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Supplementary Figure 1: Asymmetry values extracted from fitting weak transverse field histograms. Error bars are one standard deviation.













SUPPLEMENTARY DISCUSSION
ORIGIN OF QUANTUM WELL CARRIER DENSITIES. It is worthwhile to review and detail the origin of carriers within the quantum wells of SmTiO3/SrTiO3 heterostructures and to highlight factors that exclude oxygen vacancies as the origin of magnetism in the SrTiO3 quantum wells.  A number of previous experimental studies have established that the carriers in the quantum wells arise from the polar discontinuity between the SmTiO3 and the SrTiO3 layers. Specifically, the 2D carrier densities within the quantum wells match the expectations for half an electron per unit cell generated by the polar discontinuity of a single interface (~3E14 cm-2)1.  This measured 2D carrier density remains unchanged as the wells are made thicker and scales with the number of interfaces present within a heterostructure2.  These facts preclude oxygen vacancies in the bulk of the SrTiO3 layers from being the dominant source of free carriers and demonstrate that the carriers arise from the SmTiO3/SrTiO3 interfaces.  Any contribution to conduction from oxygen vacancies in the SrTiO3 layers therefore must be a very small fraction. 

PRECLUDING THE INFLUENCE OF OXYGEN VACANCIES. When approaching the limit of rare oxygen vacancies at the interfaces, a very low density of background vacancies is difficult to ever completely preclude from contributing to conduction. However, the magnetism observed in the quantum wells of SmTiO3/SrTiO3 heterostructures cannot arise from these hypothetical rare vacancies.  Specifically, any potential small density of oxygen vacancies cannot account for the relaxation response in the main text’s SR data, which is a volume sensitive probe.  The entirety of the SrTiO3 quantum well exhibits slow spin fluctuations, and this is not possible from a dilute concentration of interface defects. Similarly, previous studies of magnetism arising in the quantum wells of related GdTiO3/SrTiO3 heterostructures observe an induced moment of ~1 B/Ti atom that appears throughout the quantum wells3.  Both observations demonstrate that moment formation in RTiO3/SrTiO3 (R=rare earth) quantum wells is not a small, rare region effect.
Equally important, signatures of magnetism arising from SrTiO3 oxygen vacancies, in bulk form or at thin film interfaces, can be definitively differentiated from the magnetic behavior we observe in the SmTiO3/SrTiO3 quantum wells.  When oxygen vacancies are intentionally introduced into SrTiO3, they create either ferromagnetic or superparamagnetic domains locally4.  These vacancy-driven states have a large field induced response and are not consistent with our observation of antiferromagnetism in the quantum well of the SmTiO3/SrTiO3 heterostructure.  Our neutron reflectometry data in Fig. 4 of the main text further precludes any global, field-polarized state.  Finally, the magnetic states formed in RTiO3/SrTiO3 quantum wells are dependent on the interface type and well carrier densities; above a critical 3D well carrier density5, a ferromagnetic state is induced within GdTiO3/SrTiO3 wells and an antiferromagnetic state is induced within wells formed by SmTiO3/SrTiO3 interfaces.  This is distinct from local magnetic defects formed by SrTiO3 oxygen vacancies, which should be independent of interface type and carrier density.


WEAK TRANSVERSE FIELD ASYMMETRY. Supplementary Figure 1 shows the weak transverse field asymmetry for all three samples. At high temperatures (T > 100 K), asymmetry values for all samples are roughly 0.14. This value is slightly reduced from typical values from the surface muon beamline due to two factors. One is the increased probability of muons backscattering from the sample at very low implantation energies6. The second is that a small initial asymmetry loss occurs from the spread of the muon beam that causes 20% of incident muons to miss the 2 cm x 2 cm sample grid and immediately depolarize in the Ni-coated sample stage. Below 100 K, the asymmetry starts to decrease toward a minimum value of 0.06-0.07 at 5 K. The reduction in asymmetry as temperature decreases is due to the increasing magnetization of the film as the SmTiO3 orders and the SrTiO3 moment fluctuations begin to slow. This picture is supported by the strong initial loss in ZF asymmetry at 5 K shown in Fig. 3 of the main text.
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