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We report on the magnetotransport properties of a spin-polarized two-dimensional electron system (2DES) formed in LaAlO3
(LAO)/EuTiO3/SrTiO3 (STO) heterostructures. We show that, at low temperature, the 2DES magnetoconductance exhibits weak
antilocalization (WAL) corrections related to Rashba spin-orbit scattering, in analogy with the LAO/STO 2DES. However, the
characteristic spin-orbit scattering field decreases substantially for carrier density higher than 1.9x1013 cm−2. We attribute this
behavior to the masking effect of ferromagnetism, which sets in at the same carrier density. Thanks to the low feromagnetic
temperature TFM of our system (around 10K) we are able to investigate the competition between Rashba spin-orbit coupling and
ferromagnetism also as a function of the temperature. Indeed, we demonstrate that WAL corrections reemerge when
ferromagnetic correlations are reduced approaching TFM.
Our work shows that, while weak antilocalization corrections to the magnetoconductance are strongly reduced by the emergence
of ferromagnetism, they persist in a large part of the phase diagram of a spin-polarized oxide 2DES.
These results suggest that the LAO/ETO/STO 2DES, characterized by large and tunable Rashba SO coupling and magnetism, is a
possible candidate for quantum spintronic applications.

Fig.1: (a) Crystal structure of LAO/ETO/STO heterostructures. (b) Differential
magnetoconductance curves versus carrier concentration. (c) Spin-orbit
characteristic fields extracted from fits (blue data). The red triangles are
data referring to LAO/STO samples.

Fig. 2: Behavior of the anomalous Hall effect component RAN as a function of
the field effect-tuned sheet conductance (which has a one-to-one
correspondence with the carrier concentration) and of the temperature. RAN
is due to the presence of ferromagnetic correlations in the 2DES.

