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source for X-ray flourescence imaging
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X-Ray Flouresence Imaging (XFI) Thomson Scattering
Medical imaging techniques Energy of Thomson scattered X-Ray is given by:
PET[1] CT[2] MRI[3] XFI[4]
Temporal resolution | poor high high high 2
Spatial resolution poor (4-5mm) high (Imm)  high (Tmm)  high (< 1mm) oy = 27* (1 — Beos o) Wy
Sensitivity high low low high 1+ CL(Q)/Q 4 7292
Dose exposure moderate to high  high none low

XFI with GNPs requires source with:

Low bandwidth (< 15 %)[5]: BW =~ 20,[6]
Small source size and divergence: g ~ v—1!

Unique advantages of XFI for medical imaging
e Low reabsorption in human tissue due to high working point of ~70 keV

e High Senls't'v'ty . Large flux and rep. rate: Nx oc QNoscaio(6obs) electron

e No gold in the human body — no false detection Compactness and low cost

e GNPs can be attached to several peptides and antibodies X-Ray energy iwx ~ 90keV — ~ ~ 120 Figure 4: Geometry of Thomson
e GNPs are stable: enabling the possibility for pharmacokinetics scattering

®

Spatial resolution only limited by x-ray beam diameter While X-Ray tubes are cheap & compact and synchrotrons have
o ] desirable beam parameters, all-optical Thomson sources fulfill all
criteria!
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Figure 1: X-Ray flourescence Figure 2: X-Ray tube spectrum Figure 3: XFI reconstruc-
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Figure 5: Schematic layout of the experimental setup
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Figure 6: Running average of 10* consecutive Figure 7: Average spectrum of the shots, o5 95 @5 W @S s @5
shots showing high stability

Figure 8: “Butterfly” emittance measurement
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Figure 11: CAD rendering of the differential
pumping cube
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Figure 9: Emittance extraction from “butter-
fly” measurement
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Using the Hexitec detector [10, 11]: 0.8 keV energy resolution, g L%‘?’;;;zc’u’;;essure 'n the chamber with the
80 x 80, 1 x 0.25 x 0.25 mm pixels, kindly loaned from CLF. ’ e Cube with 2 mm holes, differentially
>0 ~ 70 80 e 90 100 110 pumped
Summary and future ” e Surrounding vacuum pressure below
Figure 10: APLs allow for spectral filtering of 3 x 10~* mbar with 10 Hz gas pulsing
Thomson spectra e Allows for systematic studies of LWFA

at 10 Hz

Chromatic focussing effect can be used e Forms a robust and reliable 10 Hz

to spectrally filter X-Ray spectrum:

Milestones reached Next steps:
e Differential pumping setup for e Installing and commissioning relaxed requirements for electron beams! electron beam source

10 Hz gas-jet operation APL into Thomson source

e Stable, reliable electron beam e Demonstrate X-Ray spectrum
source commissioned filtering with APL

e First XFI signal from all-optical e Pushing for system-wide 10 Hz
X-Ray source measured operation

e Plasma lenses relax require- e XFI measurements of medical
ments on electron beam energy samples
spread for XF|
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