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Operating at full speed = 200 mA @ 3 GeV
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Microspectroscopy beamline
— vital statistics

Energy range ‘e
4 keV to 25 keV .y

Nanoprobe
100 nm spatial resolution

Elements accessible
atomic number 3 11, sodium & heavier by XRF Pt spectrum located in a
atomic number 3 22, titanium & heavier by XAS imotigcel

Hambley et al, U Sydney
Measurements
X-ray fluorescence (XRF), X-ray absorption spectra (XAS),

UXANES & HEXAFS — spatially resolved

Information
Elemental mapping, chemical state mapping, ppm sensitivity , long &
short range structure

Synchrotron benefits compared to lab source
Spot size (0.1-10 um), energy scanning, intensity/sensitivity
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Conceptual layout

Optics Hutch
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_Undulator tuning curves

22 mm
undulator

90 periods

6 mm gap
0.83T max field
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Specified > 90% of theoretical flux at peak¥armonic,
> 85% of theoretical flux in the peak at tH& Barmonic.

Australian Synchrotron&

Tuning Curves for in
vacuum 22mm, 90 period,
6 mm minimum gap
undulator with 0.83 T max
field. Harmonics to 15 are
shown. (achieved 0.97 T!)

Brightness
5 keV on 3" harmonic

8.7x1018
ph/s/0.1%BW/mrad 2/mm?

25 keV on 9% harmonic

4.6 x101°
ph/s/0.1%BW/mrad 4/mm?.

Curves assume zero phase errors but
include allowance of 0.1% for energy
spread

Phase errors on undulator specified at
<2.5 degrees
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Optics only in horizontal — /
D =0.5L7/¢

Vertical view

Source Sy

Horizontal view Focussing Optics

Beam Defining Aperture

Source Sh I ] | |

! I Flat Mirror DCM DMM
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Coherent illumination - van Cittert-Zernike theorem

the spatial coherence over a space illuminated by an incoherent extended
source Is described by the Fourier transform of the intensity distribution
over the source

Source Energ
Source Size Size y [

FWHM
1s (nm) (mm) (kev)  (A) (m)

753.536 5 Horizontal 320 mm
37.6768
18.8384 5 BDA @ 17 m

753.536 7
37.6768 143 Vertical source size
23.548 124 16 mm

753.536 4
37.6/68 : 72

18.8384
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Horizontal diffraction geometry

Focusing

Polarization losses?
Pi polarization

Acceptance of nanoprok
optics = 6. /Mrad
Throughput becomes
5.0 keV 50% ->80%

10 keV 91% -09%%

reflectivity

L l
0.2 J
0.1 / / l\,\
\Ml
0 10 20 30 A0 50




Small KB Mirror Vertical
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1-1. Optics layout for the small kb only focusing optics mode. Top vertical focusing, boltom horizontal.
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Horizontal compound focusing

Source Horizontal Horizontal Mirror Secondary Source Small KB Mirror Horizontal
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Optics layout horizontal compound focusing (HCF) mode optics mode. Vertical same as small KB only mod:




Optics only horizontal B
Horizontal focussing mirror )li v 3
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Detalled final design




Double multilayer monochromator

Integrated design:

Double Crystal Monochromator &
Double Multilayer Monochromator

DCM-Si(111): 0.02% DE/E . =
1x1012 ph/s @ 12 keV in 10 nm =y

4x1010 ph/s @ 12 keV in 1 mm

DMM: 2% DE/E, 1x1012 ph/s in 10 nm

DCM Mechanism
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Microprobe focusing optics
KB mirrors

A mirror pair of the Kirkpatrick-Baez geometry will be used for high
throughput achromatic studies. Capable of focusing to 1 nm maintaining
maximum acceptance.

Fresnel zone plates

 The beamline will also accommodate and provide the correct coherent
illumination to Fresnel zone plates. Capable of focusing to 60 nm for studies
requiring sub-micron resolution.

APD or segmented
detector

zone plate

fluorescence
detector

scan stage
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Integrated KB mirrors and zone plate optics
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Interaction of X-rays with matter

lons and Neutral Atoms

Syn{:h rotron ' Reflected Photons
P A Fluorescence
Radiation

i
.
: Bulk Crystal

Inelastic S::attering

Defect Sl

Transmitted

Bragg Diffraction Photons

Laue Diffraction

Structural analysis
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Applications: biological &
environmental sciences

L P  X-RAY
SPECTHOMICROSCOPY—

A Tool for Environmental

Sciences

High spectral and
patial resolution makes
synchrotron-based and ther
_ competence is required in mo
spectromicroscopy well e and a multidisciplinar
suited for environmental

applications.

HIR(JEN THIEME

ONAL L B()R{Tr)m
DAVID PATERS

JLrace metal mapping and speciation e

AMIRICAN ATSOCIATION FOR THE ADVARCEIMENT OF OCTOBER 15, 2007 / ENVIRONMENTAL SCIENCE & TECHNOLOGY M 6885
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Uses and applications

-
Microspectroscopy

What killed Beethoven?

Using synchrotron light to analyse six strands
of Beethoven’s hair, US scientists discovered
100 times the safe level of lead.

The result showed his deafness, other ilinesses
and death were likely to have been caused by
lead poisoning.

X-ray Fluorescence Intensity from Ph in Hair
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Characterise at the crime scene

Forensics

Extremely small samples from
crime scenes can be analysed
using synchrotron technology.

Australian Synchrotron<&
- safeguarding Australia

Forged documents and
counterfeit money can be
detected using synchrotron
techniques.
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Pollution Control

Air pollution control
strategies are very
expensive so it's
Important to target the
right sources.

Airborne
particles can be
“fingerprinted”
to identify their
source - and
dealt with !




A Legendary Cold Case

Phar Lap’s hair was analysed for heavy metals

Outer Root
Sheath

|

Skin Level Hair Bulb

|
|
|
. ::z:;ﬂﬂ’mm
I
I
|

Arsenic ﬂ

Igh arsenic consistent with a large amount of arse nic ILZ
: ., : IS » *
gested in the champion’s last 30 hours of life * '

*
Australian Research
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Spectromicroscopy examples
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Chemical analysis:
Integrated
Reduced U Oxidized

Absorption edge |
E =24775¢eV

2.465

2.470

2.475

2.480 2.485
Photon Energy / eV

2.490 2.495

J. Prietzel, J. Thieme,

U. Neuhausler, J. Susini,
I. Kbgel-Knabner,

EJSS 54(2003) 1-11
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Spectromicroscopy examples

50%50 um?2, 400%400 pixels, 125 nm, 0.5 sec dwell/pixel, full spectr um @ a pixel

2 3 - 4 <
sulfur aluminium silicon overlay




In calcareous soils of southern Australia the agronomic efficiency of
P fertilizers is strongly dependent on the form of fertilizer

Liquid technical grade monoammonium phosphate (TG-MAP) was 4
to 15 times more effective in increasing the grain yield of wheat
than granular MAP

Similar results were obtained when a number of fluid and granular
products were compared in both greenhouse and field studies

Chemical and physical factors in combination cause fluid fertilizers to
be more efficient than similar granular products

Soil diffusion of P from granular products is more limited than
when P is supplied with fluid fertilizers

may be the result of an increase precipitation in or around P
fertilizer granules,

Specific mechanisms responsible for the differential response are
still poorly understood.
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Monocalcium Phosphate

L../\

Iron Phosphate

Ammonium phosphate

2120

P hotspot

P on Fe patrticle

Ammonium phosphate
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Traditional geometry
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Carbon

600 pm
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10 pm 10 um

600 pm



10 um

10 pm
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15 min.

preview of elemental content




Chris Ryan CSIRO

David Cohen ANSTO
Martin de Jonge, Jonathan McKinlay Australian Synchrotron
Jorg Maser, Stefan Vogt, lan McNulty, Barry Lai APS

« Invitation to postdocs and students interested in studying at the
Australia Synchrotron

e Contact the relevant beamline scientist
david.paterson@synchrotron.org.au
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1. High-throughput protein crystallography 3-BM1 5-23 keV

3. Powder X-ray diffraction 10-BM1 4-37 keV (0.41-3.1 A)
5. X-ray absorption spectroscopy 12-ID  4-65 keV
6. Soft X-ray spectroscopy 14-ID  0.1-2.5 keV

8. Infrared spectroscopy 1-BM  0.001-1eV (2-10,000 cm1)
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~ visible light microscope Overview sean: Overview scan:

Jifferglil phase contrast total fluorescence

light microscope . fast-scanned
microprobe



