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1. Introduction
• Nonclassical-state generation, e.g., the generation of Schrödinger cat states, is 
an important component throughout experimental quantum science for quantum 
information applications to probing the fundamentals of physics.

• One of the key tools currently investigated for quantum-state generation is 
quantum measurement, e.g., quadrature measurement in quantum optics, whereby 
a quantum state is conditionally created by a combination of Bayesian inference 
and quantum backaction.

• We investigate permutations of quantum nondemolition quadrature measure-
ments and single-quanta addition or subtraction [4] to prepare superposition 
states in bosonic systems.

2. Idea
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4. Mathematical Description
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• Our idea is illustrated by the fol-
lowing simple intuition.  A low-oc-
cupation thermal state has a 
Gaussian Wigner function.  Sin-
gle-quanta addition burns a hole in 
the centre of this distribution.  
Quadrature measurement about 
the origin then cuts a slice that re-
sembles a cat state—a ‘kitten’ 
state.
• In the literature, single-quanta 
subtraction and squeezing has been 
proposed to create approximations 
to cat states.  Our goal is to com-
pare various permutations of quad-
rature measurement or squeezing 
and single-quanta addition or sub-
traction to determine which creates 
the ‘most’ non-classical state and 
which ‘best’ approximates a cat 
state.
• Experiment:  two systems where-
in our protocols are easily imple-
mentable are optomechanics [3, 4] 
and atomic spin ensembles.

FIG. 1.  Example quantum-state generation protocol.

FIG. 2.  Example systems that can implement our proto-
cols.  (a) An optomechanical system: on the left is a 
short cavity for quadrature measurement; on the right a 
long cavity for single-quanta addition or subtraction.  (b) 
An atomic spin ensemble: quadrature measurement is 
achieved via polarization-based homodyne; single-quanta 
addition or subtraction via single-photon detection.

3. Numerical Examples

0 4-4 0 4-4 0 4-4 0 4-4 0 4-4 0 4-4 0 4-4 0 4-4

0

4

-4

0

4

-4

FIG. 3.  Plots of example Wigner functions of states generated by our protocols.

5. Results

• All our protocols are constructed from four basic operations:

We analysie the eight permutations of these operations (shown in Fig. 3).
• All eight protocols may be written in the following general forms:

where n.b.          !  In order for a comparison to be made we set        .
• The tool we use to describe the state is the Cahill function:

• In order to quantify the protocols we use three Figures of merit [5, 6]:

FIG. 4.  Plots of our two measures of nonclassicality, viz.: (a) Wigner negativity; 
(b) nonclassical depth.  We have chosen         .

FIG. 5.  (a) Plot of the fidelity with a cat state for the case      .  (b) Plot of the 
fidelity with a squeezed single-quanta state.
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