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Abstract

Energy-dispersive X-ray fluorescence (EDXRF) is most prevalent. It's named so because it
records an entire fluorescence spectrum with a single solid-state detector instead of scanning
one wavelength like an older crystal-based spectrometer. This technique can measure absolute
x-ray fluorescence cross-sections and determine elemental concentrations in a sample with
high accuracy and sensitivity, even for trace amounts of high-Z elements hidden inside a
complex matrix, when used with a tunable, monochromatic synchrotron beam instead of a lab
x-ray tube. This work provides a detailed but accessible discussion of synchrotron-assisted
EDXRF for high-Z materials. We explain how an energy-dispersive detector converts an
incoming X-ray photon to a measured energy, why it introduces artefacts (escape peaks, sum
peaks, pile-up) that must be understood and corrected for, and how the well-known
fundamental parameters method converts raw measured peak intensities into absolute
elemental concentrations without a large library of matched reference standards. Before
presenting and discussing representative results for high-Z elements like tungsten, lead, gold,
and uranium in different sample matrices, we describe the methodology of a representative
synchrotron EDXRF beamline, including monochromator selection, detector calibration, and
quantitative analysis. We conclude that synchrotron EDXRF of high-Z materials is important
for nuclear material accounting, toxic heavy metal monitoring, geological and archeological
provenance research, and industrial quality control. We also discuss matrix effects and trace-
level detection limits in complex real-world samples as open issues.

Keywords: EDXRF, Monochromator selection, Detector calibration, Archeological
provenance

1. Introduction

One of the first methods used to determine a sample's elements and amounts without dissolving,
grinding, or damaging it is X-ray fluorescence analysis. Every element in a sample emits its
own fluorescence X-rays at a particular energy that works as a fingerprint when exposed to
high-energy X-rays. By measuring spectrum energies, you may identify elements. With proper
calibration, measure each characteristic line's intensity to determine element
abundance.Fluorescence X-rays are measured "energy-dispersive" in EDXRF. Each photon is
absorbed by an energy-dispersive detector, usually a semiconductor detector like a silicon drift
detector (SDD) or high-purity germanium (HPGe), which produces an electrical pulse whose
height is proportional to the photon's energy. The fluorescence spectra of every constituent in
a single measurement is obtained by sorting these pulses into a histogram with a multichannel
analyzer. As this study details, EDXREF is rapid, efficient, and well-suited for elemental survey
work, but it also includes detector-specific problems that must be considered.
For EDXREF analysis, high-Z materials—tungsten and heavier—are crucial and difficult. Their
presence in nuclear fuel, nuclear waste, electronic solder and -catalysts, hazardous
environmental toxins like lead and mercury, valuable metals, and archeological artifacts makes
them noteworthy. They are difficult because high-Z elements must be measured as trace
components in a much more abundant lower-Z matrix (for example, a trace of uranium in a soil
sample or lead in drinking water residue), and the matrix's fluorescence physics, through
absorption and secondary fluorescence, can distort the actual element's signal.
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Synchrotron radiation and EDXRF work here. Synchrotron beamlines allow the experimenter
to tune the excitation energy to sit just above the absorption edge of the high-Z element of
interest, maximizing the fluorescence signal from that element relative to the spectrum and
improving sensitivity over broadband laboratory sources. The well-characterised, stable, and
precisely known incident flux allows the determination of absolute fluorescence cross-sections,
not just relative intensities, which is essential for fundamental atomic physics and accurate
quantitative analysis using the fundamental parameters method described later. The very high
photon flux at a synchrotron allows extremely low detection limits, often around parts-per-
billion for heavy elements.

Following is the paper's organization. Section 2 covers XRF's physical basis and how a
semiconductor energy-dispersive detector operates and its artifacts. Fundamental parameters
are developed in Section 3 to translate observed intensities into quantitative elements
concentrations. Section 4 describes why synchrotron radiation is useful for high-Z EDXRF. A
typical experimental procedure is in Section 5. Part 6 discusses representative outcomes.
Section 7 covers applications, while Section 8 outlines a summary and open challenges.
Summary of scope and terminology is helpful. Throughout this paper, "high-Z" refers to
elements from around tungsten (Z = 74) to the heaviest naturally occurring and actinide
elements, since L-shell and, for the lighter members, K-shell fluorescence lines fall
conveniently within the energy range most commonly available at hard X-ray synchrotron
beamlines and where fluorescence yields are large enough (as established in earlier atomic-
physi. EDXRF was compared to wavelength-dispersive XRF (WDXRF), which uses a
diffracting crystal and a moving goniometer to measure one wavelength at a time. WDXRF
has better energy resolution and is still preferred for some demanding applications, but
EDXRF's ability to record a full spectrum simultaneously, compatibility with a fixed, non-
moving detector geometry, and simpler and more compact instrumentation make it the obvious
choice.

2. Physical Basis of EDXRF

2.1 The fluorescence process, briefly

Whatever method is used to detect X-ray fluorescence, the physics remain the same. A photon
over the binding energy of an inner-shell electron ejects it, leaving a vacancy in the atom. An
electron from a higher shell falls down to fill that vacancy, and the energy released either
escapes as a characteristic fluorescence photon or is transferred to and ejects another electron
(the Auger or Coster-Kronig process), depending on the element's fluorescence yield. Standard
atomic physics references cover this underlying atomic physics, including the formal cross-
section formalism, but this paper focuses on how the energy-dispersive approach is used to
measure and quantify the fluorescence signal.

2.2 How a semiconductor energy-dispersive detector works

Modern EDXREF relies on reverse-biased semiconductor diodes for silicon drift detectors. A
fluorescence X-ray photon enters the detector's active silicon volume and loses energy mostly
by the photoelectric effect, creating a rapid photoelectron that loses kinetic energy by creating
a cascade of electron-hole pairs. Each electron-hole pair costs 3.6 electron-volts per pair in
silicon at ordinary working temperatures, hence the number of pairs formed is precisely
proportional to the energy deposited by the originating photon. The photon's energy determines
the height of the voltage pulse produced by a charge-sensitive preamplifier as an internal
electric field sweeps the charge cloud to a small collecting electrode. The detector's energy
resolution, or how well it can distinguish two closely spaced energies, is limited by the
statistical fluctuation in the number of electron-hole pairs created for a given photon energy,
which is smaller than simple Poisson statistics would suggest due to energy-loss correlations,
captured by the Fano factor. Modern silicon drift detectors can resolve most characteristic lines
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from different elements at the manganese K-alpha energy of 5.9 kilo-electron-volts, but not
every line within a closely spaced multiplet, an important practical limitation discussed below.
2.3 Detector artefacts that EDXRF analysis must correct for

A quantitative EDXRF analysis must identify and correct several characteristic artefacts in the
spectrum that are not present in a wavelength-dispersive measurement because the energy-
dispersive detector measures each event individually and electronically. Escape peaks occur
when an incoming X-ray photon is absorbed in the detector's silicon, but the silicon K-shell
fluorescence photon generated internally escapes the active volume. Since the pulse height is
too low by the energy of the escaping silicon X-ray, a small satellite peak appears 1.74 kilo-
electron-volts below the genuine characteristic line. While escape peaks are tiny for high-Z
elements with K-lines in the tens of kilo-electron-volts, they can be considerable for L-lines
and lighter matrix elements and must be removed during spectral fitting.

Sum peaks, sometimes called pile-up peaks, occur when two photons arrive at the detector so
close together that the electronics record their combined energy as a single pulse. This creates
a small peak at the sum of two strong lines' energies, which becomes more significant at high
count rates. Synchrotron EDXRF experiments must balance high incident flux with increased
pile-up by attenuating the beam or using a detector with a short pulse processing time. Compton
and Rayleigh scattering of the incident beam off the material, not fluorescence, adds counts to
the spectrum as one or two large peaks at or near the input photon energy. A precisely
determined narrow-band incident energy makes synchrotron EDXRF scatter peaks easier to
spot and use as an internal normalisation check, but they must be modelled and subtracted from
the background underlying the fluorescence lines of interest. The detector's overall response is
not a perfect spike at the true photon energy, but rather a Gaussian with a small low-energy tail
and a continuum background below each peak due to incomplete charge collection near the
active detector volume's edges. A full quantitative spectral fit models each peak as a Gaussian
with a step-like background function. It's important to note why high-Z material work requires
these modifications. Most of the most fascinating and challenging measurements in this field
involve a small or trace high-Z element with a weak characteristic peak close in energy to a
considerably bigger peak from an abundant matrix element. In this case, an uncorrected escape
peak, sum peak, or scatter feature from the strong matrix line can overlap with trace high-Z
element fluorescence, resulting in a false positive identification or a biased concentration
estimate. The same overlapping region of the spectrum can often be deconvolved safely if the
fitting software appropriately accounts for all of these instrumental aspects, recovering an
accurate trace-element signal that would otherwise be lost. This is why high-Z trace element
spectral fitting software requires a detailed physical model of the detector response rather than
peak-area integration approaches, which may work for smaller, well-separated spectra.

3. The Fundamental Parameters Method

3.1 Why a calibration curve is not always enough

The simplest technique to convert a fluorescence intensity into a concentration is to construct
a series of reference standards with known concentrations of the element of interest, measure
each standard, then plot a calibration curve of intensity vs concentration. This approach works
well when reliable matrix matching standards are available, however for many genuine samples
notably complicated or uncommon matrices containing high-Z elements at trace quantities,
adequate standards simply do not exist and constructing them is expensive and slow . The
fundamental parameters technique gets around this by estimating exactly how intense each
fluorescence line should be for a particular elemental composition and a certain experimental
geometry, from first-principles atomic and X-ray physics, without the requirement for
matching standards at all.

3.2 The basic equation
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For a thin, homogeneous sample the intensity measured of a characteristic line from element
1, stimulated by monochromatic radiation of energy Eo, may be written, in a simplified form,
as
[i=10GCioi(Eo)ei
where Iy is the incident photon flux, G is a geometric factor describing the solid angle and
efficiency of the detection setup, C; is the mass fraction (concentration) of element i in the
sample, oi (E0) is the fluorescence cross-section of element 1 at the incident energy Eo (built
up, as discussed in earlier atomic physics treatments, from the photoionisation cross-section,
the fluorescence yield, and the radiative branching ratio of the specific line), and & is the
detector's energy-dependent efficiency at the energy of that line.
For a thick or intermediate-thickness sample this simple equation has to be extended to include
absorption of the incident beam and the outgoing fluorescence radiation as they travel through
the sample, because both are absorbed exponentially according to the total attenuation
coefficient of the sample matrix at the relevant energies, and, for some sample geometries, a
secondary fluorescence term, which accounts for the fact that fluorescence X-rays from one
element can themselves be absorbed by, and excite fluorescence in, a second element present
in the same sample (this is called enhancement, and is most significant when two elements
have absorption edges and fluorescence lines that lie close together in energy).
3.3 Iterative solution and matrix correction
In general, the fundamental parameters equations cannot be solved directly because the
absorption correction terms depend on the full elemental composition of the sample (since
every element present contributes to the total attenuation coefficient), and that composition is
exactly what we are trying to determine. Instead, an iterative numerical procedure is used: an
initial guess is made for the sample composition (often simply normalising the raw measured
intensities to one another), the absorption and enhancement corrections are calculated from that
guess, a new estimate of the composition is obtained and the process repeated until the
calculated and measured intensities converge to within a small tolerance. This depends on
having accurate fundamental atomic data -- precisely the photoionisation cross-sections,
fluorescence yields and radiative branching ratios discussed above -- as direct inputs, which is
one of the key reasons why accurate synchrotron measurements of these quantities, of the kind
discussed in this paper, are so valuable: better atomic data feeds directly into more accurate
fundamental-parameters-based elemental analysis for everybody who uses the technique.
3.4 Detection limits for high-Z trace elements
One quantity of special interest for high-Z trace analysis is the minimum detectable
concentration. This is commonly defined as the concentration that would create a peak which
is three standard deviations above the background continuum immediately below that peak, for
a given measurement duration. Because the background under a peak scales with the square
root of counting time while the peak area scales linearly with counting time, detection limits
improve (get smaller) as the square root of measurement time, which is why the very high flux
available at a synchrotron source, allowing useful spectra to be collected in seconds rather than
hours, translates directly into detection limits for high-Z trace elements that can reach the sub-
part-per-million or even part-per-billion level in favourable cases, far better than is generally
achievable with a laboratory X-ray tube source.
4. Why Synchrotron Radiation for high-Z EDXRF
Some particular advantages of synchrotron radiation, mentioned in broad terms in previous
atomic physics work, become very important for quantitative EDXRF of high-Z materials in
particular. The incident energy can be tuned to just above the absorption edge of the high-Z
element of interest, maximizing its fluorescence cross-section and minimizing unwanted
excitation of other elements in the matrix whose edges lie at different energies. This directly
_cimprov ignal-to-background ratio for the element being measured. This is especially
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useful when the element of interest (say, a trace of uranium) is embedded in a matrix dominated
by much more abundant lighter elements (say, soil or biological tissue), because tuning just
above the uranium L3 or K edge selectively enhances the uranium signal without proportionally
enhancing fluorescence and scatter from the matrix. The double-crystal monochromator
defines a narrow, well-branded incident bandwidth, which reduces the width and intensity of
the Compton and Rayleigh scatter peaks in the recorded spectrum, as these are smeared out in
energy by exactly the bandwidth of the incident beam; a narrower incident bandwidth results
in a narrower, lower scatter background directly underneath the fluorescence peaks of interest,
directly improving detection limits. High flux, often orders of magnitude greater than a
laboratory X-ray tube at comparable energy and bandwidth, allows short counting times, high
statistical precision and the very low detection limits for trace high-Z elements mentioned
above, while a small, well-collimated and focusable beam spot allows spatially resolved
mapping of elemental distributions at the micron scale. This is useful for studying the
distribution of high-Z elements in heterogeneous samples such as geological grains, biological
tissue sections or layered industrial materials.

Finally, an absolutely well-known and stable incident flux, continuously monitored by an
upstream ionisation chamber, enables absolute fluorescence cross-sections to be determined
directly from the measured data, not just relative concentrations, thus providing the
fundamental atomic data upon which the fundamental parameters method itself relies on, a
truly bi-directional relationship between this sort of synchrotron measurement and the broader
field of quantitative XRF analysis.

5. Experimental Methodology

Optics/Beamline: A synchrotron EDXRF beamline for high-Z element analysis often has a
bending magnet or wiggler source, a double-crystal silicon monochromator for energy
selection, and focusing mirrors for a narrow beam spot. Harmonic rejection mirrors or
monochromator detuning suppress higher-order radiation for precise fluorescence
measurements.

Detector Configuration and Calibration: Silicon drift detectors (SDDs) are popular because
to their excellent energy resolution, quick count-rate, and Peltier cooling. To reduce dispersed
radiation, the detector is 90° to the incident beam. For precise quantitative analysis, standard
radioactive sources and fluorescence lines calibrate energy and detector efficiency.

Sample Preparation: Based on the application, samples can be pressed pellets, thin slices,
filtered residues, or certified solid/liquid materials. Sample homogeneity and thickness affect
absorption corrections, fluorescence intensity, and detection limits, hence they are carefully
adjusted.

Measurement/Spectral Fitting: Fluorescence spectra are taken at incident energies just above
the target element's absorption edge. Spectra are examined using non-linear least-squares
fitting, where Gaussian functions represent characteristic, background, escape, and sum peaks.
The Fundamental Parameters technique calculates elemental concentrations from fitted peak
regions.

Quality Control: CRMs and unknown samples are evaluated routinely to verify calibration
and instrument stability. The approach reduces systematic errors from beam fluctuations,
detector drift, and sample placement variations.

6. Results and Discussion

6.1 Detection limits for high-Z trace elements

Representative synchrotron EDXRF measurements on environmental and geological matrices
show detection limits for high-Z trace elements like lead, mercury, tungsten, and uranium
ranging from a few hundred to low parts-per-billion, depending on incident flux, counting time,
and the element's absorption edge's energy separation from strong matrix fluorescence and
scatter li ese detection limits are typically one to two orders of magnitude better than

gAY

= ~ VOLUME-25, ISSUE-I iajesm2014@gmail.com 346



mailto:iajesm2014@gmail.com

. c e e JSSIN: 2393-8048
International Advance Journal of Engineering, Science and Management (IAJESM)

Multidisciplinary, Multilingual, Indexed, Double Blind, Open Access, Peer-Reviewed, Refereed-Intemnational Journal.
SJIF Impact Factor = 8.35, January-June 2026, Submitted in March 2026

laboratory X-ray tube measurements, due to the higher flux and signal-to-background ratio of
a tunable, monochromatic synchrotron beam, as discussed in Section 4.Table 1 shows the
order-of-magnitude detection limits for a selection of high-Z elements in a typical light-element
matrix (such as soil, water residue, or biological tissue), varying with absorption edge energy
and accessibility and matrix fluorescence line spectral overlap.

Element Line used Typical synchrotron
EDXREF detection limit

Tungsten, W L-alpha 0.5-2 parts per million

Lead, Pb L-alpha 0.1-1 parts per million

Gold, Au L-alpha 0.2-1 parts per million

Mercury, Hg L-alpha 0.1-0.5 parts per million

Uranium, U L-alpha or K-alpha 0.01-0.1 parts per million

6.2 Accuracy of the fundamental parameters approach

Comparisons between fundamental-parameters-derived concentrations and independently
certified values in reference materials typically show agreement within 5-10% for major and
minor elements, and 15-20% for trace high-Z elements present at very low concentrations in
complex matrices, where the absorption correction is most sensitive to small matrix
composition errors and uncertain. This pattern supports Section 3.3: fundamental-parameters-
based quantification is limited by the accuracy of the underlying atomic data, and fluorescence
cross-sections for high-Z elements are still useful to the applied analytical community, not just
atomic physics.

6.3 Matrix and enhancement effects in practice: Secondary fluorescence enhancement
effects of ten percent or more are common in samples containing a high-Z element and a second
element with an absorption edge close in energy to one of its fluorescence lines. Failure to
include the enhancement term in the fundamental parameters model leads to a systematic,
sometimes substantial, underestimate of the high-Z element's true concentration. Many of the
most important matrices, such as lead-containing alloys, mixed nuclear materials, and
polymetallic ores, contain this kind of close energetic coincidence between elements' edges and
lines, making this a crucial lesson for high-Z material characterisation. In absorption-edge
masking, the absorption edge of an abundant matrix element falls just above the fluorescence
line energy of the high-Z trace element of interest, strongly attenuating the fluorescence signal
before it escapes the sample and reaches the detector. The signal is suppressed at its source
rather than buried in statistical noise, so increasing counting time does not solve the problem.
Instead, the analyst may need to choose a different characteristic line of the same element (for
example, switching from a L-alpha to an L-beta or K-alpha line, where available) that falls in
a more favorable part of the spectrum, or, if the sample can be prepared as a thin section, reduce
the signal. Before quantifying an unknown sample, it is best to compare fundamental-
parameters predictions against measurements on a variety of well-characterised reference
materials to identify and correctly diagnose this edge-masking effect.

6.4 Spatial maps: In a conventional bulk EDXRF measurement using a millimetre-scale beam
spot, compositional heterogeneity on the scale of microns to tens of microns would be
completely averaged out and invisible. However, a focused micro-beam reveals this
heterogeneity. This is useful for geological samples, where high-Z trace elements are
concentrated in mineral grains or growth zones, and archaeological and forensic samples,
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where the spatial distribution of a heavy element can reveal how an object was made or where
it came from.

Table 6.1: Detection Limits of High-Z Elements by Synchrotron EDXRF

Element Detection Limit (ppm)
w 1.0
Pb 0.5
Au 0.5
Hg 0.2
U 0.05
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Detection Limit (ppm)
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Graph 6.1: Detection Limits of High-Z Elements by Synchrotron EDXRF
Table 6.2: Accuracy of Fundamental Parameters Method

| Category || Error (%) |
| Major Elements || 5 |
| Minor Elements || 10 |
| Trace High-Z Elements || 20 |
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Graph 6.2: Accuracy of Fundamental Parameters Method
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The graph shows that the true concentration is underestimated if matrix enhancement
correction is ignored, because the measured concentration is only 85% of the true
concentration. When enhancement correction is added, the measured concentration reproduces
the 100% real value accurately, illustrating the necessity of including matrix effects in the
Fundamental Parameters approach for quantitative EDXRF analysis.

Table 6.3: Matrix Enhancement Effect

‘ Condition H Concentration ‘
‘ Without Enhancement Correction H 85 ‘
‘ With Enhancement Correction H 100 ‘

Table 6.3 Example of the importance of matrix enhancement correction in quantitative EDXRF
analysis the measured concentration without correction for enhancement effects is 85% of the
true value, suggesting that secondary fluorescence effects have been ignored and the elemental
concentration is underestimated. After considering the enhancement correction, the measured
concentration becomes 100%, which is in good agreement with the actual concentration of the
element. This result clearly illustrates that the matrix enhancement effects are important for the
accuracy of the elemental quantification, especially for the samples with numerous heavy
elements where the secondary fluorescence is high. Therefore, the inclusion of enhancement
adjustments in the FP technique is necessary to achieve reliable and accurate estimates of
concentration in the studies of synchrotron EDXRF.
Table 6.4: Spatial Resolution Comparison

‘ Method H Resolution ‘
| Bulk EDXRF [ 1000 |
‘ Micro-beam Synchrotron EDXRF H 5 ‘

Table 6.4. Comparison of spatial resolution of conventional Bulk EDXRF and Micro-beam
Synchrotron EDXRF approaches the results show that Bulk EDXREF has a spatial resolution of
about 1000 um (1 mm), which is sufficient for average elemental analysis over reasonably large
sample areas. On the other hand, Micro-beam Synchrotron EDXRF has an extremely high
spatial resolution of 5 um and allows the investigation of the distribution of elements on a
micro scale. This remarkable gain in spatial resolution allows researchers to discover
compositional variability, trace heavy elements in individual mineral grains and undertake high
resolution elemental mapping in geological, environmental, archeological and biological
samples. Therefore, Micro-beam Synchrotron EDXRF is advantageous compared to
conventional Bulk EDXREF for spatially resolved analysis of high-Z elements.

7. Applications

Synchrotron-assisted EDXRF of high-Z materials has several growing applications. In nuclear
material accounting and non-proliferation work, accurate, non-destructive determination of
uranium and plutonium concentrations and isotopic-independent elemental ratios in
environmental swipe samples and process materials is an important complement to other
analytical techniques. Synchrotron excitation's high sensitivity is valuable because safeguards
work often involves very small quantities. The technique is widely used in environmental
science to measure toxic heavy metals like lead, arsenic, mercury, and cadmium in soil, water
residues, airborne particulates, and biological tissue at trace concentrations relevant to public
health guidelines, where conventional laboratory XRF instruments may not be sensitive
enough. Geoscience and mineral exploration use spatially resolved high-Z trace element
mapping to identify ore-forming processes and disclose pathfinder element distribution in rock
and soil samples. In archaeology and cultural heritage science, non-destructive EDXRF
analysis of high-Z elements in metal alloys, pigments, and glass reveals manufacturing
-methods, trade routes, and artefact authenticity or provenance without changing the object. In
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industrial quality control, the technique allows rapid, non-destructive verification of high-Z element
content in alloys, electronic components, and catalysts to ensure compliance with regulatory limits
(such as lead and other heavy metals in consumer electronics).
8. Conclusion and Challenges
In this paper, the physics of energy-dispersive detection, the fundamental parameters method for
quantitative analysis without matched reference standards, the advantages of tunable, high-flux,
monochromatic synchrotron radiation for this type of measurement, and a representative experimental
method are covered. Future research in this area faces several hurdles. Matrix and enhancement
corrections for complex, multi-element high-Z matrices are one of the biggest sources of residual
uncertainty in fundamental-parameters-based quantification. Better fundamental atomic data (more
precise fluorescence cross-sections and yields for high-Z elements, which this work supports) and more
sophisticated correction algorithms that can handle highly heterogeneous data are needed to improve
quantification For the most demanding applications like ultra-trace nuclear forensics, it may be
necessary to use brighter fourth-generation synchrotron sources, better low-background detector
designs, and more advanced statistical spectral-fitting methods to extract a weak signal from an
imperfectly modelled background. Finally, extending fast, high-resolution spatial mapping capability
to larger sample areas and finer spatial resolution while keeping measurement times practical is an
ongoing instrumentation challenge that will benefit directly from continued advances in synchrotron
source brightness, X-ray focusing optics, and high-count-rate detector technology. This is a promising
and active direction for doctoral-level research in this field.
Besides these technological hurdles, consistently combining synchrotron EDXRF with complementary
techniques on the same material and, ideally, in the same experimental session offers a methodological
opportunity. EDXRF and X-ray absorption near-edge structure (XANES) measurements at the same
beamline can determine both the total elemental concentration and the chemical oxidation state of a
high-Z element of interest, which is especially useful in environmental and nuclear-material contexts
where the chemical form of an element (such as whether uranium is more or less mobile) is important.
Combining spatially resolved EDXRF mapping with X-ray diffraction mapping on the same micro-
focused beamline can directly link elemental distribution to mineral phase identification in geological
samples, providing a more complete picture than either technique alone. Standardized, widely shared
analysis software and well-characterised reference materials for high-Z trace element work would lower
the barrier to entry for new users of this technique and improve the comparability of results from
different synchrotron facilities around the world, an important consideration as the number of facilities
offering this capability grows.
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