

Metamaterials-based probing weak quantum absorber in coupled three-resonator system with guided wave surface plasmons: sensing or all-optical switching?
Alina Karabchevsky1,2* and Adir Hazan1
1Electrooptics and Photonics Engineering Department, Beer-Sheva 8410501, Israel.
2Ilse Katz Institute for Nanoscale Science & Technology, Center for Quantum Information Science and Technology, Ben-Gurion University of the Negev, Beer-Sheva 8410501, Israel.
*corresponding author, E-mail: alinak@bgu.ac.il
Abstract

Optical switches selectively switch optical signal from switched-on to switched-off.  Compared to the traditional electronic switches, optical switches are not limited by thermal effects or electromagnetic interferences. Here we show metamaterials-based probing of weak quantum absorber in coupled three-resonator system which reveals the signature of optical switching. The polarization dependent probing of molecular overtones excited in a hybrid system tune the state: when the system is illuminated by transverse magnetic polarized light the switch is on while for the transverse electric polarized light the switch is off.
1. Introduction

	All-optical switching allows light controls light through unique optical effects. As the field of optical fiber technology has expanded [1], optical switches have been studied and progressed naturally [2,3] giving rise to new configurations such as optically switchable organic light-emitting transistors [4], sub-femtojoule switches [5], plasmonic bandpass filter thermal switches [6], optical control of antiferromagnetic domains [7], utilizing high-mobility of cadmium oxide for ultrafast polarization-controlled [8], multimodal switching of a redox-active macrocycle molecules state toggle [9] active control of anapole states by structuring the phase-change alloy [10]  ultrafast optical switching of infrared plasmon polaritons in high-mobility graphene [11]. The efficiency of the switch is defined by its size which dictates the number of input and output ports; switching time of reconfiguration from one state to another; propagation delay time; switching energy to turn on the switch; power dissipation during the switching; crosstalk due to the power leakage to other ports; and physical dimensions [2]. Even though the optical fibers are considered as a pivot of conventional optic telecommunication system [1] their role in switching and processing of photonic signals is limited and fulfilled by electronics. Here we report on all-optical switch due to the excitation of molecular overtones in hybrid plasmonic-dielectric configuration. By coupling of photons with the conductive charges at the metal-dielectric interface, plasmonics gives rise to nanoscale optical devices operating at sub-wavelength regime [13]. Hybrid plasmonic-dielectric configuration possesses a unique property to controlling the switch with polarization state of light that allows two different plasmonic modes co-exist while exciting single molecular overtone absorption band. Due to the possibility of developing energy efficient, real-time analyzing, and ultra-compact components at an affordable cost, plasmonics may be the next arrangement in optical communications. Despite the fact that many plasmonics-based applications appeared, such as sensors [14], detectors, modulators, switches, and microwave components, no attempts were done so far to designing all-optical hybrid plasmonic-dielectric switching systems based on effect of excitation of forbidden molecular overtones transitions.
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	Figure 1: (a) Schematic illustration of polarized beam incident the switch. The state ‘off’ is activated when the TE polarized beam hits the switch, (b) the state ‘on’ is activated when the TM polarized light hits the switch. (c) Artistic representation of experimental setup. (d) Mechanism of coupled oscillators.


2. Results and Discussion
Here we study on all-optical switch due to the excitation of molecular overtones in hybrid plasmonic-dielectric configuration. Figure 1 illustrates the concept of the system based on molecular excitation under TE and TM polarized light. In the state ‘off’, Figure 1a, TE polarized light is being transmitted through the medium. Figure 1b illustrates state ‘on’ in which TM polarized light excites molecular overtone transition resulting in a well-defined resonance due to the strong light absorption. Calculated far-field radiation diagrams in subplots Figure 1a and Figure 1b show the directivities for each state. At lower wavelengths however, excited molecular signatures experience different response to the incident light under TE and TM polarizations. 
Figure 1c shows the modeled and tested experimentally system in which polarized incident polychromatic light illuminates the facet of the prism. Thin film composed of silicon on silver is placed on the prism with matching oil. N-Mathylaniline molecule is dripped on the surface of the film together with gold nanorods. Light hits the base of the prism and penetrates through the thin film while exciting the guided modes. Guided modes in turn excite the molecular overtones. The energy transfer occurs between the molecular overtone vibrations to the localized surface plasmon excited in nanorod. We treat the coupling between the guided wave-to overtone-to localized surface plasmon as a system with three coupled oscillators having eigenfrequencies [image: image3.png]k123
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, ω1, ω2 and ω3 coupled together with coupling spring constants k1, k2 and k3 and masses m1, m2 and m3. Figure 1d shows the oscillating mechanism of the system. Oscillator 1 is the guided mode surface plasmon, oscillator 2 is the molecular overtone vibration and oscillator 3 is the localized surface plasmon oscillator. The oscillators requirement is extremely demanding.
3. Conclusions

In summary, we explored the system in which three coupled oscillators are excited. Despite the relatively low oscillator strength of the corresponding forbidden dipole transition in harmonic oscillator approximation we constructed an optical switching system based on polarization depending properties of the plasmon-to-overtone coupled modes. This all-optical switching manifold is realized by excited localized surface plasmons (LSP) which couple to the molecular vibrations overtones. LSP in the system are excited by the extended surface plasmons (ESP) which in turn are excited by the guided modes of a waveguide structure. 
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