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We have measured the half-life of Al because data on 'Ne production rates in meteorites has in-

dicated that the half-life may have been too low by 30—40%. We produced Al using the

Mg(p, p} Al reaction on thick natural Mg, the yield being calculated from cross section data. The
activity of two such samples was measured with a Ge(Li} detector and the calculated half-life is

t)/g ——(7.8+0.S) &(10 years, in agreement with the accepted half-life of Al:tj/2 ——(7.16+0.32) &(10'
years. Therefore, another explanation must be found for the anomalous 'Ne production rate based
on Al ages in meteorites.

The accepted half-life of Al is based on the work of
Rightmire, Kohman, and Hintenberger. ' They manufac-
tured Al at a cyclotron, determined the Al content of
the sample with a mass spectrometer, and measured the
activity of the sample by counting the positrons from the

Al beta decay in a 4m geiger counter. They calculated a
half-life of (7.4+0.3) && 10 years based on the then known
properties of the Al decay. Later, Samworth, Warbur-
ton, and Engelbertink re-examined the decay scheme of

Al and recalculated the half-life yielding the currently
accepted value of (7.16+0.32) && 10 years.

Al is a cosmogenically important isotope because of
its convenient half-life and because it is one of several iso-
topes that are formed in meteorites by cosmic-ray-induced
spallation reactions. Kr, Mn, Na, Be and Al are all im-
portant examples, although the radioactive and stable iso-
topes of these elements evolve differently. For example,
the Al concentration in a meteorite increases with time
until an equilibrium is reached between the production
rate and the decay rate. 'Ne, on the other hand, is stable
and so its concentration builds up linearly with time. The
ratio of Al to 'Ne concentration is therefore a chro-
nometer and a sensitive indicator of the exposure age of
the meteorite on the million-year time scale.

Conversely, if the exposure age of a meteorite can be
determined by one method such as 'Kr/ Kr, then the
production rates of other isotopes can be estimated. This
was done for 'Ne by Herzog and Anders using exposure
ages determined by the Al/ 'Ne method on meteorites
in which the Al had not built up to saturation levels.

Their result gave a Ne rate that was higher than expect-
ed. Recently, Nishiizumi et al. and Moniot et al. have
reviewed the literature concerning the 'Ne production
rate problem. (See Table I.) They report that the 'Ne
production rate is 0.30&&10 cm (STP)/gMy based on
'Kr, Mn, Na, and ' Be, while the production rate

based on the Al method is 0.45)& IIO . Possible ex-
planations for this include a variable cosmic-ray flux or
an error in the half-life of Al.

We have tested the hypothesis that the accepted half-
life is in error. We did so by tnanufacturing a known
amount of Al, measuring the sample's decay rate with a
Ge(Li) detector, and then calculating the half-life from
this information. We avoided the difficulties of mass
spectrometry by manufacturing the aluminum via a reac-
tion with a known cross section, Mg(p, n) Al The ex.-

perimental setup is shown schematically in Fig. 1. Two
targets of natural magnesium were bombarded with an
EI,b ——5.800 MeV proton beam. This energy was chosen
because it corresponded to the highest energy data point
taken by Skelton and Kavanagh for the Mg(p, n) Al
cross section. The beam energy corresponds to 0.796
MeV excitation energy in Al which is between the
second and third excited states. Only the ground and the
second excited states will contribute to the Al ground-
state yield because the first excited state beta decays
directly to the ground state of Mg.

The targets were mounted in a high-vacuum chamber
that was separated from the accelerator vacuum by an iso-

TABLE I. A summary of 'Ne production rates.
0,76 mm

APERTURE

Method

Al
Mn

Kr
Na- Ne

10Be

'Ne production rate
[10 cm (STP) / gMy]

0.507+0.039
0.43 —0.48
0.302+0.013
0.312+0.017
0.292+0.019
0.28 +0.02

FIG. 1. A schematic representation of the Mg target holder
used for the production of Al. The 4.76 mm aperture was at a
distance of 1.90 meters from the target.
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lation cold trap and a 60 1/s ion pump. The vacuum was
typically below 1& 10 Torr with beam on the target.

Target number one was manufactured from a solid rod
of magnesium by drilling a 1.27 cm hole down through
the center of the rod to a depth of 4 cm. The hope was
that any Al that was sputtered from the target would be
trapped by the walls of the hole and then could be re-
moved with an acid etch after the bombardment. A tan-
talum aperture (0.635 cm diameter) was placed upstream
of this target in order to catch any sputtered target ma-
terial that may emerge from the hole. None was observed
via a. technique that will be described below.

Target number two was a flat 1.27 cm disk of magnesi-
urn. This disk was small enough so that it could be total-
ly dissolved in acid after the bombardment. The target
was mounted at the end of a 4 cm long by 1.27 cm diame-
ter monitor tube that was designed to catch sputtered par-
ticles from the target. An upper limit to the sputtering
yield was easily determined due to the relatively large
cross section for Mg(p, a) Na and due to the short
half-life of Na. Compared to the Na activity of the
target the snout collected only enough sputtered particles
to account for 0.1% of the total activity and so we assume
that a negligible amount of the Al was lost via sputter-
ing processes. This result is consistent with the low
sputtering yields for proton bombardment of metals, and
indeed no damage to the target was visible to the naked
cyc.

The two targets were cut from a solid magnesium bar
of 99.8% purity. The remaining 0.2% impurities gave
rise to some bothersome activity in the sample. Principal-
ly, so much ' Co was produced via the ' Fe(p, n)' Co reac-
tion that its gamma ray at 1810 keV obscured the antici-
pated Al signal at 1808 keV. Fortunately, this and other
contaminants were easily removed with anion and cation
exchange resin techniques. The procedures we used are
outlined below.

Target one was etched in 6N HC1 and to this was added
20 mg of Al from a Fischer atomic absorption standard
solution. The Al was added as a tracer in order to deter-
mine the total yield after all of the chemistry had been
completed. Target two was handled similarly except that
it was totally dissolved in acid. Ammonium chloride was
added to the solutions to inhibit the precipitation of mag-
nesium and then the aluminum was precipitated as the
hydroxide by adding ammonium hydroxide. The precipi-
tate was Icc4ssolvcd 1n 1N HC1 and run through a cation
exchange column of AG50W-XS, 100-200 mesh, H+
form. This separated Al from Na and the aluminum was
eluted with 10N HC1. The eluate was then passed
through an anion exchange column of AG1-X8, 100-200
mesh, Cl form. This separated the Al from the Co and
the purified Al solution was then packaged in an approxi-
mately 2 cm cylindrical Plexiglas vial for gamma count-
ing. The resulting spectrum showed that the Co had been
reduced to the point that it was indistinguishable from the
background, see Fig. 2. The sample was still contaminat-
ed with Cr but this was deemed to be unimportant due
to the low energy (320 keV) of the Cr line.

We detected the 1808 keV gamma transitions resulting
from the Al ground-state decay with a 100 cm Ge(Li)
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FIG. 2. Ge(I.,i) spectra of target 1 after proton bombardment
(upper) and after chemical processing to eliminate the ' Co lines
(lower). The smaller peaks in the lower curve are due to back-
ground radiation from Ra, ' Bi and the Na+0. 511 sum
peak.
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detector. The samples were counted in close proximity to
the Ge(Li) and summing corrections were determined by
counting a standard sample of A1203 in the same
geometry and again in an extended geometry where the
summing corrections were negligible. The calibration of
the Al standard was then checked against a Eu-Sm
source purchased from the National Bureau of Standards
(NBS No. SRM-4275-164).

The sample vials were then opened and diluted to an
aluminum concentration of approximately 200 pg/ml for
atomic absorption analysis (AA). 2 mg/ml of KC1 was
added to the solutions to enhance the Al signal in the AA.
Several further dilutions of the samples were made and
then all of the solutions were analyzed via atomic absorp-
tion and compared to similar dilutions of the Fischer Al
AA standard and to a Caltech Al standard solution. All
of the measurements were consistent and they showed no
evidence for absorption interferences from other elements.
The total Al in each sample was then compared to the
amount of Al added as a tracer to give us a direct mea-
sure of the chemical yield. As can be seen in Table II, a
considerable portion of sample one was lost, but sample
two was handled much more satisfactorily.

The number of Al atoms produced was calculated
from the total integrated beam current, the cross-section
data of Skelton and Kavanagh, and the stopping-power
compilation of Anderson and Ziegler. ' The formula used

x,x,a„„ dE,
eat E

where Xo is Avogadro's number, Xz is the number of
protons incident, A„~ is the relative abundance of Mg,
and 3 t is the atomic weight of natural Mg. The integral
runs from threshold to the bombarding energy yielding a
value of (21.6+1.3) mb MeV with an average stopping
power, Z, of (55.2+0.5) keV cm /mg. cr refers to the sum
of the cross sections to the ground state and second excit-
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TABLE II. A summary of the data measured during the course of this work, and our calculations of
the half-life of Al.

Integrated beam current (Coulombs)
1.808 MeV y counts

y counting time (sec)
Chemical efficiency (%)
Ge(Li) efficiency (%)
Yield of Al atoms

Half-life (yr)

Sample I

1.88+0.08
1090 +60

1 425 839
23.0 +0.7
0.92+0.03

(1.27+0.09) )& 10'

(7.7*0.7) X10'

Sample II

3.04+0. 10
3650 +75

749 536
93.0 +1.5
0.92+0.03

(2.05+0. 14)&&10"

(7.9+0,6)~ 10'

ed state of Al. The other relevant experimental parame-
ters are summarized in Table II. The half-life calculated
is (7.8+0.5))&10 years. This value is consistent with the
currently accepted half-life of Al and therefore it ap-
pears that an error in the half-life is not the cause of the
'Ne production rate problem.

During the course of this work we learned of two other
experiments that were designed to measure the half-life of

Al. One is being done at Los Alamos, "where they have
measured the activity of a sample of Al with a Ge(Li)
detector. The sample had previously been analyzed by
conventional mass spectrometry to determine the Al
content. They calculate a half-life of (7.0+0.4)X105

years. Another group, at Pennsylvania, has done
accelerator-based mass spectrometry' on an enriched
sample of Al for which the activity of the sample was
already known. They calculate a half-life of
(7.0+0.6) && 10' years.
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