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What	about	quantum?
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Quantum	applications
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4.	Active	quantum	metamaterials
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1.	Random	number	generation



Random	numbers	are	useful	in	many	areas	of	
science	and	technology:

Herrero-Collantes and	Garcia-Escartin,	
Rev.	Mod.	Phys.	89,	015004	(2017)

Cryptography Simulation	of	economic	and	
agricultural	models

Coordination	 in	
computer	networksOnline	gaming	and	casinos

‘True’	random	numbers	are	hard	to	generate



Quantum	random	number	generation



ID	Quantique
www.idquantique.com

PCI
1300	euros

USB
1000	euros

Quintessence	labs
www.quintessencelabs.com

Rack	unit

ComScire,	Picoquant,	MPD,	Qutools…

qrng.anu.edu.au
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in	principle	we	can	go	smaller,	unlike	
the	previous	examples

Jason	Francis



raw postprocessed
(recursive	von	Neumann)



NIST	test	suite



Rate	of	single	SPPs	entering	beamsplitter region	 																																												<<

Photon	detection	rate

Impact	of	losses



And	eventually	NV	centre source	and	on-chip	detection

compact LED	source Chip	detection



2.	Quantum	sensing
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‘shot	noise’	limit
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Light	fluctuations
cause	broadening	
of	curve	ΔM=0	
not	possible
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2.	Phase	φ picked	up	in	mode	A



(i)	Classical:

(ii)	Quantum:

BS
,

1.	Source	(fixed	number	of	photons	N)

source measurement

(i)	Classical:	beamsplitter (BS)	on	modes,	then	
measurement	of	intensity	difference	(optimal)

3.	Measurement

(ii)	Quantum:	measurement	of	operator	(optimal)	

àminimum	precision

‘shot	noise’	limit

àminimum	precision

‘Heisenberg’	limit

à

à

A

2.	Phase	φ picked	up	in	mode	A

sensitivity
increases

@hÔi
@�

variance
decreases



N=4

Minimum	 precision:

nanowire
l	=	4um

λ0 =	810	nm
r =	50	nm



When	loss	is	included	the	NOON	state	is	no	longer	optimal
Neither	is	the	measurement	operator	A

Optimal	states

for	some	set	of	coefficients	cn depending	 on	loss

Dorner et	al.,	PRL	102,	040403	(2009)

Optimal	measurement

Hard	to	find	but	we	can	use	the	following	 relation:

FQ – Fisher	 information	
(amount	of	info	about	φ that	state	contains)

and	use

depends	on	state	and	measurement
depends	on	medium	(dielectric	or	plasmonic)

| ini = c0 |0, 4i+ c1 |1, 3i+ c2 |2, 2i+ c3 |3, 1i+ c4 |4, 0i



Quantum	plasmonic sensing	with	definite	photon	 states	is	useful	for	highly	
photosensitive	material	of	which	only	a	small	quantity	is	available

Taylor	and	Bowen,	Phys.	Rep.	615,	1	(2016)
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Continuous	variable	states	for	quantum	plasmonic sensing



3.	Quantum	Metamaterials
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Quantum	optical	metamaterials
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(localized	surface	plasmon)

Nanoparticles	in	quantum	regime
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beam	size	90	μm
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π
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wzℓ

ϵm − ϵd
3ϵd + 3Lii(ϵm − ϵd)

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

Polarizability	of	individual	 nanorod

Alu and	Engheta,	
in	‘Structured	surfaces	as	optical	metamaterials’	(2011)
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Encode
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Measure
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pump

photon	1
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metamaterial Laser	CW	405nm

BBO	crystal





T0
TV	=	0.476	± 0.008
Fp =	0.935	± 0.007

T4
TV	=	0.324	± 0.006
Fp =	0.897	± 0.005



Future	work



Metamaterials

‘Active’	quantum	optical	metamaterials
Atomic	Force	Microscope
manipulation	of	NV	centres

Embed	in	waveguides



Waveguides
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