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Introduction 

Barnes, Dereux and Ebbesen, Nature 424, 824 (2003) 
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Gramotnev and Bozhevolnyi, Nature Photonics 4, 83 (2010) 



Introduction 

Fourier reciprocity relation 
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(1) sub-diffraction confinement of light 

(2) sub-wavelength confinement of light 

Takahara et al., Opt. Lett. 22, 475 (1997) 

Dielectric optical fibre 

metal 



Introduction 

   Zia et al., J. Opt. Soc. Am. A 21, 2442 (2004) Takahara, Plasmonic Nanoguides and Circuits (2009) 

~10nm 

Zia et al., Materials Today 9, 20 (2006) 

Atwater and Polman,  
Nature Mat. 9, 205 (2010) 

Kawata, Inouye and Verma,  
Nature Phot. 3, 388 (2009) 

Gramotnev and Bozhevolnyi,  
Nature Phot. 4, 83 (2010) 

J. N. Anker et al.,  
Nature Mat. 7, 442 (2008) 



Introduction 

Akimov et al., Nature 450, 402 (2007) 

Chang et al., Nature Physics 3, 807 (2007) 

Enhancement of light-matter interaction 

Single-photon transistors 

cavity waveguide 

Purcell effect 

Single-photon sources 

de Leon et al.,  
PRL 108, 226803 (2012) 

dielectric metal 
waveguides 



Introduction 
Simulation of many-body interacting  

quantum systems 
Exploring new kinds of 

light-matter quantum systems 

Hybridization of  
optics and quantum electronics 

Gullans et al., PRL 109, 235309 (2012) 
Zuloaga et al., Nano Letters 9, 887 (2009) 

Wu et al., ACS Nano 7, 707 (2013) 
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Experiment 
Demonstrations of quantum properties of SPPs 

•  Transmission entangled photons 
   Altewischer et al., Nature 2002 
 
•  Energy-time entanglement  
  Fasel et al., PRL 2005 
 
•  Quantum superposition  
  Fasel et al., New J. Phys 2006 
 
•  Wave-particle duality  
  Kolesov et al., Nature Phys. 2009 
 
•  On-chip single plasmon detection  
   Heeres et al., Nano Lett. 2010 
 
•  etc!  
 
 
 
•  Number state degree of freedom  
  Di Martino et al., Nano Lett. 2012 
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Di Martino et al., Nano Lett. 12, 2504 (2012) 

150nm 
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7.5um 
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Experiment 

•  g(2)(0) remains unchanged for different lengths 

•  Consistent with a linear loss model: 



Experiment 
Single-photon source excitation 

Zambra et al., Phys. Rev. Lett. 2005, 95, 063602. 

ideal                experiment    

Attenuated laser excitation 

The outcoupled field is found to be 
close to a number state |1> 

Consistent with a weak coherent state |#>  
with mean excitation number of 1.  

ideal                experiment    
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Theory 

Quinten et al., Opt. Lett. 23, 1331 (1998) 

Brongersma et al., Phys. Rev. B 62, R16356 (2000) 

30nm 
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Intel Labs ‘Single-chip Cloud Computer’ (2013) 
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Maier et al., Appl. Phys. Lett. 81, 1714 (2002) 
Maier et al., Nature Materials 2, 229 - 232 (2003) 

 Alù and Engheta, Phys. Rev. B 74, 205436 (2006) 

Maier, IEEE J. Sel. Top. Quant. Elec. 12, 1214 & 1671 (2006) 

Yurke and Kuang, Phys. Rev. A 81, 033814 (2010) 



Theory 

C. Lee, M. S. Tame, J. Lim and J. Lee, Phys. Rev. A 85, 063823 (2012) 



Theory 

E. Waks and D. Sridharan, Phys. Rev. A 82, 043845 (2010) 

J. M. Elson and R. H. Ritchie, Phys. Rev. B 4, 4129 (1971) 

A. Archambault et al., Phys. Rev. B 82, 035411 (2010) 

M. S. Tame et al., Phys. Rev. Lett. 101, 190504 (2008) 

W. Greiner, Classical Electrodynamics, (Springer-Verlag, New York, 1996) 
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Theory 

A. Yariv et al., Opt. Lett. 24, 711 (1999)  
M. Bayindir et al., Phys. Rev. Lett. 84, 2140 (2000)  
M. Notomi et al., Nature Photonics 2, 741 (2008) 

Photonic crystals 

I equivalent plasmonic array size: 



Theory 

D. T. Pegg et al., Phys. Rev. Lett. 81, 1604 (1998) 
K. J. Resch et al., Phys. Rev. Lett. 88, 113601 (2002) 
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Theory 
Dealing with loss in quantum plasmonics 

• Dissipative-driven 
 
 
•  Loss compensation 

• Postselection 

Gullans et al., PRL 109, 235309 (2012) 

Martín-Cano et al., PRB 84, 235306 (2011) 

Berini and De Leon, Nat. Phot. 6, 16-24 (2011). 



Theory 
Postselection 
 
Example: Quantum Cryptography 

loss 

Gisin et al., RMP 74, 145 (2002)  

Loss – affects efficiency 
Eavesdropping/noise – affects quality 



C. Lee, MST, C. Noh, J. Lim, S. A. Maier, J. Lee and D. G. Angelakis, arXiv:1303.5092 (2013). 
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Fano interference: 

Electromagnetic-induced transparency: 

Fleischhauer et al., RMP 77, 633 (2005) 

Miroshnichenko et al. RMP 82, 2257 (2010) 



Theory 

+ = DIR 

Waks and Vuckovic, PRL 96, 153601 (2006) 



Theory 

Bad-cavity: 

m g 
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Review article 

M. S. Tame et al., Nature Physics, June (2013) 
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