ACTA PHYSICA POLONICA B

Vol. 34 (2003)

No 2

MAGNETIC ANISOTROPY IN La0:8 Sr0:2 MnO3 :
ELECTRON SPIN RESONANCE



y

J. Deisenhofer , H.-A. Krug von Nidda, A. Loidl

Experimentalphysik V, EKM, Institut für Physik, Universität Augsburg
D-86135 Augsburg, Germany
M.V. Eremin, V.A. Ivanshin

Kazan State University, 420008 Kazan, Russia
T. Kimura and Y. Tokura

Department of Applied Physi s, University of Tokyo, Tokyo 113-0033, Japan
(Re eived July 10, 2002)
We report on Ferromagneti -Resonan e experiments in a single rystal
of La0:8 Sr0:2 MnO3 in the temperature range from 4 to 300 K. The observed
anisotropy of the resonan e line hanges on rossing the transition from
the orthorhombi -phase to the rhombohedral -phase at  100 K and
indi ates a reorientation of the spins at about 130 K.
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PACS numbers: 76.30.v, 76.50.+g, 75.30.Vn, 75.60.d
1. Introdu tion

The importan e of magneti inhomogeneities in understanding the omplex phase diagrams of manganite systems like La1 x Srx MnO3 [1℄ be omes
more and more evident, only to mention phase separation s enarios, hemi al inhomogeneities or the re ent des ription of the Colossal Magneto Resistan e ee t as a Grith phase [2℄. Ele tron Spin Resonan e not only
proves a very e ient tool in investigating phenomena like orbital ordering
or inhomogeneities in the paramagneti phase [3℄, but it is also very sensitive to hanges in the magnetization behavior in the magneti ally ordered
regime [46℄.
The details of the experimental setup and measurement pro edures are
des ribed e.g. in [3℄. The single rystal of La0:8 Sr0:2 MnO3 has been grown
by the oating zone method des ribed by Urushibara and oworkers [1℄. A
 Presented at the International Conferen e on Strongly Correlated Ele tron Systems,
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thin dis parallel to the (001)-plane has been prepared in order to ontrol
demagnetization ee ts. We measured at X-band frequen y (9.4 GHz) and
rotated the sample with the external magneti eld
applied within the
dis 's plane (see inset of Fig. 1( )).
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Fig. 1. Angular dependen e of res at (a) 250 K, (b) 98 K and ( ) 50 K revealing
hanges in symmetry with temperatures. Inset of (b) shows the eld derivation of
the Ferromagneti -Resonan e absorption. The solid lines are ts using equation (1).
2. Experimental results and dis ussion

The resonan e spe tra (a typi al one is shown in the inset of Fig. 1(b))
reveal distortions of the main resonan e above the resonan e eld similar to
the ones observed in [5℄. We tted the main resonan e line with a Lorentzian
lineshape and observed an anisotropy in both the linewidth and the resonan e eld Hres . The latter is shown in Fig. 1 for three dierent temperatures: At about 95 K (upon heating) the system hanges from orthorhombi (O -phase) to rhombohedral symmetry (R-phase). The transition to the
paramagneti state takes pla e at TC  310 K. In the O -phase at 50 K a
twofold symmetry with an asymmetri broad minimum is found, whi h an
be attributed to the deviation of the orthorhombi axes from ubi symmetry.
Right above the stru tural transition at 98 K we observe an anisotropy
whi h we des ribe by a superposition of a fourfold and a twofold symmetry
using
Hres () = A sin(2) + B sin(4( )) + C;
(1)
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where  denotes the rotation angle in the (001)-plane. Far above the transition at 250 K again a twofold symmetry is found, indi ating a uniaxial
magneto rystalline anisotropy. The t with Eq. (1), however, in ludes still
a fourfold ontribution. The ts and tparameters are shown in the orresponding panels of Fig. 1. Besides the fa t that the dominant uniaxial
anisotropy parameter A de reases, the fourfold parameter B even be omes
negative, indi ating a hange of hard and easy axes between 98 K and 250 K
within the R-phase. A fourfold symmetry has also been reported by Viglin
et al. [5℄ yielding anisotropy elds of HA1  130 Oe by tting with the usual
angular dependen e of ubi symmetry in the ube fa e plane [7℄. The low
value of C  1:6 kOe in ontrast to the resonan e observed in a sphere [5℄
an be explained by taking into a ount the demagnetization ee ts for a
dis [7℄. Moreover, Szym zak et al. [4℄ report on FMR and magnetization
measurements in the (110)-plane revealing an uniaxial magneto rystalline
anisotropy and a hange of the easy and hard dire tions on omitantly to
the stru tural transition.
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Fig. 2. Temperature dependen e of res with the external magneti eld applied
parallel to the dire tions of the three extrema from Fig. 1.

Therefore we measured the temperature dependen e of the resonan e
line with the external eld parallel to the three extrema at 0Æ , 35Æ and
90Æ determined from the angular dependen e in Fig. 1(b). The temperature
dependen e of Hres for all three dire tions is shown in Fig. 2: The anisotropy
in the O -phase is almost onstant for T < 80 K, whereas for 80 K < T <
95 K a hystereti al behavior is observed, whi h reportedly a ompanies the
stru tural phase transition from orthorhombi to rhombohedral symmetry
[4℄. The R-phase is hara terized by a de rease in anisotropy and only
within the narrow temperature range of 95 K < T < 130 K the angular
dependen e exhibits the three extrema as seen in Fig. 1(b). For T > 130 K
the angular dependen e reveals a twofold symmetry as in Fig. 1(a). In the
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temperature dependen e this hange is indi ated at the rossover of the data
for 0Æ and 35Æ . Towards the magneti transiton a shift of the resonan e to
higher elds is observed for all three dire tions, whi h is due to the de rease
of the magnetization on approa hing TC .
3. Con lusion

In on lusion, we found that the anisotropy in the ferromagneti (001)plane an be interpreted as a superposition of a ubi fourfold symmetry
and a twofold symmetry due to anisotropi ferromagneti superex hange
intera tions like in LaMnO3 . The fourfold ontribution is strongest just
above the stru tural transition, where the system tends to restore ubi
symmetry. The spin-reorientation is found to take pla e at 130 K far above
the stru tural transition.
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