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Motivation

Use CRLs for weak vertical focusing (s,:5;=1:0.7) of monochromatic high-energy x-rays

(50<E<120 keV). Monochromator — 2 bent Si crystals, Rowland geometry - brilliance
preserving

Applications include SAXS and WAXS (including anomalous scattering with high-
resolution mono after CRL)
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Attempt to use sawtooth CRLs
‘Parabolic’ profile — reduced geometric aberrations

Single-crystal Si — reduced CRL-induced SAXS, cleaner
profile
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Sawtooth CRLs - principles
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« Focusing principle — further away a photon is from the optical
axis, the more teeth it will traverse and thus be refracted.

= Photons passing along optical axis will suffer zero absorption
(in contrast to cylindrical geometry)

e The amount of lens material projected on the lateral plane is a
(nearly) parabolic profile

= Magnitude of the gap (y,) determines the focal length



Sawtooth CRLs - background
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e First tests at ESRF BM5 on vinyl
LPs (!), Si, Be and epoxy-based
systems

= Focal lengths f~ 30 cm (S, 'S; ~
120:1)

e Using Si at E=30 keV, achieved 1-
d vertical beamsize of 0.74 nm at
gain of 40

e Also did 2-d focusing (crossed-
CRLs) to 1x5.4 nm? for a gain of 84.

e Some activity with Li-based CRLs
at APS (Dufresne)

= \We got Si-based CRLs from
Carolina Ribbing fall 2003...



CRL testing at 1-1D

e Use 2 CRLs for vertical focusing:
— 230 teeth per CRL
— Tooth angle=57 degrees (anisotropic etch away from 111)
— Tooth depth y,=0.2 mm (maximum aperture=0.4mm)
— Length=65mm (~1/e absorption length at 80keV)

e EXxperiment
— Put CRLs in B-hutch, measure in C-hutch (s,/s,~24m/35m=0.7)
— CRLs offset 1m along beam, mounted on separate stages
— Set HE mono at 80.7 keV (Au edge)
— Use UA at closed gap (11.5mm), in low-emittance mode —
s,=8mm (d,(fwhm)=19mm)
— Theoretical minimum size d,=d_(s;/s,) ~ 19*0.7 ~ 13mm
— Theoretical gain=43



Average transmission~0.85

fwhm~18 microns




increasing gap between CRLs
- increasing focal distance

min~18 microns




At 6C* position, si=22m

overfocused

Ideal focus
Fwhm=18 microns

—~+—th1=-0.305
-+ th1=-0.226
- th1=-0.191

underfocused




Summary

e First test of SiI sawtooth CRLs indicates good
‘weak’ focusing of high-energy x-rays
— Focal size~18 microns (13 micron ideal)
— Gain~19 (43 ideal)

— Both significant improvements over Al cylindrical
lenses

e Show clean tails — good for HE-SAXS

e Combine with other optical elements
— High-resolution monochromator
— Sagittal bending of mono (horizontal focusing)



