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The magnetization dynamics of Cd;—,Mn;Se at 4.5 K as a function of
magnetic field up to 22 T was measured using a nonresonant technique. For
z = 0.01 the relaxation does not depend on orientation and in higher fields
the relaxation rates are proportional to B3. For £ = 0.02 a dependence on
orientation is observed. The difference does not depend on magnetic field.
This suggests that either the interaction between Mn ions responsible for
spin-lattice relaxation in Mn clusters is anisotropic, or the relaxing clusters
are oriented in a given manner with respect to the c axis.

PACS numbers: 76.30.Fc, 63.20.Dj

Using the nonresonant technique described earlier [1], we measured the mag-
netization dynamics in Cdy_;Mn.Se at 4.5 K as a function of magnetic field. Two
different compositions were investigated, namely £ = 0.01 and =z = 0.02. The
measurements were done for external magnetic field B both: parallel and perpen-
dicular to the ¢ axis (the CdSe host crystal, as well as mixed CdMnSe crystals,
has a wurtzite structure). YAG:Nd laser pulses (A = 1.06 um) of 10 ns duration
were used to create the thermal inequilibrium between spins and the lattice [1],
rising lattice temperature. The spins then warm up to reach thermal equilibrium
with the “warm” lattice. It causes the magnetization changes which are detected
with a pick-up coil.

The measured spin-lattice relaxation (SLR) rates are dependent on the ex-
ternal magnetic field, temperature, and composition. For lower Mn composition
the data do not show any orientation dependence. In low magnetic field the relax-
ation rates (RR) weakly increase with B. In higher fields their dependence is not in
contradiction with expected B> dependence (see Fig. 1). Such a magnetic field de-
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Fig. 1. The relaxation rate for Cdo.goMno.0o1Se for external field parallel (circles) and
perpendicular (crosses) to the ¢ axis and Cdo.oss Mno.oo2 Te (triangles) as a function of
magnetic field measured at 4.5 K. The solid line represents a B® dependence.
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Fig. 2. The relaxation rate for Cdo.ss Mno.02Se for external field parallel (circles) and
perpendicular (squares) to the ¢ axis vs. magnetic field measured at 4.5 K. For com-
parison, data for Cdo.eoMno.01Se with the c axis parallel to the external field are also
plotted (crosses).

pendence (B3) is typical of relaxation with emission and absorption of one phonon
(so-called direct process), whose density of states can be described by the Debye
approximation (see e.g. [2]). The observed rates are smaller than in Cd;_;Mn,Te
with the same compositions [3] (the relaxation rates for Cdg.g9Mng.01Te have al-
most the same value as rates for Cdp.99sMng.002Te). Also in high magnetic fields
the magnetic field dependence is stronger for Cd;—oMn;Te (Fig. 1). This is easily
explained since far-infrared data on Mn local acoustic vibrations show that the
peak of density of TA phonon states is at energy about 50% higher in CdSe than
in CdTe [4, 5]. Therefore, in the investigated magnetic field range the density of
phonon states (DoPS) can be described by the Debye approximation for CdSe but
not for CdTe [6]. This can probably also partially explain the differences of the
values of relaxation rates. The DoPS for a given energy at a higher magnetic field
is higher for CdTe, because it is closer to the peak in the DoPS for TA phonons.
For Cd;_;Mn,Se with z = 0.02, as shown in Fig. 2, the relaxation rates are
larger than for z = 0.01, which suggests that for z = 12 clusters of interacting
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magnetic ions play a more important role in the magnetization relaxation process
than for the lower composition. A dependence of relaxation rates on orientation is
also observed (Fig. 2). The difference in absolute values increases with increasing
magnetic field (note semilogarithmic scale). For both orientations at fields where
the exchange Mn pair levels cross (about 13 T) double structures are observed in
agreement with previously reported data [7]. Where the levels cross, mixing of the
states occurs due to the anisotropic Dzialoshynski-Moriya type exchange interac-
tion. This allows for an effective spin-lattice relaxation due to the modulation of
the above-mentioned exchange interaction. Because of the existence of two types
of pairs in the wurtzite type crystallographic structure, a double structure in the
relaxation is observed [7]. We have no explanation for the structure at 7 T.

Because the anisotropy of the relaxation rate is observed for higher Mn
compositions only, one can assume that the magnetization relaxation is governed
by the relaxation in Mn clusters, which also interact via an anisotropic interaction
(e.g. a Dzialoshynski-Moriya type exchange). In such a case, the mechanism of
spin-lattice relaxation is phonon modulation of the interaction. The possibility
that dominant clusters have a given orientation with respect to the ¢ axis should
also be taken into consideration.
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