Photon Factory Activity Report 2015 #33 (2016) B

BL-15C/2012G606

Deter mination of Strain Gradient of Bent Crystal by Measuring Rocking CurvesIl

Tomoe FUKAMACHTI ', Sukswat JONGSUKSWAT', Dongying JU', Riichirou NEGISHI',
Keiichi HIRANO?, and Takaaki KAWAMURA’
'Saitama Institute of Technology, Fukaya, Saitama 369-0293, Japan
*Institute of Material Structure Science, KEK-PF, High Energy Accelerator Research Organization,
Oho, Tsukuba, Ibaraki 305-0801, Japan
3University of Yamanashi, Kofu, Yamanashi 400-8510, Japan

1 Introduction

It is pointed out that the angle differente in the peak
positions between the diffracteBy] and transmittedR)
beams from a bent crystal increases as the stradiemt
fincreases in a previous report [1]. Based on this,
report on the determination gfby measuringla.

The experiments were carried out using X-raysnfr
synchrotron radiation at BL-15C, PF, KEK. The sasnpl
geometry, a schematic diagram of the optical systerd
the observed rocking curves were shown in ref. [1].

Under anomalous transmission condition the X-ra
refracted beam propagates along a hyperbolic tajec
in a bent crystal. The distance of the vertex ef th
hyperbola from the surfazg is given by

z=-tarfg(W+1)/5. (1)

HereW=(sin2g /|y1|)Aa is the resonance errgy, the hth
Fourier component of the X-ray polarizability and the
angle deviation from the centre Bf as shown in Fig.
1(b). When the refracted beam comes in contact thvéh
bottom surface, the resonance ek@rsatisfies eq.(1)
with z=H (the crystal thickness). In Fig. 1(a), the beam
satisfying W|<W| is reflected as a mirage diffraction
beam P,) and that satisfying\|>M,| is transmitted from
the bottom. The rocking curves Bf, P, andP,, are
shown in Fig. 1(b)Aasis the angle difference between
the peaks oP; for f#0 and fors=0. By measuring\as,
the value ofs is obtained using the relation

p=2A0s it I(palH).  (2)
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Fig. 1. Schematic illustration of beam trajectorfay and
rocking curves ofy, P, andP,, obtained from Fig. 6
of ref. [2] (b).
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2 Results and Discussion
Table 1 shows the results of measured and 8
determined by using eq. (2) for Si 220 as a fumctibthe

displacemenD at the free end of the crystal whose other
end is clamped [1]. Fig. 2 shows the plots of théses a
function of D together with those determined by using
interference fringes between two mirage diffraction
beams (IFMD) [3]. The values ¢f determined by the
two methods show excellent agreement. WBd&ecomes
large, the period of IFMD becomes small, which nzaike
difficult to measure the period to determige The
maximum value of3 to be obtainable by using IFMD is
approximately 3 mm. In contrast, it becomes easier to
measureAas and to obtain8 when 3 becomes larger in
the present method. These two methods
complementary to each other.
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Table 1: The values Aasandg as a function ob.
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D (um) Ao () S (mm~)
12.5 0.5 0.31
17.5 0.75 0.46
225 1 0.62
27.5 1.5 0.93
325 1.75 11
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Fig. 2: Relation betweeb andpg. Solid circles show the
present results and diamonds those by IFMD [1].
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