where T, = 80 usec and T, = 330 psec. From (6) it follows that in our model

V= Voexp(~t/10) , (8)

R

vhere 7, = [1.2 ﬁr(yeHl/mn)QB]—l = 100 - 300 psec. We emphasize that the difference between
(7) and (8) is due to the assumed model of random homogeneous distribution of the proton
spins about the paramagnetic center.
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We show in this paper that the character of the interference in Mossbauer scattering of
vy quanta by a crystal depends on the structure formed by the crystal magnetic flelds at the
nuclei of the Mossbauer isotope, and depends by the same token on the magnetic structure of
the crystal. An analysis of the picture of the diffraction and polarization of the Mossbauer
radiation at the Bragg maxima makes it possible to determine the structure formed by the meg-
netic fields at the crystal lattice sites containing the Mossbauer nuclei. The physical cause
of the influence of the magnetic structure on the character of the Mossbauer scattering lies
in the dependence of the amplitude of the Mossbauer scattering on the direction of the mag-
netic field at the scattering nucleus.

Assume that a monochromatic y-quantum beam is resonantly scattered by a single crystal
containing a Mossbauer isotope, and let the magnetic ordering in the crystal produce at the
nuclel magnetic fields sufficiently strong to split the Mossbauer radiation into individual
Zeeman components. We shall assume that the crystal is 1ideal, the content of the Mossbauer
isotope is 100%, and the nuclei have zero spin in the ground state and are rigidly secured at
the crystal sites. These assumptions signify that the elastic scattering is fully ccherent
and that the Mossbauer factor is f = 1. Assuming also that the crystal is sufficiently thin,
we neglect extinction. 1In the case of a fully polarized beam of primary y quanta, the polar-
ization of which is defined by a polarization vector ;, the cross section for elastic reso-
nant scattering corresponding to a finite polarization defined by a polarization vector H'
is of the form

do(k,n; k")

d(k=k)r
- L]
dik”

o, (1)

Al X f, (k n; H,; k%, 0%
m

where —1; and —i' are the wave vectors of the initial and scattered y quanta, respectively,
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ﬁm is the magnetic field at the nucleus in the m-th site of the lattice, fm is the ampli-
tude of the Mossbauer scattering of the y quantum for the m-th site, and A 1s a factor of
no further consequence. The summation in (1) is over the sites containing the Mossbauer iso-
tope. Expression (1) can be transformed by a well-known method into

(2)

do_ _pcy sr o' Vet ssw- k),
da m™ r
where T= 2n3, b is the reciprocal-lattice vector of the crystal, and A' differs only by
a factor from A in (1). Now m in expression (2) denotes the index of the summation over
the sites containing the nuclei of the Mossbauer isotope, within the limits of one unit cell
of the crystal, and ;m is the vector defining the position of the m-th site. Let us stop
to discuss the case when the magnetic fields at the Mossbauer nuclei can differ only in di-
rection, i.e., Iﬁhl does not depend on m. If the amplitude fm were independent of the
magnetic field, as is the case for x-ray scattering, then the diffraction pattern described
by (2) would be determined by the unit cell of the crystal structure, regardless of whether
or not the magnetic fields at the nuclei are ordered. In the presence of ordering of the
magnetic field at the nuclei, with a period different from that of the crystal, formula (2)
gives, owing to the dependence of fm on the direction of the magnetic field, additional in-
terference maxima corresponding to magnetic ordering. We note that the positions of these
maxima do not coincide with the positions of the maxima of the Rayleigh scattering.

We now write out the explicit form of the amplitude of the Mossbauer scattering by a
nucleus situated in a magnetic field, for the case of a split scatterer line. Using the re-
sults of [1,2], we express the amplitude of the Mossbauer scattering in the form

£(5, k; § 1', k') = c(a*n)) (B n)%) JIT, (3)

where ;6 and ;6 are the polarization vectors of the y quanta with wave vectors % and i',
emitted by the scattering mucleus in the field ﬁ in a transition opposite to the absorbing
one, I and I' are the radiation intensities of the corresponding y quanta, and C is a
factor of no importance to us. The right side of (3) depends on B via 1, 35, I, and
I'. At the Bragg meximum we obtain with the aid of (2) and (3) for the polarization vector
of the y quantum scattered by the crystal in pure Mossbauer fashion
z_n;n‘(n‘ s \/m..Od(k -~ kT)r,,

.o, _ (+)

—_— - k’ / *
|Za7 @ n2) VI I7e L
m

The notation in (4) is the same as in (1) - (3), and the index m singles out the quantities
pertaining to the m-th direction of the magnetic field. As follows from (4), information con-
cerning the magnetic ordering is contalned also in the polarization of the scattered radiation.
In the scattering of an unpolarized beam, the polarization density matrix of the scattered
radiation can be obtained from (4) by suitable averaging.
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Let us stop to discuss the Mossbauer scattering of the y radiation by a crystal with
antiferromagnetic ordering of the magnetic fields at the Mossbauer nuclei (for example, a
collinear antiferromagnet). In this case formula (2) for the scattering cross section takes
the form

ds k- k) (e, - 1) 2
LAY e

0 35k- k- r), (5)

4

where -; is the vector of the reciprocal lattice of the magnetic structure, and the symbols
(4,+) are introduced since there are only two mutually opposite non-equivalent direction of
the magnetic field at the Mossbauer isotopes in this case. For the polarization vector of

the scattered radiation, neglecting Rayleigh scattering, we can obtain from (5) (see (2) and

(3))

nj(- ng) 3 0y%@- n)

a - (6)

|25, n3) Fasa: 8

where the upper sign pertains to the pure magnetic maxima and the lower one to the crystalline
ones. We considered above only cases of fully coherent scattering. As is well known, allow-
ance for factors that lead to & partial incoherence (crystal defects, crystal thermal vibra-
tions, nonzero ground-state spin of the scattering nuclei, etc.) will not change the results
qualitatively. '

In conclusion, to illustrate the foregoing example of a collinear antiferromagnet, we
present the values of the Bragg angles at which magnetic maxima occur for the scattering of
Mossbauer radiation with energy 1k.4 keV from Fe57 by antiferromegnetic single-crystal Fe203.
The first two crystal maxima are at the Bragg angles ~16 and 23°, and the first two magnetic
maxima at ~11 and 20°.

{11 V. A. Belyakov, Zh. Eksp. Teor. Fiz. 5k, 1162 (1968) [Sov. Phys.-JETP 27 (1968), in
press].

[2] V. A. Belyakov, V. G. Tsinoev, and L. A. Mikaelyan, Preprint, All-union Research In-
stitute of Physico-technical and Radio Measurements, 1968.



ERRATUM

Article by V. A. Belyskov and Yu. M. Aivazyan, Vol. T, No. 12, p. 370

The last two lines of the article read "The first two crystal maxima are at the Bragg
angles V16 and 23°, and the first two magnetic maxima at 11 and 20°," They should read:
"The first two crystal maxima are at the Bragg angles 7.5 and 9°, and the first two magnetic
maxima at "5 and 6°." This was pointed out to the authors by G. V. Smirnov.





