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Coherent diffraction
KOHERENTNI DIFRAKCE
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S fazovym problémem strukturni analyzy se setkal kazdy
“rentgenai” béhem zakladnich kurzl strukturni analyzy.
Meétenim intenzity, a nikoliv amplitudy, difraktovaného
zafeni ztracime informaci o fazi rozptylené viny. Tim jsou
pon¢kud komplikovany tlohy feSeni struktury z
difrakéniho zaznamu.

Moderni zdroje synchrotronového zafeni poskytuji
zafeni s vysokou urovni koherence, tj. faze dopadajicich
fotonti je shodna. Vysoky stupeii koherence je pfic¢inou
pozorovani ohybovych jevi jako dusledek interference
rozptylenych vln, viz. Obr.1. V angli¢tin€ se pro tento jev
uyjal termin “diffraction speckles”. Pravé pouziti
koherentniho zafeni pro difrakéni experimenty usnadnuje
feSeni fazového problému, tj. nalezeni faze difraktujici
viny.

Obrazek 1.
zrekonstruovany tvar rozptylujici ¢astice Au. Pfevzato z [1].

Fézi rozptylené viny lze z difrakéniho zdznamu urcit
pomoci takzvanych phase-retrieval algoritmu [2, 3]. Tyto
algoritmy porovnavaji Fouriertiv obraz modelu rozlozeni
elektronové hustoty s naméfenymi absolutnimi velikostmi
strukturnich faktorG. Aplikaci riznych podminek v
pfimém i reciprokém prostoru (constrains) lze urychlit
konvergenci vypoctu.

V prispévku budou prezentovany, kromé popisu
experimentalniho zafizeni, vysledky simulaci phase-re-
trieval algoritmu a experimetti na zdrojich SR.
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Rozptyl koherentniho rtg. zafeni na zlaté nanocastici. Jsou patrné interferecni krouzky (“speckles”) . Napravo
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TUNABLE LABORATORY X-RAY SOURCES
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The choice of wavelength of X-ray radiation is critical for
many diffraction and non-diffraction experiments. The tra-
ditional laboratory X-ray sources are in large based on gen-
eration of radiation characteristic for the element of the
source anode, i.e. monochromatic or close-to-monochro-
matic radiation. Therefore experiments relying on chang-
ing properties of samples with varied energy of the primary
X-ray beam have so far been performed mostly at sources
of synchrotron radiation. Synchrotron radiation of much
higher flux densities, lower divergence and tunable energy
produced by bending magnets or insertion devices fully
satisfies requirements of many types of experiments.

Because of intrinsically weak diffraction of crystals of
biological molecules higher intensity sources of radiation
have always been sought. Sources of synchrotron radiation
of the 3rd generation brought a substantial improvement of
the methods and experiments of bio-crystallography,
namely an easier implementation of multiple wavelength
anomalous dispersion experiments used widely for solving
the phase problem. Intensive and tunable laboratory
sources of X-ray radiation would offer a long-wanted tool
not only for bio-crystallographic applications.

In the last ten years several research groups have aimed
at development of laboratory-size tunable X-ray sources.
One direction of these efforts utilizes the phenomenon of
inverse Compton scattering. Interaction of electrons accel-
erated to energies of tens of MeV with photons of electro-
magnetic radiation of micrometer wavelength leads to
generation of X-ray photons. The Compact Light Source
(CLS) of Lyncean Technologies, inc., Palo Alto, California
has been developed with the aim of application of this phe-
nomenon in generation of an X-ray beam suitable for vari-
ous types of experiments, which could be housed within a
larger laboratory. Some recent results indicate that CLS
can be used both for X-ray imaging and diffraction experi-
ments [1].

Another application of the inverse Compton scattering
mechanism is applied in the newly designed type of an
X-ray source - Compact X-ray Source (CXS) designed at
the Massachusetts Institute of Technology/Nuclear Reac-
tor Laboratory. In this case technology of superconductors
should be applied to achieve electron acceleration with a
finely controlled time structure, high repetition rate and
leading to highly brilliant x-ray beam.

Another direction of these developments relies mainly
on generation of Brehmsstrahlung by high-energy elec-
trons. Large currents of electrons with energy of 25 MeV
interacting with a solid target such as carbon wire generate
a wide spectrum of X-ray and gamma radiation. The Pho-
ton Production Laboratory, Ltd., Shiga, Japan has designed
a single-magnet “synchrotron” setup with selection of a
given wavelength of radiation by a system of monochro-
mators - “Mirrorcle”. X-ray radiation is generated by two
different mechanisms - Brehmsstrahlung from a microme-
ter target or so called “parametric” radiation produced by
interaction of the intensive and energetic electron beam
with a single crystal periodic lattice. The Mirrorcle design
is being optimised to become an X-ray source usable for
diffraction experiments [2].

While the CXS source is only in the stage of planning
CLS and MIRRORCLE RAY 20 ST systems have been
built and partially optimised. Both produce x-ray radiation
of variable energies. Developments to provide high inten-
sity monochromatic beams for a broad range of experi-
ments are under way.
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NEW POSSIBILITIES FOR X-RAY DIFFRACTOMETRY: BRIGHTEN UP YOUR
HOME-LAB

T. Samtleben , B. Hasse, J. Graf, J. Wiesmann, C. Michaelsen
Incoatec GmbH, Max-Planck-Stral3e 2, D-21502 Geesthacht, Germany

The latest developments in new X-ray microfocus sources
lead to new possibilities in X-ray diffractometry. Using the
new Incoatec Microfocus Source (InS™) with the latest
kind of two dimensional focussing Montel optics, the so
called Quazar™ optics, in combination with a two dimen-
sional detector allows high quality diffractometry measure-
ments with very good resolution of very small and weakly
scattering samples in the home-lab in short time.

The advantages of the new 30 W air cooled InS™ with
a focal spot size below 50 um are presented. The use of
InS™ is as easy as for all sealed tube systems and the per-
formance exceeds typical combinations of traditional rotat-
ing anodes with multilayer optics. With a focussing optics
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IuS™ achieves in a single crystal diffraction set-up a flux
above 3-10° cps in a 250 pm spot with Cu-K,, or a flux
above 10’ cps in an 110 pm spot for Mo-K,, radiation. For
SAXS experiments there is also an IuS™ available with a 2
dimensional collimating optics.

Various examples of new application measurements on
different X-ray samples are shown, like proteins, small
molecules and SAXS, proving the broad field of applica-
bility of the IuS. The figure shows the X-ray powder dif-
fraction patterns of ibuprofen recorded with a typical
parallel beam sealed tube set-up (left) and with IuS™
(right) in transmission setup.

2-theta in degrees

Figure 1: Diffraction pattern of ibuprofen recorded with a parallel beam sealed-tube set-up (left) and an IuS™ (right), both with a
Bruker D8 GADDS. The exposure times were 120 sec (left) and 15 sec (right) respectively.
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