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Beamline P06

Experimental hutches of the Hard X-ray Micro/Nano-Probe beamline PO6

Control
hutch

Microprobe Nanoprobe
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Beamline PO6: Microprobe Experiment

Detectors: KB-mirrors

Si Drift (Sll Vortex 1+4 element) Fixed elliptical shape (JTEC)

Si(Li), HPGe Shape error: < 2nm (peak-valley
High-res. CCD (PCO4000) Working distance: 200 mm

Incidence angle: 2.5 mrad
Cut-off energy: 23 keV

MAR 165
Pilatus, Eiger 4M
Video-microscope
Maia
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Beamline PO6: Microprobe Experiment
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The Maia Detector

e DEtECHOT Y Maia
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Solid angle ~1.3 sr
Count rate: 50 Mio photons/s
Typical dwell time: 1ms/pixel
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Energy resolution (Maia C type)

Tested with a 55Fe source (PETRA II Energy resolution of the
SHUTDOWN) individual detector elements
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Fraction below 280 <4 = 711 %
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Average FWHM (eV) =256.5
Mode FWHM(eV) =255
Fraction below 260eV =71.1%
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Limits of detection (Maia B type)

Counts
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AXO thin film standard @ 19.5 keV

Sum spectrum of 1904 x 1370 scanned pixels, Random single pixel spectrum , 3.5 ms dwell time
9130 s live time
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Element Concentration LOD [ng/mm 2] LOD [ng/mm 2] for
[ng/mm 2] forls 1ms
Pb-L, (10.6 keV) 7.7+1.3 0.045 14
La-L, (4.6 keV)  9.0£1.9 0.880 28
Cu (8.0 keV) 2.4+0.5 0.047 1.6

Fe (6.4 keV) 4.0£0.4 0.110 3.4
Ca (3.7 keV) 11.445.5 0.760 24 e8



The Maia detector system: fast scanning performance

MAIA controller combines
« XRF data

e encoder position

e flux monitor

Limited Performance at
dwell times smaller 1 ms
propably caused by limited
stiffness of sample (-stage)
mount

-> use interferometer on
sample position

100nm pitch 100ms dwell time
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The control hard- and software of the Maia allows for the fast acquisition of
elemental distribution images (less than 1 ms dwell time).

It includes the GeoPIXE software package. It is an integral part of the Maia
system and allows for:

via dynamic analysis

g * Correction for variation of dwell time, primary flux, dead-time and pileup
» Export of high quality images

F data

e
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Application Examples

> Fast 2D XRF imaging: U in freeze dried fish gill
> Cryo-XRF tomography of shock-frozen Ceratophyllum demersum

> XANES imaging: degradation of Lead chromate yellow
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Fast 2D XRF imaging: U uptake in Salmon gills

Backscatter

2230 x 0.5 pm

8000 x 0.5 pm

Question: Is U actively taken up in the gills of Atlantic Salmon (Salmo Salar)?

« Atlantic Salmon was exposed for 96 hours to U (6 mg/L)

+  Gills were removed from the fish and freeze dried

»  Scanned with Maia at POG6:

0.5x0.5 ym step size
4x1.165 mm? Area
1.2 ms dwell time

18 keV

~8 hours measurement time

In collaboration with:
S. Cagno, O. Lind, B. Salbu: Norwegian University of Life Sciences (NO)
G. Nuyts, F. Vanmeert, K. Janssens: University of Antwerp (BE)
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Fast 2D XRF imaging: U uptake in Salmon gills

Ca

Intensity (arb. units)

700x190 um

The Maia system at P06 allows to acquire high resolution elemental

distribution images of large areas. | _ |
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Cryo-XRF tomography

, detector

KB mirrors

@
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Cryo-XRF tomography

Distribution of As in Ceratophyllum demersum

i —
- microscopic image of control leaf
__ Young
leaves mesophyll
central cavity
Mature = o
epidermis
leaves

*Ceratophyllum demersum was grown in 0 to 5 yM As solution.
*After harvesting leafs and cleaning: Transfer to glass capillaries
*Shock-freezing in supercooled isopentane

*First XRF tomography experiment with Maia at PO6

Data acquired in collaboration with:
Seema Mishra (University of Konstanz, DE)

Images reproduced from: rik K r (Universi f Kon nz, DE
Mishra S et al. Plant Physiol. 2013;163:1396-1408 Hend ueppe (U ersity of Konsta )
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XRF tomography

4709 x 240 nm steps

« 3600 x 0.1 degree steps
* 1.2 ms dwell time

8 hours aquisition

* The sinograms were drift
corrected

Image reconstruction: MLEM routine from XRDUA (W. De Nolf, F. Vanmeert
and K. Janssens, J. Appl. Crystallogr. 2014, 47, 1107-1117)
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Cryo-XRF tomography

elastic
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Cryo-XRF tomography

30 mmol/L
2250 ppm

*The Maia allows for the acquisition of
gquantitative XRF tomograms with sub-
cellular resolution.

O mmol/L
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Scan area: 420x150 pPm

Step size: 1 um

Dwell time: 3 ms/pixel

Energy range: 5.96 to 6.088 keV in 125 scans
Measurement time: 3.5 minutes/slice; 8 hours/XANES stack




XANES: X-ray Absorption Near Edge Structure
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XANES: X-ray Absorption Near Edge Structure
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Conclusions

> The Maia system at P06 allows fast XRF measurements
= ms dwell time
= Sub-micrometer spatial resolution
= Multi-dimensional

> Can be coupled with sample environments

> Maia system including GeoPixe software cares for complete signal
workflow from signal detection, data acquisition, data processing to
guantitative data analysis and export of high quality images

> Maia is not good for everything (geometry, resolution, size,...)
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January 2014 E=11.5 keV/, ~500x500nm beamsize
¥ stage mounted at the bottom
5970
5971
5972
5973
5974
5975
5976
5977
5978
2979

Y stage mounted at the top

5987
5988
5989
3930
39391
3932
5993
5954
5935
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