C-MAC Days 2014, Institute of Physics, Zagreb, Croatia Invited lectures

Geometrically frustrated magnetism of spins on icosahedral clusters:
The GdsAu13Sns quasicrystalline approximant

P. Kozelj !, Stanislav Vrtnik!", A. Jelen?, J. Dolinsek !, M. Jagodi¢?, Z. Jagli¢i¢ ?,
P. Boulet3, M. C. de Weerd 3, J. Ledieu 3, J. M. Dubois ® and V. Fournée

1J. Stefan Institute & University of Ljubljana, Faculty of Mathematics and Physics, Jamova
39, S1-1000 Ljubljana, Slovenia

2 Institute of Mathematics, Physics and Mechanics & University of Ljubljana, Faculty of Civil
and Geodetic Engineering, Jadranska 19, SI-1000 Ljubljana, Slovenia

3 Institut Jean Lamour, UMR 7198 CNRS Université de Lorraine, Parc de Saurupt,
F-54011 Nancy, France

“stane.vrtnik@ijs.si

By investigating the magnetism of spins on a quasiperiodic lattice, we present an experimental
study of static and dynamic magnetic properties, specific heat, and magnetic entropy of the
GdsAu13Sns quasicrystalline approximant. The magnetic sublattice of GdsAu13Sna is a periodic
arrangement of nonoverlapping spin clusters of almost perfect icosahedral symmetry, where
gadolinium localized f magnetic moments are distributed on equilateral triangles. The absence
of disorder on the magnetic sublattice and the antiferromagnetic (AFM) interactions between
the nearest-neighbor spins distributed on triangles result in geometrical frustration of spin-spin
interactions. Thus, the GdsAuizSns phase can be viewed as a prototype site-ordered,
geometrically frustrated spin system on icosahedral clusters. The zero-field-cooled and field-
cooled magnetic susceptibilities, the alternating current susceptibility, the thermoremanent
magnetization, the memory effect, the magnetic specific heat, and the magnetic entropy all
show that the spin system undergoes at low temperatures a transition to a nonergodic state at
the spin freezing temperature Tr =~ 2.8 K. Below this, the ergodicity is broken on the
experimental timescale, because the thermally activated correlation times for the spin
reorientations become macroscopically long. The magnetic state achieved at low temperatures
by continuous cooling in low magnetic fields is likely a superposition of metastable states with
randomly frozen spins that have no long-range order yet undergo gradual spin-freezing
dynamics and an AFM-like magnetically ordered state with critical slowing dynamics. The
magnetic properties of the site-ordered, geometrically frustrated GdsAuisSns system are
discussed in comparison to site-disordered spin glasses that contain both randomness and
frustration.



