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Dimensional parameters of quantum
communication fiber optic corrugated

tubes

Overview
In this work, based on the polarization degree of freedom, we demonstrate high-
fidelity (∼0. ) single-photon transmission and distribution of entangled photons over a
36.4 m hollow- 98 core...

Key Takeaways
Quantum communication fibers, including corrugated or hollow-core designs,
typically feature core diameters from a few microns to tens of microns, cladding
structures engineered for low-loss transmission, and corrugation or anti-resonant
features to minimize mode coupling and maintain high-fidelity quantum state
transfer.

Core and Cladding Dimensions

Quantum communication fibers often use hollow-core or multimode fibers. Hollow-
core fibers (HCFs) guide light through an air-filled core, reducing interaction with
silica and lowering loss. Typical core diameters range from 10 µm to 50 µm,
depending on the wavelength and mode structure, while the surrounding cladding
may include nested anti-resonant tubes or corrugated structures to confine light and
suppress higher-order modes.

The cladding thickness and tube spacing are critical for minimizing attenuation and
maintaining single-mode or few-mode propagation.
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Corrugation and Anti-

Resonant Features

Corrugated or anti-resonant designs involve periodic variations in the cladding or
tube walls, which create a photonic bandgap effect or anti-resonant reflection. These
features help reduce mode coupling, scattering, and loss, enabling high-dimensional
quantum state transmission over long distances. The corrugation period is typically
on the order of the operating wavelength (hundreds of nanometers to a few microns),
while the tube wall thickness is optimized to achieve low-loss windows at specific
quantum wavelengths, such as 934 nm for quantum dots or 1550 nm for telecom
signals.

Modal Properties and High-

Dimensional Transmission

For high-dimensional quantum communication, fibers are designed to support
multiple spatial and polarization modes. Multimode fibers can carry 20 or more
spatial–polarization modes, with modal group numbers and principal modes carefully
engineered to reduce cross-talk. The fiber's orbital angular momentum (OAM) modes
and LP modes are influenced by the core diameter, corrugation geometry, and
refractive index profile, which together determine the fidelity and error thresholds for
quantum state transfer.

Attenuation and Practical Considerations

Typical attenuation in hollow-core fibers ranges from 0. 12 dB/km to 0. 65 dB/km at
quantum wavelengths, significantly lower than standard single-mode fibers at the
same wavelengths.

Corrugated tube designs also allow coexistence of classical and quantum signals
without introducing Raman noise, which is essential for practical quantum networks.
Environmental factors such as bending, temperature, and mechanical stress can
affect polarization and mode stability, so fibers are often deployed with stabilization
techniques or polarization-maintaining designs.

Summary

In practice, the dimensional parameters of quantum communication corrugated fibers
include: Core diameter: 10–50 µm (hollow-core or multimode)Cladding structure:
Nested anti-resonant tubes or corrugated wallsCorrugation period: Hundreds of
nanometers to a few micronsTube wall thickness: Optimized for low-loss windows at
target wavelengthsSupported modes: Multiple spatial and polarization modes for high-
dimensional quantum statesAttenuation: 0. 12–0. 65 dB/km at quantum wavelengths
These parameters are carefully engineered to maximize quantum fidelity, minimize
loss, and enable high-dimensional entanglement transmission over long distances,
forming the backbone of practical quantum communication networks.
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Article Content

Quantum communication across a 250-kilometre optical-fibre network

To meet these demands, we developed a system architecture for coherence-based
quantum communications that relies exclusively on semiconductor components, such
as off-the-shelf

Research briefing Quantum communication 250-kilometre optical-fibre

We are excited about the opportunities that this result creates, and look forward to
exploring innovative quantum applications that use long-range phase stabilization, as
well as

Higher-Dimensional Communications Using Multimode Fibers and

In this report, we limit ourselves to the implementation of input and output passive
optical components, as well as fiber index profiles, to enable better
simultaneous–higher-dimensional

High-fidelity, low-latency polarization quantum state transmissions ...

In this work, based on the polarization degree of freedom, we demonstrate high-
fidelity (∼0. ) single-photon transmission and distribution of entangled photons over a
36.4 m hollow- 98 core...

Quantum Communication with Quantum Dots Beyond Telecom

In this letter, we propose and demonstrate a novel approach using hollow-core fibers
(HCFs) with widely separated low-loss windows to transmit strong classical light at
1550 nm alongside QD single

Optical Fibers With Memory Effects and Their Quantum

In this work we introduce a model of optical fibre that can describe memory effects
for long transmission lines. We then solve its quantum capacity, two-way quantum
capacity, and secret-key

Operating Fiber Networks in the Quantum Limit

Based on our findings we argue for a new approach to optical communication
network design, wherein in-line amplifiers are operated at very low gains and in
conjunction with high-spectral

Effect of Core Geometry on Frequency Correlations and Channel

In this work, we study the impact of core geometry on the frequency correlation
bandwidth of structured wavefronts to elucidate a novel manifestation of
spatiotemporal correlations in wave
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Noiseless and efficient quantum information transmission for fiber ...

To address the issue of channel noise in metropolitan quantum fiber-optic links, we
propose a scheme called dual-channel transferring after interference. This scheme
exhibits immunity

Microstructured optical fibres for quantum applications: perspective

The low loss, low latency and low dis-persion of hollow-core fibres make these fibres
par-ticularly attractive for both short- and long-distance links in quantum networks.
Hollow-core fibres

Reviews on Corrugated Diaphragms in Miniature Fiber

Corrugated diaphragms (CDs) have been widely used in many fields because of their
higher pressure sensitivity and wider linear range compared to

Orbital Angular Momentum States Enabling Fiber-based High-dimensional ...

These results lead to lower power requirements to establish fiber-based
communications links using orbital angular momentum and set the stage for future
implementations of high

Resolving Stiffness Tradeoffs in Simultaneous Pressure and Vibration ...

This article proposes and experimentally demonstrates a corrugated-tube-based fiber-
optic sensor capable of measuring pressure, vibration, or both simultaneously. To
address the limited sensitivity of

LSZH™ Loose Tube, Gel-Free, Corrugated Armored Cable

Corning LSZH™ loose tube gel-free cables are flame-retardant, indoor/outdoor,
suitable for installation in interbuilding and intrabuilding applications. The loose

Long-distance coherent quantum communications in deployed

A twin-field quantum key distribution protocol based on optical coherence is deployed
over a 254-kilometre commercial telecom network, demonstrating that coherence-
based quantum

Microstructured optical fibres for quantum applications: perspective

Long distance quan-tum communication and quantum cryptography could be
achieved by distributing information between local quantum nodes, where
information is generated, pro

The surprising way that fiber optics connects us

A University of Rochester optics expert explains how the thin strands of glass that
transmit light make modern telecommunications possible.
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Influence of geometrical parameters and forced ...

A numerical investigation is performed to study the effects of different geometrical
parameters on the thermal and flow fields through transversely corrugated circular
tubes with
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