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Overview

Qubits : finite dimension → discrete variables

Continuous variables : infinite state spaces

But : 

used to be niche 

Computational 

advantage

Error correction

[MLF+22]

[SER+22]

Also known as qu-modes, bosonic systems

● More general
● Large scale entanglement...Bits :  

Need more theory!



Finite and infinite systems



Computing



Computing

Elementary gates are defined by truth tables



Computing

Quantum “truth tables”



Harmonic oscillators

Energy: 

Height of the ball

+

How fast it’s rolling



Quantum harmonic oscillators

Heisenberg uncertainty principle:

Cannot measure position and velocity at the same time

“circle” instead of a “point”

Energy is quantized!



Quantum harmonic oscillators



Quantum harmonic oscillators

Quantized energy = number of photons



Computing with bosonic systems
(Quantum harmonic oscillators)



Bosonic systems
Bosonic systems appear in many natural and engineered setÝngs

e.g. photonics, circuit QED, trapped ions, cold atoms, ... 

 

They are described by infinite dimensional state spaces.

This gives rise to unique phenomena (and opportunities):
 

Squeezed states of light          Bosonic error correction

Also: gives rise to mathematical complications

Often, simplified, effective descriptions are used. 

Hence the fundamental question :
 

Can we trust such effective 

descriptions to capture 

physical effects?

Yes!

[Sivak et al, Nature 2023]

[Walls, Nature 1983]





Effective descriptions of bosonic systems

• Restricting to specific families of effective 
evolutions

• Used to define continuous-variable 
quantum computers

• Truncating the infinite-dimensional state space to 
a finite effective dimension

• Based for instance on energy bounds

• Necessary to simulate bosonic systems on classical 
and qubit quantum computers

Effective state space Effective dynamics



Continuous-variable quantum computing

A CV (aka bosonic) QC is a device that can apply gates from this set in any order to a set of oscillators

“Logic” gates:

[Lloyd&Braunstein, PRL 1999]



"How many qubits are needed to simulate the dynamics of a system of bosons to a given accuracy?"

(quantum simulation) 

"Are different models of bosonic quantum computers equally powerful?" 

(quantum complexity theory) 

 "Can a universal bosonic computer prepare an arbitrary quantum state?" 

(quantum control)

Natural definition but hard to answer questions such as

Continuous-variable quantum computing

A CV (aka bosonic) QC is a device that can apply gates from this set in any order to a set of oscillators

All answered 

by our work!

“Logic” gates:

[Lloyd&Braunstein, PRL 1999]





Error correction



Why?

Infinite-dimensional space! 

How to exploit?

Mostly developed for qubits

Symmetries!

We have continuous variables

GKP : use latÝces

Solution 2 : error correction! 

Solution 1 : better machines?

0

1

Quantum information : exploit quantum properties

 

Problem : these are quickly lost due to decoherence

 

 

Peter Shor
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Excursus: symmetries for error correction

A (trivial) classical error correcting code: Encode 

A quantum error correcting code?

By linearity

Measure “flips” instead of bits : 

Decode: majority vote.    Ex: Assumption: bits flipped 

independently at random

Code space is stabilized by

Problem: measuring bit values can alter information !

source encode noise decode



Excursus: symmetries for error correction



Playing chess on a moving train
Analogy and figures borrowed from the blog post*: Riding bosonic qubits towards fault-tolerant quantum computation, 

by Ilan Tzitrin, J. Eli Bourassa, and Krishna Kumar Sabapathy

https://www.xanadu.ai/blog/riding-bosonic-qubits-towards-fault-tolerant-quantum-computation

Accumulation of small shifts can 

result in a shifted position:

Correction: re-center pieces

What if the shift is too large?

Correction is ambiguous!



Infinite chessboards

https://www.xanadu.ai/blog/riding-bosonic-qubits-towards-fault-tolerant-quantum-computation

“zero” “one”

1) Each point has definite “position” and “momentum” but these are not defined for the overall superposition

  (any compatible result is possible)

2) Logical states do not overlap

3) Can tolerate “small enough” shifts



Open questions (my work)

https://www.xanadu.ai/blog/riding-bosonic-qubits-towards-fault-tolerant-quantum-computation

1) How do we prepare such states in practice?

2) How do we use more oscillators to tolerate larger shifts?

3) How do we perform (quantum) logic gates? 



Open questions (my work)

1) How do we prepare such states in practice?

2) How do we use more oscillators to tolerate larger shifts?

3) How do we perform (quantum) logic gates? 


	Can effective descriptions of bosonic systems be considered com
	Slide 2

