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PIXE
(Proton Induced Xray Emission)
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lon Beam Analysis (IBA)
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PIXE Experimental Setup

As you have recently
experienced first-hand, PIXE
can be roughly done with a P
very simple laboratory setup, E}@
requiring only a controlled, -——

Acceleratar

W=ray (emitted
from plgment) —

produces

accelerated proton beam, a oo o
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Protons in

decent X-ray detector, and oeon g (e
some skilled analysis.

http://acept.la.asu.edu/PiN/rdg/pixe/pixe.shtml

The Joint Institute for Nuclear Astrophysics
www.JINAweb.org




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.

[t 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.
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Very Active Field of Study

5 10th International Conference on Particle-induced
X-ray Emission and its Analytical Applications
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Trace Element Analysis

PIXE is used (often provided

as a commercial service) to
perform trace element : 3
analysis of the environment ~ «{ 5 o B
to study pollution. PIXE can 5 1'% i} E():’
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PIXE for Envmnmental Research
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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

- Austrailan Nuclear Science and Tashnology Qrganization
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http://www.ansto.gov.au/nugeo/iba/projects/aerosol_studies.htm
http://www.ansto.gov.au/nugeo/iba/projects/archaeology.htm
http://www.ansto.gov.au/nugeo/iba/projects/materials.htm
http://www.ansto.gov.au/nugeo/iba/projects.html
http://www.ansto.gov.au/nugeo/iba/capabilities.html
http://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.

MICRO - PIXE
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Channeling PIXE

PIXE can be used to examine lattice structures in
materials, by looking at the “channels” throughout the
arrangement of atoms in the material, a technique which
is very useful in solid state research and the development
of microchip architectures.

High-resolution channeling contrast microscopy
of compositionally graded S1;_yGey layers

H.L. Seng **, T. Osipowicz *, T.C. Sum *, M.B.H. Breese *,
F. Watt %, E.S. Tok °, J. Zhang ¢

* Department of Physics, Black 512 Faculty of Sciemee, Research Cenire for Nuclear Miooscapy, National University af Singapars,
2 hcience Drive 3. Singapore, 117542 Singapore
Y Department of Material Science, National University of Singapore, Singapare 117543, Singapore
" Depariment aof Physics, Cenire for Elecironic Maierials and Devices, Imperial Callepe of Science,
Technology and Medicine, London SW7 28W. UK
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Martian PIXE
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MARS APXS SIMULATIONS

Guelph PIXE Group

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.

http://pixe.physics.uoguelph.ca/home/
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Material Study with PIXE
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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.

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

techniques. )
INFN
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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.
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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.
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Pigment Analysis
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Historic Document Analysis

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

)
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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 try .....
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Chicxulub Meteor Impact
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Chicxulub Meteor Impact
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Chicxulub Meteor Impact

» Radar topography
reveals the 180
Kilometer (112 mile)
wide ring of the crater.

e Gravity map of the
Chicxulub Crater.

_*| images from NASA/JPL-Caltech
The Joint Institute for Nuclear ASfrﬂpﬂj"Sfﬂ'S
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Chicxulub Meteor Impact

e The crater was formed 65
million years ago, the result
of an impact with an
asteroid. The impact that
formed this crater is also Chicxulub, Mexico
believed to have caused the
mass extinction noted at the
K/T (i.e. Cretacous Tertiary)
boundary, when the Sh G
dinosaurs disappeared. S

Impact Craters
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The K-T Boundary
EONS | ERAS (ANIMALS) PERIODS ERAS ( PLANTS) ° The emiSSion Of dUSt and
e LT TR I particles caused
e environmental changes very
rag [Trame | MRTE similar to a nuclear winter.
pemaiarien |© Physicist Luis Alvarez, and
B | PAERIE e ) arane his son Walter, a geologist,
- studied the layer of clay
8 [ oo T ] eroreeoemc seen around the world at the
E MIDDLE 1600 K'T boundary They
2B o B postulated that the
Y extinction of the dinosaurs,
: (o T roughly contemporaneous
with the K-T boundary,
2 could have been caused by
the impact of just such a
3 large meteorite.
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The K-T Boundary

 The main evidence is a
widespread, thin layer
of Iridium present In
this geological boundary
across the world. Drumheller, Alberta
Iridium iIs a rare metal
on Earth, but abundant
In meteorites.

Rl ¥
Cretacecus 1 Tertiary

STETENS KENT LERRLERE
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The Iridium Anomaly

e The Iridium in a
sample from the K-T = wo————rpm
boundary would be ~|: |
relatively easy to 1
detect using standard [}
laboratory techniques, ..
such as PIXE. |

— 1500

— 1000

p — 500
o

E {keV)

%@

The Joint Institute for Nuclear Astrophysics
J I N A www.JINAweb.org




Examining Core Samples

e Core samples already
exist from all over the
world in huge numbers,
having been collected
for a variety of reasons.
Many are stored In
governmental archives,
and are available to
researchers to study.
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Examining Core Samples

« We want to use PIXE here in
our lab to examine existing
core samples for the K-T
boundary layer by measuring
the Iridium concentrations.
Initially, this would be an

Post-gxtinction Layer:
Sedimerts containing
ricrofossils from after
the dinogau rs

Tertiary

Slle e Fireball Layer:
e j Diust and ash falkout fram

the asteroid impact
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of techniques from nuclear °
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What will we find?

* We can certainly locate the
K-T boundary, but this is
already known. However,
we will teach students in the
process, in a fundamental,
“hands-on” way.

* \We can search core samples
for other impact events,
such as the Chesapeake
meteor impact, which are
relatively un-studied.

The real reason for geochemical anamalies at the K-T boundary

IR SmsRE e

“Fellow dinosaurs, let me present to you the most
technologically-advanced and powerful weapon

ever devised by our kind—the Iridium Bomb.”
a copyright Mick Kim

http:# fstrangematter sciswal katoac.nz/
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What will we find?

* Perhaps there are other
meteor iImpact sites
from the same event, _
such as with comet
Shoemaker-Levy 9 that
broke apart before
striking Jupiter.

Our analysis could definitely determine if other
sites were from the same event as the Chicxulub

A impact.
—XK
The Joint Institute for Nuclear Astrophysics

J I N A www.JINAweb.org




Can you Imagine?

e [f it could be shown that there were
multiple impacts associated with the
K-T boundary event, the implications
for the mass extinction theory would

be enormous.

Comet
Shoemaker-Levy 9
Collision with Jupiter

July 1994
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