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Prologue: My talk will focus on the most common use of accelerator mass spectrometry (AMS),
namely radiocarbon dating. Since other talks given at this Workshop will deal with (1) classical
or radiometric radiocarbon dating and calibration, with (2) the dating by AMS using other (not
radiocarbon) long-lived radioisotopes, and with (3) the preparation of samples for AMS, I will
only touch briefly on these topics where necessary.

My intention is to address this talk to the students who come to this workshop; students who
work in fields such as archaeology, palaeo-ecology and palaeo-climatology, palynology, etc and
who I suspect have little or no background in Physics and probably only a minimal understanding
of radiocarbon dating and in particular of radiocarbon dating by accelerator mass spectrometry
(AMS).

Introduction: Let us first consider the production of radiocarbon - or 14C in the language of a
nuclear physicist. This occurs in the outermost regions of our atmosphere due to the
bombardment of cosmic rays. This bombardment produces neutrons which in turn may interact
with an atmospheric nitrogen nucleus to form 14C and a proton. This can be written

n + I4N -» 14C + p

where I4C is unstable i.e. radioactive. This radiocarbon rapidly combines with oxygen to form
carbon dioxide 14CO2 which in turn is rapidly dispersed throughout the atmosphere. Via the carbon
cycle the I4C is taken up by life on our planet. When alive the life form is in equilibrium with the
atmosphere but on death there is no further uptake and the amount of I4C decreases through
nuclear decay. It is this decay which allows us to determine its 'age' (actually the time since
death). Radiocarbon also enters the oceans, and thus life in the oceans, via surface exchange and
carbonate dissolution. The dating situation is more complicated for life in the oceans because of
the delay in the transfer of I4CO2 (the so-called 'reservoir effect').

Figure 1 introduces the principal of nuclear decay. If we want to determine the age, t, of a sample
we must know the half life, •, the original number of radioactive atoms, No, and must determine
by measurement the number of radioactive atoms left, N, after the time t. Furthermore, we
should have a closed system - no atoms are added or removed by other means.

Measurement of 14C : AMS is an ultra sensitive analysis technique using a system based on a
nuclear particle accelerator (for us the ANTARES tandem accelerator here at ANSTO) and its
beam transport system to detect and measure individual 14C ions. Extreme sensitivity is required
because of the very low abundance of I4C. Remember that the abundance of the stable isotope
12C is 98.89 % while that of 13C is 1.11%. But note that in our present day atmosphere and in life
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on our planet, the abundance of I4C is 1.2 x 10~10 %. AMS is the only mass spectrometric
technique which has sufficient sensitivity to detect the 14C. Furthermore, its sensitivity allows the
measurement of samples where the 14C abundance is a factor of 1000 lower, i.e. lxlO"13 %. In
principle this permits measurement of ages of 55ka. However, the practical situation is that the
limit is more like 45 ka.

Chemical extraction of carbon from the original samples is first required and this is then used as
the target in the sputter ion source of the accelerator. Because AMS measures actual 14C ions
rather than looking for a decay signature the sample size and the counting times can be much
smaller (by a factor of about 1000) than the same parameters in the radiometric technique. In
practice the mass of carbon required for an AMS analysis need only be 1 mg, perhaps even less.
The time required to make a precise measurement is usually less than 15 min. Note, however, that
this time is dependent on the output from the source (the rate at which the l4C ions are extracted),
and on the sample age (the number of I4C atoms present). Precisions of 0.5 % - equivalent to 40
years - can be obtained for young samples, say less than 5 ka. For old samples it may not be
meaningful to attempt such precise measurements because of the running times required. In some
situations, where the sample is both small and old, the amount of I4C available may preclude such
a precise measurement.

The AMS system is shown in Figure 2. Key components are the ion source, the injection magnet,
the high voltage terminal and the gas stripper in the accelerator tank, the analysing and switch
magnets, the beam line and the gas detector. In AMS a I4C abundance is obtained by comparing
the measurement rates of I4C and 13C ions. This is not as simple as it sounds. The enormous
difference in the numbers of the two isotopes makes it very hard to uniquely detect I4C ions. For
modern samples, those with the most I4C, some 1010 I3C ions leave the source for every I4C ion.
However, the use of an accelerator and various high energy techniques makes it possible to the
detect the I4C and to reject the 13C. As part of the methodology to achieve this high rejection
efficiency the injection magnet is set to transmit only one isotope, namely 14C. However, a
subsequent measurement of I3C must be made. The number and the rate of arrival of 13C ions is
such that individual ions cannot be measured, instead a I3C current is measured in a Faraday cup.

It is possible to alternate the injection magnet field between that to transmit MC and that to
transmit I3C. This method is known as slow cycling but suffers from significant dead (not useful)
periods while the magnet field is changed and stabilises. Furthermore and more significantly,
during this dead time changes in ion source output may occur distorting the I4C/'3C ratio. We
instead employ a method known as fast cycling which involves rapidly increasing the energy of
the 13C ions as they enter the injection magnet. This is achieved by the use of a high voltage (6.7
kV) pulser. We can also inject I2C by this method although a 14.7 kV pulse is required. The
switching time from one carbon isotope to another is only a fraction of a millisecond in this fast
cycling method. Hence one has quasi-simultaneous measurement of I4C and 13C

Standards : Measurements of the 14C/13C ratio from a sample are always compared to the same
ratio from an internationally accepted standard. The primary standard is Oxalic Acid 1 (HOx 1)
which was prepared from a crop of 1955 sugar beet and whose activity was determined by the US
National Institute of Standards and Technology (NIST). One can then quote the sample l4C
content as a fraction or percent of Modern (pMC) where Modern has the strict meaning of the I4C
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content of 1890 wood (thus not including fossil fuel effects) corrected for decay to 1950. There
are a number of secondary standards; the most important being Oxalic Acid II (HOx 2). One can
now obtain an estimate of the sample age based on the assumption that the rate of production of
14C in the atmosphere has been constant. The conventional radiocarbon age = -x. In (pMC/100) ,
where % has the meaning in Figure 1 While the accepted value of t = years, the Libby lifetime
(named after the discoverer of radiocarbon dating) of 8033 years is used in most situations, and
certainly when calibration is required.

Precision and Accuracy : It is important to distinguish between the two terms. Precise
measurements are grouped tightly together, accurate measurements are centred on the real value.
In AMS radiocarbon dating precisions of 0.5 % (40 years) can be obtained for young samples In a
stable and well behaved system the precision depends on the number of MC ions detected in the
detector. More completely the precision in the radiocarbon age depends on the precision obtained
on the standard as well as the sample. Finally it should be pointed out that for the result to be
meaningful the accuracy must be as well known as the precision. This implies that all corrections
must be applied - and applied accurately.

Some common and well understood corrections deal with mass fractionation (the 5'3C correction),
the accelerator background, and the chemistry background. Usually the 813C correction is
obtained from measurements on a stable isotope mass spectrometer. Currently these
measurements are performed for us on the facility at the University of Wollongong using a small
amount of CO2 collected after the combustion or hydrolysis step. The machine background is
obtained by analysing a sample of 14C-free graphite and the chemistry background by first
subjecting this material to the combustion (or hydrolysis) and graphitisation procedures.

Conclusions : My intention has been to provide an introduction which will be useful to
researchers, and students in particular, in those fields which require AMS radiocarbon analyses.
In addition I hope that researchers involved with other dating techniques fields will find the
information useful. If you want more detailed information I suggest you lock at the following
references:
Tuniz et al.(1995) Radiocarbon 37, No 2, 663-673
Hotchkis et al.(1996) Nucl. Instrum & Methods in Phys Res B, 113, 457-460
Tuniz et al.(1997) Nucl. Instrum & Methods in Phys Res B, 123, 73-78
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Figure 1 Schematic of the Radioactive Decay law.

N = No exp (-t/T) or N = N0(l/2)t/T

Where N is the no of radioactive atoms left after time t
No is the initial no. at time t = 0

T is the mean lifetime of the radioisotope, and
T is the half life of the radioisotope

27



Tandem Accelerator

injection magnet

lu

846B 58 sample
ion source

analysing magnet

12C & 13C
faraday Cups

switch Magnet

14C detector

Figure 2 Schematic of the ANTARES system
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