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Abstract

We proposed a measurement technique, that enables detection of nonlinear squeezing in a multimode structure of light without
the need of full tomography of the state. The nonlinear squeezing shows a non-Gaussianity of quantum states of a continuous

nature. Thus, our scheme opens the door for exploring the multimode light in this interesting quantum regime.
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Introduction

Elements in quantum optics can be divided into two
groups, Gaussian and non-Gaussian. The former,
as Gaussian squeezed states or homodyne measure-
ment have Gaussian statistics, can be considered ex-
perimentally accessible and their application ranges
from quantum information processing to gravitational
wave measurements [1, 2]. On the other hand, non-
Gaussian elements still remain challenging and simul-
taneously have a great potential in quantum comput-
ing and quantum technologies. Their possibly nega-
tive quasiprobabilities manifest quantumness in the
most pronounced way.

Another possible division of quantum optics is to sin-
gle mode and multimode. Many quantum informa-
tion theory concepts were originaly considered sin-
gle mode, however now we are approaching a stage
in which the state of the art projects explore tam-
ing and utilizing the natural multimode character of
light.

In our presented work, we explore the non-Gaussian
properties in the multimode regime and show, how
Gaussian homodyne measurement can be used to de-
tect the multimode non-Gaussianity without the need
of full tomography of the state of light.

Nonlinear squeezing...

The space of non-Gaussian states is infinite dimen-
sional and thus is of an infinite complexity. Many
approaches explore it from the point of view of dis-
crete particles of light [5, 3, 8]. We are developing a

concept of nonlinear squeezing, which is of a contin-
uous nature. It is a noise suppression in nonlinear
combination of observables and it has an advantage
of operational meaning. States possessing nonlinear
squeezing are a resource for measurement induced
cubic operation [10], a basic building block of con-
tinuous variable quantum computing. Moreover the
nonlinear squeezing characterizes a class of states in
the non-Gaussian space and gives us an insight into
behaviour and increase of complexity when working
in the non-Gaussian space [7].

Figure 1: Quasiprobability distribution Wigner
function of a quantum state of light with nonlinear
squeezing. It follows parabola and has a croissant-like
shape.
Nonlinear squeezing is defined as a noise suppression
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of a nonlinear combination of quadrature operators

ξ(z)ρ =
varρ(p+ zx2)

minG var(p+ zx2)
. (1)

Contrary to the Gaussian squeezing the comparison
is not to vacuum fluctuations but to the best possible
noise suppression possible by Gaussian states. This
is motivated by the insufficiency of solely Gaussian
states for quantum computing [9] and it ensures that
nonlinear squeezing defined in this way can be used
to quantify non-Gaussianity.

...in a multimode regime

Light naturally has a multimode structure, for ex-
ample a pulsed light spans many frequency modes.
This rich structure has a potential to be utilized and
broaden the information capacity we use [4].

To prepare nonlinear squeezing a photon subtraction
can be used [6]. It is a process, when a single quanta
of energy is added to a laser light. This operation can
be done in a multimode way [12]. If implemented in
a suitable regime, the outcome is a statistical mix-
ture of states with nonlinear squeezing in different
modes. On the other hand if the nonlinear squeez-
ing is prepared in one mode, but measured in a dif-
ferent mode basis, the resulting state has nonlinear
squeezing coherently spread among the modes. In
both cases, when detecting only one of the modes,
the nonlinear squeezing decreases with the number of
modes involved or when decreasing overlap between
the mode of preparation and the mode measured one.

In Fig. 2, a nonlinear squeezing that can be mea-
sured in one mode of a two mode photon added
state is plotted. We see, that the nonlinear squeez-
ing ξ(z) < 1 is present only for high probability p of
the nonlinear squeezing in the measured mode.

Figure 2: Nonlinear squeezing and purity of a two
mode state prepared by photon addition to a coherent
state as a function of the probability p of the mea-
sured mode in the mixture.
Fortunately, the information from other modes is
in principle also accessible. Moreover the trans-
formation between mode basis is linear and thus

can be performed on data. There is also a possi-
bility to recover nonlinear squeezing from statistics
of homodyne measurement of a rotated quadra-
ture x̂(θ) = x̂ cos θ + p̂ sin θ under four angles
θ = (0, π/2, π/4,−π/4) [11]
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Alltogehter we have all the pieces of puzzles needed
for a detection of the multimode nonlinear squeezing
by homodyne detection shown in Fig. 3.

Detection of the multimode non-
linear squeezing by a homodyne
measurement

The whole scheme is illustrated in Fig. 3. First
a photon subtraction is performed and creates
the nonlinear squeezing either in a mixture of
many modes or coherently spread among some
mode basis. Secondly, the light is multiplexed
and in some basis (in the picture it is the ba-
sis of frequency pixel modes) measured by a
homodyne measurement under four angles.

Figure 3: Scheme [13] showing the preparation of the
nonlinear squeezing by a photon addition, followed by
multiplexing of the measurement and post-processing
of the measured data.
Finally, the measured statistics are transformed by a
linear transformation V ,

⃗y(θ) = V x⃗(θ), (3)

where the vector contain quadratures of the measured
modes. The transformation is optimized in order to
maximize the measured nonlinear squeezing. The
transformation plays a role of mode basis change and
brings us to a mode in which the nonlinear squeez-
ing is maximal. Moreover, as it is linear, it cannot
impose any false non-Gaussianity to the results.
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In the case, when the nonlinear squeezing is coher-
ently spread among many modes, this procedure re-
covers it fully. In the case of mixture, it expands the
area of parameters, where the nonlinear squeezing
is detectable [6]. In Fig. 4, we can see the nonlin-
ear squeezing detected by our scheme in the case
of two mode photon addition. In comparison to
Fig. 2, we can see, that now the nonlinear squeez-
ing can be detected for all values of probability p.

Figure 4: Nonlinear squeezing identified by our de-
tection scheme in the case of two mode photon added
coherent state. The yellow line highlights the nonlin-
ear squeezing of a single mode.

Conclusiones

We discussed the possibility of nonlinear squeez-
ing preparation by photon addition and proposed
a scheme of measurement and data post processing
that enables detection of nonlinear squeezing in the
multimode regime. Moreover, our scheme uses homo-
dyne measurement, which is currently available and
does not require the full tomography of the quantum
state.
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