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Purpose of the visit

The langasite family, the prototype of which is La3Ga5SiO14, has been widely studied for the striking piezoelectric and non-linear optical properties of its members1, related to the non-centrosymmetric nature of their Ca3Ga2Ge4O14 structure type2. Since compounds with the langasite structure can also contain magnetic cation sublattices, this family can provide interesting examples of coexistence between magnetic ordering and optical or electrical properties. We have undertaken the study of the magnetic properties of compounds with the langasite structure. 

Pr3Ga5SiO14 (PGS), Nd3Ga5SiO14 (NGS) and Ba3NbFe3Si2O14 were successfully grown as large single crystals by a floating-zone method. They are all strongly magnetically frustrated.

In the case of PGS and NGS, the magnetic cations occupy a 2D kagomé lattice, and do not order for temperatures down to 400mK3.

Ba3NbFe3Si2O14 orders magnetically at 27K, with the Fe3+ ions forming a helical structure along the c-axis4. As it is also piezoelectric, it may present magnetoelectric properties.

Raman spectroscopy could allow studying the phonons of this system, as well as the magnetic signal due to the frustrated ground state. The information is complimentary to neutron scattering as Raman scattering is sensitive to s=0 excitations which are very important in frustrated compounds.

As we have large single crystals appropriated to this kind of study, the purpose of the visit is to investigate it with Peter Lemmens, of the Institute for Condensed Matter Physics, Braunschweig , Deutschland.
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Description of the work carried out during the visit

Concerning the kagomé compounds NGS and PGS, the aim of the measurements was to observe, at low temperature, an inelastic magnetic signal at low energy (hence low frequency). The samples available were oriented so as to probe the interactions within the kagomé plane. They were cut and polished to present a surface containing the kagomé plane.
Measurements were carried out at different laser wavelengths: 488nm, 514nm, 532nm, 568nm, 647nm, and at different temperatures: room temperature, 110K, 5K.

Concerning the Ba3NbFe3Si2O14 langasite, I came with two different samples. One with the surface investigated perpendicular to the crystallographic (001) axis, and the other with the surface perpendicular to the crystallographic (1*00) axis. As this compound is potentially multiferroic, we expected to observe a lowering in the symmetry below the transition temperature, or, on the contrary, the evidence that there is no change in the symmetry.
The laser wavelength used was 514nm. Measurements were performed (on both samples, with Y-Y polarisation and Y-X polarisation) at room temperature, 110K, 40K and 5K.
Description of the main results obtained

On NGS and PGS, all the wavelengths used could not avoid fluorescence. Moreover, many broad phonon peaks superimposing were observed at low frequency, as well as a huge background, making impossible to observe any weak magnetic signal, as initially expected (see figure 1).
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Figure 1: Raman spectra on Pr3Ga5SiO14 at different temperature: room temperature (in black), 110K (in green) and 5K (in red).
On Ba3NbFe3Si2O14, no difference in all the spectra was observed when changing the temperature, even below the transition temperature, showing that there is no evidence for a change in symmetry in this compound at the magnetic transition (see figure 2).
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Figure 2: Raman spectra of Ba3NbFe3Si2O14 above the transition temperature (40K) and below it (5K). No visible difference is observed allowing concluding that the symmetry has been lowered. The results are the same for the other sample orientation and for all the polarisation configurations.
Projected publications/articles resulting or to result from the grant
No publications projected for the moment.

Other comments

Due to measurements on other samples than mine the last day of my visit, the cryostat has been warmed up only a few days later. So I left without my samples.

They were sent by mail in a closed envelope (that I received actually well closed). One of the boxes (also closed, initially containing Nd3Ga5SiO14 single crystals) was empty.

I was told that all the samples were well put in their boxes and sent.
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