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Plasmons have two faces … 
Localized surface plasmons (LSPs)  
- Plasmonic resonators/antennas 

Polarizability of a nanosphere: 
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Resonance condition: 
 
 

Localized surface plasmon (LSP) 

( )Re 2m dε ω ε= −  

The scattering and absorption cross sections and the EM field inside 
and near a metal particle are strongly enhanced at the LSP resonance ! 
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Plasmons have two faces … 
Propagating surface plasmons (SPs)  

- Plasmonic waveguides 

- - -+ + + - - - + + + 
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λsp << λ In practice, the SP damping 
 is a very important factor!! 

Fundamentally, SP wavelengths can reach nanoscale! 

Propagation constant: 
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Plasmons have two faces … 
Localized surface plasmons (LSPs)  
- Plasmonic resonators/antennas 
Propagating surface plasmons (SPs)  

- Plasmonic waveguides 
LSPs can be viewed as modes of a Fabry-Pérot cavity 

made by terminating an SP-based waveguide ! 

kgsp E 
⊕ 
H 

Gap surface 
plasmon  

(GSP) modes: 
kgsp ⊕ 

H Single-photon sources can be coupled to 
LSPs (cavities) or  propagating SPs 

(waveguide modes) – two cases! 
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0 

1 

Single-photon sources 

Quantum 
circuitry 

Quantum dipole emitter: two-level atom (QD, NV center,…) 
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Fundamentally, lifetime is ~ 10 ns → the rate of photons is not large enough! 
It can only allow the information processing with the speed of 100 Mbit/s! 

What can be done to decrease the QDE lifetime? 

Increase LDOS near QDE - Purcell factor! 

Two relevant configurations: 
cavities and waveguides 
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0 

1 Quantum 
circuitry 

Quantum dipole emitter inside a cavity:  
3

0
02

3Emission time: , with Purcell factor:
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For conventional (dielectric-based) cavities, fundamentally, the volume can be 
as small (λ/2n)3 whereas the quality factor Q can be as large as 105! 

Does this mean that the rate can be 10 Tbit/s? 

No way! 

Single-photon sources in cavities 
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0 

1 Quantum 
circuitry 

Quantum dipole emitter inside a very good cavity:  
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Out-of-cavity emission rate is diffraction-limited! 

Single-photon sources in cavities 
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Quantum dipole emitter inside a cavity (QM analysis):  
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Optimum cavity does make a difference! 
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Single-photon sources in cavities 
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1 Quantum 
circuitry 

Quantum dipole emitter inside a cavity (QM analysis):  
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Numerical example: 
10 s , 1μm 3 10 s

Diffraction limited performance:
5100; 54Gbit/sopt rateQ B

γ λ ν− −≅ = → ≅ ⋅

≥ ≅

First strong coupling experiments: Q = 8800 Q = 16000 - 20000 

Nature 432, 197 (2004) 

Nature 432, 200 (2004) 

Not much! 

Let us seek the help from plasmonics! 

Single-photon sources in cavities 
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1 Quantum 
circuitry 

Quantum dipole emitter inside a plasmonic cavity:  
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The emission rate in plasmonics is loss-limited! 
maxNumerical example for gold  loss-limited performance: 5.4 bit/srateB T⇒ ≅

100 times better! 

Single-photon sources in cavities 

http://www.sdu.dk/


OSA’17 (Washington, September 20, 2017) Sergey I. Bozhevolnyi 

10-8           10-4           1          104             108  

108 
 
 
 
106 

      
 
 
104 
 
 
 
 

102 
 
 

        
1 

105           104           103               102           10                  1 out
SE

0

γ
γ

Γ =

Diffraction limit 

Photonics Plasmonics 

Rabi limit Rabi limit 

Normalized volume 

Q
ua

lit
y 

fa
ct

or
 

weak 
coupling 

strong 
coupling 

strong 
coupling 

weak 
coupling 

Cavity-enhanced single-photon emission rate: 
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The rate enhancement by plasmonics is larger by 100! 

Single-photon sources in cavities 
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Plasmonic single-photon sources 

Lifetime of 13 ps and ~1900 times SE enhancement are achieved! 
Plasmonics can deliver ultimate emission rates! 

http://www.sdu.dk/
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General configuration: 

Anders L. Pors 

Plasmonic single-photon sources 
Comparison of analytical  

and numerical results: 

Comparison confirmed the validity of the approach developed! 

http://www.sdu.dk/
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Total decay rates and its contributors (ts = 20 nm): 
Main configuration: 

Total decay rate modification for (a) z-directed, (b) x-directed, and (c) isotropically 
oriented QE as a function of QE position in the dielectric spacer in steps of 25.5 nm 
and z = -2, -10, -18 nm of the GSP resonator (t = 50 nm, ts = 20 nm, w = 102 nm) at λ = 
780 nm. 

GSP-based resonators enhance not only free-space SE emission, 
but, depending on the QE position/orientation, also result in 

strong SP emission and SE absorption/quenching! 

Plasmonic single-photon sources 
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Plasmonic single-photon sources 

The cavity length is diffraction-limited – careful comparison 
with GSP configurations is yet to be carried out! 
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Plasmonic single-photon sources 

Sebastian Andersen 

Bright (850 kcps) pure single-photon (g(2) ~ 0.08) 
linearly-polarized sources are demonstrated! 
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Quantum dipole emitter inside a dielectric waveguide 

( ) ( )2 2

0 2

/ 21Emission rate: ,
2

g g
emi wm

wm

n n
F F A

A nn
λ λγ γ β

π π
 = ≅ = ≥ ≤ 
 

ε > 0 
vg 

0 

1 Quantum 
circuitry 

In PC waveguides near band-gap edge ng → ∞, but the effect is of narrow 
bandwidth and with high insertion losses (!), so realistically F < 50. 

Single-photon sources in waveguides 
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Quantum dipole emitter inside a plasmonic waveguide 
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12 15Gold: 6.46 10 Hz, 2.183 10 Hz, 1μm, 130nm, 4 nm ( 1) 150m p p w F nγ ω λ λ≅ ⋅ ≅ ⋅ = ≅ ≅ ⇒ = ≅

Example: 

Purcell factor for SP modes supported by nanowires scales as R-3 (!) 

Purcell enhancement in GSP-based waveguides can be 
enormous, while preserving its broadband (nonresonant) 

nature, but the usage of tapers is strictly required! 

Single-photon sources in waveguides 
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Plasmonic single-photon sources 

gap = 40 nm 

Purcell factor of 100 in GSP-based waveguides has been 
predicted already in the first simulations for 20-nm gaps! 

http://www.sdu.dk/
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Plasmonic single-photon sources 

Purcell factor ~ 9 

Plasmonic waveguides can increase emission rates! 

http://www.sdu.dk/
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Plasmonic single-photon sources 

The combination of the β-factor of 0.42, Purcell factor of 2.3 
along with propagation length of 4.65 μm normalized by the 
operating wavelength of 0.68 μm, makes the demonstrated 
configuration one of the best in terms of FOM (6.6 ± 1.5). 
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Plasmonic single-photon sources 

Hamidreza Siampour 

Quantum plasmonic circuitry is indeed realistic! 
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Plasmonic single-photon sources 

Hamidreza Siampour 

submitted 

This configuration features the β-factor of 0.58, Purcell 
factor of 5 and propagation length of 20 μm, resulting 
together in the (so far) best FOM of 83 (!). 
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Next: experiments with SiV centers 

𝜆𝜆𝑍𝑍𝑍𝑍𝑍𝑍 = 734 𝑛𝑛𝑛𝑛 

ND 

No need for NDs containing only single SiV centers for 
single-photon nonlinear (low-temperature) experiments! 

http://www.sdu.dk/
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Feasibility of X-confined GSPs 

GSP guiding in 25-nm-wide slits is feasible in optical range! 

http://www.sdu.dk/
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Feasibility of CPP-coupled lasers 

GaAs/AlGaAs/GaAs nanowires (EPFL) 
D ~ 400nm   Accurate AFM-based assembly of hybrid NW-VG devices! 

http://www.sdu.dk/
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Feasibility of CPP-coupled lasers 

 Room temperature lasing into tightly confined CPP modes! 
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Outlook 

Bozhevolnyi & Mortensen, “Plasmonics for emerging quantum technologies”, Nanophotonics 6, (2017). 

N. A. Mortensen 
- Asger 
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