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We constructed a dual-purpose, high-resolution x-ray
monochromator that can be used both for nuclear reso-
nant scattering from the 21.542keV nuclear resonance in
151Euand also for nonresonant inelastic x-ray scattering
when used in combination with a near-backscattering sil-
icon (18 6 0) diced spherical analyzer that operates at
21.657keV. We present the monochromator design along
with its performance measured at the 21.542keV nuclear
resonance in 151Eu.
The design of the high-resolution monochromator be-

gins with the choice of di�racting crystals and is based on
the fact that asymmetrically cut crystals can be used to
collimate x-rays. From this fact, it was suggested that
one could use an asymmetrically cut low-order crystal
reection, which has both a large angular acceptance
as well as a collimating e�ect on the x-rays, followed
by a high-order crystal reection to achieve eÆcient
monochromatization [1]. For the low-order crystal reec-
tion, we use silicon (4 4 0) with an asymmetry angle of
16.0Æ, and for the high-order crystal reection, we use a
symmetrically cut silicon (15 11 3) [2]. In practice, these
crystal reections can be arranged with channel-cut crys-
tals in a (+,+,�,�) scattering geometry to redirect the
transmitted x-ray beam into the forward direction. The
two channel-cut crystals are \nested" in a manner shown
in �gure 1.

FIG. 1. Design of the high-resolution monochromator us-
ing silicon +(4 4 0), +(15 11 3), �(15 11 3), �(4 4 0) crystal
reections.

A diÆculty arises as one attempts to apply this
nested geometry to energies above 20keV where the
Darwin widths of high-order reections become precar-
iously small. E�ects, such as crystal strain, thermally
induced deformations, and crystal quality over large vol-
umes, can preclude the realization of an eÆcient high-
resolution monochromator. To overcome these poten-
tial pitfalls, we constructed what would normally be the
\outer channel-cut" as two separate crystals mounted on

a rigid metal plate using a piezo-driven multiple-exure
design that allows one to compensate for small angular
misalignments between the crystallographic planes [3].
The piezo-driven weak-link mechanism was constructed
using an overconstrained exure design to obtain high
sti�ness, which is paramount for angular stability. A di-
agram of the crystal arrangement with the piezo-driven
weak-link mechanism is shown in �gure 1.
We measured the resolution and eÆciency of the high-

resolution monochromator at the 3-ID undulator beam-
line of the Advanced Photon Source. The energy-
resolution function is measured by energy scanning the
monochromator through the 21.542keV nuclear reso-
nance of 151Eu while monitoring the delayed x-ray ux.
The result of this measurement gives a transmitted en-
ergy bandwidth of 1.0meV and is shown in �gure 2.
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FIG. 2. Energy resolution function of the monochromator
as measured by nuclear resonant scattering from 151Eu. The
energy width is 1.0meV FWHM.

The transmitted ux is � 4�108 ph/s at 100mA storage
ring current, which represents approximately 20% of the
incident spectral ux.
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