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Enhanced Interactions Using
Quantum Squeezing
A quantum squeezingmethod can enhance interactions between
quantum systems, even in the absence of precise knowledge of the system
parameters.

ByWei Qin and Franco Nori

S queezed states are an important class of nonclassical
states, where quantum fluctuations can be reduced in
one property of a system, such as position. However, at

the same time, according to the Heisenberg uncertainty
principle, quantum fluctuations increase in the conjugate
property, in this case momentum. The ability to suppress noise
in at least one variable is valuable in a wide range of areas in
quantum technologies. Now Shaun Burd at the National
Institute of Standards and Technology, Colorado, and
colleagues have experimentally demonstrated a
squeezing-based enhancement method that requires no
preknowledge of the system’s parameters [1]. The researchers
use a trapped-ion system (Fig. 1) and show that they can

Figure 1: Photograph of the ion trap used to perform squeezing
procedures on a single magnesium ion.
Credit: D. Slichter/NIST

amplify the motion of the ion using a combination of squeezing
procedures. This experimental research can stimulate other
novel applications of squeezing, for example, in dark matter
searches.

For decades, quantum squeezing has played a central role in
high-precision quantummeasurements, such as
gravitational-wave detection [2, 3] and nondemolition qubit
readout [4–6]. The methods typically involve applying a field or
inserting an optical element that reduces the fluctuations in
one observable. The measurements of this squeezed
observable can beat the standard quantum limit and thus
enable a significant improvement in the detection sensitivity or
the readout signal-to-noise ratio.

In addition to the reduced fluctuations in the squeezed
observable, the amplified fluctuations in the antisqueezed
observable have also attracted intense interest as a way to
enhance a particular interaction [7]. Typically, the interaction
involves a quantum harmonics oscillator, and the squeezed and
antisqueezed observables are the orthogonal components, or
“quadratures,” of the oscillator’s motion. A representative
example is the optomechanical interaction between amass on
a spring and a light field, with the position andmomentum of
the mass being the two quadratures. The strength of that
interaction depends on the amplitude of the quantum
fluctuations in the oscillator’s motion. It is therefore possible to
significantly or even exponentially enhance the interaction
strength by squeezing one quadrature while correspondingly
antisqueezing the other quadrature.

Recent experiments have demonstrated this squeezing-based
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Figure 2: Phase-space representation of the Hamiltonian
amplification of a coherent displacement of a trapped ion. Six
steps are shown, from left to right and top to bottom: squeezing of
position, displacement, antisqueezing of position, squeezing of
momentum, displacement, antisqueezing of momentum. The gray
dotted outlines and the red blobs indicate the phase-space
distributions before and after applying the corresponding
operations. The coherent displacement is ultimately amplified
(black arrow) compared to the nonsqueezed case (red arrow).
Credit: S. C. Burd et al. [1]; adapted by APS/A. Stonebraker

enhancement using trapped ions and superconducting circuits
[8, 9]. However, precise knowledge of the system parameters is
usually required to reach optimal results. For example, in one of
the experiments [8], it was shown that the phase difference
between the squeezing operation and the rest of the system
dynamics must be chosen properly; otherwise, the desired
interaction becomes reduced rather than enhanced.

This preknowledge requirement poses a problem in cases
where the system parameters may be unknown in advance or
vary with time. To address this issue, an approach called
Hamiltonian amplification was proposed [10]. The key idea is
that the time evolution of the system is divided into small steps,
each amplified individually by the squeezing and antisqueezing
operations. In this case, the system Hamiltonian can be
amplified in the absence of precise knowledge of the system
parameters.

Burd and colleagues report an experimental implementation of
this Hamiltonian amplification using a trapped-ion system. The
experiment uses a radial mode of motion of a single magnesium

ion (25Mg+) as a quantum harmonic oscillator, with the ion
being trapped approximately 30 µm above an electrode plane.
As a first demonstration, the researchers moved the ion from
one location to another. Typically, such displacement can be
done bymeasuring the phase of the ion’s oscillations and then
timing when to apply a push in the desired direction. However,
the researchers showed that they can perform a
phase-insensitive displacement using a sequence of squeezing
operations—where each operation involves a time variation of
the electrode potential at twice the motional frequency of the
ion. The team divided the displacement into two steps. In each
step, the displacement push is sandwiched between squeezing
and antisqueezing operations (Fig. 2). The resulting
displacement is enhanced by a factor of 2 relative to the
displacement of the ion without squeezing.

The researchers also demonstrated a phase-insensitive
amplification of an interaction (called a Jaynes-Cummings
coupling) between a qubit and an external degree of freedom.
They first established a two-level qubit state in the
2S1/2 electronic ground-state hyperfine manifold of the
25Mg+ ion, and they coupled this qubit to the ion’s motion via
so-called motional sideband transitions. In order to enhance
the qubit–motion coupling in a phase-insensitive manner, Burd
and colleagues performed a time-slicing technique called
Trotterization, which they combined with their squeezing
protocols. The researchers measured the strength of the
qubit–motion coupling by observing the Rabi oscillations
between the two ion levels, and they found that squeezing can
increase the coupling strength by a factor of about 1.5, relative
to the case without squeezing.

Burd and colleagues used a trapped-ion system, but the
proposed Hamiltonian-amplification procedures are also
suitable for other physical systems, such as superconducting
circuits andmicrowave cavities. Applications that might benefit
from Hamiltonian amplification include quantum computation
and dark matter detection. For example, this techniquemay be
helpful in dark matter axion searches by amplifying the
predicted interaction between axions and photons in a
microwave cavity. Another interesting future direction to
explore is whether Hamiltonian amplification might help
mitigate the problem of single-photon loss, which is the main
source of noise in many quantum systems.
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