Optical design of the «Structural Diagnostics» beamline for SRF «SKIF»
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*THE REAL SCIENCE

Application of X-ray diffraction techniques to a wide range of research and
technological problems. Beamline 1-2 “ Structural Diagnostics” includes
four sections:

High-resolution powder diffraction (straight section 1-2-1 “High-res”) —
high-resolution X-ray diffraction and anomalous scattering techniques at
variable energies of SR;

In situ diffraction (side branch 1-2-2 “In Situ”) — In Situ and Operando
studies at high temperatures and in variable gas atmospheres, including
catalytic processes and chemical reactions;

Single-crystal X-ray diffraction (side branch 1-2-3 “SC-XRD”) — Single-
crystal X-ray diffraction for the samples which are not suitable for
conventional laboratory diffractometers (small size, unstable samples etc.);
Small angle X-ray scattering (side branch 1-2-4 “SAXS”) — SAXS
technigues for wide range of objects Including biological samples,
Inorganic materials etc.

Beamline setup. Insertion Device.

A an In-vacuum superconducting undulator (SCU) Insertion device IS
chosen to provide the x-rays with desired characteristics for the beamline.
The 2 m device has an array of 128 magnets with a period length of 15.6
mm. SCU designed to produce x-rays ranging from 6.5 to 35 keV. The
theoretical tuning curve of flux density for the SCU device Is shown In
figure below.
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At the beamline 1-2 “ Structural Diagnostics”, it Is planned to install three
diamond monochromator crystals. Plane-parallel plates with an orientation
of (111) and a thickness of about 100 um branch off the 5th (12.50 keV /
0.99 A), 9th (22.50 keV / 0.55 A) and the 13th (32.50 keV / 0.38 A)
harmonics to the side branches at angles of 28, 15 and 11 °, respectively
(figure below). The main advantage of such a scheme Is the simultaneous
and independent operation for all four instruments in the primary operating
mode. The disadvantage of this approach is the fixed beam energy on the
side branches.
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Beamline 1-2 setup, top view. Only optical (OH) and experimental (EH) hutches have shown.
Optical elements (CRL’s, monocromators, slits etc.) — yellow, endstations — green, granite bases
— white.
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Optical scheme with the major optical elements of beamline 1-2-1 and the distances to the
undulator source. Two branches shows two modes of operation (primary and with energy
tuning).
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Theoretical curves of the instrumental
resolution function for 1-2-1 working In
the high-resolution mode at an energy of
17.5 keV when using Si (111) and Si
(311) crystals (monocromator and
analyser). Blue lines - with collimating (31
m) and focusing (41 m) CRL’s, black -
without focusing.
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Beam characteristics at the sample position for various focusing options (monochromator and

analyzer Si (111) crystals) in a high-resolution mode.
CRL’s quantity,
CR;;lr_a\szcﬁliqcsigr(\/galtTr’eZD Beam size, (% frlz)lumX’u?\?é f:’use 4 Flux density, Resolution at 30°,
’ 2 2 0 2 o
radius 500 um), FWHM?, km beam) ph/s/mm FWHM,
CRL2_XZ_R500 (41m)
7,13 50x24 9.4x10%(72%) 8.9x10%° 0.0033
7,0 571x667 1.1x10%3(85%) 2.9x1013 0.0026
0,0 1100x1440 1.3x10%3(100%) 8.0x1012 0.0047

1-2-2, 1-2-3, 1-2-4

Beam characteristics at the sample position for various focusing options (1-2-2 branch).

CRL’s quantity,
CRL1_XZ_R500 (37m, 2D) Beam size Flux, ph/s, Flux density Divergence at
CRL1 _Z R500 (37m, 1D) CWHM? Hn’12 (% from unfocused oh/s/mm? ’ sample position,
CRL2_XZ_ R50 (68m, 2D) ’ beam) FWHM, mrad?
CRL2_X R200 (68m, 1D)
22, 6, 30, 10 7.8%6.2 1.7x10%1(44%) 3.5x101° 0.09x0.1
0,10,0,0 685%x910 3.6x1011(92%) 5.8x1011 0.007x0.005
Beam characteristics at the sample position for various focusing options (1-2-3 branch).
CRL’s quantity,
CRL1_XZ R500 (31m, 2D) Beam size Flux, ph/s, Flux density Divergence at
CRL1 Z R500 (31m, 1D) FWHM? Hr;lz (% from unfocused oh/s/mm? ’ sample position,
CRL2_XZ_ R50 (58m, 2D) ’ beam) FWHM, mrad?
CRL2_X R200 (58m, 1D)
0,0, 75,1 0.82x0.81 1011(3%) 1.6x101/ 0.4x0.4
2,7,0,0 838%855 2.7x1012(90%) 3.7x1012 0.0013x0.006
Beam characteristics at the sample position for various focusing options (1-2-4 branch).
Focused (28 m, 27 CRL1 XZ R2000, 1 CRL1 X R2000)
1St_aperture 2"d gpperture Beam size, Flux, ph/s, Flux density, 2 4
diameter, S FWHM2, pm? (% from oh/s/mm? Qs A
mm ’ unfocused beam)
0.2 0.096 70x68 8.7x10% (3%) 1.8%x1013 1.5%x10*
1 0.35 232x239 1.1x10%3 (42%) 2.0x10% 6.1x104
1.5 0.5 268x287 1.7%10%3 (65%) 2.2x10% 9.0x10*
Unfocused
0.5 0.87 660x690 6.3x10%%(24%) 1.4x10%3 1.0x10°3
1 1.7 1140x1140 1.8%x10%3 (69%) 1.4x1013 2.0x103
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