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X-ray Bubble Lens and SPring-8

Yoshiki KOHMURA
X-ray Interferometry Laboratory, RIKEN Harima Institute

' The X—ray refractlve Ienses usmg IIQUIdS and glues were developed at SPrmg 3 and at the Belaru51an State o o
" University. Due to the extremely small refractive index decrement, many bubbles were placed along the optl- F
cal axis and the interfaces between gas bubbles and the hqmd worked eﬁ"ectlvely for focusmg Fabrlcatlons' '
of several different types of the bubble lens are described. The results of the focusing tests and 51mple
. microscopy experlments using bubble lenses at BLA7XU (an undulator beamhne at SPring-8) were summa- '
rized. Magnified images of a gold mesh were successfully taken with the magmﬁcanon factor of around 3 :
“ 'We plan to use Ionger beamhnes for future expernnents : ~ L ;
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Figure 1.
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The schematic diagram showing the principle of the two-dimentional focusing using the X-ray bubble lens.

Figure 2. The liquid container for the X-ray bubble lens made
from acrylic resin and Kapton films (left). Two pipes worked as the
inlet & outlet of the bubbles and a triangular ceiling kept the bub-
bles in a straight line.
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500um

Figure 3. Image of a polystyrene ball with an optical microscope.
The (outer) diameter of the ball is apporoximately 2 mm.
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Figure 4. The setup for producing glycerol micro-capillary lens.
To flow glycerol through the capillary, two injectors and the capilla-
ry were connected with rubber tubes. One of them was pressurized
while the other was depressurized. Glycerol quickly passed through
the capillary to form thin films in the inner surface. Many small
drops inside the capillary eventually formed many bubbles close to
each other.
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Vertical wire scan measurement(#4, 1.2=0.8m)
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Figure 5. The result of the vertical wire scan measurement with

(a) L,=80 cm and (b) L,=90 cm, where L, stands for the distance
between the lens and the wire. The measurement was done at 18.3
keV using an ionization chamber and a gold wire with the diameter
of 200 um. A diaphram (with the diameter of 200 um) was closely
placed downstream of the lens to exclude the X-rays outside the
aperture of the lens. The differenciated profiles together with the
raw data are shown.
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capillary
inner diameter

200umo

(2)

(b)
Image of a glue micro-capillary lens with an optical
microscope (a) before and (b) after a radiation damage test to an
undulator radiation for one hour exposure (gap=10 mm, 18 keV
3rd order harmonics, flux~4 X 1012 Photons/sec/0.03 mm?2). The in-
ner diameter and the length of the glass capillary was 0.2 mm and
59 mm, respectively and the number of the bubbles was 71.

Figure 6.
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circle of least cofusion

The schematic diagram of the focusing using a spherical lens. Spherical aberrations are shown.



300

Figure 8.

BEE BI2EE A4S (19994F)

capillary
inner diameter
800um¢

Image of a glycerol micro-capillary lens with an optical microscope. The inner diameter and the length of the

glass capillary was 0.8 mm and 225 min, respectively and the number of the bubbles was 185.
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Figure 9. The image of a gold mesh (Good-Fellow Co.) using the
optical microscope with the magnification factor of 200.
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Figure 10. The experimental setup for taking the magnified X-ray image of a gold mesh using the micro-capillary lens.
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(@)

Figure 11.

(a) The magnified image of a gold mesh (Good-Fellow Co.) using the micro-capillary lens with the mag-

nification factor of about 3 at the X-ray energy of 17.1 keV at BL47XU (the distance between mesh and lens & between
lens and the detector chosen to be 2 m and 5 m, respectively). (b) The simulated mesh image by a ray-trace calculation
and the observed image overlapped. The field distortion (from the lattice) was well reproduced in the simulation.
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