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Towards All-Quantum Optical Signal Processing in Futuristic Quantum Internet
Communication Systems and Data Networks

The advancement of quantum communication systems, networks, computers, and machine learning in the
futuristic quantum internet will hinge on the development of all-quantum signal processing techniques,
where quantum principles govern every step from transmission to reception. Implementing these techniques
in large-scale, complex networks presents significant challenges due to the diverse range of optical and
photonic devices and subsystems involved. The central difficulty lies in preserving the quantum nature of
light's state to retain its quantum advantages while transitioning between devices with varied functionalities.
This talk will explore the potentials of all-quantum processing to harness quantum properties such as
superposition, entanglement, and teleportation. | will also showcase examples of successful applications of
all-quantum signal processing in long-distance communication and multi-access networks, demonstrating its
promise for the future quantum internet. Finally, the discussion will cover the critical role of quantum
memory and emerging technologies like quantum machine learning in overcoming the challenges of
integrating quantum technology into the existing network infrastructures.
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llluminating the World: The Transformative Role of Photonics

Photonics, the science of light generation, manipulation, and detection, has become a cornerstone of modern
innovation, reshaping industries and enabling new paradigms in science and technology. Light-enabled
products and related services—such as cloud computing, streaming, and e-commerce—now account for over
15 percent of the global gross domestic product (GDP), equating to approximately $16 trillion USD in 2023.
The global annual revenues from the production of optics and photonics core components reached $368
billion in 2022, reflecting a remarkable 26 percent growth since 2020 and outpacing the global GDP growth
of 18 percent during the same period. Additionally, the photonics industry employs over 1.25 million people
worldwide, underscoring its economic and societal impact. As we stand on the threshold of a photonics-
driven era, this talk will illuminate the scientific, technological, and economic contributions of photonics,
showcasing its vital role in building a brighter, more sustainable future.
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X(2)-induced artifact overwhelming the third-order signal in 2D Raman-THz spectroscopy of non-
centrosymmetric materials

Hybrid two-dimensional (2D) Raman-THz spectroscopy is a novel spectroscopic technique used to study the
dynamics and coupling of low-frequency vibrational modes in the THz frequency region (0.1-10 THz) [1-4].
Recently, we demonstrated that this technique can reveal low-frequency anharmonic couplings in liquid and
crystalline B-phase of bromoform [2, 4]. In this work [5], we present our measured 2D Raman-THz data for
an x-cut beta barium borate (BBO) nonlinear crystal. Through comprehensive data analysis, we demonstrate
that a x(2)-induced artifact, arising from imperfect balancing in the conventional electro-optic sampling
detection scheme, contributes significantly to the measured signal in 2D Raman-THz spectroscopy of non-
centrosymmetric materials. More importantly, we show that this artifact can be effectively suppressed by
implementing a special detection scheme [6]. We successfully isolate the desired third-order nonlinear
response, revealing a distinct cross-peak feature, whose frequency position suggests the presence of
phonon—phonon coupling within the BBO crystal. Our study emphasizes the critical significance of
considering secondorder nonlinear responses when conducting 2D THz experiments involving non-
centrosymmetric samples.
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