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Report: 
Introduction 
The goal of the experiment was to validate a design of Hartmann sensor for X rays (>8keV) and to evaluate 
its performances. Three configurations (1/ direct detection, 2/ wavelength conversion with YAG crystal and 
microscope objective, 3/ wavelength conversion with fiber optic coupling) were tested with a particular 
emphasis on the first one. Main difficulty resides in the at-wavelength calibration of the Hartmann Wavefront 
Sensor (HWS), which needs a perfect wavefront as reference. 
A HWS is composed of a multi-hole array (a number of holes distributed in matrix) place in the pupil of 
optical beam being measured and a CCD camera. The position of the hole centroïd projected on the CCD are 
measured and compared to a reference position. A Software algorithm is then used to reconstruct the 
wavefront. To extract the absolute wavefront, the first step is to calibrate the HWS with a “perfect” incident 
beam. To produce this “perfect” incident beam, we used a high resolution zone plate available on the Micro 
optics test bench at BM5. The focus spot size was measured with high resolution X-ray CCD camera 
(Sensicam QE - 12 bit) (figure 1). A spot size of 2x4 microns was achieved. 
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Figure 1: Focused beam at 10 keV on BM5 
using a Fresnel Zone Plate 

Figure 2: Wavefront sensors characterization principle 

 
Hartmann validation 
During the first step of our experiment, we fully characterised the direct sensor and the Hartmann sensor 
using a YAG crystal and a microscope objective in terms of accuracy and sensitivity. Figure 3 give more 
details on the sensitivity of the direct Hartmann wavefront sensor. 



   
Figure 3 : Hartmanngramm obtained 

with the direct detection system 
(Hamamatsu) 

Figure 4: HWS with direct detection 
(Hamamatsu) ; calibrated wavefront, 

sensitivity = 0.041nm rms

Figure 5: HWS with direct 
detection(Hamamatsu) ; relative wavefront, 

accuracy = 0.103nm rms

 
Figure 6 : Hartmanngramm obtained 
with the YAG crystal and microscope 

objective system 

(a) 

(b) 

 Figure 7: 
(a) The HWS with direct detection presents a repetebility with tilt and curvature less than 

3Arms over 3 minutes, including the pointing and focusing stability of the beamline! 
(b) Same order of repetability is measured with the HWS with YAG and microscope 

objective over 20 minutes 

Unfortunately because of lack of time, no measurements were done on the Hartmann sensor with the optic 
fibres. 
 
Conclusion 
Our experiment shows that a hard x-ray wavefront sensor with very good performances has been developed 
(sensitivity = 0.041nm rms) based on two kinds of detectors: 

• the use of fast direct X-ray cameras able to read several images per second (Hamamatsu). Reading of 
several images per second will make possible to increase the signal to noise ratio (there is no more 
shot noise limitations on such system). A significant work however remains to be made on the 
integration and the tests of these various cameras. 

• The use of a conversion wavelength system. Instead of an X-ray direct CCD camera.. In this case 
also, a significant work remains to be made on the optical systems design and the tests of the 
scintillator.  

Next step is:  
-- To test the HWS based on fiber optic coupling and compare the results with the other system, 
-- To perform beamline aberration measurement and automatic x-ray optics alignment. 


