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Quantized EM Fields 
Electric Field is Quantized –

Quadratures Follow Heisenberg’s Uncertainty Principle. 

E(t) =

√

!ω

ϵ0V
E(t) = ϵ0(a(t)

−iωt + a
†(t)eiωt)

E(t) =

√

!ω

ϵ0V
(X(t) cosωt+ Y (t) sinωt)

X1(t) = a(t) + a
†(t)

X2(t) = −i(a(t)− a
†(t))(X(t) cosωt+ Y (t) sinωt)

(X(t) cosωt+ Y (t) sinωt)

[X, Y ] = 2i ∆X∆Y ≥ 1
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Coherent Light 
Laser light is coherent –

Photon number measurements give 
Poisson Distribution

|α⟩ = e
−

|α|2

2

∞∑

n=0

α
n

√
n!
|n⟩

Quantum state reconstruction of classical and nonclassical light and a cryogenic 
opto-mechanical sensor for high-precision interferometry – Breitenbach, Gerd
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Squeezed Light 

Squeezing decreases 
phase/amplitude
noise. 

https://www.rp-photonics.com/img/squeezed_light.png

Quantum state reconstruction of classical and nonclassical light and a cryogenic opto
mechanical sensor for high-precision interferometry – Breitenbach, Gerd
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Breitenbach, Gerd

Quantum Measurement Theory in Gravitational-Wave Detectors - Danilishin, Stefan 
L. et al. Living Rev.Rel. 15 (2012) 5 arXiv:1203.1706 [quant-ph]

Quantum	state	reconstruction	of	classical	 and	nonclassical light	and	a	cryogenic	
opto-mechanical	sensor	for	high-precision	 interferometry	– Breitenbach,	GerdLIGO-G1701433 7



Optical Parametric Oscillator Squeezer 
(SPDC)

532nm

Non Linear 
Crystal

PPTKP

1064nm

H = !ωa
†
a+ !(2ω)b†b+ i

!

2
κ(a†2b− a

2
b
†) P (t) = ϵ0(χ

1E(t) + χ2E2(t) + χ3E3(t) + ...)

1064	seed
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SPDC as a source of squeezed light
• A non-linear crystal behaves like a phase dependent amplifier. 
• Seed crystal with vacuum. 
• The quantum noise gets (de)amplified differently at different phases 

leading to generation of squeezed light thereby different uncertainties 
(Squeezing!). 

LIGO-G1701433 9



Balanced Homodyne Detection 

Squeezed light - Lvovsky, A.I. arXiv:1401.4118 [quant-ph]

ϵ20ηPD((2R− 1)|a2s|+ i
√

R(1−R)(aLOa
†
s − aLOa

†
s) + (1− 2R)|a2LO|
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How does loss affect squeezing?

NEW WAYS TO SQUEEZE : COMPACT INTERGRADED WAVEGUIDE NON-LINEAR DEVICES –
ANDREW WADE FEB 21, 2017
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Waveguide Optical Parametric Oscillator
Setup 

Couple Light into 
Fibers

Mode Matching 

Produce Squeezed 
Light (SPDC)

Phase Matching 

Detect Squeezed 
Light 

Homodyne 
Detection 
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WHY WOPO?

http://www.qi.aei-hannover.de/GEO600 Squeezer

WOPO Squeezer
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It can be a neat and portable squeezer-in-a-
box
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Squeezer Applications 
• Biology - Laser based particle tracking in conjunction with optical 

tweezers (increase sensitivity)

• Squeezers in space - LISA

Biological measurement beyond the quantum limit –
Taylor et al. DOI: 10.1038/NPHOTON.2012.346
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Mode Matching Into Fibers
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1064 nm Beam

77%
efficiency
achieved 
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SPDC and 
Squeezing 
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Non Linear Waveguide

Material Rubidium Infused	PPKTP
Fundamental	Wavelength 1064nm

Harmonic Wavelength 532nm

Fibre Coupling	 Efficiency	 50%

Conversion Efficiency	 1.353%	(at	19.3mW)

Phase	Matching
Temperature	

60.99oC
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Phase Matching (Input Power 19.3mW) 

Phase Matching 
Temperature 
60.99oC
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Homodyne Detection
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InGaAs Photodiode (Excelitas C30665)
• 87% Quantum Efficiency 

• 3mm active diameter

• 1000—1250pF capacitance while unbiased. 400pF capacitance 
when biased at 2V. 
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Photodiode Amplifier 
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Expected Shot Noise
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Major Squeezing Loss– Waveguide Mode 
Waveguide is square. Mode not Gaussian 
(3dB loss in coupling)
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Major Squeezing Loss– Waveguide Mode 
Waveguide is square. Mode not Gaussian 
(3dB loss in coupling)

Cos(x)
Cos(y) Exp(-x)Exp(x)

Exp(-y)
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Mitigation 
• Use a series of objectives after propagating this mode in free space 
• Optimization using FFT Propagation Code. 
• Custom Waveguide Design 
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List of Squeezing Losses 
Component Loss

Waveguide ~50% 

Quantum
Efficiency of 
Photodiode

~13% 

Beam Splitter (3% 
Error)

~6% 

FP-APC 
Connector Loss

~2% 

Waveguide
70%

Beamsplitter
9%

Quantum	
Efficiency	of	
Photodiodes

18%

Connectors
3%
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Further Work 
• Measure shot noise of 1064nm beam.
• Measure squeezing.
• Reduce squeezing loss at waveguide. 
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Thank You 

Questions??
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Supplementary	– ABCD	Propagation

• A Gaussian	beam	at	a	point	can	be	characterised by	the	following	
quantity.	
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Supplementary	– FFT	Propagation
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