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� YES ... because:

� The size of the facility is smaller

� The cost of the facility is lower

� The required flux for biomedical applications is comparable

� The required monochromaticity is sufficient

� We can basically replicate all the biomedical

experiments ...



� NO ... because:

� Higher divergence: Field of view allows for 2D imaging

� Energy of the X-ray beam can be “easily” extended to several

hundreds of keVs (ESRF 25-185 keV@ID17)

� Dual-energy beam is “available” (see BriXs design)

� Intrinsic monochromaticity (no  channel-cut crystal & 

negligible harmonic contamination)

� What do we really need from a novel high-brilliance

and monochromatic x-ray source?



“Among the anticipated uses of 

monochromatic beams in medicine 

are markedly improved

Mammography, K-edge imaging, 

Phase-contrast imaging, Time-of-

flight imaging, Small-animal imaging, 

and Protein crystallography.”
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K-edge digital subtraction angiography 
with synchrotron radiation

E+=33.5 keVE-=32.8 keV

The concentration of the contrast
medium in the artery may be reduced.

Catheter may be inserted by
intravenous injection instead of
arterious one.



Iodine and tissue images

Above
E+= 33.5 keV

Below
E-= 32.8 keV

Contrast Tissue







Flux vs irradiation field

For a fixed radiation field size, increasing the bandwidth, and therefore 
the collimation angle (θmax), leads to:
l An increase in the flux (because the distance from the IP is shorter)
l A less uniform radiation field
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Spatial uniformity of irradiation field

Spatial distribution of a X-ray beam with a mean energy of 34 
keV and 1.5% rms BW (θmax = 1 mrad) at 50 m from the IP 



Dual-color x-ray beams

It is possible to change the collision angle in a time of the order of 100 ms by 
switching the laser focus (tilting the curved mirrors) or the whole optical bench 
with two cavities. 

FABRY-PEROT CAVITY (Drebot et al., IPAC2018,) 



Bracketing the Iodine k-edge ...



KES angiography with ICS sources

l Fluence required to obtain a SNR = 5 was estimated   
according to Sarnelli et al. Phys. Med. Biol. 51 (2006)

l Various vessel sizes and contrast medium concentrations 
were considered (within the range of clinical interest).
l The presence of the rib bone was also taken into account.

t (cm) μ-/ρ (cm2/g) μ+/ρ (cm2/g) ρ (g/cm3)

Iodine - 7.1100 33.5200 4.93

bone 1.0 0.8062 0.6888 1.41

Soft tissue 19.0 0.3501 0.3200 1.06



Results of the simulation
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� SNR = 5
� c = 10 mg/ml 

� SNR = 5
� F = 2 mm



Bone signal vs Energy separation
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iodine mass thickness = 2 mg/cm^2
iodine mass thickness = 2.5 mg/cm^2
iodine mass thickness = 3 mg/cm^2



Without CA

Chest BMD

(DEXA e QCT)

With CA

CT DESA Mammog.



“X-ray attenuation is material specific and information about the 
object constituents can be extracted by spectral imaging”



Dual-Energy CT

Fast kV switch Dual X-ray source



Dual-Energy CT angiogram

McCollough et al, Radiology 276, 2015 



Potential benefits of SI:
Tissue characterization

“The various types of non–uric acid stones contain higher Z
elements and so distinguish themselves from the uric acid stones”



Potential benefits of SI:
Background subtraction

A Taibi et al, Phys Med Biol 48, 2003

A Taibi, Eur J Radiol 72, 2009

“… from the clinical point of view, the complexity of anatomical

structure … represents the ultimate limit to signal detection.”



Potential benefits of SI:
Energy weighting

“Reconstruction of the effective atomic number of materials”







McCollough et al, Radiology 276, 2015 

Dual- and Multi-energy CT



Taguchi and Iwanczyk, “Vision 20/20: Single photon counting
x-ray detectors in medical imaging” Med. Phys. 40, 2013



MARS Bioimaging Ltd



Rossignol et al. J Nucl Med 2019

� To get rid of scattered x-ray
photons ...

� A very short (and very intense) 
x-ray pulse is needed

� Detector has to be 
synchronized with the pulse ...

Time resolution 10 ps!



“...To develop and validate non-invasive or minimally
invasive imaging approaches to visualize pathological
processes in pre-clinical mouse models.”
� State-of-the-art services:

� Magnetic Resonance (MRI)
� Ultrasound (US)
� Optical Imaging (OI)
� Radioherapy (RT)
� Computed Tomography (μCT)
� Optical coherence tomography (OCT)

� Concerning CT, very high DOSE is delivered ...



� YES, we are filling the gap but ...

� We should focus on a specific application and 
optimize the x-ray beam characteristics (flux, 
field of view, energy, etc.)

� K-edge imaging is feasible but photon fluence
is always a challenging parameter!

� Spectral imaging has a big potential:
multi-energy x-ray source vs
photon counting detector


