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The advertised market research deals with the analysis of the market potential for a specific solution of next-generation of brilliant X-ray sources, the world’s first laser-driven, ultra-compact Free-Electron Laser and a laser-based medical imaging beamline for novel early tumor diagnostics and pharmacokinetics. This research contains two objectives: first, to create a general and quantitative overview of the existing and potential markets, and the existing investments in research and development. It is also important to identify potential risks and opportunities of possible similar projects or study papers. Second, perform several interviews with global player industries to back up quantiative research and guide the project management with specific trends and guidelines. The summary of this market research needs to identify potential barriers and a definition of hidden markets and examples of existing challenges of the industry as a clear guideline for the project leaders in Czechia  and Germany.
Background to the Medical Imaging market
Accelerator-based sources of x-ray beams are an invaluable tool for many different applications in fundamental sciences and life-science research. The brightest sources of x-ray beams with energy of interest for medical imaging (20-200 keV) are based on inverse Compton scattering. In this scheme, the x-ray beams are produced by shining a laser pulse on an ultra-relativistic electron beam. The x-ray beam energy, emittance, and time duration depends on the laser pulse and electron beam, thus by tuning the laser or the electron properties, the x-ray beam output can be controlled and optimized. 
Worldwide, there are tens of state-of-the-art inverse Compton scattering facilities. All are currently using rf-technology to accelerate the electron bunches needed for the x-ray beam production. These facilities mainly attract users willing to perform high resolution imaging, using techniques such as phase contrast imaging or computed tomography. These facilities are quite big in terms of size (at least few thousands of square meters), due to the limiting accelerating gradient achievable with rf technology. This represents a major limitation to the spreading of this technology. For this reason, the possibility of having a compact inverse Compton scattering source is very attractive. This can be achieved by using laser plasma accelerators instead of rf, due to the 100-1000 stronger accelerating gradients.
Based on a completely different technological approach, a plasma-based inverse Compton scattering source would be a complimentary tool to the currently existing facilities. To assess its performance, one can in principle follow two different measures: (a) the cost per photon delivered to target, and (b) the new experimental possibilities, methodologies and experiments enabled only by the unique properties of a plasma-based device - compared to an RF-based machine.
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The Medical Imaging beamline will deliver about 109-1011 photons/s having an energy in the range 90-150 keV. The beam parameters are summarized in Table 1.

Table 1: Main photon beam requirements
	PHOTONS
	Units
	Basic scenario

	Photon energy
	keV
	90…150

	Total photon flux
	photon/pulse
	106…7

	Repetition rate
	kHz
	1..10

	Divergence
	mrad
	< 1

	Bandwidth (FWHM)
	%
	< 15





Potential use of the Medical Imaging beamline at reduced photon energy (10-20 keV) has also to be assessed.
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[bookmark: _Toc506297111]High resolution, monochromatic radiography
A monochromatic (<15% bandwidth) X-ray source is very attractive to perform high resolution radiography of patients. In fact, conventional X-ray tubes can produce only X-rays within a broadband spectrum, that has to be further adjusted by means of specific anode geometries. The Medical Imaging beamline will offer the opportunity to perform imaging with an intrinsically monochromatic beam. This will help to reduce the amount of radiation delivered to the patients, since this device will allow physicians to use only the required optimized radiation.
Localization of drugs by fluorescence
A monochromatic hard x-ray source can be used induce fluorescence in specific atoms or molecules. This is of great interest to the pharma community, since it is a very efficient way to monitor drug delivery inside the patient. The drugs are bound to specific fluorescent nanoparticles which can be excited by an external x-ray beam. After the excitation, they emit a specific x-ray signal that can be detected. In this way it is possible to localize the drug and follow its movement inside the human body, assuming a good adhesion of the substance of use to the nanoparticles.
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· Medical Physicists
· Proton therapy centres
· Medical Imaging researchers
· Pharmacology researchers
· Drug delivery researchers
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