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Abstract: Focusing properties and heatload resistance of a Bragg-Fresnel lens placed in an 
undulator beam have been demonstrated. The electron beam at an undulator source has been 
imaged by two setups using Bragg-Fresnel lenses. The first setup is a two-lenses telescope and 
the second one consists of one circular BFL and an asymmetrically cut crystal. 

1. INTRODUCTION 
Measuring the emittance of a third generation synchrotron radiation source is a non trivial 

problem. The conventional monitor based on visible light imaging is not well adapted to this purpose 

because of the small size of the source (FWHM=50 pm at the ESRF) and the high heatload which distorts 

the mirror. To avoid these difficulties, we used circular Bragg Fresnel Optics [I] (BFO) to obtain an x- 

ray image of the source. 

Three different experiments have been carried out. In the first experiment, the source was imaged 

through a single Bragg-Fresnel lens (BFL) on a Kodak high resolution film. In the second one, a 

telescope set-up has been used with imaging on a CCD camera. In the third one, a single BFL associated 

with an asymmetrically cut crystal have been used with the same CCD camera. 

All experiments were carried out at the ESRF on the machine diagnostics beamline (ID6) whose 
source is  a high beta undulator (px=27m, Pz=13m). 

2. SINGLE LENS EXPERIMENTS 

2.1 Setup 
The undulator used presents 32 periods of 48mm with a maximum magnetic field of 0.5 T 

corresponding to a maximum deflection parameter K=2.2. In these experiments, the FWHM of the source 

was 800 pm in the horizontal and 250 p n  in the vertical. 

The circular B I T  was manufactured on a Si - I l l  substrate. The basic geometrical parameters are: 
an innermost zone radius rl=8.8 pm; an outermost zone width Arn=0.4 pm; an aperture A=200 pm. The 

Si crystal was stuck with a GaIn contact layer on a small copper block without water cooling. The image 

was registered with a Kodak high resolution film placed at a variable distance from the BFL. 
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2.2 Heatload test 
In order to check whether the BFL could withstand the heatload caused by synchrotron radiation, 

we closed the undulator gap to its minimum value of 20mm. Then, the total incident power was around 

lOOW with a power density of 12 w/mm2. The temperature of the crystal stabilized at around 420°C. No 

significant changes in the optical properties of the BFL has been observed on the film exposed when the 

temperature has stabilized. An image done after cooling was identical to the one performed before the 

heatload experiment. 

2.3 Imaging for even and odd harmonics of the undulator 

Fig 1 shows the images obtained on the first order of Fresnel diffraction on the 555 Bragg peak 

(E=9.9 keV) for magnetic gaps of 35 and 25.2 mm corresponding respectively to the second and the third 
harmonic. While the image of the third harmonic is simple, the image of the second harmonic is split in 

two spots. This is due to the two lobes of emission of this harmonic as explained in Fig 1. 

rig.1 (a) lmage recorded on the Ulird harmonic. (b) lmage recorded on the second harmonic. (c) Explanation of the split in the 
2nd harmonic image: only the light emitted by the outer part of the solace goes through the lens, the central part is not seen. 

3. HIGH ENERGY X-RAY TELESCOPE 
We used a 42mm-period undulator on the first harmonic (gap=45mm). 

The high energy x-ray telescope setup based on two circular BFL is presented in Fig.2. We used 

Si-444 reflection at the energy of 7.91 keV. Under such conditions, the Bragg angle was 88.5'. The main 

parameters of the objective and ocular BFLs are listed in Table 1. 

Table 1. Main parameters of the objective and ocular BFXs. 

BFLl 

BFL2 

r l  [pml 

14 

6.2 

Am [ ~ m l  

0.5 

0.3 

f [rn] 

1.25 

0.25 

0th order 

efficiency, % 

16 

23.9 

A [pm] 

400 

128 

phase shift In 

0.82 

0.75 

1st order 

efficiency, % 

34 

30.9 



The magnification given by this system equals 0.2. As it is shown in table 1, the deviation of the 

phase shift from x limits the efficiency of the first order of Fresnel diffraction and enhance the zeroth 

order (background). In order to decrease this background, we installed a 100 pm diameter pinhole in the 

plane of the objective image. The size of the image recorded with the CCD camera, 140 x 80 pm2, was in 

good agreement with the size of the source estimated by other methods. 

Fig.2 Schematic layout of the x-ray telescope. 

4. MAGNIFICATION BY AN ASYMMETRICALLY CUT CRYSTAL 

4.1 Setup 

The previous setup allowed us to obtain a measure of both horizontal and vertical sizes of the 

source. However, it was difficult to adjust properly and very sensitive to thermal deformations on the first 

crystal. As the smaller size, and so the most difficult to measure, is the vertical one, we tested the 

following setup that allowed us to magnify only in the vertical direction. (Fig 3) 

We used the third harmonic of the same undulator as in the single lens tests (gap=23 mm). The 

BFL was the one used as the objective of the telescope at the same energy. The asymmetrically cut 

crystal was a Si-422 with an asymmetry factor of 13.7, placed in the objective plane. 

It is interesting to point out that a partial elimination of the zeroth order of Fresnel diffraction is 

possible by rotating the asymmetric crystal slightly away from the Bragg condition by an angle nearly 

equal to the divergence of the focused beam. 

4.2 Measurements 

We tested this system in two situations. In the first (second) one, the vertical emittance was 1.1 

(0.2) nm.rad, which corresponds to a source size of 280 (120) pm FWHM and to a full divergence of 30 

(20) pad .  The measured size was 50% (80%) bigger than expected. 

The images recorded at photon energies close to the top of the third harmonic presented a vertical 

splitting similar to the one observed previously in the horizontal plane for the second harmonic. The 

explanation for this splitting is again the presence of two vertical lobes, separated by 10-20 prad. 
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Therefore, a part of the disagreement between real and measured vertical source sizes can be accounted 

to this effect which originates from an imperfect setting of the photon energy. 

undulator 
____C 

asym. Si-422 w 
Fig.3 Schematic layout of the BF'L+asymmetric crystal setup. 

CONCLUSION 
These experiments showed that it is easy to focus an undulator x-ray beam (h-1 A) with a Bragg- 

Fresnel lens. This was done with an incident power as high as 12 Wlmm2 without water cooling. The 

BFL withstood these conditions without any problem. 

We also showed that the association of a BFL with another optics, BFL or asymmetrically cut 

crystal, doesn't alter its focusing properties. 

We tried to apply these optics to a beam emittance monitor by imaging the source in the x-ray 

range. The small aperture of the BFL associated with the angular diagram of emission of an undulator 

produced tricky effects which did not allow us to make reliable measurements. In any case, an 

enlargement of the BFLs aperture to 1 mm is expected in the coming years, which would perfectly fit the 

size of the central cone of an undulator and should solve most of the pending problems. 
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