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Response function
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Band Edges

Poles of the response function

Real and imaginary part of the poles of the response function as function of the relative 
coupling between nanoparticle “0” and the chain (α).

Maximum excitation transfer?
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What is a virtual state?
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Pole of a non-physical response function

Non-physical sef-energy

Why care?
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Within the passband, the poles of 
the LDOS are the same!!!

They describe the localized-delocalized transition.
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Propagation of the excitation
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Phase diagram

Dynamical phase transitions 
control excitation transfer!!!

At the virtual-localized transition
there is an accumulation of 

states at the passband edge.
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Using DPTs in a concrete plasmonic example.

YES!!
Ag Spheroidal NPs

Dimensions: a=3nm, b=c=10.5nm
Separation d=9nm

Nps modeled as Dipoles 
          => small Nps => size and shape corrections to damping

Dipolar interaction
 => distance/radius not too small

...but...

Near field approximation
=> Small separation
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 Are stronger damping compensated by 
stronger coupling?

Are “needed parameters” within actual limits?
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Using DPT for a Nano-ruler

1 Localized state
1 Virtual state

2 Localized states
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Using DPT to measure local dielectric constant
 and material expansion. 

1 Resonat state

1 Localized state
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Conclusions:

Injection of excitations into waveguides.Injection of excitations into waveguides.
• Contrary to common wisdom, the largest excitation transfer does not occur when the poles of the 
response function present the biggest imaginary part (resonant state) but when a virtual state is 
transformed into a localized state.
• Excitation transfer is controlled by dynamical phase transitions.
• Generality of the model => conclusions applicable to great number of physical situations.

Using dynamical phase transition in plasmonic.Using dynamical phase transition in plasmonic.
• We show that even under realistic conditions, DPTs still provide new tools for plasmonics.
• Three examples were analyzed nano-rulers, dielectric constant sensors, and deformation ano-rulers, dielectric constant sensors, and deformation 
sensors.sensors.

Plasmonic Plasmonic synchronization.synchronization.
•  PPreliminary results shows that it is possible to build synchronized plasmonic circuits. Possible reliminary results shows that it is possible to build synchronized plasmonic circuits. Possible 
applications.... Initialization of plasmonic circuits?....applications.... Initialization of plasmonic circuits?....
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Thanks you very much.Thanks you very much.
References:
[1] Propagation in nanoparticle chain:
a) R. Baer, K. Lopata and D. Neuhausera, Properties of phase-coherent energy shuttling on the nanoscale, J. Chem Phys. 126, 014705 
(2007). b) A. Alú and N. Engheta, Theory of linear chain of metamaterial/plasmonic particles as subdiffraction optical nanotransmission 
lines, Phys. Rev. B 74, 205436 (2006). c) S. Zou and G. Schatz, Metal nanoparticles array waveguides: Proposed structures for 
subwavelength devices, Phys. Rev. B. 74, 125111 (2006). d) V. Markel and A. Sarychev, Propagation of surface plasmons in ordered and 
disordered chains of metal nanospheres, Phys. Rev. B 75, 085426 (2007). e) D. S. Citrin, Coherent excitation transport in metal-
nanoparticles chain, Nano Lett. 4, 1562 (2004). f) [4] M. Quinten, A. Leitner, J. R. Krenn, and F. R. Aussenegg, Electromagnetic energy 
transport via linear chains of silver nanoparticles, Opt. Lett. 23,1331 (1998). 
[2] Localized Excitation:
a) M. Stockman, S. Faleev, and D. Bergman, Coherent control of femtosecond energy localization in nanosystems, Phys. Rev. Lett. 88, 
067402 (2002). b) X. Li and M.I. Stockman, Highly efficient spatiotemporal coherent control in nanoplasmonics on a nanometer-
femtosecond scale by time reversal, Phys. Rev. B 77, 195109 (2008). c) S. Maier, P. Kik, H. Atwater, S. Meltzer, E. Harel, B. Koel, and A. 
Requicha, Local detection of electromagnetic energy transport below the diffraction limit in metal nanoparticle plasmon waveguides , Nature 
Materials 2, 229 (2003). d) G. Colas des Francs and C. Girard, Theory of near field optical imaging with a single fluorescent molecule used 
as a point-like detector, Chem. Phys. 282, 277 (2002). e) [2] A. V. Malyshev, V. A. Malyshev, and J. Knoester, Frequency-Controlled 
Localization of Optical Signals in Graded Plasmonic Chains, Nano Lett. 8, 2369 (2008).
[3] The model:
a) M. L. Brongersma, J. W. Hartman, and H. A. Atwater, Electromagnetic energy transfer and switching in nanoparticle chain arrays below 
the diffraction limit, Phys. Rev. B 62, R16 356 (2000). b) J. V. Hernandez, L. D. Noordam, and F. Robicheaux , Asymmetric response in a 
line of optically driven metallic nanospheres, J. Phys. Chem. B 108, 15808 (2005).
[4] Virtual states and Green function formalism:
A. Dente, R. Bustos-Marún, and H. M. Pastawski, Dynamical regimes of a quantum SWAP gate beyond the Fermy golden rule, Phys. Rev. 
A 78, 062116 (2008). R. A. Bustos-Marun, E. A. Coronado, and H. M. Pastawski., Phys. Rev. B 82, 035434 (2010).


	Página 1
	Página 2
	Página 3
	Página 4
	Página 5
	Página 6
	Página 7
	Página 8
	Página 9
	Página 10
	Página 11
	Página 12
	Página 13
	Página 14

