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Report:

Gd/La multilayers were found to possess the interesting property of coexistent magnetism and
superconductivity in Gd and La layers respectively. SQUID and magnetic neutron scattering
techniques have shown that if a sample of composition [Gdse/Lajg]so IS Subjected to a zero
field-cool (ZFC) to T=2K, the ferromagnetic Gd layers align antiferromagnetically with
respect to successive blocks, and BCS superconductivity occurs within La layers.
Alternatively, a field-cool (FC) to T=2K gives ferromagnetic alignment of Gd blocks and no
superconductivity in the La blocks [1,2].

X-ray Magnetic Circular Dichroism (XMCD) was performed on instrument ID12 at the
ESRF. XMCD signal was achieved by flipping the helicity of the incident radiation between
left- and right-handed circular polarisation. The aim of the work was to probe the Gd and La
magnetic order individually in both the FC and ZFC phases at the Gd L, and L,,, edges, and
the La L, and L, edges. The field-cool measurements were performed by applying an in-
plane magnetic field of 50 Oe as the sample was cooled.

XMCD spectra at temperatures above- and below- the La superconducting temperature
(T=15K and T=3K respectively) in the zero-field cool phase are of particular interest, as
shown in Figure 1. XMCD at the Gd L, edge shows little qualitative change as the sample is
cooled between T=15K and T=3K. The La XMCD signal is very weak, but shows a
pronounced change in sign as the La layers become superconducting.
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Figure 1. XMCD spectra in the ZFC phase for the Gd and La L, edges

The magnetic ordering of the Gd layers is not perturbed as the superconducting order
emerges. The change in sign of the XMCD signal at the La L,, edge is a direct measurement
of the onset of diamagnetism in the La layers. Analysis of the data will include attempting to
model the orbital and spin component of the La moment as the layers become
superconducting. Additional measurements would also include measurement of circular
dichroism as a function of depth within the layers by combining reflectometry and XMCD,
following the work of Séve et al [3].
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