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Continuous Variables QC

Infinite dimensional Hilbert spaces and real-valued operators.

Typically modes of the electromagnetic field.

Physics-inspired and experimentally motivated:

Efficient measurement devices with homodyne 
detection.

Deterministic generation.

Large scale: ≤10 qubits (IBM, Google…) vs up to ~106 

entangled modes (Paris, Charlottesville, Tokyo).
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kind of boundaries between classical and quantum states [Zurek03]. The negative regions are
precisely what prevent the Wigner function from being regarded as a true probability distribu-
tion in phase space. It is not possible to explain these regions based on a “classical” description
of the corresponding physical system hence they are the signature of quantum effects. This idea
has been extended to the framework of QC in [Mari12]: they showed that Quantum Compu-
tations based solely on everywhere positive Wigner functions could be efficiently simulated by
classical computers.

The Wigner functions of some of the previously mentioned CV quantum states are plotted
in Figure II.2. Notice the negative regions for the Schrödinger cat and single photon states
II.2c and II.2d. These states indeed can only emerge from a quantum description of a harmonic
oscillator. Though squeezed states also bear the signature of a quantum behavior by beating
the shot noise limit in one quadrature their Wigner functions II.2b remain everywhere positive.

(a) (b)

(c) (d)

Figure II.2: Some examples of Wigner functions. (a) is the vacuum state, i.e. a coherent state
with ↵ = 0; (b) is a momentum squeezed vacuum state of momentum variance �p̂2 = 1/12,
corresponding to approximately 7.8 dB of squeezing; (c) is a Schrödinger cat state of the form
|↵i+ |�↵i, with ↵ = 2.5; and (d) is a single photon Fock state. Notice in particular the negative
regions for the last two states.

II.2.3 Homodyne detection

The most common Gaussian measurement in CV quantum information is homodyne detection,
consisting of the measurement of a quadrature (q̂ or p̂) of a bosonic mode. It is eventually
modeled as a projection on the infinitely squeezed quadrature basis |pi hp|. More precisely it
works as follows [Braunstein05].

The idea is to mix on a 50/50 beamsplitter (BS) the state to be measured with a local
oscillator, i.e. a coherent state with a large photon number and a well-defined phase (see

Wigner function of 
a momentum 
squeezed state.
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Gates are expressed in terms of polynomial functions of the 
quadrature operators, for instance:

An entangling gate reads: CZ = exp(iq̂1 ⌦ q̂2)

Displacements gates: X(s) = exp(�isp̂), Z(t) = exp(itq̂)

Fourier transform: F = exp
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The goal is to show a quantum advantage without building a full 
quantum computer.

Identify specific classically hard problems that can be solved 
efficiently using a dedicated quantum device, weaker than a 
universal quantum computer.

4

But first… what is Universal QC in CV?

We need qubits!

BosonSampling for instance
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Just a few drawbacks:

7

GKP states Finite set of CV gates+

Fault Tolerant Universal Quantum Computer

Very different from what is actually done in labs.

Producing GKP states is extremely challenging.
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We can actually come up with a computational model that does 
not explicitly include GKP states.

Using a protocol by Vasconcelos et al., Opt. Lett. (2010), cat states can be 
used to produce approximate GKP states.

The protocol is probabilistic.

It relies on squeezers and beamsplitters, and better quality of the 
approximate GKP states implies consuming more cat states.

STEP I:

These operations can all be generated from a finite set of gates composed 
of the Fourier transform and gates of the form:

exp (ir1q̂1q̂2) , exp
�
ir2q̂

2
�



Universal CV QC 

9

STEP II:



Universal CV QC 

9

Coherent statesSTEP II:



Universal CV QC 

9

Coherent states

+
Cross Kerr interaction

exp (itn̂1n̂2)

STEP II:



Universal CV QC 

9

Coherent states

Cat states+
See e.g. Vitali et al., Appl. Phys. B (1997).

Cross Kerr interaction

exp (itn̂1n̂2)

STEP II:



Universal CV QC 

9

Coherent states

Cat states

And the cross Kerr interaction can also be approximated using a finite set 
of gates:

+
See e.g. Vitali et al., Appl. Phys. B (1997).

exp (is1q̂1q̂2) , exp
�
is2q̂

2
�
, exp

�
is3q̂

3
�

… and the Fourier transform.

Cross Kerr interaction

exp (itn̂1n̂2)

STEP II:



Universal CV QC 

9

Coherent statesFinally:

Coherent states

Cat states

And the cross Kerr interaction can also be approximated using a finite set 
of gates:

+
See e.g. Vitali et al., Appl. Phys. B (1997).

exp (is1q̂1q̂2) , exp
�
is2q̂

2
�
, exp

�
is3q̂

3
�

… and the Fourier transform.

Cross Kerr interaction

exp (itn̂1n̂2)

STEP II:



Universal CV QC 

9

Coherent states Finite set of CV gates+Finally:
All diagonal in the position basis 
but the Fourier transform

Coherent states

Cat states

And the cross Kerr interaction can also be approximated using a finite set 
of gates:

+
See e.g. Vitali et al., Appl. Phys. B (1997).

exp (is1q̂1q̂2) , exp
�
is2q̂

2
�
, exp

�
is3q̂

3
�

… and the Fourier transform.

Cross Kerr interaction

exp (itn̂1n̂2)

STEP II:



Universal CV QC 

9

Coherent states Finite set of CV gates+

Fault Tolerant Universal Quantum Computer 
(probabilistic)

Finally:
All diagonal in the position basis 
but the Fourier transform

Coherent states

Cat states

And the cross Kerr interaction can also be approximated using a finite set 
of gates:
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Momentum-squeezed input states.

Homodyne detection of the momentum 
quadrature.
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Hamiltonian evolution function of the position 
operators, also includes non-Gaussian gates.

Momentum-squeezed input states.

Homodyne detection of the momentum 
quadrature.
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Contains all gates diagonal in the position basis… only the 
Fourier transform is missing!
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finite squeezing      for the input states.�

More details in Douce et al., PRL (2017)
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STEP I: RECOVERING THE FOURIER TRANSFORM.

However noise makes it more challenging.

squeezing decreases with the protocol.

finite resolution turns the quantum state into a mixed 
state.

If the outcome is 0 then the Fourier transform is implemented.

postselecting on 0 is possible thanks to the finite resolution.
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STEP II: RECOVERING FAULT TOLERANCE.

Menicucci PRL (2014): MBQC in CV with finite squeezing and GKP 
states is fault tolerant.

13

Main idea: combine the GKP code with a layer of DV error correction.

We extend it to include finite resolution and the 
approximate GKP states.

Postselection makes the generation of approximate GKP states 
deterministic.

So postselected CVIQP circuits are as powerful as a 
postselected fault tolerant universal QC.
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STEP III: POSTSELECTION AND CLASSICAL SIMULATION.

Suppose that CVIQP circuits can be efficiently simulated 
classically with high accuracy.

It would imply a collapse of the Polynomial Hierarchy to its third 
level. 

INCONCEIVABLE! 

Postselection on this classical device makes it as powerful as a 
postselected fault tolerant universal QC.

Reductio ad abusrdum: the original assumption was wrong and CVIQP is 
hard for classical computers.
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CONCLUSION:
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Using a new approach to Universal QC in CV, we showed 
that this model could not be efficiently simulated 
classically (unless the Polynomial Hierarchy collapses).

We defined a model for Instantaneous Quantum 
Computing in CV.
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Find noise-dependent conditions for efficient classical 
simulation of the model.

THANK YOU!!!

Design a CV-based verification protocol for the model.

Refine the model to get even closer to experimental 
capabilities


