
Towards non-Gaussian 
nonlinearity



• Cubic Hamiltonian can be used for
implementation of Hamiltonians of higher
order

What is cubic nonlinarity and why do we need it?

[Lloyd and Braunstein, Phys. Rev. Lett. 82, 1784]

(as opposed to quadratic Hamiltonians)



How can cubic nonlinearity be performed?

• Analogue to measurement induced squeezing

• Ancilla-and-measurement-and-feedforward:
[Gottesman et al. , PRA 64 012310 (2001)]



• Unphysical: infinite energy

• Finite energy approximation
– Squeezing can be disregarded, for the moment

• Weak cubic nonlinearity 
approximation

How can cubic state be generated?

• Can be engineered on 
the single photon level





The experimentally generated state



Single photon subtraction on data



• The state is non-classical

– It could correspond to the ideal state + noise

– But does it posses cubic nonlinearity?

• Fidelity is of no use

• We need to look for alternative figures of 
merit

Analysis of cubic behavior



• Virtual application of the gate

• For a set of coherent states       :

Inducing cubic operation



Inducing nonlinearity



Inducing nonlinearity



• Density matrix in position representation

• Looking at the main anti-diagonal:

– Cubic nonlinearity is visible in the imaginary part

Observing cubic nonlinearity directly



Density matrix in position representation



Density matrix in position representation



Summary

• Quantum nonlinearity can be engineered 
photon-by-photon

• We have experimentally prepared a quantum 
state, which is the first step in this direction

– It is a a specific superposition of 0, 1 and 3 
photons

– It is not perfect, but two independent figures of 
merit confirmed its properties as:

• Cubic state with                       displaced in P roughly by 
0.16
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• Interaction between two cantilevers mediated by light

• We are searching for regime allowing a well defined interaction

• Preliminary results - two mode quadrature variances:

Controlled dynamics of a mechanical oscilator

Driving field cantilever

Red – approximation
Blue – full theory
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• During purification, purity and fidelity of qubits can not be increased 
simultaneously [Scientific Reports 3, 1387 (2013)]

• This is not universally true for CV systems:

• The question is: What are the actual conditions?

Limits on deterministic purification of quantum states
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Engineering of Multi-mode non-Gaussian Hamiltonians

Signal 1

Signal 2

Ancillary 
multimode 
state

Gaussian 
operation

Gaussian 
operation

Feed-forward

Feed-forward

Gaussian 
measurements

For  non-Gaussian Hamiltonian H = x1
2x2 this is fairly straightforward and the 

only non-trivial part lies in generating the desired ancillary state. 

We will propose feasible methods of doing so.
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for your attention!


