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Zintl phases are ionic intermetallic compounds character-
ized by a polyanionic network with covalent bonds. These
compounds are studied because of their structural variabil-
ity and their electronic and physical properties [1,2]. An
interesting case is the compound EuPtIn,, which presents a
phase transition from a paramagnetic to an antiferromagnet-
ic structure below a Néel temperature of 13 K and for which
a spin-flop transition was observed under a high magnetic
field applied along the ac-plane at low temperature. Due
to the strong neutron absorption of Eu, the resonant X-ray
magnetic scattering (RXMS) technique was employed to
investigate the magnetic structure in EuPtIn,, taking advan-
tage of the significant enhancement of the magnetic signal
obtained at the L, edge of Eu. The RXMS experiments
were performed at beamline P09 of PETRA III, employ-
ing different experimental possibilities, including a double
phase retarder for full polarization analysis and a vertical
14 T cryomagnet [3]. The measurements confirm the phase
transition at the mentioned Néel temperature and reveal an
incommensurate antiferromagnetic structure with a propa-
gation vector k = (Y%, %, v), where vy is the incommensurate
component with a value of 0.4258. The intensities of a set of
reflections with indices (Y%, n + %2, y) have been measured in
the on’ channel (with 7 being an integer between 6 and 14)
to infer the magnetic structure in the ground state while full
linear polarization analysis was used to study the changes
under high magnetic fields. Hereby, we will report on the
magnetic structure of EuPtln, as solved using the equations
for RXMS and the density matrix formalism and on its cor-
responding magnetic superspace group.
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Z-modules' are natural extensions of lattices. They have
been introduced in crystallography by A. Janner and T.
Janssen [1] in reciprocal space as the convenient tool to
index the diffraction diagrams of incommensurate phases
using a set of N integers (N>d, d being the dimension of
the physical space). This generated the idea of extending
crystallography to N-dimensional spaces, defining thus su-
per-periodic crystals (incommensurate phases, composite
crystals and quasicrystals).

Our present goal is to discuss the consequences of the pres-
ence of Z-modules of rank N in direct space in the crys-
tallographic description of certain structures, revealing thus
hidden symmetries when embedded in a N-dimensional
superspace: what kind of new defects could possibly be gen-
erated when the atoms of the crystal are located on a long
range ordered subset of the nodes of a Z-module? [2,3]

After recalling the basic definitions and properties of
Z-modules, we exemplify the embedding process from
d- to N-dimensional spaces, using the specific case of the
NiZr orthorhombic Cmcm structure that is fully defined on
a single Z-module generated by the vertices of the regular
pentagon. We will then explain the symmetry breaking in
the process of backwards projection from N- to d-dimen-
sional spaces that generates the defects leaving the module
invariant but not the crystal. In NiZr, there are essential-
ly two such basic defects: a quinary twin and a translation
boundary (plus its corresponding dislocation).

Observations by HREM and HAADF electron microscopy
show the perfect agreement at the atomic level between the-
oretical models and experiments. This justifies the physical
pertinence of introducing Z-modules in the crystallography
of those kind of alloys that have local hidden non crystallo-
graphic symmetries.
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