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Many, many facilities worldwide



Some IBA Techniques

• Several IBA techniques 
are illustrated here, 
including RBS, PIGE, 
PIXE, STIM, and SEI.

http://www.uni-leipzig.de/%7Enfp/Research/Methods/Ion_Beam_Analysis/body_ion_beam_analysis.html



PIGE
Proton Induced Gamma-Ray Emission

• Protons interact with nuclei in the target, with nuclear 
reactions taking place that emit high energy X-Rays 
from the nuclei (known as Gamma-Rays)

• Used in the determination of the elemental content, 
comparable to PIXE, often done in parallel with PIXE 
measurements, but only useful for light nuclei (low Z 
nuclei)



RBS – Rutherford Backscattering 
Spectrometry

• Uses MeV He ions to 
bombard the sample (in 
vacuum), with 
backscattered He ions 
detected.

• Yields depth profiles and 
information on lattice 
structures. http://www.mastest.com/rbs.htm#



SEI – Secondary Electron Imaging

• A technique to examine 
the surface of the 
sample, using low energy 
electrons ejected from 
outer orbits, typically 
detecting these electrons 
using a scanning 
electron microscope or 
similar detector. http://mse.iastate.edu/microscopy/secondary.html



STIM – Scanning Transmission Ion 
Microscopy

• Here the ion beam is 
tuned to VERY low 
intensity, and that 
portion which 
penetrates the sample is 
detected. The energy lost 
in transit is used to 
determine the local 
density of the sample.

Cartilage cells (chondrocytes) with surrounding 
matrix from a pig's knee joint.

http://www.uni-leipzig.de/%7Enfp/Research/Methods/Ion_Beam_Analysis/STIM/body_stim.html



PIXE
(Proton Induced X-Ray Emission)

from the Division of Nuclear Solid State Physics
at University of Leipzig

Typical X-Ray Spectrum

X-Ray Energy (keV)
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External Beam PIXE
Here is a view of the proton beam emerging into the air in the target 
room. The blue light is from the interaction of the proton beam 
with the atoms and molecules in the air.

This allows us to examine 
materials which could not be 
explored in vacuum, as 
would be required with some 
other ion beam analysis 
techniques.



PIXE Analysis

• Every element has a unique X-Ray “fingerprint”, 
a unique pattern consisting of a combination of 
K, L, and M X-Rays, due to the variation in 
atomic structure for each element. 

• The challenge is to “unfold” the information 
about the elemental concentrations from the 
resulting spectrum. 



US Cent Analysis
• Composition of the US 

Cent changed in 1982 
from solid bronze (95% 
Cu, 5% Zn and Sn) to 
copper plated Zn (95% 
Zn, 5% Cu plating). 
With enough energy, the 
PIXE protons can 
penetrate the Cu plating 
to the Zn core.



Often, More Complicated
• This is a sample of the 

work we are doing to 
examine core samples. 

• We are working to 
determine the elemental 
concentrations as a 
function of depth.

• Many elements to 
unfold.



Applications of PIXE

Because PIXE is relatively easy to do, and because it can 
be done in a non-invasive manner, the technique has 
been and is currently being applied to a wide range of 
material analysis problems.

It should be noted that PIXE is nearly always used as a 
tool to analyze materials, and generally not as a tool to 
explore for new physics.



PIXE Applications



Some PIXE applications
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PIXE Applications

Nuclear Instruments and Methods in Physics Research Section B: Beam Interactions with Materials and Atoms
Volume 75, Issues 1-4, 3 April 1993, Pages 392-396
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PIXE Applications

• This is portable PIXE system, suitable for field work 
with archeological sites. Allows for field analysis, as a 
sort of “triage” to determine which samples might 
require more in-depth analysis.



Very Active Field of Study



Trace Element Analysis

http://omega.ujf.cas.cz/CFANR/pixe.html

PIXE is used (often provided 
as a commercial service) to 
perform trace element 
analysis of the environment 
to study pollution. PIXE can 
measure the presence of 
minute quantities, a key 
advantage to this technique.



PIXE for Envionmental Research

“Applications: The PIXE technique can be applied to a wide 
variety of sample materials. At ANSTO, PIXE is often used for 
quantitative analysis in geology, archaeology, biology, materials 
science and environmental pollution. To find more about specific 
applications in various areas follow these links: Air Pollution, 
Archaeometry and Materials Science, or for more general 
information go to Projects, Capabilities, or Publications. ”

http://old-www.ansto.gov.au/nugeo/iba/projects/aerosol_studies.htm
http://old-www.ansto.gov.au/nugeo/iba/projects/archaeology.htm
http://old-www.ansto.gov.au/nugeo/iba/projects/materials.htm
http://old-www.ansto.gov.au/nugeo/iba/projects.html
http://old-www.ansto.gov.au/nugeo/iba/capabilities.html
http://old-www.ansto.gov.au/nugeo/iba/publications.html


Sulfide Mineral Analysis

Evaluation of ore bodies and subsequent exploitation to recover 
silver, gold, platinum-group, and other elements, demand 
knowledge of the distribution of minor and trace elements in the
various sulfide mineral species of the ore. The need to analyze well-
characterized individual grains demands an in-situ microprobe 
technique. Analysis of co-existing minerals e.g. silicates may also be 
necessary in arriving at a complete understanding of elemental 
distribution.



Martian PIXE

http://pixe.physics.uoguelph.ca/home/

Each of the Mars Exploration Rovers 
which attracted worldwide attention for 
their exploits in 2004/5 carries an Alpha-
particle X-Ray Spectrometer (APXS). 
GUPIX subroutines are being used to 
analyze the data.

Guelph PIXE Group



http://www.hmi.de/isl/ana/pixe-2_en.html

Some facilities use very 
high energy beams to allow 
them to probe materials to 
greater depths. Care must 
be taken with such 
measurements to prevent 
damage to the sample and 
to protect against beam 
induced radiation.

Material Studies with PIXE



Artwork Analysis
PIXE can be used to 
examine sculptures, looking 
at the pigments in paint. 
We have already examined 
some Meso-American 
figurines and used PIXE to 
help understand the nature 
of the paints used to 
decorate the figurines.



Artwork Analysis

PIXE is often used to 
examine artwork. Provenance 
can often be established by 
examining the pigments used 
in the paints. Forgeries can 
easily be distinguished by the 
modern components in the 
pigments. 



Pigment Analysis

• Here are our results on a pottery shard from the 
4 Corners region of the U.S. Note the clear 
differences between the black pigment and the 
red pigment.

Pottery shard courtesy of Ms. Mary DeWitt



Historic Document Analysis

From Pier Andrea MandòFrom Pier Andrea Mandò, Dipartimento di Fisica and Sezione INFN, Florence, ItalyDipartimento di Fisica and Sezione INFN, Florence, Italy

PIXE analysis of the 
inks used in Galileo’s 
documents can be 
used to establish a 
chronology of 
historic events.



Dürer Silver Pen PIXE Studies

• Sketches attributed to Albrecht Dürer, made using the 
silver pen technique, were analyzed using PIXE to 
establish provenance. 



More Applications?

Applications for PIXE as a tool to analyze materials are 
probably only limited by our imaginations.

We hope to develop PIXE here as a teaching tool, and 
perhaps, to provide some limited materials analysis services 
to outside entities.

But, we would also like to build interdisciplinary research 
efforts, with archaeology, anthropology, geo-sciences, etc…



Dinosaur Samples to study



Anthropological Samples to Study
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