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1) Purpose of the visit
In this complex work we are going to study the lasing modes of the 2-D core-shell plasmonic nanolasers using the mathematically grounded approach called Lasing Eigenvalue Problem (LEP).
2) Description of the work carried out during the visit
During my visit from 15th January to 13th February 2015 I have:
- calculated, investigated and classified the lasing wavelengths and material gain thresholds for a circular silver nanowire coated with an active silica shell for each azimuth order, different core radiuses and shell thickness;

- wrote a conference paper;

- start writing a paper for a technical journal.
   
3) Description of the main results obtained

I have investigated nanowire lasers with silver core radii from 20 nm to 100 nm, coated with active silica of thickness from 5 nm to 150 nm. I have searched for eigenvalues in the wavelength range of 190 to 600 nm and calculated them with the accuracy 10^(-8).

The main difficulty in the analysis of the lasing modes is their interpretation: how to identify different types of modes, first of all, localized surface plasmon (LSP) modes and shell modes. The LSP resonance wavelengths are almost independent of scatterer’s dimensions if the shape is fixed. Therefore previously I identified the LSP modes as those whose wavelengths weakly depended on the silver-wire radius. Now it looks like this is not always true.
The best way to visualize founded eigenvalues is to plot the trajectories of the each azimuth index mode eigenvalues on the plane (λ, γ) for nanolasers with different core radii and fixed total radii and nanolasers with different shell thickness and fixed core radii. I did it, and these figures demonstrate quite complicated behavior of the modes under the variation of the core and the shell dimensions. For each azimuth index and nanolaser configuration it was found up to 5 modes in the investigated range.

To classify and explain the nanowire laser modes, one has to analyze the corresponding to them near-field patterns. But often near-field pattern shows the futures of hybrid modes or supermodes. For instance, if we compare several modes from the one trajectory, we can see difference and possible difficulties for their identification. One mode may clearly show the second-order shell mode, but other fields will show the supermodes with hotspots on the core-shell boundary, which is typical for LSP-modes. This means that this shell mode hybridizes with the LSP mode in this range of dimensions. Still it looks reasonable to call such a mode as shell mode because it has continuous trajectory, on the larger part of which the field shows shell mode’s behavior.

Another situation where identification of modes meets confusion, is closely located eigenpairs of different types. In this case their near-field portraits become very similar, and as a rule they show typical LSP-mode behavior with field maxima on core-shell boundary.

It was also found an interesting observation - the absence of eigenpairs, except of the principal LSP-mode, for the configuration of core radii 50 nm and shell thickness between 40 nm and 80 nm. It may be possible because of the converging of trajectories of two secondary LSP-modes for the nanolaser radiuses higher 80 nm.

4) Future collaboration with host institution (if applicable)


5) Projected publications / articles resulting or to result from the grant (ESF must be acknowledged in publications resulting from the grantee’s work in relation with the grant)
Paper: D. Natarov, J. Ctyroky, "Analysis of the modes of a core-shell plasmonic nanowire laser with a silver core," was submitted to the intl conference ELNANO-2015, http://elnano.kpi.ua 
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