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in microcavities open this possibility. In my talk, I will discuss the fas-
cinating physic as well as the current status of such light sources.

Topical Talk HL 6.5 Mon 12:15 H2
The Two Conflicting Narratives of Metal-Optics — ∙Eli
Yablonovitch — University of California, Berkeley, CA 94720, USA
There are two conflicting narratives of Electromagnetics in metals:

1. The microwave circuit narrative in which metals, distributed
capacitors, and distributed inductors function together in a high fre-
quency circuit, albeit as distributed components. Here there is a rich
tradition of various electromagnetic functions, including the antenna
function.

2. This is countered by the optical-plasmonic narrative, in which
metallic electromagnetics is thought to be dominated by plasmons,
electromagnetic normal modes in which the inertia of the electrons
plays a major role.

Given that Electromagnetics is generally invariant with frequency,
it is not clear why there need to be two separate narratives. Is metal-
optics simply the high frequency version of microwave electromagnet-
ics? There is great benefit in unifying our understanding of the two
regimes of metallic electromagnetics, and to distinguish the occasional
role of electron inertia.

We find that some of the most important metal-optics functions
are best understood as extensions of microwave electromagnetics: An-
tennas, for example, have been thoroughly under-estimated, and are

well-poised to change the rules of optical physics.

Topical Talk HL 6.6 Mon 12:45 H2
Fundamental formulation of nanoplasmonic lasers — ∙Shun
Chuang — University of Illinois, Department of Electrical and Com-
puter Engineering, 1406 West Green Street, Urbana, Illinois, 61801,
USA
The smallest laser conventionally requires an optical cavity with a size
of one half of the effective wavelength in all three directions, which is
often referred as the diffraction limit of the cavity. To make a laser
with an active volume smaller than the diffraction limit, an idea is to
surround the optical waveguide with metals. In this case, the effective
volume of the optical mode can be significantly reduced in spite of a
higher intrinsic absorption due to the metal loss at optical frequencies.
By placing the active materials such as quantum dots or quantum wells
near the region of peak optical field, it is possible to enhance the spon-
taneous and stimulated emissions to overcome the intrinsic loss from
metals.

In this talk, we will present a fundamental formulation for nanoplas-
monic lasers, which accounts for the negative permittivity and disper-
sion of metal plasma in a nanocavity. We point out the importance
of using the energy (instead of power) confinement factor. We then
discuss the ideas of a Fabry-Perot type of plasmonic waveguide laser
and a nano-bowtie optical antenna coupled to semiconductor quantum
dots, which function as the gain medium.

HL 7: Graphene 1 (Joint Session with TT)

Time: Monday 10:15–13:00 Location: H18

HL 7.1 Mon 10:15 H18
Orbitally controlled Kondo effect of Co ad-atoms on
graphene — ∙Tim Wehling1, Alexander Balatsky2, Mikhail
Katsnelson3, Alexander Lichtenstein1, and Achim Rosch4

— 1I. Institut für Theoretische Physik, Universität Hamburg,
Jungiusstrasse 9, 20355 Hamburg, Germany — 2Theoretical Division,
Los Alamos National Laboratory, Los Alamos, New Mexico 87545,
USA — 3Institute for Molecules and Materials, Radboud University of
Nijmegen, Heijendaalseweg 135, 6525 AJ Nijmegen, The Netherlands
— 4Institute for Theoretical Physics, University of Cologne, 50937
Cologne, Germany
Based on ab-initio calculations we identify possible scenarios for the
Kondo effect due to Co ad-atoms on graphene. For a Co atom absorbed
on top of a carbon atom, the Kondo effect is quenched by spin-orbit
coupling below an energy scale of ∼15 K. For Co with spin 𝑆 = 1/2
located in the center of a hexagon, an SU(4) Kondo model describes
the entanglement of orbital moment and spin at higher energies, while
below ∼ 60 meV spin-orbit coupling leads to a more conventional SU(2)
Kondo effect. The interplay of the orbital Co physics and the pecu-
liar band-structure of graphene is directly accessible in Fourier trans-
form tunneling spectroscopy or in the gate-voltage dependence of the
Kondo temperature displaying a very strong, characteristic particle-
hole asymmetry.

HL 7.2 Mon 10:30 H18
Revivals of quantum wave packets in graphene — ∙Viktor
Krückl1 and Tobias Kramer1,2 — 1Institut für Theoretische
Physik, Universität Regensburg, 93040 Regensburg — 2Department
of Physics, Harvard University, Cambridge, MA 02138, USA
We investigate the propagation of wave-packets on graphene in a per-
pendicular magnetic field. The wave-packet evolution in graphene
differs drastically from the one in an electron gas and shows a rich
revival structure similar to the dynamics of highly excited Rydberg
states [1]. We present a detailed analysis of the occurring collapses,
revivals and fractional revivals analytically as well as numerically. In
order to study the impact of disorder on the effect we apply our novel
numerical scheme to solve the wave-packet propagation on the effec-
tive single-particle Dirac-Hamiltonian of graphene in the presence of
random impurity potentials.
[1] Viktor Krueckl and Tobias Kramer, New J. Phys. 11 093010 (2009)

HL 7.3 Mon 10:45 H18
Externally induced spin relaxation in graphene — ∙Jan
Bundesmann1, Michael Wimmer1,2, and Klaus Richter1 —

1Institut für theoretische Physik, Universität Regensburg, 93040 Re-
gensburg, Germany — 2Instituut-Lorentz, Universiteit Leiden, 2300
RA Leiden, The Netherlands
In the fast growing research field of spintronics graphene seems to be
a promising candidate. From theory weak spin-orbit interaction is ex-
pected in pure carbon-based materials. However, experimental results
and theoretical predictions differ by several orders of magnitude: spin
lifetimes in the experiment are much smaller than, e. g., the ones ob-
tained from recent DFT calculations [1].
In our calculations we will include also externally induced spin-orbit
interactions. Sources for this might be impurities in the substrate or
adsorbed atoms. For this investigation we set up a tight-binding model
for graphene including intrinsic and Rashba-type spin-orbit interac-
tions. By local variation of the Rashba parameter we model systems
with the above introduced sources of spin-orbit interaction and study
spin-orbit effects on quantum transport.

[1] M. Gmitra, S. Konschuh, C. Ertler, C. Ambrosch-Draxl and J.
Fabian; arxiv:0904.3315

HL 7.4 Mon 11:00 H18
Coulomb interaction in graphene: Relaxation rates and
transport — ∙Michael Schütt1, Pavel Ostrovsky2, Igor
Gornyi2, and Alexander Mirlin1,2 — 1Institut für Theorie der
Kondensierten Materie, Karlsruhe Institute of Technology (KIT),
76128 Karlsruhe, Germany — 2Institut für Nanotechnologie, Karlsruhe
Institute of Technology (KIT), 76021 Karlsruhe, Germany
We study electron transport in graphene with Coulomb interaction at
finite temperatures by using Keldysh diagrammatics. In the case of
clean graphene we obtain the total scattering rate, the transport scat-
tering rate, and the energy relaxation rate at the Dirac point. Since the
total scattering rate diverges graphene exhibits a non-Fermi-liquid be-
havior similar to disordered metals. Unlike metals clean graphene has
a finite conductivity due to the Coulomb interaction. For conductivity
we obtain the same analytic behavior as was found using the Boltz-
mann approach [1,2]. We analyze the plasmon spectrum of graphene
and formulate quantum kinetic equations to describe transport in the
crossover between the Coulomb interaction dominated regime and the
disorder dominated regime.

[1] L. Fritz et al., Phys. Rev. B 78:085416 (2008).
[2] A. Kashuba, Phys. Rev. B 78:085415 (2008).

HL 7.5 Mon 11:15 H18
Is it possible to detect edge states in graphene quantum dots?
— ∙Michael Wimmer1, Anton R. Akhmerov1, and Francisco
Guinea2 — 1Instituut-Lorentz, Universiteit Leiden, The Netherlands


