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Desirable imaging capabilities

Phase contrast imaging (PCl): s

* Higher contrast at lower dose in soft tissue
e 20-100 keV X-rays
* >1um coherence length @ sample
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PCl microtomography:
The Fly...



Synchrotrons...




Current lab X-ray sources

X-ray tubes:
 Broadband with few characteristic lines
» Reasonable photon flux but limited brilliance

Heated filament
emits electrons by
thermionic emission

Electrons are accelerated
by high voltage
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x-rays produced when

% high speed electrons
% hit the metal target

Exciting development:

Liquid Ga source:

* 9.2keVline (GaK,)

* Very good brilliance
2.6x10%y st mm2Zmrad?

* Unfortunately no wavelength
tunability
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REDEFINING THE X-RAY TUBE




Inverse Compton Scattering (soft) X-ray source
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Brilliance (phot/s/mm?/mrad?/0.1%)
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Inverse Compton Scattering (ICS)
/., =400 nm

electrons laser X-rays

rE —-- 2 =

* X-rays emitted in narrow cone, half angle y!
* X-ray energy dependent on emission angle
* 1% energyspreadif 6 <0.1y*

Electron Lorentz X-ray X-ray Emission angle
energy factory wavelength energy 0.1y?

5 MeV 11 8.6 A 1.4 keV 9 mrad

15 MeV 30 1.1A 11 keV 3 mrad

30 MeV 60 0.28 A 44 keV 1.7 mrad
45 MeV 89 0.13 A 98 keV 1.1 mrad




LINAC-based ICS sources: why?
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X-band LINAC

* Lower emittance beams =» higher X-ray coherence decelerator #
* Easier alignment, fast change of X-ray energy

Beam
dump

* Deceleration option: strongly reduced shielding requirements
* Will fit into sea container




LINAC-based ICS sources: Smart*Light

Few micron spot size,
few mrad divergence
~101*y st mm= mrad
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LINAC-based ICS sources: Smart*Light




Summary

e X-ray imaging with hard X-rays and brilliance comparable to
synchrotron conditions are achievable at the lab scale.

* Inverse Compton Scattering Source for tunable, monochromatic
and highly coherent X-ray beams in a compact setup

* Achievable brilliance several orders of magnitude higher than
current lab sources in hard X-ray region

. Smart*Light combines advances in detector and accelerator
technologies into a potentially movable lab-scale facility
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