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Abstract—The study evaluated the impact of varying the
squeezing parameter on the fidelity of quantum teleportation
using microwave two-mode squeezed thermal (TMST) states as
the entanglement resource. The effect of different squeezing
parameters on the fidelity of teleportation protocol has been
assessed through numerical simulations. The findings revealed
that higher squeezing parameters enhance fidelity at short
distances but result in more rapid degradation over longer
distances due to thermal noise and attenuation in the open-
air microwave channel. Therefore, it is crucial to determine an
optimal squeezing parameter that balances high initial fidelity
with minimal long-range degradation. This optimal value must be
experimentally attainable to ensure the practical implementation
of an efficient quantum teleportation protocol using microwave
TMST states. The insights gained from this study are valuable
for optimizing quantum communication systems in real-world
conditions.

I. INTRODUCTION

Superconducting qubits have emerged as one of the lead-
ing platforms in realizing quantum computers due to their
unique capability for modular and distributed scaling archi-
tectures [1]. That scalability increases further optimism about
the path ahead for quantum computing. Nevertheless, the
vast difference in operational frequencies between supercon-
ducting qubits operating within the microwave spectrum and
the typical frequencies used in current quantum networks
is one of the main obstacles to progress in superconduct-
ing quantum computing, as those frequencies usually lie in
the optical regime [2]. Microwave quantum communication
opens an alternative route to interconnecting superconducting
quantum processors and hence allows for avoiding cumber-
some frequency-conversion mechanisms [3]. One of the most
promising ways is wireless quantum interconnection, where
several quantum computers are connected via quantum WiFi,
considering the omnipresence of microwave frequencies in
classic wireless communications.

Quantum teleportation is essential for distributed quantum
computing and should be efficiently conducted within the
microwave domain to ensure seamless communication be-
tween superconducting quantum systems [2]. This protocol
relies on two-mode squeezed states generated by squeezing
and correlating two coherent modes to produce an entangled
state [4]. In actual applications, however, thermal noise in
the hardware will turn those ideal two-mode squeezed states
into two-mode squeezed thermal (TMST) states, impairing
the overall performance. One critical factor affecting the

generation of TMST is the squeezing parameter, which directly
affects the fidelity of quantum teleportation. The optimization
of this factor becomes urgent since it seriously affects the
performance of teleportation. In this paper, we explore the
dependence of the fidelity in microwave quantum teleportation
on the squeezing parameter using TMST as the resource state.
Numerically studying the effect of changing the squeezing pa-
rameter in the process provides deep insight into teleportation
behavior and will be very helpful for implementing quantum
communication tasks in superconducting quantum computing
networks.

II. THEORETICAL FRAMEWORK

A. Continuous-variable Quantum Teleportation Protocol

Continuous-variable (CV) quantum teleportation involves
transmitting the quantum state of a mode from one party
(Alice) to another (Bob) using a shared entangled resource,
such as a two-mode squeezed vacuum (TMSV) state, and
classical communication. CV quantum teleportation protocol,
based on Braunstein-Kimble protocol [4], typically involves
the following key steps:

• Entangled Resource Preparation: Alice and Bob share
an entangled resource, typically a two-mode squeezed
vacuum state (EPR state).

• State Interaction: Alice combines the input state ρin
with her part of the entangled resource using a balanced
(50:50) beam splitter.

• Bell Measurement: Alice performs homodyne measure-
ments on the resulting modes to measure specific quadra-
tures.

• Classical Communication: Alice sends the measurement
outcomes to Bob via a classical channel.

• Displacement Operation: Bob applies displacement op-
erations to his mode based on Alice’s measurements to
reconstruct the teleported state ρoutB .

B. Two-Mode Squeezed Thermal States

TMST states are fundamental resources in quantum com-
munication and quantum teleportation protocols, particularly
within CV frameworks. A TMST state is generated by apply-
ing squeezing operations to two coherent modes, which are
then subjected to thermal noise inherent in realistic hardware
environments. This process results in an entangled state that



leverages the benefits of squeezing while contending with the
challenges posed by thermal fluctuations

C. Fidelity Calculation

We consider a scenario where the TMST state, serving as
the entanglement resource, is generated by Alice and then
transmitted to Bob through an open-air channel. In this case,
the average teleportation fidelity is calculated based on [5] as
follows:
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with Γeff = 1 − e−αd(1 − Γant) is the effective reflectivity
that takes into account both the environmental factors and the
antenna characteristics, Nc and Ns are the thermal photon
number in channel and source, and r is the squeezing param-
eter. The fidelity is calculated as a function of the distance
d between Alice and Bob, with the attenuation coefficient α
modeling the signal degradation over distance.

III. RESULTS AND DISCUSSION

In our numerical simulations, we have observed the fi-
delity of the quantum teleportation protocol using TMST
states as the entanglement resource. Figure 1 illustrates our
examination of four variations of the squeezing parameter,
specifically r = 0, 1, 2, 3. These values were selected based
on experimental findings in the optical frequency regime,
where squeezing states have reached values around 1.7. Our
findings indicate that the fidelity of the teleportation protocol
is significantly influenced by the squeezing parameter. As the
squeezing parameter increases, the initial fidelity at shorter
distances increases. Greater squeezing intensifies the entangle-
ment between the modes, essential for achieving high-fidelity
teleportation.

Regardless of the squeezing parameter, all curves exhibit
a decrease in fidelity as the distance increases. This decline
is ascribed to thermal noise and attenuation in the open-
air microwave channel, as detailed in Equation (1). The
attenuation coefficient plays a significant role in this decline.
Upon comparing the various curves, it becomes apparent that
fidelity degradation is more pronounced for higher squeezing
parameters. For example, the curve for r = 3 initially displays
the highest fidelity at short distances but also undergoes the
most rapid decline. This indicates that while higher squeezing
enhances initial fidelity, it also renders the system more vul-
nerable to thermal noise over longer distances. Nevertheless,
higher squeezing parameters still result in sustained higher
fidelity over longer distances, such as 100 meters, compared
to the curves with lower squeezing parameters.

The findings offer valuable guidance for the real-world
implementation of microwave quantum communication. In
short-distance scenarios, greater squeezing parameters offer
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Figure 1. Fidelity of quantum teleportation using microwave TMST state
with squeezing parameters r = 0, 1, 2, 3 over a distance.

higher initial fidelity. However, over longer distances, a trade-
off must be struck

IV. CONCLUSION

We evaluated the impact of squeezing parameters on quan-
tum teleportation fidelity using microwave TMST states. Our
analysis shows that higher squeezing enhances short-distance
fidelity but accelerates long-range degradation. An optimal,
experimentally achievable squeezing parameter is crucial for
balancing initial fidelity and long-distance performance, ensur-
ing practical implementation of efficient quantum teleportation
protocols with microwave TMST states.
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