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Versatile focusing using a combination of toroidal and
Kirkpatrick—Baez mirrors
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Toroidal mirrors can be used to efficiently focus synchrotron radiation for magnifications near 1. At
the Pacific Northwest Consortium-Collaborative Access Ted@hC-CAT) insertion device
beamline, a toroidal mirror is used to focus the entire undulator beam to a spot size &f)400(

X 100(V) wm?. For large demagnifications, Kirkpatrick—Ba@B) mirrors are a good choice. Spot
sizes down to Jum have been achieved at PNC-CAT. However, these mirrors only collect a fraction
of the undulator beam, and result in a highly divergent beam with a short working distance. To
achieve an intermediate beam size with less divergence, the toroidal and KB mirrors can be
combined. The toroidal mirror reduces the beam to match the entrance aperture of the KB mirrors.
This combination can provide beam sizes below a@®while collecting the entire undulator beam

and providing a convenient working distance. Thus, the beam size, working distance, and
divergence can be tailored to the needs of the experiment20@2 American Institute of Physics.
[DOI: 10.1063/1.1423632

I. INTRODUCTION than 1 mrad, which can be detrimental to some diffraction or
glancing angle experiments.

The Pacific Northwest Consortium-Collaborative Access A toroidal mirror implemented as a bent cylinder can be
Team(PNC-CAT) undulator beamline at the Advanced Pho- used to focus the entire undulator output. Figure 1 shows the
ton Source/APS) is designed to support a variety of experi- basic layout of the PNC-CAT ID beamlifeThe toroidal
ments. These have wide ranging requirements for beam siz®irror is located 34.3 m from the source, and can provide a
and collimation. Microbeam imaging experiments generallyslightly demagnified image of the source anywhere in the
need minimal spot sizes, but are insensitive to beam divefWo experimental hutches. The mirror is dropped out of the
gence. A good choice is the Kirkpatrick—Ba¢%B)® ar- beam when the KB mirrors are used. Since we use a bent

rangement of two mirrors individually focusing the vertical cylindrical mirror? the focal position in the horizontal can be

and horizontal directions. The KB arrangement allows thecontrolled by adjusting the angle of the mirror, and in the

use of highly accurate spherical or elliptically bent flat mir- ;/ertical b.y the (?%plied be.”d- Fig;re'zhsrovil/_sh'thf resqlting
rors, and can provide different demagnification in the hori- ocus as imaged by scanning a ith pinhole. This focus is

: . . nearly ideal for the horizontal. In the vertical, the size is
zontal and vertical for the highly asymmetric undulator . - . . .
limited by the slope errors in the mirrdapproximately 2

source. Atthe PNdC'ClA T b;:;mllge, we havg be;an ergploym%rad root mean squalems)]. Since the demagpnification fac-
a mirror system developed by the Consortium for Advance or is close to 1, the divergence of the beam from the toroidal

Radiation SourcesCARS)-CAT>* that provides focused irror is similar to that of the raw undulator bearr 100
beams as small as Am. To achieve such large demagnifi- urad.
cation, the mirrors must directly image the source approxi-  The focus from the toroidal mirror is smaller than the
mately 50 m away, and have a rather short working distanc@cceptance of the larger set of KB mirrors. This immediately
of 30 mm from the end of the last bender. The small size O%uggested combining the two to achieve a smaller focus
the mirrors allows an entrance aperture of about 0.2%vhile still collecting the entire undulator output. In the rest
% 0.25 mn?. Since the unfocused undulator beam at the mir-of this article we describe results from this optical arrange-
ror position is about 1) X 3(H) mn?, much of the beam is ment.
not focused.

To improve the efficiency for experiments that do not|l. OPTICAL CONSIDERATIONS
need such small beams, a larger set of KB mirrors has been
built. These collect 0.80.6 mnt and focus to about Zm.
They also increase the working distance to 150 mm. Thi

significantly improves the collection efficiency, but still does after the mirror. The ideal surface figure for this is a hyper-

not utilize the majority of the beam available. In addition, 1> This arrangement is used when a focus in the 20-ID-B
both sets of KB mirrors result in beam divergences great€faiion js desired. The range over which the toroidal mirror

focus can be adjusted is limited by Be windows at the end of
¥Electronic mail: heald@aps.anl.gov the beamline. When focusing into the 20-ID-C station, the

There are two possible arrangements that can be used to
combine the toroidal and KB mirrors. They are shown in Fig.
3. 1n Fig. 3a) the KB mirror is used to focus a virtual image
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FIG. 3. Two possible geometries for combining a toriodal mirror with a KB
PRIMARY EXPERIMENT MBE EXPERIMENT mirror. At the PNC-CAT beamliné1=234.3 m, andF2 varies from 17 to
STATION 20-ID—B STATION 20-ID-C 24 m.

The expected reduction is obtained in the horizontal size.
The vertical reduction is less than expected. This is likely
due to slope errors in bending to the proper hyperbolic shape.
Such slope errors become more important as the focal spot

. ) _ . becomes smaller, and ultimately set a lower limit on achiev-
FIG. 1. Basic layout of the PNC-CAT ID beamline. The toroidal mirror is bl tsi | th duction in the hori tal i
designed to focus anywhere in the two experimental hutches, 20-1D-B anfP'e SPO SIZ€s. n any _Case' € reducuon in the OI’IZOI’.I al IS
c. more important since it starts out much larger. The diver-
gence was not directly measured, but based on the arrange-

arrangement shown in Fig.(l3 is used. The ideal surface ment can be expected to' be about 50ad h(.)rlzontally.and
figure is now an ellipse. However, it is a much diﬁerenthCh_leSS ve_rt|cally. Thls_type_of beam S well suited to
ellipse from the normal KB mirror configuration. In both experiments like surface difiraction or glancing angle X-ray

cases an ideally configured mirror would reduce the toroidal"lbso_“_)ﬁorI fine str_uctur(é(AFS_) in ultrahigh vacuun(UH_V) .
mirror focus byF3/F4. conditions. The divergence is modest and the working dis-

In the CARS design, the KB mirrors are configured byt"’;]ncebIS Iarged_(?fnough to be _crct)]mpatlble Wl(;hﬂlarge vac?u%
applying unequal bending moments to each end of a trapz aM2€rs of di ractometers. The measured flux normalize

2 . .
ezoidal shaped flat mirror. The trapezoidal shape is opti'-[0 100 mA of beam current was>5102 at 8 keV using Si

mized to produce the most accurate ellipse for the microilll()lcgrystlals |rt1)tthe ;npn?r(]:hrforlratofr. Thlsd'i close to the 1
beam case. To produce other configurations the bending vaiue obtained in the Tull uhfocused beam.
The combination of these two types of mirrors is a ver-

moments can be adjusted, but changing the shape would re- il thod for f ) B . b trolled
quire a different mirror. Therefore, some figure errors can pedllie method Tor Tocusing. beam siz€s can be controtie

expected, and there may be a limit on how much the toroidaf[lndependem:y in the vertical t?]nd ho:_lzoln';)al from _mlll;metetrs
focus can be reduced. 0 microns. In many cases the vertical beam size from the

toroidal mirror is already sufficiently small. Then only the
horizontally focusing mirror from the KB setup can be used
IIl. RESULTS AND DISCUSSIONS to provide an approximately symmetric 1@@n beam. An-
i o other example comes from an anomalous scattering experi-
As a test of the above ideas, the arrangement in R@. 3 ent of solutions under pressure. This employed a large

was used. The KB mirrors were positioned so that the centekqyjand circle detector, and, therefore, was arranged with
of the vertical focusing mirror was 51.75 m and the horizon-

tally focusing mirror 52 m from the source. The toroidal
mirror was adjusted to focus at 57 m, and the KB mirrors
were optimized for best focus at 53 m. Ideally this should
reduce the toroidal mirror focus by 5 in the horizontal and
4.2 in the vertical. The result is shown in Fig. 4.

FIG. 2. Image of the focus from the toroidal mirror obtained by scanning aFIG. 4. Image of the focus obtained using the optical layout in Fig). 3
10 wm pinhole over the focal spot. The full width at half maximum The image was measured by scanning guib pinhole. For the horizontal
(FWHM) is 390H) X 94(V) pm. mirror F3=5 m andF4=1 m. The FWHM is 72 ) X39(V) um.
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the scattering in the horizontal plane. The sample cell diamwest National Laboratory is operated by Battelle Memorial
eter was approximately 10@m, but to minimize radiation Institute for the U.S. DOE. Use of the Advanced Photon
induced bubble formation in the solution, no focusing wasSource was supported by the U.S. Department of Energy,
desired in the vertical direction. A 10@m HX1 mmV Office of Science, Office of Basic Energy Sciences, under
beam was provided by unbending the toroidal mirror andContract No. W-31-109-ENG-38.

combining it with the horizontally focusing KB mirror.
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