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Report:

The purpose of the project was the study of the magnetic behaviour of europium epitaxial thin films and
of europium based superlattices. It is known that europium exhibits a bcce structure above Ty = 90 K, where a
magnetic helical order takes place. The magnetic transition is accompanied by a tiny tetragonal lattice
distortion with an expansion along the wave vector of the helices which propagates close to the <100>
directions. The aim of the study was to know in which extend the magnetisation of europium in thin films and
in superlattices was affected by the shape of the sample, the epitaxial strains and the superperiodicity of the
material.

The Eu(110) thin films have been epitaxially grown on Nb(110) buffer layers (with [001]g, // [001]\)
previously obtained by deposition on a a-ALO; (11-20) sapphire (with [-111]xy, // [0001]a.a1,0,).

Previous measurements performed during experiment n°HE-937 (February 2001) provided encouraging
results. Indeed for the first time, we had observed the diffraction magnetic satellites associated with the
magnetic helical order of Eu by using the resonant X-ray magnetic scattering at the L, and L; edges of this
element. Up to now, these satellites had only been observed by neutron diffraction. The values of the order
temperature as well as the helix periodicity in our film were found to be similar to the bulk ones. However, at
10K we observed two differences with the bulk sample. First, we noted the absence of magnetic diffraction
peaks corresponding to the helix propagating along the cubic axis located in the plane of the sample ([001]
axis, figure 1). Secondly, we observed that the wave vectors of the helix was not exactly along the other cubic
axis but presented a slight tilt of 4° (figure 1). However the sample we used during these first experiments
presented three crystallographic domains which seriously complicated any quantitative analysis in order to
elucidate the origin of these differences.



For the November experiment, owing to an improvement of the growth process, we disposed of a single
domain crystal. We systematically measured the magnetic satellites from the transition temperature Ty = 90.4
K down to the lowest available temperature 10K. This study revealed that three helices appear simultaneously
at Tn. They correspond to three magnetic domain and their wave vectors are close to the three equivalent
<100>. However we observed that the intensity of the magnetic satellites related to the [001] helix
(propagating in the plane of the sample) decreased below 60 K at the benefit of the satellites related to the
[100] and [010] directions and reached O near 40K (figure 2). There is clearly a change of population between
the three magnetic domains. On the other hand, we observed an hysteresis effect because, while increasing the
temperature from the lowest temperature, the [001] axis satellites reappeared only around 70K (figure 2).

The experiment confirmed there was a tilt angle o between the cubic directions [100] and [010] and the
wave vectors of the related helices. The thermal dependence of the tilt angle has been measured and is shown
in figure 3. It increases when the temperature decreases, which means the helix wave vectors become closer to
the perpendicular axis of the sample. The thermal dependence of the helix wave vector is shown in the same
figure.

Along with the intensities of the magnetic satellites, we measured the position and the width of some
charge peaks in order to determine quantitatively the deformations occurring in the sample. We observed
deformations partly due to epitaxial strains and partly due to the spontaneous distortion related to the
magnetic ordering. First data analysis data lead to the conclusions that :

-the epitaxial strains are responsible of the thermal dependance of the domain populations

- the tilt angle is probably an intrinsic property of europium.

- the tilt angle do not split the domains into subdomains as it should occur in a bulk sample, which is
probably an epitaxial strain effect.

We finally tried to determine the magnetic structure of an (Eu80/Yb40)s;. Superlattice. Unfortunately,
we did not find magnetic satellites, maybe because the quality of the superlattice was too poor. We have to
improve the quality of the samples and makes first measurement from superlattices with a higher periodicity.
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Fig 1 sample geometry. 3D view and 2D view in the (a, b) plane



rocking curve intensity (arbitrary units)
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Fig.1 : rocking curve intensity of the (2,2, ) magnetic
satellite along the ¢ axis as a function of the temperature
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Fig. 2 Magnetic periodicity and Bt angie a5 & funchion of the temperature.
The tit angie Js the angie hetween the helix propagation vector and the a
for B axis of the cubic lattice



