The Focusing Compensated Asymmetric Laue Spectrometer

H.F. Beyer®, G. Borchert*, F. Bosch®, M. Czanta®, R.D. Deslattes', W. Enders®, E. Forster®,
G. Holzer?, P. Indelicato®, H.-J. Kluge®, D. Liesen®, T. Ludziejewski’, B. Manil®, A. Simionovici?,
M. Steck®, Th. Stohlker®, S. Toleikis®, J. Tschischgale®, A.H. Walenta®, O. Wehrhan?, C. Striezel®,

H. Wesp®

National Institute of Standards and Technology, Gaithersburg, Maryland 20899, USA
?European Synchrotron Radiation Facility (ESRF), F-38043 Grenoble, France
SInstitut fiir Optik und Quantenelektronik, Friedrich Schiller-Universitit, D-07743 Jena, Germany
4FZ Jiilich, Institut fiir Kernphysik, Germany
SUniversité P. et M. Curie, Lab. Kastler Brossel, F-75252 Paris Cédex, 05 France
6Universitit Siegen, Fachbereich 7 Physik, D-57068 Siegen, Germany
"The Andrzej Soltan Institute for Nuclear Studies, 05-400 Swierk, Poland
8GSI Darmstadt

A new kind of x-ray spectrometer [1], set up in the
FOcussing Compensated Asymmetric Laue (FOCAL)
geometry (figure 1), will aid in achieving an accurate de-
termination of binding energies of heavy hydrogen-like ions
in the ESR storage ring. The spectrometer serves in mea-
suring small wavelength differences between the fast mov-
ing x-ray source, represented by the circulating ions in the
ESR, and a stationary calibration source. It is designed for
energies between 50 and 100 keV or wavelengths between
25 and 12 pm leading to Bragg angles of less than 4° for a
Si(220) crystal.
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Figure 1: Principle of the compensated asymmetric curved
Laue geometry. The source is placed on an axis intersect-
ing the crystal at its apex there pointing in the direction
of the tilted crystal plane [1].

With this optimized solution (i) a boost of the inte-
grated reflectivity by a factor of 20 relative to the sym-
metric Laue case is achieved while (ii) preserving a high
systematic wavelength accuracy for both fast moving and
stationary x-ray sources. A prototype of such an instru-
ment was built and first tests have been performed with a
mechanical scanner and a conventional Ge(i) detector re-
placing position-sensitive x-ray detectors which presently
are under development. The results, summarized in fig-
ure 2 and in table 1, were gained with a '%9YDb source
which emits the Tm-Ka-doublet. All the data measurable
in that test, are in agreement with the estimates based on
ray-tracing calculations performed with MacRay [1]. The
observed line width (FWHM) of 60 eV is consistent with
the 41 eV width of the crystal reflection when the natural
width of the lines and the finite slit width used are taken

into account. A more detailed mapping of the crystal will
be performed by changing the distance between source and
detector.
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Figure 2: First x-ray spectrum recorded with the FOCAL
spectrometer in scanning mode.

Table 1: Parameters of the FOCAL crystal spectrometer.

Test energy Fy 50 keV (Tm-Ka)
Crystal Si 220: 40 x 80 x 1.25 mm?
Asymmetry angle y = 2°

Bending radius R 2m
AE(FWHM) estimated measured
30 eV (Tx)
41 eV (crystal)
38 eV (slit)
63 eV (total) 60 eV
Line splitting Az 2.497 mm 2.492 mm
Crystal efficiency? 2x6x1078 2x10x 1078

Lfor two reflections each 100 mm wide at the detector
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