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Intensity of Bragg reflection

[(Q,w) ~ |£:(Q)e "} 5(Q —7)

Intensity of phonon

[(Q,w) = [penitedl f(Q)e W | /mze'Qrs[Q.e(s|?)]f
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what physics ?

single crystal dispersion

liquid dispersion  accesible region
- for thermal neutrons
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momentum transfer [31 |

- high sound velocity simple liquids, liquid metals
- molecular liquids, alloys, molten salts

- phonons under high pressure

- quantum crystals (H,, He-3)




Lattice Dynamics

A unified understanding of thermodynamics,
optical and dielectric properties of materials,

both at the classical and quantum mechanical
level.

It can be perceived as simple as study of small
oscillatory vibrations of atoms in solids, and

in liquids, too. However, since it involves an
accurate knowledge of forces acting on each
atom, it provides a direct measure and test of
interatomic potential, which is at the heart of
modern solid state physics.

Lattice dynamics = PHONONS

y = dispersion relations
= form factors
w density of states

w specific heat

w Debye temperature
« thermodynamics

EEA/PRESENTATIONS/Sinha 1.ps
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Tuning envelope of undulator brilliance
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Figure 2. Tuning envelope of undulator brilliance for various undulator sources -- See
explanation following the Tables. (Note: Per Dr. Dennis Mills, the peak APS brilliance
value has been increased to 10", as given in Table 1, but not shown in this figure.)
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Tuning envelope of undulator flux
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Figure 3. Tuning envelope of undulator {lux for various undulator sources -- Sec
explanation following the Tables.
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Si back-scattering crystals intrinsic energy resolution

5 10 15 20 25 1:? 38

Energy (keV)
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HIGH ENERGY RESOLUTION, HIGH ANGULAR ACCEPTANCE CRYSTAL
MONOCHROMATOR

.-"‘-,_

T. S. Toellner, T. Mooney, S. Shastri ©, E. E. Alp

Advanced Photon Source
Argonne National Laboratory, Argonne, Illinois, 60439
and
® Department of Applied Physics
Comell University, Ithaca, New York, 14853

ABSTRACT

The design principles, construction and characterization of a 4-bounce dispersive
crystal monochromator is discussed. This monochromator is desigmed to reduce the
bandpass of synchrotron radiation to 10-50 meV level, withowt sacrificing angular
acceptance. This is achived by combining an asymmetrically-cut, low erder refiection
with a symmetrically-cut, high order reflection in a nested comfiguration. This
‘monochromator is being used as a beam conditioner for nuclear resomamnt scattering of
synchrotron radiation to produce x-rays with pueV-neV resolution in the hard x-ray
regime,

1. INTRODUCTION

Monochromatization of the hard x-ray component (5-30keV) of synchrotron
radiation down to the ueV-neV level may be achieved via coherent nuclear resonar{
scattering. {1,2) This technique involves a nuclear resonant medivim whose coherent
response can produce an energy band-pass of peV-to-neV. However, the muclear
resonant medium also has a non-resonant response {(viz. Rayleigh scattering} which, if
not suppressed, would normally overwhelm the detection system amd lead to a
prohibitively poor signal-to-noise ratio. Despite available techniques t0 suppress non-
resonant scattering, it is extremely beneficial to reduce the energy bandpass of the x-
ray beam as much as possible before it is incident on the nuclear resonamt medium.
After preliminary remarks, we present the design and testing of a high-resclution

monochromator with large angular acceptance for the *Fe Moessbawer resonance
(E=14.413keV). This monochromator, which is suitable for wiggier and undulator
- insertion devices, has a band-pass of 11 meV and an acceptance of 4.5 arcseconds. -

2. APPROACH

The high brightness of undulators provide high flux in the resonamnt band-width ir
the form of a very low-divergence beam. This low divergence {vertical divergence =~ 5

arcsec) makes high resolution (AE/E = 10™°) monochromatization in thve hard x-ray regime
with single-crystal silicon practicable. The reason for this is essentially that the beam
divergence of these insertion devices approaches the Darwin width of sihagle-crystal
reflections. As a result, one can accept an appreciable fraction of the diverging x-rays in
the resonant band-width.

L

218/ SPIE Vol. 1740 Optics for High-Brightness Synchratron Radiation Beamlines (1992) - 0-8194-09713-8/93/54.00
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Artificial channel-cut monochromator

4th crystal
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HERIX Monochromator

Si (4,4,4)-(20,16,4) @ 29.655 keV

Angle Integrated transmission ( prad)

Energy (meV)

Temperature AE (meV) (FWHM) Flux (Hz}

296 K 0.57 55x10°
123 K 0.65 4.1x10°




Bent crystal analyzer for inelastic x-ray scattering
with meV resolution

1 mm 80 um
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10 cm
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Dispersion relation in Be for logitudinal and transverse
modes along {0,0, () direction
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The energy response of Al203 (1 1 45)
reflection at E= 21630.6 eV measured at
exact back-scattering geometry
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| First beam in the
Normal Incidence Diffraction Beamline, NID-X
3:10 am, October 1, 2000




