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Navn
Computational Physics II: Quantum Mechanical SystemsReinforcement Learning and AI Agents for the Physical Sciences

Kort om emnet
This is an advanced course on in computational physics with an emphasis on quantum mechanical systems with many interacting particles. The course covers Stochastic methods like various Monte Carlo methods,many-body methods like coupled-cluster theory and others, as well as machine learning applied to quantum mechanical systems, quantum computing, and quantum machine learning.focusing on reinforcement learning and agentic artificial intelligence for the physical sciences. It introduces Markov decision processes, value-based and policy-gradient methods, actor-critic algorithms, model-based reinforcement learning and multi-agent systems. The course also addresses the development of AI agents that can interact with simulations, analyse scientific data, use computational tools and solve multi-step problems.
Particular emphasis is placed on incorporating physical principles, including symmetries, conservation laws and differential equations, into learning algorithms. Topics include reward design, optimisation, uncertainty quantification, robustness, interpretability, reproducibility and efficient high-performance implementations. Applications are drawn from physics, chemistry, materials science and engineering and include control, adaptive sampling, parameter estimation, experimental optimisation and scientific discovery. Students will learn both to implement these methods and to assess their accuracy, reliability, limitations and scientific validityThe applications and the computational methods are relevant for research problems in diverse areas such as nuclear, atomic, molecular, and solid-state physics, chemistry, and materials science. A theoretical understanding of the behavior of quantum-mechanical many-body systems - that is, systems containing many interacting particles - is a considerable challenge since in general no analytical or closed-form solutions can be found; instead, numerical methods are needed for approximate but accurate simulations of such systems on modern computers. New insights and a better understanding of complicated quantum mechanical systems can only be obtained via large-scale simulations. The capability to study such systems is of high relevance for both fundamental research and industrial and technological advances.
Hva lærer du?
After having completed the course:  
· you will have knowledge on how to simulate complicated many-particle systems using stochastic methods (Variational and Diffusion Monte Carlo methods). 
· you will have knowledge on resampling techniques for statistical data analysis. 
· you will know how to implement efficiently your codes for high-performance computing applications.
· you will learn about many-body methods like coupled cluster theory, Hartree-Fock theory and full configuration interaction theory. 
· you will learn how to simulate many-particle systems using quantum computing algorithms. 
· you will learn how to perform data analysis using quantum machine learning algorithms.
· understand the fundamental concepts of reinforcement learning, including agents, environments, states, actions, rewards, policies and value functions;
· you will know how to formulate problems from the physical sciences as Markov decision processes;
· you will be able to implement and evaluate reinforcement-learning algorithms, including value-based, policy-gradient and actor-critic methods;
· you will understand how deep neural networks can be combined with reinforcement learning to address high-dimensional problems;
· you will be able to apply reinforcement learning to problems such as control, optimisation, sampling, parameter estimation and the discovery of physical strategies;
· you will understand how physical principles, symmetries and conservation laws can be incorporated into reinforcement-learning models;
· you will be able to design appropriate reward functions and analyse how reward design affects learning, stability and physical validity;
· you will understand the principles of model-based reinforcement learning and how learned or known physical models can support planning and decision-making;
· you will be able to develop AI agents that use computational tools, simulations, data and scientific software to solve multi-step problems in the physical sciences;
· you will understand the foundations of multi-agent systems and their possible applications to interacting, distributed and collective physical systems;
· you will be able to assess the robustness, generalisation, uncertainty and reproducibility of reinforcement-learning and agent-based solutions;
· you will know how to compare AI-based approaches with established numerical and optimisation methods using scientifically meaningful benchmarks;
· you will be able to implement efficient and reproducible reinforcement-learning workflows for high-performance and parallel computing environments;
· you will understand the limitations, risks and ethical considerations associated with autonomous AI agents in scientific research;
· you will be able to communicate, document and critically evaluate the results of reinforcement-learning and agentic-AI studies in the physical sciencesyou will learn to implement machine learning algorithms for solving quantum mechanical many-particle systems.

Anbefalte forkunnskaper
· emne:FYS3150
· emne:FYS3110
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Undervisning
This course has 5 hours 4 hours of teaching per week and consists of:
· 2 hours of lectures
· 3 2 hours of computer laboratory

