. 
Although the shape of the excitation function for the 
{d,ap) reaction resembles the curves obtained through 
the compound nucleus assumption, additional work 
will be done using the nuclear scattering equipment in 
order to clarify the reaction mechanism, as it is sus- 
pected that direct reactions are important around 
28 Mev.
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T a b l e  I. Extract of valúes for the Al27 (á,a/;)Na24 
reaction cross-section.

Energy
Mev

Cross section 
mb

Energy
Mev

Cross section 
mb

11.0 0.35 21.1 44.0
12.0 0.60 22.1 46.4
12.9 1.61 23.0 50.0
14.0 4.38 24.1 50.8
15.1 9.04 24.25 51.4
16.1 14.0 25.1 51.2
17.0 20.6 26.1 48.2
18.1 26.4 27.0 47.6
19.1 35.5 28.1 42.2
20.1 38.8
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