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how much can | squeeze light spatially?
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Surface plasmon polariton




Applications

~10nm

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




More applications




Technology perspective




Single-photon sources

Enhancement of light-matter interaction

Akimov et al., Nature 450, 402 (2007) deLeonet a., PRL 108, 226803 (2012)

waveguide

g X l/Aeff



Single-photon switches

Kolchin et a., PRL 106, 113601 (2011)







M any-body quantum dynamics and ssimulation at nanoscale
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Tame et al., Nature Phys. 9, 329 (2013)




Quantum plasmonics

Plasmonic Hong-Ou-Mandel (e
g (e) L oss-tolerant propagation in graphene (t)

Hanson et al., Phys. Rev. A 92, 013828 (2015)
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Di Martino et a., PR App. 1, 034004 (2014)




Quantum plasmonics

Entanglement distillation using a

plasmonic metamaterial (e)
Asano et al., Scientific Reports (2015
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1. LOSS- TOLERANT PROPAGATION
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1. LOSS- TOLERANT PROPAGATION
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1. LOSS- TOLERANT PROPAGATION

Leghtas et al., PRL 111, 120501 (2013)
Mirrahimi et al., NJP 16, 045014 (2014)

- Sunetal., Nature 511, 444 (201
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1. LOSS- TOLERANT PROPAGATION




1. LOSS- TOLERANT PROPAGATION

|deal case parity check isevery




1. LOSS- TOLERANT PROPAGATION

Chen et al., Nanoscale 7, 10912 (2015)
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2. QUANTUM PLASMONIC SENSING

Caves, PRD 23, 1693 (1981)

Rarity et al., PRL 65, 1348 (1990)
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2. QUANTUM PLASMONIC SENSING

- Dowling, Contem. Phys. 49, 125 (2008)
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2. QUANTUM PLASMONIC SENSING

1. Source (fixed number of photons N)
(i) Classical:

(i) Quantum: source measurement
1

INOON) = —=(IN) 4 [0) g + [0) 4 [N) )

V2

2. Phase ¢ picked up in mode A
3. Measurement
(i) Classical: beamsplitter (BS) on modes, then

measurement of intensity difference M=1Ig—1,

- minimum resolution _

‘shot noise’ limit
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2. QUANTUM PLASMONIC SENSING

nanowire
| = 4um
Ao =810 nm
r =50 nm

N=4




2. QUANTUM PLASMONIC SENSING

 When lossisincluded the NOON state is no longer optimal
» Neither isthe measurement operator A

Optimal states

for some set of coefficients c, depending on loss
Dorner et al PRL 102, 040403 (2009)




2. QUANTUM PLASMONIC SENSING

| = 4um
Ao =810 nm
h =50 nm







3. ENGINEERED METAMATERIALS




Quantum optical metamaterials

Roger et a., Nat. Comm. 6, 7031 (2015)

Wang et al., Opt. Exp. 20, 5213 (2012)




Quantum optical metamaterials

3D isotropic: fcc




Quantum optical metamaterials

Zhang, Govorov and Bryant, PRL 97, 146804 (2006)
Ridolfo et al., PRL 105, 263601 (2010)
Waks and Sridharan, PRA 82, 043845 (2010)

H= ﬂo + Him + ﬂdrive

 Hy = hwoa'a + hw,6'6,

- Hiy = ihg(d a + aad),

Hyive = —Eou(Ge™™ + 6" ")

— Eo(x*ae™™ + ya' ") X = —iepy/ 12n€pm hr3




Quantum optical metamaterials

N-1
Ho =) hwyajan,
n=0

N-1
A = ) W@t + ) n#m

nm=0

N-1
Hdn‘w =-Ey Z(X.ane-m +Xazeiwl).
n=(0



Quantum optical metamaterials

beam size ~90 um




Quantum optical metamaterials

Bohren and Huffman,
‘ Absorption and scattering of light by small particles (1983)

Polarizability of individual nanorod:
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Quantum optical metamaterials




Quantum optical metamaterials

before




Quantum optical metamaterials

Abdullah al Farooqui et al., Opt. Exp. 23, 17941 (2015)
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