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Quantum entanglement, one of the key resources for
quantum information processing, can be deterministically
generated in a scalable manner in continuous variable (CV)
optical systems [1]. However such CV entangled states
typically display Gaussian statistics, which limits theiruse
for quantum computing [2]. It is experimentally feasible to
overcome this problem by subtracting photons from multi-
mode Gaussian states, and thus make them non-Gaussian
[3]. In the present contribution we use techniques from
quantum statistical mechanics [4] to develop a new char-
acterisation scheme for suchmultimode photon-subtracted
states of light. Our aim is to characterise non-Gaussian
properties of these states by ideally measuring only a small
number of observables.

In the CV regime it is natural to associate a2m-
dimensional phase space to anm-mode system. The ob-
servables acting on this phase space are the field quadra-
tures,Q(f), which fulfil the general commutation relation
[Q(f), Q(g)] = 2i(f, Jg). Heref andg are arbitrary vec-
tors in the optical phase space, andJ is a matrix which rep-
resents the symplectic structure.

The states which we consider are non-displaced Gaussian
states,ρG, from which a single photon is subtracted in a
mode-selective way [3]. Such a photon-subtracted state can
be described by

ρ =
1

tr{a†(g)a(g)ρG}
a(g)ρGa

†(g), (1)

wherea(g) is the annihilation operator for a specific mode
g. The normalisation factortr{a†(g)a(g)ρG} is directly re-
lated to the success probability for heralding a photon.

To analyse these states, we studytruncated correlation
functions [4], 〈Q(f1) . . . Q(fν)〉T . These quantities are par-
ticularly useful in the present context because forany Gaus-
sian state, we find that

〈Q(f1)Q(f2) . . . Q(fν)〉T = 0, for ν > 2. (2)

In other words, for any non-Gaussian state we can find
non-zero truncated correlations for orders higher than two.
The centrepiece of this work is to analyse the behaviour of
these truncated correlations for the photon-subtracted states
as given in (1), and to investigate schemes by which they
can be extracted from experiments.

The initial Gaussian stateρG is fully characterised by its
covariance matrix V . However, the subtraction of a photon
induces additional correlations, which is already apparent in
the second-order truncated correlation functions

〈Q(f1)Q(f2)〉T = (f1, V f2) + i(f1, Jf2) +Ag(f1, f2).
(3)

The functionAg, which describes the induced correlations
between pairs of modes, depends strongly on the modeg

from which the photon was subtracted.
Our key result is that this functionAg also describes all

higher order truncated correlation functions. For example,
one obtains that

〈Q(f1)Q(f2)Q(f3)Q(f4)〉T

=−Ag(f1, f2)Ag(f3, f4)

−Ag(f1, f3)Ag(f2, f4)

−Ag(f1, f4)Ag(f2, f3),

(4)

which is in general non-zero.
We will present thegeneral analytical expression for the

functionAg, which can be applied to any photon-subtracted
Gaussian states for which condition〈Q(f)〉T = 0 holds.
Moreover, we elaborate on the role of these truncated cor-
relation functions as anexperimentally feasible tool to cer-
tify that the state cannot be represented by any mixture of
Gaussian states. Finally, we analyse properties of the state’s
Wigner function through our understanding of the truncated
correlation functions.
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Ralph, J. Shapiro, and S. Lloyd, “Gaussian quantum infor-
mation”, Rev. Mod. Phys.84, 621 (2012).

[3] V. A. Averchenko, V. Thiel, and N. Treps, “Nonlinear photon sub-
traction from a multimode quantum field”, Phys. Rev. A89,
063808 (2014).

[4] A. Verbeure, “Bose systems” inMany-Body Boson Systems
(Springer, London, 2011).


