20254k stxsdst

2| FA|

Multiparty Continuous-Variable Microwave
Entanglement Distribution for Quantum

Telepo

rtation

Abdurrahman Wachid Shaffar and Hyundong Shin
Department of Electronics and Information Convergence Engineering
Kyung Hee University, Yongin 17104, Republic of Korea

Email: hshin

Abstract—We study multiparty continuous-variable quantum
entanglement in a star topology network using open-air mi-
crowave channels. A central node with N Josephson parametric
amplifiers (JPAs) generates two-mode squeezed thermal states
distributed to peripheral parties via 5 GHz microwave links.
Unlike previous studies focused on two-party systems, our work
addresses the need for multiparty connectivity in distributed
quantum computing. We analyze the impact of noise from
multiple JPAs and environmental factors on the fidelity of
teleportation. Our findings show that, even with up to 10 parties
and distances of 400 m, fidelity degrades by less than 0.1%
per party, maintaining quantum advantage (F' > 0.5). Air
thermal noise significantly outweighs source noise, confirming
that multiparty microwave quantum networks are primarily
limited by distance rather than the number of parties. The star
topology’s independent channels help mitigate cumulative noise
issues seen in linear architectures, suggesting that distributed
quantum networks can effectively support 10 or more parties.

I. INTRODUCTION

Recent studies have demonstrated that quantum entangle-
ment can be distributed over open-air microwave links [1],
enabling continuous-variable quantum teleportation directly
at microwave frequencies. This is particularly beneficial for
superconducting quantum systems that operate in this regime.

Most existing research has centered on two-party scenarios,
but practical quantum communication and distributed quantum
computing require multi-user connectivity. Thus, extending
open-air microwave entanglement distribution to /N-party con-
figurations is crucial for scalable quantum networks.

In this study, we investigate an NN-party star-topology
network where a central node (Alice) distributes entangled
microwave modes to multiple peripheral nodes. This config-
uration simplifies link complexity and allows simultaneous
connections among users. However, it also necessitates mul-
tiple Josephson parametric amplifiers (JPAs) as entanglement
sources, introducing additional correlated noise due to finite
squeezing and inter-device interference.

Our analysis focuses on how these noise factors impact
entanglement quality and transmission fidelity as the number
of parties increases, aiming to uncover scalability limits and
performance trade-offs for future wireless superconducting
quantum communication systems.
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II. SYSTEM MODEL AND PROBLEM FORMULATION
A. Network Topology and Architecture

We consider a star-topology quantum network where a
central node (Alice) distributes entanglement to N peripheral
parties via independent microwave links. Alice uses N JPAs
at approximately 50 mK to create N two-mode squeezed
thermal (TMST) state at a frequency of w. = 27 x 5 GHz.
Each party operates at cryogenic temperatures to process
the quantum signals. This star topology is well-suited for
distributed quantum computing, as it prevents channel noise
accumulation that occurs in chain topologies.

Each link has a distance L; with an effective transmissivity
given by

UeH(Li) =1- e_uLi(]- - 77ant)» 1)

where 1 = 1.44x107% m™! represents atmospheric absorption
at 5 GHz. At ambient temperature 7T,;; ~ 300 K, there are
approximately Ny, ~ 1250 thermal photons. For simplicity,
we analyze the case where all L; = L.

B. Noise Model

1) Source noise: Operating N JPAs adds cumulative noise:
(2)

with ng = 0.01 (baseline thermal photons) and dn ~ 0.005
accounting for crosstalk, flux coupling, dissipation, and pump
fluctuations [2], [3] (~0.003-0.01 range).

2) Channel noise: Each link suffers air thermal noise
Ny =~ 1250 and propagation loss via (1).

Neent (N) = ng + dn(N — 1),

C. Teleportation Fidelity Analysis

Covariance matrix terms for party i:

a; = (14 2Nw)ni + (1 4 2ncent) (1 — 1;) cosh(2r),  (3)
Bi = (1 + 2ncent ) cosh(2r), 4
~i = (1 4+ 2ncent) /1 — 1; sinh(2r), (5)
where 1; = net(L;) and r is the squeezing. Fidelity:
2
F; (6)
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Figure 1. (a) Teleportation fidelity F' versus number of parties N for different link distances L. (b) Degradation rate of fidelity per additional party versus

source noise increment dnjpa .

with quantum advantage if F' > 0.5. We analyze how F scales
with N, which noise dominates, and feasible regimes where
F>0.5.

III. RESULTS AND DISCUSSION

We analyze teleportation fidelity using parameters from re-
cent microwave quantum communication experiments: squeez-
ing parameter r = 1, thermal photons ng 0.01 at 50
mK, air thermal photons Ny, = 1250, atmospheric absorption
i = 1.44 x 1075 m~!, antenna coupling 10ss 7y = 0, and
source noise én = 0.005 photons per additional JPA.

Figure 1(a) shows teleportation fidelity versus party number
N for distances of 100m to 400m. Fidelity degrades by less
than 0.1% per party, even at N 10 and 400 m, with
F ~ 0.54 > 0.5. The distance affects performance more than
the number of parties, as thermal noise from air (/Vy, = 1250)
vastly exceeds source noise (0.055 photons for N = 10),
resulting in a ratio of approximately 1:22,700.

Figure 1(b) evaluates sensitivity to source noise dn €
[0.003,0.01]. Degradation is linear with o7, yet remains under
0.2% per party in the worst-case scenario. Shorter distances
are more sensitive due to the larger impact of source noise
when channel quality is high.

The results indicate strong scalability; the network main-
tains a quantum advantage for N < 10 up to 400 m. The star
topology’s independent channels mitigate noise accumulation
seen in chain architectures. With a significant channel-to-
source noise ratio, the focus for network engineering should be
on reducing distance and enhancing antenna coupling rather
than on improving source performance. Overall, multiparty
CV microwave quantum networks can effectively support
distributed quantum computing in campus-scale environments
without significant source-related limitations.

IV. CONCLUSION

We investigated the scalability of multiparty continuous-
variable microwave quantum teleportation networks using a
star topology with independent air links. Our findings show
that teleportation fidelity decreases by less than 0.1% per
additional party, even at distances up to 400m, maintaining
a quantum advantage (F' > 0.5) for N < 10. The main
noise source is air thermal noise, which outweighs cumulative
source noise from multiple JPAs by over 1:22,700. Sensitiv-
ity analysis confirms these results across realistic parameter
variations, indicating that these networks are distance-limited
rather than party-count-limited, suggesting strong scalability
for distributed quantum computing in campus environments.

ACKNOWLEDGMENT

This work was supported by the National Research Founda-
tion of Korea (NRF) grant funded by the Korean government
(MSIT) under RS-2025-00556064, by the MSIT (Ministry of
Science and ICT), Korea, under the Convergence security core
talent training business support program (IITP-2025-RS-2023-
00266615) supervised by the IITP (Institute for Information &
Communications Technology Planning & Evaluation), and by
a grant from Kyung Hee University in 2023 (KHU-20233663).

REFERENCES

[1] T. Gonzalez-Raya et al., “Open-air microwave entanglement distribution
for quantum teleportation,” Phys. Rev. Applied, vol. 18, no. 4, p. 044002,
Oct. 2022.

S. Krinner, S. Storz, P. Kurpiers, P. Magnard, J. Heinsoo, R. Keller,
J. Liitolf, C. Eichler, and A. Wallraff, “Engineering cryogenic setups for
100-qubit scale superconducting circuit systems,” EPJ Quantum Technol.,
vol. 6, no. 1, p. 2, May 2019.

N. Raicu, T. Hogan, X. Wu, M. Vahidpour, D. Snow, M. Hollister,
and M. Field, “Cryogenic thermal modeling of microwave high density
signaling,” arXiv, Feb. 2025.

(2]

(3]

0427



