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Report:
The main goal of the measurements was to show that the time spectra of nuclear resonance reflectivity

from a multilayer containing periodically spaced 57Fe layers at the Bragg angle is sensitive to the distribution
of hyperfine fields across 57Fe layer. Moreover that the change of the grazing angle in vicinity of the Bragg
peak leads to the enhancement of the signal from different parts of 57Fe layer («scan» across bilayer depth).

The time spectra of reflectivity at different grazing angles in vicinity of the Bragg peak (Fig.1) were
measured at room temperature without external magnetic field for a microcrystalline (Fe/Cr)26 multilayer
(Fig.2).
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Fig.1. Prompt and delayed reflectivity for 0.086nm SR. Dots are the
experiment, solid lines are the theoretical fit.

Fig.2. Experimental time spectra (left side) for four angles (A -13.2, B
- 13.58, C - 13.8 and D - 14.0 mrad), marked by vertical dotted lines in
Fig.2, and their Fourier transforms (right side). Inserts are the standing
wave pattern for the chosen angles calculated at the delay time 11.8
ns. Vertical lines across the Fourier spectra show the quantum beat
energies corresponding to the interference between Mössbauer lines in
α-iron, numbered on the bottom. Theoretical (solid) curves are the
result of the fit; the obtained model is in Fig.4.
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A clear variation of the spectrum shape as a function of the angle has been seen. In order to
distinguish the speed-up, dynamical and quantum beat effects the Fourier transforms of our spectra were done
(Fig.2, right side). It immediately gives a qualitative picture of the hyperfine field distribution across the
bilayer depth, because at each angle we have enhanced signal from a definite 57Fe sublayer (according to the



shift of the standing wave maximum, as presented in the inserts). At the Bragg angle we observe one
dominant frequency while the spectra for off-Bragg angles are characterized by additional frequencies. So we
conclude that the magnetic field orientation is different in the interfaces and in the central part of 57Fe layers

Computer program was developed for the fit of the experimental spectrum set, calculation of the
reflectivity takes into account the variations of the eigen polarizations of radiation field with depth as well as
roughness of the interfaces. Direct fit of the experimental spectra confirms the noncollinear alignment of
magnetic momemts in our sample [1,4]. In such a way we have proved that the shift of the angle in vicinity of
the Bragg peak allows us to «scan» across bilayer depth. So we have developed a new method of «hyperfine
reflectometry».

The same measurements of the time spectra of reflectivity in vicinity of the Bragg angle were
performed with four additional monocrystalline samples: MgO/[57Fe(7)/V(10)]29/Pd,
MgO/[57Fe(10)/V(5)]20/V, MgO/[57Fe(5)/Co(5)]25/V, MgO/[57Fe(6)/Co(3)]35/V (numbers in brackets mean
the nominal number of monolayers). The unexpected thing was that all our samples had spontaneous
magnetization. Model calculations confirm the high sensitivity of the shape of the time spectra to the
hyperfine field distribution across bilayer depth. Simultaneous fit of the time spectra for several grazing
angles gives the following results. For both 57Fe/Co samples it occurs that the highest hyperfine field is not on
the nuclei in the interfaces (as was predicted in the theory), but in the middle part of 57Fe layers [3]. The
interfaces of both 57Fe/V samples are strongly asymmetric, and the larger hyperfine magnetic field is
connected with V-on-Fe interface but not with Fe-on-V [2]. The obtained results are in contradiction with the
previous interpretations of the hyperfine field structure in the samples, so we are going to check the results by
new measurements.

The attempt was made to detect the time variation of the radiation field inside our multilayer by
measuring the fluorescent radiation of non-Mössbauer atom (vanadium in the case of
MgO/[57Fe(7)/V(10)]29/Pd sample). Unfortunately the background appeared to be too high in order to
distinguish this signal. Because the behavior of the radiation field inside a periodical resonant medium in the
time domain is quite interesting we shall try to find some other way for its detection.
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