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Report: 
 

One subject we study within our PHASY EU-Project [1] is the effect of Multiple Scattering by using 
the Diffraction Enhanced Imaging (DEI) technique. For this we proposed an experiment entitled “Study of 
Multiple Scattering in phantoms by using the Diffraction Enhanced Imaging technique”.  
 

The experiment was supposed to study correlations between scattering and thickness of the penetrated 
material at different energies by using the DEI method. With our experiments we are intending two things:  

One is to prove a new DEI algorithm [2], which was evaluated to overcome some remaining 
limitations within the current DEI modality.  

The other one is to study in general the effect of multiple scattering by using the DEI method. The 
aim is to implement the knowledge to biological multiple scattering material such as a lung, to prove, if DEI 
would be an applicable instrument for lung studies and diagnostics.  
 

For the first step of our experiments we prepared phantoms made of pmma spheres of a well-known 
diameter. We used spheres of three various sizes, arranged in a stair-like phantom to simulate material of 



different thickness. In these phantoms the spheres are distributed randomly. Furthermore, we used similar 
phantoms in material and thickness, but with a definitively well-known substructure of the microelements. 
 

In April 2003 we recorded at the beamline ID17 several DEI series at 25 keV and 60 keV by using 
the SI- analyser crystal at the (111)-reflectivity. For each DEI series we recorded an image at the so-called 
“far slopes”, “half slopes” and “top” of the analysers reflectivity curve. 

 
The ESRF has accorded exceptionally some supplementary shifts in August 2004 because of some 

technical problems occurred during the beamtime in April 2003, that prevented a regular end of the 
experiment. 

 
So, in August 2003 we continued our measurements by recording DEI series acquired at 40 keV using 

the SI (111) reflectivity to complete the dataset.  
 
Altogether we recorded: 
 

Run # DEI-series 
(# Phantoms) 

# Pure absorption images 
(# Phantoms) 

Energy (reflectivity) 

April 2003 20 (6) 8 (6) 25, 60 keV       (SI (1,1,1)) 
August 2003 20 (7) 9 (7) 40 keV             (SI (1,1,1)) 

In sum 40 (9) 17 (9) 25, 40, 60 keV (SI (1,1,1)) 
 

Table 1, Run statistics MD19 
 

Finally, in consideration of our measurements we observed significant signals due to multiple 
scattering by using the Diffraction Enhanced Imaging technique [Fig. 1, Fig. 2]. The data analysis is still in 
process and we are convinced to observe similar characteristics within biological material with the property 
of multiple scattering. So, the next important step would be to prove the feasibility of DEI for lung studies 
and diagnostics. For this, we proposed at the ID17 a continuative experiment entitled “Study of Multiple 
Scattering of an in vivo rabbits lung by using the Diffraction Enhanced Imaging technique” [3]. 
 
        
 

 

Fig. 1 
“Far slope image”, post processed 
 
Pmma spheres in an arrangement of different thickness, 
largest thickness on the left hand side. 
 
Comment: The larger the layer, the stronger the scattering signal. 
 
recorded at ID17, ESRF, Grenoble, Experiment MD19, 2003/04 
 
 
Fig. 2 
Calculated refraction image according to the Chapman algorithm [4] 
 
Pmma spheres in an arrangement of different thickness, largest 
thickness on the left hand side, superimposed by an element of known 
refraction properties. 
Comment: The larger the layer of the scattering material, the weaker 
the remaining signal of the superimposed structure. 
 
ID17, ESRF, Grenoble, Experiment MD19, 2003/04 
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