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Compton first found that the refractive index is n<1 for X-rays in
the medium and demonstrated experimentally the external

reflection of X-rays.
A.H. Compton, Phil. Mag. 45 (1925) 1121.

The critical angle for transparent medium at frequencies
exceeding the atomic frequencies is 0 = @,

W
that is just relation of plasma frequency to X-ray frequency.
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Now the external reflection is used in different kinds X-ray
optics, including e.g. experimental X-ray space astronomy.
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Fig. 2. Formation of the evanescent wave for grazing incidence of
X-ray and it’s observation. (a) Formation of evanescent wave at
the surface. (b) X-ray excitation by an electron beam and it’s
observation. According to the reciprocity theorem, the X-rays
emitted parallel to the surface create the same angular intensity
distribution with |T'(z)|2.
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Observation of the evanescent wave of characteristic X-rays,
excited by 15 keV electron beam
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Fig. 3. Depedences of the absolute intensities (peak heights) of the
istic X- X-ray take-off angle 8,. The spectra were
RHEED pu‘rtarn t f:]?ézcﬁ';ilcti ri]);iﬁnstitzill) Zi:faoe a.ftergAg tdtrept:nsitl:i.c:n'l of 1.0
i monolayer. Arrows show the critical angles for total reflection of
Fig. 1. Schematic illustration of the apparatus used for total-reflec- each characteristic X-ray by silicon.
tion-angle X-ray spectroscopy in RHEED experiments (RHEED-
TRAXS).
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Experiment with characteristic X-rays,
excited by 0.5 MeV proton beam

V.P. Petukhov | Nucl. Instr. and Meth. in Phys. Res. B 150 (1999) 46—49
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Fig. 1. A schematic illustration of the evanescent wave for-
mation. (a) Formation of the evanescent wave at a surface for
grazing incidence of X-ray. (b) X-rays excitation by an ion
beam and propagation of X-rays emitted from a points in the
target. (c) Angular intensity distribution of the evanescent
wave.
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Fig. 2. Dependence of the intensity of K, line emitted from C

atoms on the X-ray take-off angle. Solid line presents the cal-
culation of transmissivity |7(«/%)|” for St with /6 = 0.3.

We will not discuss asymmetric
diffraction schemes here
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Before, the characteristic X-ray radiation was used as a source
of radiation for excitation and observation of the evanescent
wave.

The characteristic X-rays are quasi-monochromatic, and

iIsotropic radiation.
We propose to use the PXR as a source of radiation for

excitation and observation of the evanescent wave.
The PXR is tunable by direction, frequency and polarization.
The PXR is produced inside of the medium.
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How to excite the evanescent wave by the PXR
In Bragg and Laue geometries
and how to observe it
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Experiment at SAGA LS, Japan, target - 20mkm Si crystal,
Observation angle 32.2°, 255 MeV electron beam
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Observation of parametric X-ray radiation by an imaging plate &
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Fig. 1. Scheme of the experimental setup (top view ). The inset shows anenlargement of the setup around the goniometer chamber. A duct filled with helium gas was placed
between the chamber and IP in order to reduce the attenuation of ¥-rays in air.
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Fig. 2. (a) Horizontal and (b) vertical cross-sectional profiles. The positions of the Fig 4. (a]Horizontal and (b) vertical cross-sectional profiles. Data from Fig. 2 were
cross sections are indicated by the dotted lines in Fig. 2. These one-dimensional averaged over an area of 1= 1 mm (1 = 1 mrad) on the [P Black line: experiment,
data were extracted From single pixel (50 = 50 pm) rows from the two-dimensional red line: calculation by Eq. (3], blue line: contribution of the (220) PXR reflection,
data presented in Fig. 2. green line: contribution of the (440) PXR reflection. The angular sizes calculated by

Eqg.(2} for the (220] and (440} PXR reflections are indicated by the blue and green
arrows, respectively. (For interpretation of the references to wlor in this figure
rrmnmnling oF tha dars saflaste tha sacrsicrad noenhae of aanes mes legend, the reader is referred to the web version of this artide.]

Agreement with PXR kinematic theory by Ter-Mikaelian is with accuracy about or less
then 5% (out of the reflection center).
This may be e.g. due to irregularity of the background.
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Other schemes:
Excitation of the evanescent wave in backward hemisphere and at the

right angle to the particle beam.

At the right angle the take-off angle is 4.6 mrad for Si(220) at the
experimental angular resolution about 1 mrad (FWHM)

Thus, experimental possibility for observation of the
evanescent wave excited by the PXR exists in SAGA-LS.
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