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1. Structural properties of the Dy3Fe5O12   

Dy3Fe5O12 belongs to the family of rare-earth (R ) iron garnets (R-IG) [1,2]. At room 
temperature, Dy3Fe5O12 crystals form a cubic structure with 8 formula units and a space group  
Ia3d( ). The Fe3+ ions occupy 16a octahedral sites with (C3i) symmetry and 24c tetrahedral 

sites with (S4) symmetry. Dy3+ ions with the ground state  are in 24d dodecahedral sites 
with the local orthorhombic symmetry 222(D2). There are several non-equivalent Dy3+ ions in each 
unit cell with the same surrounding field, but their axes are inclined to each other. This has the 
overall effect of producing an average quasi-cubic symmetry. The main magnetic superexchange 
interaction is between Fe in two different sites (a and c). Below TN  the spins of Fe in the tetrahedral 
site are antiparallel to those of the octahedral site forming a ferrimagnetic structure along the [1 1 
1] direction [1,2]. Furthermore, the Dy moments are antiparallel coupled to the Fe moments in the 
tetrahedral site and thus to the net ferrimagnetic moment of the whole Fe sublattice. Below 100 K, 
a rhombohedral distortion of the cubic cell causes a canting of the Dy spins, which is described as 
a “double umbrella structure” [3] The symmetry of Dy3+ is lowered from 222(D2) tetragonal to 
2(C2) monoclinic.  Below 50 K, the iron sublattice magnetization does not change appreciably 
with temperature. However, the Dy sublattice magnetization increases rapidly with the temperature 
decrease and magnetic ordering of Dy3+ appears below TC =16 K.  

2. Low-frequency magnetic excitations in Dy3Fe5O12 

Low-frequency IR-active excitations, such as phonons, ligand field (LF), crystal field (CF), 
and Kaplan-Kittel (KK) modes were studied previously in Dy-IG [4,5] and in related Tb-IG [6]. 
The temperature and magnetic field dependencies for the low frequency excitations were analyzed 
in detail for all but one of the lowest energy frequencies at ~13 cm-1. In this paper, we used two 
complementary experimental techniques of THz ellipsometry and THz transmission for the 
polarization analysis of the low-frequency optical excitations in Dy-IG. In our previous studies of 
the low-frequency spectra of Dy-IG4,5 we identified several LF and KK excitations of Dy3+ with 
energies at T=5 K of 13 cm-1, 17 cm-1, 23 cm-1, 28 cm-1, 44 cm-1, 51 cm-1, 59.5 cm-1, and the lowest 
frequency optical phonon at 81 cm-1. Their temperature dependencies from Ref. [4] are reproduced 
in FIG. 3 of the paper for comparison with the new experimental data. The 23 and 28 cm-1 
absorption lines, as first proposed by Sievers and Tinkham [7] have pronounced temperature 
dependencies that are typical for LF transitions with 
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                 (1) 

where gDy is the Dy3+ ion g-factor, µB is the Bohr magneton, MFe and MDy(T) are magnetizations 
of the corresponding ions, and lFe-Dy and lDy-Dy are the corresponding exchange interaction 
constants. The so-called Kaplan-Kittel (KK) modes at 44 cm-1 and 51 cm-1 have a reversed 
temperature dependence that corresponds to the mutual precession of Fe spins in the exchange 
field of Dy3+ spins and vice versa [8]: 

                      (2) 

The corresponding exchange constants lFe-Dy and lDy-Dy and g-factors for Dy-IG were determined 
and summarized in Ref. 4. Temperature dependencies of the LF and KK excitations are similar to 
those of antiferromagnetic (AFM) resonances, or magnons at , in the magnetically-ordered 
system with several interacting spins. Above the transition temperature TC=16 K, MDy(T) decreases 
to zero and the corresponding modes with energy  and  behave as temperature-
independent crystal field (CF) transitions. The oscillator strength of these modes decreases with 
temperature and they disappear at T > 60 K due to the thermal population of the CF levels.  Note 
here that the difference between LF, KK, and CF modes is not qualitative. The notation of these 
modes reflects the number of interacting spins involved in their description. Disappearance of the 
Dy-Fe exchange interaction, which is turned down above TC, results in a smooth transition between 
the energies of LF and KK modes to the single ion energies labeled as CF. The detailed description 
of the collective dispersive nature of the low-temperature modes that include  interacting spins of 
Dy and Fe in two- and three-sublattice models can be found in Ref. 9. 

Using a combination of RAE and transmission spectroscopies [4,5,10], it was experimentally 
confirmed that, as expected, the phonon at 81 cm-1 in Dy-IG has a pure electric dipole activity, 
while most of the Dy3+ LF and KK modes have a combined (“hybrid”) electric and magnetic dipole 
activity. The magnetic and electric-dipole oscillator strengths, Sm and Se, for those modes were 
experimentally determined. An interesting effect of the adjusted oscillator (AOS) strength for the 
hybrid modes, which is equal to  for transmission geometry and 

 in reflection configuration, was observed [5]. For several modes above 60 cm-1, 
the AOS effect resulted in an almost perfect cancellation of the mode in reflection, while in 
transmission measurements such modes were quite strong. Thus, the aforementioned experiments 
[4,5,10] for phonons, LF, and KK transitions of Dy3+ provide a detailed roadmap for the new 
spectroscopic studies of Dy-IG using vortex beams. Furthermore, the interacting spins of Dy and 
Fe in two non-equivalent positions, make this magnetically-ordered ferrimagnetic system 
attractive for spectroscopy of collective magnetic excitation, such as LF and KK modes, using 
vortex beams.  

3. Application of axicons for generation of the vortex beams 

Fig. 1 of the manuscript shows a linearly polarized THz beam (from the right) slowly focused 
towards the sample (on the left). The linear polarization of the THz radiation  is controlled 
by a wire grid linear polarizer with an extinction ratio of 1:200. After the linear polarizer, the light 
passes through a stationary 2-bounce Fresnel prism retarder. The light beam becomes  circularly 
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polarized  or   depending on the relative orientation of the rotatable linear polarizer with 
respect to the stationary retarder:  and  . After that the circularly polarized 
light passes through a four-bounce axicon retarder (Fig. 1 of the manuscript), which is made of 
undoped silicon that is transparent below 500 cm-1. The low-frequency limit is determined by the 
THz source and the axicon cross section. The sign of the output vortex beams  is determined 
by the circular polarization at the axicon input: 

 and . The polarization 
conversion occurs due to phase changes during 
the four internal reflections inside the axicon. 
Light propagation in this setup has been 
analyzed using the ZEMAX software and the 
expected vorticity of the beam has been 
confirmed. A photo of the axicon retarder is 
shown in Fig. S1.  
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FIG. S1. A photo of the double axicon. 


