-

View metadata, citation and similar papers at core.ac.uk brought to you byﬁ CORE

provided by Online Research Database In Technology

Technical University of Denmark DTU
oo

Demonstration of quadrature squeezed surface-plasmons in a gold waveguide

Huck, Alexander; Smolka, Stephan; Krivitsky, Leonid; Lodahl, Peter; Sgrensen, A. S.; Boltasseva,
Alexandra; Andersen, Ulrik Lund

Published in:
Conference abstract series, CLEO/Europe - EQEC

Link to article, DOI:
10.1109/CLEOE-EQEC.2009.5191638

Publication date:
2009

Document Version
Publisher's PDF, also known as Version of record

Link back to DTU Orbit

Citation (APA):

Huck, A., Smolka, S., Krivitsky, L., Lodahl, P., Sgrensen, A. S., Boltasseva, A., & Andersen, U. L. (2009).
Demonstration of quadrature squeezed surface-plasmons in a gold waveguide. In Conference abstract series,
CLEO/Europe - EQEC IEEE. DOI: 10.1109/CLEOE-EQEC.2009.5191638

DTU Library
Technical Information Center of Denmark

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

e Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
e You may not further distribute the material or use it for any profit-making activity or commercial gain
e You may freely distribute the URL identifying the publication in the public portal

If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.


https://core.ac.uk/display/13730802?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://dx.doi.org/10.1109/CLEOE-EQEC.2009.5191638
http://orbit.dtu.dk/en/publications/demonstration-of-quadrature-squeezed-surfaceplasmons-in-a-gold-waveguide(cc563460-4d2f-41d3-9876-bbadaa2ecc33).html

Demonstration of Quadrature Squeezed Surface-Plasmons in a Gold
Waveguide

Alexander Huck,' Stephan Smolka,” Leonid Krivitsky,"> Peter Lodahl,> Anders S. Serensen,’ Alexandra
Boltasseva,” and Ulrik L. Andersen'

Department of Physics, Technical University of Denmark, Building 309, 2800 Kgs. Lyngby, Denmark
’DTU Fotonik, Department of Photonics Engineering, Technical University of Denmark, Orsted Plads 343, 2800 Kgs. Lyngby, Denmark
*Data Storage Institute, Agency for Science, Technology and Research (A-Star), 117608 Singapore
*QUANTOP, Danish Quantum Optics Center and Niels Bohr Institute, 2100 Copenhagen, Denmark

The first experiment demonstrating the quantum optical properties of SPPs was the preservation of entanglement
under plasmon assisted transmission through sub-wavelength holes in a conductor [1,2].

In this contribution we present an experiment demonstrating the generation of non-classical SPPs by exciting
them with a squeezed optical light field generated using a bow-tie shaped optical parametric oscillator operating
below threshold. Free space optics and end-fire coupling are used for the excitation of long-range SPPs (LR-SPPs)
[3] on gold stripes embedded in lossless transparent polymer BCB. The gold stripes have a length, width, and height
of 2mm, 1um, and 14nm, respectively. At maximum, we measure a total transmission of 33.2+0.5% through the
sample. The squeezed vacuum input mode and the LR-SPP output mode are characterized using an optical
homodyne detection system. We employ the maximum likelihood method to reconstruct the density matrices of the
squeezed vacuum input state and the LR-SPP output state. The noise power of the LR-SPP output state as a function
of relative phase is presented in Fig. 1(a). We simulate the impact of the LR-SPP mode by applying a beam-splitter
operation on the squeezed vacuum input mode. The overlap between the calculated output mode and the LR-SPP
mode is evaluated by calculating the Fidelity between the two states, which peaks for a transmission of n1=33%, as
shown in Fig. 1(b). This result is in very good agreement with the transmission measured classically and proves the
validity of the beam-splitter model in the limit of low photon number excitation.
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Fig. 1 (a) Noise variance of the LR-SPP output state calculated from the time resolved data (black solid line) and
from the reconstructed LR-SPP states density matrix (red dashed line). (b) Calculated overlap between the squeezed
vacuum input state and the LR-SPP output state for various transmissions 1 through a beam splitter.

Furthermore, we also demonstrate the excitation of LR-SPP modes with a priori two photon Fock states
generated by spontaneous parametric down-conversion.

In conclusion, we demonstrated the excitation of non-classical LR-SPPs and verified, that the transmission of
LR-SPP modes in a metallic waveguide can be described by a beam-splitter operation.
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