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1) Purpose of the visit
Purpose of the visit was to establish a collaboration with the Theory Group of Prof. Ignacio Cirac, and to consult on some of the projects and work carried out by Mr. Schmidt from the Theory of Nanophotonics Group in Donostia - San Sebastian, Spain. The scope of the research conducted by these two groups overlaps in the fields of quantum optics and quantum plasmonics.


The theoretical group of Prof. Cirac in Max Planck Institute for Quantum Optics in Garching includes researchers with extensive knowledge in the quantum-mechanical description of the light-matter interaction in open quantum systems. Such systems involved lossy, plasmonic systems which are within the interest of the research group of Prof. Aizpurua.

More specifically, part of the work carried out in the group in Garching is focused on designing photonics crystals and dielectric waveguides which would optimize the interaction between the waveguiding modes of dielectric structures with the atom ensembles, allowing for the entangling and squeezeing of the quantum states of these atoms.
We have aimed at extending the range of described systems by considering plasmonic waveguides and plasmonic nanoparticles, thus enabling coupling of the emitter either through delocalized or localized surface plasmonic modes, respectively. Furthermore, we planned to develop a quantum-mechanical description of the tip-enhanced Raman scattering phenomenon, extending the semi-classical model used up to date, and including effects previously considered in the fully quantum-electrodynamical description of the cavity optics, in the regime of lossy cavity.

2) Description of the work carried out during the visit
During his stay at Max Planck Institute, Mr. Schmidt established a collaboration with few members of the hosting group – primarily with Dr. Alejandro Gonzales-Tudela – a post-doctoral researcher with a strong background in the quantum-mechanical description of dielectric and plasmonic waveguides. As agreed with Prof. Cirac, Mr. Schmidt has been learning on the dynamics of open quantum systems, their description through the master equations with Lindbald-Kossakowski terms, the limitations of Markov approximation and the extensions of the theory beyond these approximations. Special care was given to that last point, as the strongly coupled quantum open systems exhibit a non-Markovian dynamics, and the discussion of the theoretical treatment of this regime is scarce in the literature. 

Once Mr. Schmidt acquired the understanding of this formalism, he addressed the main problem established with Prof. Cirac and Dr. Gonzalez-Tudela – the application of dissipative engineering to the plasmonic systems. This work was supervised by both of the hosting researchers, and, albeit remotely, Dr. Aizpurua.

In the meantime, Mr. Schmidt and researchers from the hosting group were consulting another two projects – interpretation of the experimental evidence for strong coupling in plasmonic systems and a simple model for the qualitative description of the Tip Enhanced Raman Spectroscopy. Main body of work on these two topics is carried out in the Theory of Nanophotonics Group in San Sebastian.

Furthermore, Mr. Schmidt presented his previous work during two seminars, before the members of Prof. Cirac’s group. The first talk was focused on the current state of research in selected areas of classical plasmonics, and included an introduction to the field, as well as an overview of Mr. Schmidt’s former research projects. The second talk was devoted to selected ideas of modern metamaterial designs.
Finally, in numerous private meeting, members of the hosting group were introducing Mr. Schmidt to their own work. 
   
3) Description of the main results obtained

During his stay, Mr. Schmidt has been investigating a simple, intuitive model for Tip Enhanced Raman Spectroscopy. The model is based on the cavity QED systems, and its description matches that used for the fully-quantized cavity QED schemes. In such an approach, the plasmonic system formed by the plasmonic tip and substrate is treated as a low-Q, lossy cavity (approaching the so-called “bad-cavity” regime). The Raman activity is provided by a molecule with well-defined phononic transitions. The molecules is placed in the cavity, and allowed to interacts with a single mode of the cavity. This model will continue to be developed and consulted, and if possible, used to explain the recently obtained experimental results.

Secondly, Mr. Schmidt together with Dr. Gonzalez-Tudela were building a general framework for the treatment of open quantum systems where a quantum dot or an atom was considered as a core systems, that dissipates into the reservoir plasmon modes or nearby plasmonic nanoantennas. These systems are particularly interesting as they might open a pathway to introducing reservoir engineering to the plasmonic nanosystems. Dr. Goznalez-Tudela and Mr. Schmidt have investigated the possibility of applying two formalisms to describe those methods. The first one – solving the Master equation for the dynamics of density matrix – proved difficult to unravel in more complex systems, where multiple plasmonic modes have to be taken into account. Furthermore, the evolution of such a strongly coupled systems is a non-Markovian process, and thus a more transparent description was required. To this aim, a Heisenberg picture evolution of the complete state of the system was considered, with the non-Markovianity of the system dynamics handled by the time-convolutionless method. The collaboration on this topic will continue.

Furthermore, in collaboration with Dr. Gonzalez-Tudela, Mr. Schmidt has been analyzing the recent experimental work published on the topics of strong exciton-plasmon coupling. These studies were aimed at designing the simplest experiment which would unambiguously demonstrate the regime of strong coupling between molecules and a plasmonic antenna.
Finally, Mr. Schmidt has been extensively consulting on the various ideas related to the optomechanical cavities with members of the hosting group involved in research on those topic.

4) Future collaboration with host institution (if applicable)

In order to continue the research projects initiated during Mr. Schmidt’s stay at the host institution, both Dr. Javier Aizpurua (as the PhD thesis supervisor) and Prof. Ignacio Cirac (as the head of the hosting research group) have agreed to arrange for yet another visit of Mr. Schmidt to the Max Planck Institute, later this year, in a similar timeframe of 6-8 weeks. 

In the meantime, Mr. Schmidt and Dr. Gonzalez-Tudela will continue their collaboration and work over the projects. Dr. Gonzalez-Tudela might also visit Center for Material Physics in Donostia – San Sebastian during the summer.
Furthermore, Mr. Schmidt is going to continue consulting his remaining work related to the strong coupling regime and the cavity-like quantum-mechanical plasmonic effects, with other members of the hosting group.

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)
We are planning to publish all of the results obtained in this collaboration in peer-reviewed journal, as well as include them in Mr. Schmidt’s doctoral thesis. Since all of the discussed projects are in their early stages, we cannot provide an exact number of these publications. However, we expect to publish papers related to all the three major projects subject to the collaboration – dissipative engineering, strong coupling in plasmonic systems, and Tip Enhanced Raman Spectroscopy.
6) Other comments (if any)
None.
