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XFM Quantification in GeoPIXE

1. Model X-ray yields Y, (per unit flux Q)

1/llll General approach

A Standardless, fundamental parameters
A X-ray Yields calculated for a model sample
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XFM Quantification in GeoPIXE
1. Model X-ray yields Y, (per unit flux Q)
3. Determine concentration C,

General approach
C =N;/(Q*Y)

A Standardless, fundamental parameters

A X-ray Yields calculated for a model sample
A Need to know something about sample
2. Measure counts N,

A Thickness, main components
A Undetected light elements

A Extend this to imaging
A Using the Dynamic Analysis method

A Combine all detectors in an array
A Model yields for each detector separately
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Dynamic Analysis

AEvent modeo spectral deco




How to apply detailed spectrum fitting to imaging?

- linear combination of element spectra.

fit of function 7, to data S
A solve equations (for each )):
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for parameters g, (X-r ay peak areas ¢€é).
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Dynamic Analysis method

+ linear combination of element spectra.

Peak areas a, are related to elemental concentration C, by

a = (WerQ). Y. C

detector solid angle

detector efficiency

filter transmission

integrated beam charge/flux

X-ray yields (assume uniform composition )

XQON® I

Therefore a =(a1b)S leads to a matrix transform from SXRF
spectrum S to concentration vector C:

C=0Q1GSs

where the matrix G is given by:

Gi = (WeT,y)?! \S;a'lkj b
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Dynamic Analysis method

- linear combination of element
spectra.

ERUCha S t as a matrix tran
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Concentration vector Spectrum vector

Transform matrix )
Gmatrix

PIXE and SXRF Imaging

X-ray event: Energy' e 6
Position 'x,y0

selects column of matrix GA
increments to images at 'x,y'
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XFM Quantification in GeoPIXE

General approach
A Standardless, fundamental parameters
A Combine all detectors in an array

Apply to imaging A Dynamic Analysis

AAccumuI ate images nfeven

Further issues

A Correct images for spatially varying sample
composition (effects on model yields)

A Track changing beam energy E, for XANES
imaging (the model scatter peaks move)

AEpr oit Aangul ar divers
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XFM imaging modes in GeoPIXE

2D
A XY 1 full spectral event analysis using DA
A Image for each element
A XE, i Line XANES, many elements
A Scan along line for each beam energy E,

‘GeoPIXE 7.6h (Lib: 43L64) e Bl S

File Display FAnalyze Process lWindow Help

Line XANES:

DA matrix model should follow
changing beam energy E,
(coming soon)
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Dynamic Analysis method - XANES 10°
- linear combination of element 104
spectra.
10°
€ cast as a matrix transformati on:
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C = Q!'GE)S
X 10"
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) GeoPIXE Mol mage Disploy

XFM imaging modes in GeoPIXE

A XY 1 full spectral event analysis using DA

A Image for each element
A XE, i line XANES, many elements
A Scan along line for each beam energy E,

3D
A XYd i Fluorescence Tomography,
A full XY frames at each d
A XYE, 1 XANES stack (for selected element)

A XY image frames at each beam
energy E,

A XE,Y i XANES stack (for selected element)

A E, from undulator encoder as second
fastest axis
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XFM imaging modes in GeoPIXE

2D

A XY 1 full spectral event analysis using DA
A Image for each element

A XEy 1 line XANES, many elements 2D XFM
A Scan along line for each beam energy E,

3D
A XYd i Fluorescence Tomography,
A full XY frames at each d
A XYE, 1 XANES stack (for selected element)

A XY image frames at each beam
energy E,

A XE,Y 1 XANES stack (for selected element)

A E,, from undulator encoder as second
fastest axis

A XdE, i XANES Tomography

. 0.4 x 0.55 mm; 200 x 275
XANES Tomography section pixels, 16 min

-~

Cu speciation maintained
AY 5NRaz2LK
‘. James e Jongeet al.

0.3 mm x 180°, 100
angles; 150 x 100 pixel
sinogram, 4.7 minutes per
A Xd as fastest axes, stacked by E, energy x 80 energies
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Maia detector array
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Depth mapping

Gold precipitates in leaves

detector array
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Maia 384 array:

Depth sensitivity and measurement
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PGM Search:
Depth mapping

Three groups of PGMs found in 100 mm?2 é

Dunite polished section from Muang Pha intrusion Laos (Godel et al., CSIRO)
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PGM Search:
Depth mapping
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PGM Search:
Depth mapping

20 x 5 mm, 10002 x 2502 pixels, 0.49 ms VI
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Black smoker chimney conduit thin-section, PACMANUS seafloor hydrothermal field, study by Siyu Hu et al., CSIRO Maia-PIXE
images (#664): 3500 x 2197 pixels @ 8 ms; 7.0 x 5.0 mm?, 3 MeV protons, 122 uC, (see Laird et al., NIMB 449 (2019) 11-16)
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~ Black smoker chimney conduit thin-section, PACMANUS seafloor hydrothermal field, study by Siyu Hu et al., CSIRO Maia-PIXE 7-«;4{3. .
images (#664): 3500 x 2197 pixels @ 8 ms; 7.0 x 5.0 mm?, 3 MeV protons, 122 uC, (see Laird et al., NIMB 449 (2019) 11-16)
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Detector array 1 Depth
perception

XRF analysis and imaging at XFM using GeoPIXE
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Detector array 1 Depth
perception

Pb (outer) As
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Detector array

1 mm

I Depth perception

Depths to Fe minerals

Fe (outer) S
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Detector array: Take -off angle perspectives
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