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Current Status of the Soft X-ray Undulator Beamline BL-2C
—Varied Space Plane Grating Monochromator—

Masamitsu WATANABE

Photon Factory, Institute of Materials Structure Science

A new grazing incidence soft x-ray monochromator has been constructed on the undu-
lator beamline BL-2C of the Photon Factory. The monochromator has been designed to
meet the demands for high-resolution soft x-ray spectroscopy. The monochromator has
employed a varied space plane grating and a configuration with sagittal focusing and con-
verging beam by an extra-focusing mirror in order to achieve requirement. According to
analytical estimation and ray tracing simulation, the high resolving power beyond 10000
can be obtained over the full energy range from 250 to 1400 eV. Preliminary experiments
have been done on three points concerning the resolving power, photon flux, and spot
size. The results have showed the typical resolving power from 7500 to 10000, the abso-

lute photon flux of the order of 10!° photons/s/300 mA/0.02%BW, and the spot size of
0.1 (V) x0.9 (H) mm?2 FW at the sample position.
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Table 1. A classification of the varied space plane grat-

ing monochromator. The monochromator of the BL-2C
is classified as ‘‘constant including angle’’ and ‘‘extra-
focusing configuration’’
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Table 2. Parameters of the mirrors. “‘r;”” and “‘r;’’ represent the arm lengths of the mirrors, and ‘‘p’’ and “R”

represents the radiuses. The My, M;, and M; mirrors are settled in the configuration of the sagittal focusing
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Figure 1.

1
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Schematic view of the optical system of the SC-VPGM. Upper and lower pictures show

the top view and side view of the beamline, respectively. Lines connecting the optical elements
represent light path and focusing configuration. Lowest line and numbers describe the distance
from the undulator radiation source. The point at the distance of 37200 mm is assumed as a posi-
tion of virtual source object for the grating, which is made by the M, mirror.
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Figure 2. Schematic view of the light path. Point O is
the center of the grating. A, B, and P represent a radia-
tion source, an image by the grating, and the position
where the photon hits the grating, respectively. Coor-
dinate of P is expressed by w and /.
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Table 3. The parameters of the gratings
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Figure 3. The Ar 2p—ns and nd photoabsorption spec-
trum. The 6d peaks is clearly seen.
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Figure 4. The Ar 2p,,—4s photoabsorption spectrum.
The dots and the solid line, which is overlapping with the
dots, represent the data and the fitted curve. The fitted
curve is calculated with the condition of I7 =113 meV
and I'=24.8 meV.
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Figure 5. The lsoc—n* photoabsorption spectrum of N,
molecules. The dots, solid line overlapping with the dots,
and many dash-dot lines represent the data, the fitted
curve, and the Voigt functions corresponding to the each
vibrational peaks, respectively. The fitted curve is com-
posed of seven Voigt functions. The fitted curve is calcu-
lated with the condition of I =117 meV and I';=40.9
meV, which are deduced from the graph of the x2 value.?
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Figure 6. The lso—valence and Rydberg photoabsorp-
tion spectrum of the O, molecules.
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Figure 7. The ls—np photoabsorption spectrum of Ne

atoms. Dots, solid line, and four dash-dot lines represent
the data, the fitted curve, and the each Voigt functions,
respectively. The lowest dotted line shows the continuum
state expressed by the arctangent function. The fitted
curve is calculated using the optimized parameters; Iy
=303 meV and I'5=117 meV.
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Table 4. The results and the condition for the estimation of the resolving power. The I't, which is the width of the
Lorentzian function, represents the lifetime broadening. The I'g, which is the width of the Gaussian function, is assumed

to be the width of the monochromator transmission function.
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Figure 8. Absolute photon flux for gratings of (a) 1000 //mm and (b) 2200 //mm. Many lines
represent the spectra of undulator radiation corresponding to various gaps of the undulator. The
photon flux curves are interpreted as a linked lines between the maximum points of each spectra. In
the case of the 1000 //mm grating, the typical photon flux is in the range of 101 photons/s/0.02%
BW. The spectra of the 2200 //mm grating show the photon flux of about 10° photons/s/0.02%
BW. The lower photon flux in the case of the 2200 //mm is due to Carbon and Oxygen contamina-

tions on the surface of the Si photo-diode.
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Si Photodiode

Figure 9. A configuration of the spot-size measure-
ment. The knife edges can smoothly move using microme-
ters.
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