Effect of resonant suppression of the anomalous
transmission of x rays by ultrasound
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It has been observed that ultrasound of wavelength equal to the extinction length
produces a resonant weakening of the anomalous transmission of x rays.

PACS numbers: 78.20.Hp

The short wavelengths of x radiation (~10% ¢m) might seem to preclude any
resonant action on this radiation by an acoustic field of microscopic wavelength.
In fact, the influence of ultrasound with wavelength A;~ 10"! cm on the intensity
of the Bragg diffraction, which has been demonstrated in a number of
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studies, [13! manifests itself identically in a wide range of ultrasound fre-
quencies, to the extent that the acoustic displacements cause deviations from
the Bragg condition. It is shown in the present paper that, at a definite experi-
mental geometry, resonant interaction is produced between an acoustic field
(A;~ 10" cm) and the x-ray wave field in a perfect crystal.

It is known!4! that a new parameter—the extinction length T—comes into
play in diffraction by a perfect crystal. This parameter plays the role of the
effective wavelength of the x-ray field, with

f-lAk‘—‘ 5

where Ak is the difference of the quasiwave vectors of the Bloch waves of
two branches of the dispersion surface (the equal-energy surface in the reci-
procal-lattice space). Since the x rays interact weakly with the crystal (po-
larizability x ~ 10-6—10-%), the splitting of Ak is small, and 7 has a macroscopic
value 10%—10-%2 cm. For the wave on the upper branch of the dispersion sur-
face (field 1), modulated in such a way that the crystal atoms are located at
the minima of the field, the effective absorption coefficient is p,~ 0, and the
crystal is anomalously transparent (the Borrmann anomalous~transmission
effect), whereas the field 2 on the lower branch is anomalously strongly
absorbed (p,~ 2u, where p is the linear coefficient of absorption). In a thick
crystal (ut~ 10, where ¢ is the thickness) a noticeable amplitude far enough
from the entrance surface is possessed on by the field 1.

It can be assumed that an ultrasound wave with wave vector ks, under the
condition

k= Ak (Ag=r) » 6}

causes scattering from the state 1 to the state 2 (the so called interbranch
scattering)!’ and a weakening of the anomalous transmission. Condition (1)

for the resonant suppression of the Borrmann effect can be interpreted in the
following manner, The phase difference A¢ of waves 2 excited on the neighbor-
ing spatial oscillations of the quasistatic displacement field, is equal to
27(Ag/T). At \,=T7, the scattering into state 2 is enhanced by interference (A¢
=2r). The growth of the amplitude of the strongly absorbed field in the super-
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position of the wave field leads to an increase of i, and to a suppression of the
anomalous transmission.

The geometry of the experiment was determined by the two conditions
kJlAk  and (ge) #0,

where g is the diffraction vector and e is the polarization vector of the acoustic
wave. To introduce and register transverse ultrasonic oscillations, we attached
to the end surfaces (110) of a perfect silicon crystal 7. 85 mm thick quartz
converters with a fundamental frequency ~ 10 MHz in such a way that the wave
vector of the sound was in the reflecting plane perpendicular to the surface,

and the polarization vector was directed along the (220) diffraction vector.

The x rays from the continuous spectrum of the copper anode passed through
mode converters, and was attenuated by each of them by not more than 20%.

The measurements were performed at the frequencies of the mechanical reso-

nance of the sample, which were located in the bands of the odd harmonics of
the converter.

It is seen from the experimental curve (Fig. 1) that at definite x-ray wave~
lengths, depending on the ultrasound frequency, the intensity of the (220) re-
flection decreases. The positions of the minima correspond to equality of the
extinction length (1) (7~ A-! far from the K absorption edge) to the sound wave-
length A= cy/v, (the speed of sound is c;=4.67x 10° cm/sec, L'l and v, is the
frequency). The atomic scattering factor f{220)=8.55+ 0.15, calculated from
the positions of the minima, agrees within the limits of errors with the known
value, 4] The high sensitivity to weak acoustic strains e ~10~7 disappears with
deviation from the resonant wavelength.

The observed effects can serve as the basis for the development of methods
of exact measurements of dynamic parameters of crystals in x-ray and neutron
diffraction techniques, and to increase the sensitivity of topographic methods.

The author thanks Ya.M. Soifer and N. P. Kobelev, whose experimental
assistance made the study possible, and V.I. Nikitenko and E,V. Suvorov
for interest in the work and for useful discussions.

Dinterbranch scattering by dislocations and stacking faults is considered
in[5,61.
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