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A single-bounce capillary (SBC) [1] was designed and drawn at Cornell University for focusing 
hard X-rays at beamline L. Compared to the tapered capillaries [2] and polycapillary lenses [3,4] 
which are available at the beamline, the single-bounce capillary produces a micro-beam of lower 
divergence (< 4mrad) and, consequentially, shows a larger working distance (50 mm) and a higher 
critical energy for total reflection (> 25 keV). Hence, utilising the single-bounce capillary it is 
feasible to extend the range of microbeam applications at beamline L towards microdiffraction 
studies and experiments, which require sample environments like diamond anvil cells, or 
monochromatic excitation energies in the range 20-40 keV. 

Capillary design and set-up 

The capillary shape was designed to focus the beamline L bending magnet source to a point 24 m 
from the source with a 50 mm working length from the capillary tip to the focus and a maximum 
convergence angle of 4mrad. A single, borosilicate-glass capillary was drawn into a 103 mm long 
elliptical shape using the CHESS capillary puller. The inside diameter was 350 µm at the large base 
and 200 µm at the tip. The geometry of its X-ray optical path is shown in figure 1 (left). A micro-
beam stop positioned in front of the base of the capillary blocks the part of the direct beam which 
would pass the capillary without reflection.   

 

Figure 1: Schematic drawings illustrating the X-ray optical path of a single-bounce capillary (left) and the 
experimental set-up at beamline L used for characterising the capillary (right).  

       

 

 
Figure 2: Micro-beam stop 

Micro-beam stops (as shown in Fig. 2) were produced in the 
HASYLAB workshop by simply pressing discs of  ~ 250 µm diameter 
out of a Ta foil of 100 µm thickness. The micro-beam stop sticks on 
adhesive kapton tape of 25 µm thickness and is aligned with the 
capillary using a separate x-y translation stage.  

X-ray optical properties 
 
Characteristic properties of the focused beam such as focal size, shape and gain in flux density 
were measured at various energies in the range 7–40 keV using the regular micro-X-ray 
fluorescence set-up at beamline L (see Fig. 1 (right)). The capillary was aligned under observation 
of a fluorescence screen (CaWO4 crystal, 40µm thick), which was placed at the focal position while 
the micro-beam stop was removed. Images of the focused beam with and without micro-beam stop 
inserted are shown in figure 3 (left).  A tungsten wire of 4µm diameter was scanned vertically 
through the beam (step size: 1µm, scanning range: 300 µm, acquisition time 3s) for various energies 
in the range 7-40 keV both with and without micro-beam stop. Figure 3 (right) shows the W-Lα 
line intensity plotted against the wire position for both configurations at 17keV (spectrum 
processing using the AXIL code, corrected for detector dead time). The micro-beam stop blocks 
efficiently the direct beam and reduces the intensity of the focused beam by less than 30%.  
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Figure 3: Beam cross section at the focal position using the SBC at 17 keV with and without micro-beam 

stop inserted. Left: Photographs (negative) of a fluorescence screen with beam stop ( lower left) and without 
(upper left). Right: wire scans in vertical direction through the focused beam with (red) and without beam 

stop (black). 

The measurements without micro-beam stop were used for the determination of the focal size and 
also for the estimation of the gain factor of the photon flux density since they contain information 
of both the focused and unfocused beam. The focal size is expressed as full-width-at-half-
maximum (FWHM) of a gaussian function fitted to the central part of the profile. The gain factor is 
calculated as the ratio of the (gaussian) height of the focussed beam to the background intensity 
induced by the direct beam times the direct beam diameter to the (gaussian) FWHM of the focussed 
beam..  
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Figure 4: Energy dependent beam characteristics. Upper left: vertical beam diameter (FWHM). Lower left: 
Gain factor. Right: wire scans in vertical direction through the focus at 17 keV (blue), 30 keV (orange) and 

40 keV (red) with beam stop inserted. A wire scan through the focus of a polycapillary lens at 17 keV 
(dotted black) is shown for comparison. 

The focal size is 11 ± 1 µm (FWHM) over the complete energy range (see figure 4 (upper  left)) 
and the gain factor in flux density varies between 200 and 300 (see figure 4 (lower left)), which is 
in excellent agreement with the design parameters. Compared to the polycapillary lens the single-
bounce capillary produces a smaller beam, especially at lower energies. For higher energies above 



20 keV, where the polycapillary looses applicability because of transmission of X-rays through the 
capillary walls (halo) [3,4], the sbc still performs well.  Figure 4 (right) shows wire scans through 
the focus of a single-bounce capillary including micro-beam stop at different energies in 
logarithmic scale. It is expected that the background, which was shown in the measurements to 
develop from 17 keV to 40 keV can be reduced by increasing the micro-beam stop thickness and 
uniformity. However, the photon flux of the single-bounce capillary is more than one order of 
magnitude lower than that of the polycapillary lens [3,4] due to the relatively small opening at the 
base of a single-bounce capillary. 

Applications 

Since august 2003 available, several experiments could already benefit from the characteristic 
features of the single-bounce capillary, which are a large working distance, low divergence of the 
focused beam and high critical energy for total reflection, in particular solubility studies based on 
XRF measurement using a diamond-anvil cell [6], fluorescence microtomography studies, and 
monochromatic XRF studies using hard X-rays. An example of the latter is shown in the following. 
First microdiffraction experiments at beamline L using the single-bounce capillary are forseen for 
spring 2004. 

 

 

Figure 4: Fluid (F), melt (M) and vapour phase (V) inclusions in a quartz host of 100 µm thickness. An 
optical micrograph (upper left) and maps of selected fluorescence line intensities are shown. The 

fluorescence line intensity increases from blue to red for all elements. Excitation conditions: Ni/C multilayer 
monochromator at 30 keV, single bounce capillary, sample time /pixel: 20s, pixel size: 10 × 10 µm2.  

 
A quartz sample containing melt and fluid inclusions was measured using the single-bounce 
capillary. The quantitative analysis of single melt and fluid inclusion facilitates the study of the 
chemical evolution of a rock-forming system, since melt and fluid inclusions in minerals are 
trapped during crystal growth and - if they remain conserved from the time of trapping - record the 
fluid and melt phase that was present during formation, which is extremely valuable for the study 
of ?ore?-forming processes and element transport in the crust. 

The same sample has been mapped previously using the polycapillary lens [5]. However, different 
conditions were applied. The excitation energy was 30 keV for the single-bounce capillary 
measurements and 17.4 keV for the polycapillary measurements. Due to the higher spatial 
resolution of the single-bounce capillary, 10 µm steps instead of 15 µm steps were chosen. The loss 
of gain in photon flux was compensated by using the multilayer monochromator instead of a 
combination of Si(111) monochromator and focusing mirrors.  



The elemental distribution maps shown in Fig. 4 ressemble very well the elemental distributions 
measured with the polycapillary half-lens. However, the results demonstrate advantages of  using 
the single-bounce capillary: the maximum utilizable excitation energy is considerably higher and 
therefore more elements are accessible via K-lines. Due to the strong absorption of the low-energy 
L-line fluorescence in the host matrix and the low concentrations in the inclusions, important tracer 
elements like Sn, Sb, Cd and Ag are detectable by K-shell excitation only. Also, the spatial 
resolution is superior. From the scientific point of view the measurements showed for the first time 
Ta and W in the fluid inclusions and display that the significant enrichment of Zn is correlated with 
Cd, Sb and Ag enrichment in the fluid phase. According to Rickers et al. [7], the fluid phase 
follows the early hydrothermal tin-tungsten association in an important tin-tungsten deposit and is 
responsible for the transportation and enrichment of metals in the later polymetallic deposits.  
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