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Figure 1. X-ray imaging optics with two Fresnel zone plates (CZP
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Table 1. Specifications of optical elements

Fresnel zone plate CZP MZP
Total number of zones 6444 146
Radius 1.5(1.26%) mm 37.3 um
Outermost zone width 116(138%) nm 128 nm
Focal length 0.91m 24.9 mm
Magnification Mczp=0.1 My7p=200
Monochromator

Spectral resolution 5.6x10°3

Crystal lattice plane Si(220)

Lattice spacing 0.192 nm

Bragg angle 05 86.35°

X-ray CCD camera

CCD Back-thinned illuminated type

>90% @3.235 keV
12.29x12.29 mm
512x 512

24 ym X 24 ym

Quantum efficiency
Effective area

No. of pixels

Pixel size

aThe effective radius of the CZP defined by rf\{fcz LciOsg.
®The zone width at the effective radius of the CZP.
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Figure 2.

6577Tmm

(a) Layout of the beam profile monitor at the KEK-ATF damping ring and (b) the photograph of the moni-

tor beamline from the CZP holder to the X-ray CCD camera.
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Figure 3. SEM (Scanning Electron Microscope) images of the
FZPs. (a) the center zones of the MZP and (b) outer zones of the
CZP.
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Figure 4.
respond to 50 um at the source point. (b) Horizontal and (c) vertical beam profiles with their fitted Gaussian curves.
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(a) Electron beam image observed by the beam profile monitor. The horizontal and vertical white bars cor-
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Figure 5. Measured current dependences of the horizontal and ver-
tical beam sizes for four emittance-coupling states: ‘‘SD-on and SF-
on’’, ““SD-on and SF-off”’, ‘‘SD-off and SF-off”” and ‘‘SD-reverse
and SF-off”’. The emittance coupling is changed by skew-quadrupole
coils wound on two kinds of sextupole magnets, SD and SF. Four
beam images corresponding to the four states are also shown.
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Figure 6. Time dependence of the measured vertical beam size af-

ter the injection from the injector linac to the damping ring. The

radiation damping time is obtained by fitting the measured data (red

squares) to an exponential curve (green line). Three beam images at

three different times are also shown.
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Figure 7. (a) Relation between the horizontal beam position at the
SR source point and the horizontal position of the beam image on
the X-ray CCD. (b) Relation between the horizontal beam position
of the MZP and the horizontal position of the beam image on the X-
ray CCD. Magnifications of the imaging optics and the MZP are ob-
tained by fitting the measured data (solid squares) to straight lines.
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Abstract

We present a high-resolution and real-time beam profile monitor using Fresnel zone plates (FZPs) developed in
the KEK-ATF damping ring. The monitor system has an X-ray imaging optics with two FZPs. In this monitor, the
synchrotron radiation from the electron beam at the bending magnet is monochromatized by a crystal monochro-
mator and the transverse electron beam image is twenty-times magnified by the two FZPs and detected on an X-
ray CCD camera. The expected spatial resolution for the selected photon energy of 3.235 keV is less than 1 um.
With the beam profile monitor, we succeeded in obtaining a clear electron-beam image and measuring the extreme-
ly small beam size less than 10 um. It is greatly expected that the beam profile monitor will be used in high-brilli-

ance light sources and low-emittance accelerators.
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