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Abstract

A novel emittance diagnostics technique with high sensitivity using X-ray Fresnel diffraction by a single slit has been
developed to measure micron-order electron beam sizes at insertion devices (IDs) of photon beamlines. The X-ray
Fresnel diffractometry (XFD) is promising for diagnostics of next-generation light sources, where a tuning of ultra-low
emittance at IDs is essentially important to ensure the absence of degradation of brilliance and transverse coherence of
radiation at beamlines due to distortion of lattice functions. The validity of the new method was theoretically and
experimentally studied at SPring-8. The achievable resolution of XFD is also discussed.
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Figurel: A schematic for the source size measurement of
ID using the XFD.
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Figure 2: The calculated PSF and its convolution with
Gaussian-distributed sources having 3 to 11 yum (r.m.s.),
assuming vertical source size measurement using XFD of
40 keV at a beamline of an ultra-low emittance ring.
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Figure 3: Sensitivity curves calculated at some observing
X-ray energies. Red, green and blue dots show the curves
at 40, 16 and 7.2 keV, respectively.
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Figure 4: Double-lobed diffraction images observed at
different operation points with four horizontal betatron
tunes vy, with and without skew quadrupole magnetic
fields.
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Figure 5: Normalized vertical line-projected profiles
(dots) of the four 2D images, their fitted curves (solid
lines) by Gaussian source distributions convoluted with
the PSF. Red, blue, green, and black lines correspond to
(a), (b), (c) and (d) in Fig. 4, respectively.
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Figure 6: Correlation between peak-to-valley intensity
ratios measured by the XFD at the ID05 and
simultaneously measured vertical beam sizes by the 2D-
interferometer at the bending magnet source.
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Figure 7: Correlation between results of the simultaneous
measurements by XFD at the ID05 source, XBI and 2D-
interferometer at the other two bending magnet sources.
Red and blue dots indicate the vertical beam sizes
evaluated from /,/I, and measured by XBI, respectively.
The black solid line shows the correlation on the global
betatron coupling model.
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Figure 8: Double-lobed diffraction patterns observed by
using a CCD camera with fast electrical shutter and a
YAG (Ce) fluorescent screen with short decay time. Red
and blue lines show the vertical line profiles of the 19
diffraction patterns with the exposure time of 0.1 ms and
1.0 ms, respectively.
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Figure 9: PSFs and their convolutions with Gaussian-
distributed sources of r.m.s. sizes from 1 to 3 um for (a)
XFD with a slit width of 22 pm and (b) XPC with a
pinhole size of 13 pm, respectively.
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