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Figure 1. Scattering process of x-ray interactions with ma-
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Comparison of the power from the sources in PF, AR and SPring-8.
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Table 2. Thermophysical properties of the coolants used in the beamlines.
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Figure 3. Heat conductivity and thermal expansion coefficient for silicon and diamond as a func-
tion of temperature. For silicon crystal we can observe zero-crossing point of thermal expansion coef-
ficient at about 115 K that is around liquid nitrogen temperature.
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Figure 4. Improvement of cooled channels. (a) hole-
core drilled channels, (b) slotted (micro) channels, and
(c) channels with pin-post geometry.
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Example of schematic diagram of the grooved silicon substrate used in the high heat
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load test at the ESRF ; (a) before bonding and (b) cross section through the complete assembly af-
ter bonding. The thin silicon wafer is oxide bonded to the thick substrate block.
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(1) thin crystal bonding (l1) thick crystal bonding

(b) make channnels (b) make channnels

(c) bonding
& polishing

(c) bonding

(d) cut the bonded
crystal & polishing

| Nnnonnon

Figure 6. Concept of two kinds of crystal bonding
process ; (a) thin crystal bonding on thick substrate, (b)
thick crystal bonding on the thick substrate, thick bonded
part is cut after the bonding.
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Figure 7. Spatial distribution of the power radiation in
SPring-8 ; (a) a planar undulator (Kx=0, Ky=4.72)
and (b) a figure-8 undulator (Kx=Ky=3.34). The
power density of the planar undulator has maximum of
98 kW/mrad?, on the other hand that of the figure-8
undulator is as low as 1.4 kW/mrad? on the axis. (After
T. Tanaka and H. Kitamura)
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Table 3. Properties of some possible mirror substrate materials.
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ESRF
BL3 (1D9) 0.26 mm graphite
Wundulator & 1 mm Be

T A7

X FEIEFE2S  (199%6%F)

analyzer crystal
Si 440 or Si 111

detecter system
Si diode

diamond 400 crystal
or
thin Si 111 crystal

44-pole 1 m toroidal mirror
period=70 mm, glancing angle=2.82 mrad
Bmax=0.643 T,

K=4.20, gap=25 mm
max. power=1.47 kKW

Figure 9.

Experimental setup of high heat load experiments in BL3 of the ESRF. A bent-

cylindrical mirror is used to get focused beam at the crystal position.
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Figure 10. Si 333 rocking curve width (FWHM) at 30
keV as a function of absorbed power density on the sur-
face of the crystal for the thin (0.7mm) and thick (more
than 25mm) parts and previously tested thin (0.6mm)
crystal,
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Table 4. Thermal properties of monochromator crystals.

Table 5. Type of natural and synthetic diamonds. Type I a (synthetic single crystal) is used as a monochromator crys-

tal, (after S. Sato et al.)
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Figure 11. Rocking curve and topograph of a deamond
single crystal (400) manufactured by Sumitomo (SA652-
1) with theoretical curve at 16,3 keV. Experimental set
up is also shown. To get expanded and narrow band
width beam, asymmetrically cut Si 440 crystal( @ =22.3°)
is used.
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Table 6. Scanning energy range for each crystal d-

spacings at the Bragg angle from 5 to 80 degrees.
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Table 7. Results of typical high heat load experiments performed at several facilities.
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Figure 12. Power distribution of silicon crystals at the
Bragg angle of 3.4 degree in the SPring-8 wiggler
beamline BLO8W as a function of crystal thickness. AP,
HP, Cb, Ct, Rb and Rt are absorbed power, pure heat
power, Compton back scattered, Compton transmitted
power, Rayleigh back scattered power and Rayleigh trans-
mitted power, respectively. The ID parameters are 4 =12
cm, N=37, L=4.44 m, Ky=11.2 and I=0.1A, respec-
tively.
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