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➢ Why (and what is) continuous variable (CV) quantum optics?

➢ Integrated CV quantum photonics: progress to date

➢ Nanophotonic squeezing

➢ (Advertisement!) A bit about Xanadu



Background & Motivation

Encoding quantum information in continuous degrees of freedom 
like “intensity and phase” or field quadratures

Rather than …. Use instead … 



CV quantum toolkit can implement universal quantum computation!

Background & Motivation

Thesis: interesting sampling problems make CV a powerful encoding for 
realistic & useful quantum technologies in the near term



Gaussian Boson Sampling

Gaussian



Why integrate CV quantum devices?

● Passive phase stability

● Scalability

● Power efficiency

● Microresonators

● Ease of mode engineering 

Deterministic generation of CV entanglement: 
two mode squeezing



CV operations on chip



Integrated squeezing: existing work

● Low confinement LiNb waveguides
● 2xPPLN squeezers integrated
● Entanglement and local oscillator 

mixing on chip
● 1.4dB squeezing at end

● OPO above threshold in SiN 
microring resonator

● Intensity difference squeezing: 
bright twin beams

● 1.7dB measured
● First nanophotonic squeezing 

demonstration

6.2cm



Integrated squeezing: what’s missing?

✓

?

X

✓

Low confinement PPLN SiN OPOs above threshold

Nanophotonic system

Quadrature squeezing

Photon counting compatible

Single temporal mode

X
✓

X
X

Wish list for integrated squeezing platform & device



New! Nanophotonic quadrature squeezing

● Silicon nitride microring resonator (~100um 
radius, 800x1000nm cross section) with 
microheater

● Loaded Q ~ 200,000 overcoupled to 75% 
escape efficiency

● Pumped CW below threshold, 0-100mW

● Track SPM frequency shift by tuning laser

● Measure squeezing in composite signal/idler 
mode using bichromatic homodyne

SFWM SPM XPM



New! Nanophotonic quadrature squeezing

Prepare phase-locked pump & 
bichromatic local oscillator

Generate 
squeezing

Homodyne 
detection

“Nondegenerate” 
(two-mode) squeezing
 between signal and idler

Squeezed mode 
has frequency 
support at both 
signal and idler



New! Nanophotonic quadrature squeezing

0.6 dB squeezing  (87% of vacuum 
variance ) -- infer ~1.5dB on chip

Excess anti-squeezing consistent 
with loss

Prepare phase-locked pump & 
bichromatic local oscillator

Generate 
squeezing

Homodyne 
detection



Photon number difference squeezing

● Same microring device as for quadrature squeezing

● Chopped CW pump to avoid detector saturation

● Measure photon statistics using photon number 
resolving transition-edge sensors (TES)

● Expect number difference variance suppressed 
(sub-Poissonian), limited by loss/noise

Variance of the 
per-pulse signal-idler 

photon number 
difference

Loss Mean signal+idler photon 
number



Photon number difference squeezing

Slope 0.8 (~1dB of difference squeezing --  infer 
about 6dB on chip)

Slope 0.99 (coherent state calibration)

Transition edge sensors
(provided by NIST team: S.W. Nam,

T. Gerrits, A. Lita)
Measure >10-fold coincidences

With 100s Hz rates!



Integrated squeezing: what’s missing?

✓

?

X

✓

Low confinement PPLN SiN OPOs above threshold SFWM below threshold

Nanophotonic system

Quadrature squeezing

Photon counting compatible

Single temporal mode

X
✓

X
X

Wish list for integrated squeezing platform & device

✓

In progress - theory
says yes!

✓

✓



Next steps: dual pump for degenerate squeezing

arXiv: 1807.00044v1



About Xanadu

★ ~35 employees full time in Toronto (32 PhDs)

★ Teams focused on hardware, software, business, and 
applications (theory & algorithm development)

★ Cutting-edge photonics lab

★ Hardware: 11 full time
                      (and growing!)
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About Xanadu
We are a full-stack quantum computing startup

www.xanadu.aiWe’re hiring -- contact 
zach@xanadu.ai


