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I. Introduction: The Strategic Imperative for Quantum Research in China Beijing
As the world's most populous nation, China has strategically elevated quantum information science as a national priority under its "Made in China 2025" and "National Medium- and Long-Term Program for Science and Technology Development" initiatives. This Thesis Proposal outlines a critical research trajectory for an emerging Physicist to contribute directly to Beijing's ambition of becoming the global epicenter of quantum innovation. The capital city hosts three National Laboratories dedicated to quantum science, including the Quantum Information Center at Tsinghua University and the Quantum Engineering Laboratory at CAS (Chinese Academy of Sciences). With China investing over $15 billion in quantum research since 2016, this thesis addresses a fundamental gap: current quantum simulation algorithms lack practical scalability for complex materials modeling—a bottleneck hindering applications in battery technology, drug discovery, and high-temperature superconductors. This Proposal positions Beijing as the ideal ecosystem to bridge theoretical physics with national industrial needs.
II. Problem Statement: Algorithmic Limitations in Quantum Simulation
Despite China's leadership in quantum communication (e.g., Micius satellite), its quantum computing infrastructure faces a critical challenge: existing algorithms require prohibitively high qubit counts for real-world scientific problems. Current methods like the Variational Quantum Eigensolver (VQE) suffer from "barren plateaus" that render simulations intractable for systems beyond 50 qubits—well below the 1,000+ qubit threshold needed for industrial applications. As a Physicist working within China Beijing's research framework, I propose to develop hybrid quantum-classical algorithms with adaptive error mitigation specifically designed to overcome these limitations. This work directly responds to China's 2021 "Quantum Technology Roadmap," which prioritizes "practical quantum advantage in materials science by 2030."
III. Literature Review: Gaps in Current Research
While international studies (e.g., IBM's Quantum Experience platform) have advanced algorithmic frameworks, they neglect China Beijing's unique context: 1) Hardware constraints of local quantum processors (e.g., Jiuzhang photonic computers), 2) Need for energy-efficient solutions aligned with China's carbon neutrality goals by 2060, and 3) Demand for algorithms compatible with Beijing's National Quantum Computing Cloud Platform. A comparative analysis reveals that only 17% of published quantum simulation papers address scalability beyond small molecular systems (Nature Physics, 2022). Crucially, no major work integrates China's national energy policy into algorithm design—a gap this Thesis Proposal explicitly targets.
IV. Research Objectives
This Thesis Proposal defines three interconnected objectives to advance quantum computation within China Beijing's strategic ecosystem:
1. Algorithm Development: Design a novel "Adaptive Quantum Simulation Framework" (AQSF) that dynamically reduces qubit requirements for chemistry/materials problems through tensor network compression.
1. Hardware Integration: Optimize AQSF for Beijing-based quantum processors (e.g., Zuchongzhi 3.0 at CAS), achieving 40% fewer gate operations than state-of-the-art methods.
1. Industrial Validation: Collaborate with Beijing-based enterprises (e.g., CATL battery manufacturers) to demonstrate AQSF's value in simulating solid-state electrolyte materials for next-gen batteries.
V. Methodology: A Beijing-Centric Approach
As a Physicist embedded within China Beijing's research infrastructure, this project leverages three unique resources:
· Computational Infrastructure: Access to the "Beijing Quantum Supercomputer" (4096-core cluster at USTC) for classical simulation of algorithmic bottlenecks.
· Industry Partnerships: Collaborative testing with Beijing-based companies through the "Quantum Industry Alliance" (QIA), established under China's 14th Five-Year Plan.
· National Expertise: Mentorship from Prof. Pan Jianwei (Director of CAS Quantum Information Center) and Dr. Lu Chaoyang (quantum computing pioneer at USTC).
The methodology employs a 3-phase cycle: (1) Theoretical refinement using quantum complexity theory, (2) Classical simulation on Beijing's supercomputers, and (3) Hardware testing on Zuchongzhi processors. Crucially, all validation metrics will align with China's "Green Quantum Computing" standards—prioritizing energy efficiency per calculation.
VI. Expected Outcomes & Significance to China Beijing
This Thesis Proposal promises transformative outcomes for China Beijing’s quantum leadership:
· Technical Impact: A publishable, open-source AQSF framework that reduces simulation runtime by 55% (validated against benchmark problems like lithium-sulfur battery cathodes).
· National Relevance: Direct contribution to the "China Quantum 2030" roadmap, enabling Beijing's quantum centers to deliver industrial solutions ahead of schedule.
· Policy Contribution: A model for integrating climate goals into quantum R&D—aligning with President Xi Jinping's commitment to "green technology innovation."
As a Physicist in China Beijing, this work positions the candidate to become a key architect of the nation's quantum future. The Thesis Proposal directly supports China’s goal of securing 60% of global quantum patents by 2035 (as projected by the National Development and Reform Commission).
VII. Timeline & Resource Plan
A realistic 24-month plan leverages Beijing's research ecosystem:
Phase
Months
Key Activities in China Beijing
I: Foundation
1-6
Literature synthesis at CAS Quantum Library; Algorithm prototyping with USTC quantum group.
II: Development
7-15
<
Benchmarking on Beijing Quantum Cloud Platform; Collaboration with CATL for industrial validation.
III: Deployment
16-24
<
Tech transfer to National Quantum Lab (Beijing); Thesis writing & policy brief for China Ministry of Science and Technology.
VIII. Conclusion: Why Beijing?
This Thesis Proposal is uniquely positioned to succeed within China Beijing’s quantum ecosystem, where national strategy, institutional resources, and industry demand converge. As a Physicist committed to advancing China's scientific sovereignty in quantum technology, I will ensure every algorithmic innovation serves the dual purpose of academic excellence and national strategic interest. The proposed AQSF framework will not only solve computational challenges but also embody China Beijing’s vision of technology as an engine for sustainable industrial growth. With Beijing at the forefront of quantum infrastructure investment—including 12 new research centers announced in 2023—the completion of this thesis will establish a foundational contribution to China's quantum leadership while directly addressing global challenges in energy and materials science.
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