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Aspects of the application of synchrotron radia-
tion to trace element determinations by x-ray fluores-
cence have been investigated using beams from the
Cornell facility, CHESS. Fluoresced x rays were detect-
ed with a Si(Li) detector placed 4 cm fron the target
at 90° to the beam. Thick samples of NBS Standard
Reference Materials were used to calibrate trace ele-
ment sensitivity and estimate minimum detectable
limits for this method.

Introduction

X-ray fluorescence (SRF) techniques have a number
of features that make them attractive for trace ele-
ment measurements. They are: 1) High sensitivity;
2) They are non-destructive; 3) The method gives abso-
lute values since x-ray cross sections and absorption
coefficients are known; 4) There is no dependence on
the chemical form of the elements. This is a problem
for techniques which utilize ion sources; 5) Only small
samples are needed; 6} Minimum sample preparation is
required. Wet samples can be used; 7) Spatial
resolution so that mapping of elemental distributions
is possible; -8) Sensitivity is a continuous and slowly
varying function of atomic number.

The availability of synchrotron radiation sources
provides two advantages compared to work with conven-
tional x-ray tube sources presently used for XRF or
with charged particle excitation. Among the properties
of synchrotron radiation providing those advantages
are: 1) The brightness is greater than for x-ray tubes
so that better sensitivity and spatial resolution can
be obtained; 2) The radiation is polarized which gives
reduced Compton and Rayleigh scattering. The advan-
tages of synchrotron XRF (EXRF) compared to excitation
by charged particles such as protons and electrons are:
1) Trace element detection sensitivity is better;
2) Energy deposition in the sample is less than for
charged particles at comparable trace element detec-
tion sensitivities; 3) The analyses can easily be done
in air or in helium; 4) The elements can be selectively
excited by changing the x-ray energy above and below
the absorption edges; 5) Charge buildup on non-conduct-
ing samples is not troublesome; 6) Chemical speciation
is feasible.

We have started an experimental exploration on the
use oi synchrotron radiation for trace element measure-
ments in various types of samples. Initially, radia-
tion carnage to blood and tissue .samples was investiga-
ted1 with a white beam at the Cornell High Energy Syn-
chrotron Source (CHESS). Knowledge of the radiation
induce-d changes of these samples is naturally import-
ant in determining the ultimate usefulness of synchro-
tron radiation for biological research. These effects,
however, will not be addressed here. In the present
experiment we investigate the sensitivity of the SXRF
method, for measurements of elemental composition when
an energy dispersive Si(Li) x-ray detector is used for
detection. The question of sensitivity has been pre-
viously addressed, mainly from a theoretical stand-
point, by Sparks and Gordon.

Properties of Synchrotron Hadiation

The properties of radiation from a synchrotron
light source have been discussed previously.^ Here, it
suffices to point out that these sources possess the
following characteristics which are of general import-
ance:

1. They are very high brightness sourc?s. This
means that high photon flux is available to
irradiate the sample.

2. The radiation is highly polarized in the plane
of the electron orbit which reduces Rayleigh
and Compton scattering by the sample.

3. The radiation varies in energy from zero to
some maximum value. Hence, a monochromator
can be used to make a monoenergetic, variable-
energy photon beam with substantial photon

f1uxes.

These properties are illustrated for the CHESS
source in Figs. 1 and 2. The spectral distribution of
photons produced by CRESS is shown in Fig. 1. The
available photon flux is orders of magnitude greater
than for most tube sources and the usable photon inten-
sity covers an interval from-0 to 50 keV in energy.

The calculated polarization of the photons is
shown in Fig. 2. This curve gives the polarization as
a function of vertical displacement from the plane of
the electron orbit. Zero on this plot is the horizon-
tal plane of the electron orbit. The C'jrve in this
figure was integrated over the finite acceptance of our
30 mm Si(Li) detector positioned 2.5 cm from the beam.
The sum of the two components is the total intensity of
the incident photon beam and is responsible for the ex-
citation of the characteristic x-rays, when the de-
tector is placed at 90° in the horizontal plane, assum-
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Spectral distribution of x-rays produced at
CHZSS with 5 GeV electrons.
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