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The X-ray source of the MuCLS
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X-ray source parameters

TUTI

Parameters after upgrade of laser amplifier system

X-ray energy 15 keV 25 keV 35 keV
Flux 0.8x 10" ph/s |2.1x 100 ph/s | 3.3 x 1010 ph/s
source sizes (h x v, rms) 51 x 46 ym? 48 X 46 um? 43 x 40 pm?

relative intensity
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Applications exploiting the source properties of MuCLS TLTI
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The MuCLS beamline TUm

Comparison to BoCXS layout

—> X-ray sources at BoCXS & MuCLS are very similar

Boscherini, BoCXS

Whitepaper (2019) Important X-ray parameters for the

following applications

Divergence

Benedikt Gunther (TUM) | benedikt.guenther@tum.de| Advanced Medical Imaging, Bologna, 11/22/2019



The MuCLS beamline

o

Boscherini, BoCXS

Whitepaper (2019) ~*"Important X-ray parameters for the

following applications
BoCXS MuCLS
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The MuCLS beamline
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The MuCLS beamline Tum

Front end:

« X-ray beam stabilisation

» X-ray beam refocussing (for MRT)
« X-ray safety measures

Gunther et al., in preparation
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The MuCLS beamline Tum

Hutch 1: Hutch 2:
* ~4m to ~7.5m source-sample « 8-15um detector resolution

distance « adjustable sample-detector distance
* 16-28 mm beam diameter « optional overhead sample mounting

or environment construction

Gunther et al., in preparation
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The MuCLS beamline

Hutch 2:
« ~14.5m to ~15.5m source-sample
distance

« ~60 mm beam diameter

* 75-175 um detector resolution

« optional grating interferometer

« two complementary sample stages

Gunther et al., in preparation
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large doors for bulky equipment

The MuCLS beamline et TUTI
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Applications exploiting the source properties of MuCLS TLTI
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Microbeam radiation therapy at the MuCLS TUT

new set up in enstation 1
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large doors for bulky equipment

The MuCLS beamline Tum
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Applications exploiting the source properties of MuCLS TLTI

Benedikt Gunther (TUM) | benedikt.guenther@tum.de| Advanced Medical Imaging, Bologna, 11/22/2019 22



X-ray absorption spectroscopy (XAS) TUT

« Chemical sensitivity
* Fingerprint information
« Oxidation states
 Local geometry
« Coordination numbers
 Bond length
« Spin states
And so on..

* No need of crystalline sample

« Element selective

—> Interesting for organic molecules
which are difficult to crystalise
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X-ray absorption spectroscopy (XAS) TUT

Energy range (at the M
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https://www.diamond.ac.uk/Instruments/Techniques/Spectroscopy/EDE.html

Benedikt Gunther (TUM) | benedikt.guenther@tum.de| Advanced Medical Imaging, Bologna, 11/22/2019 24



large doors for bulky equipment

The MuCLS beamline Tum
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Applications exploiting the source properties of MuCLS TLTI
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K-edge subtraction imaging — Why should we do it? TUT

Angiography

Kulpe et al., PLoS ONE, 13(12), €0208446 (2018)

Angiographic image of an KES image of a pig Angiographic image of a

isolated pig heart heart with ribs in front pig heart with ribs in front

> small vessels are visible = small vessels become > small vessels are invisible
visible again
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K-edge subtraction imaging

* increase contrast of weakly absorbing structures (e.g. vessels)
» discrimination of similarly absorbing structures (e.g. Ca vs. |)
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Kulpe et al., PLoS ONE, 13(12), €0208446 (2018)
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K-edge subtraction imaging

* increase contrast of weakly absorbing structures (e.g. vessels)
« discrimination of similarly absorbing structures (e.g. Ca vs. |)

How does it work?

Kulpe et al., PLoS ONE, 13(12), €0208446 (2018)
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K-edge subtraction imaging

* increase contrast of weakly absorbing structures (e.g. vessels)
« discrimination of similarly absorbing structures (e.g. Ca vs. |)

How does it work?

Kulpe et al., PLoS ONE, 13(12), €0208446 (2018)

subtract both images with an energy correction factor:

Kulpe et al., i
Sci. Rep. 9,
13332
(2019)

5 mm
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large doors for bulky equipment

The MuCLS beamline
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Applications exploiting the source properties of MuCLS TLTI
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Grating-based phase contrast TUT

pixel Tg = 0

1.5

0.5

M Bech, PhD thesis, University of Copenhagen, 2009
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Grating-based phase contrast TUT

pixel By = 92/4

M Bech, PhD thesis, University of Copenhagen, 2009
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Grating-based phase contrast TUT
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M Bech, PhD thesis, University of Copenhagen, 2009
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Grating-based phase contrast TUT

ZCg — 392/4

M Bech, PhD thesis, University of Copenhagen, 2009
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Grating-based phase contrast TUT

I(m,n,xg)

M Bech, PhD thesis, University of Copenhagen, 2009
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Grating-based phase contrast TUT
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M Bech, PhD thesis, University of Copenhagen, 2009
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Grating-based phase contrast
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Dose competible phase-contrast mammography TLTI

Clinical 1.1 mGy MuCLS gb-AMP 0.9 mGy @@MuCLS gb DPC 0.9 mGy

Eggl et al., Scientific Reports 8, 15700 (2018)
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Dose compatible phase-contrast mammography TLTI
Clinical 1.1 mGy MuCLS 0.4 mGy Histopatholo*yl
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Eggl et al., Scientific Reports 8, 15700 (2018)
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The MuCLS beamline Tum
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Direct quantitative material decomposition

Ey =24.6 keV 5mm |Ed = 23.8 keV
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Direct quantitative material decomposition

060
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| 8, 16394 (2018)
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Quantitative determination of iodine (contrast agent) content
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The MuCLS beamline

X-ray vector
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Applications exploiting the source properties of MuCLS TUT

. « grating-based phase contrast

. (2 gratings only)
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Directional dark-field imaging — bone micro-fractures  TUTI

color coding for angle

phi:

scattering strength [a.u.]

structure orientation = phi

scattering strength = a,
P ‘ ‘ P anisotropy = a,/a,
0 45 90 135 180 225 270 315 360
angle [°]

Jud et al., Scientific Reports 7, 6788 (2017)

Detection of micro-fractures
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-
|ICS enable the transfer of a variety of

synchrotron techniques into the laboratory ,

.

p
Quantitative multimodal imaging in the laboratory

.

( b) )
ICS —in principle— are beneficial for
various biomedical applications

.

i |ICS still need to improve in order to achieve clinical
. requirements (stability, measurement time, energy range,...)
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