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Introduction

@ Goal: Approximate the ground state of a spin system by minimizing

A
(E) = ")

@ Challenge: Exponential growth of state space size in spin systems
e Approach: Use Monte Carlo Tree Search (MCTS) guided by Graph
Neural Networks (GNNs)
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Spin Systems

@ Spins on a lattice, each site being either up (1) or down ({)
o State space grows exponentially: 2V for N sites

@ Example: For 30 x 30 x 30 lattice, Ns = 27000, 227000 gtates to
consider
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What are MCTS and GNNs?

e Monte Carlo Tree Search (MCTS):
» A search algorithm that explores a tree of possible states
» Balances exploration (discovering new states) and exploitation
(focusing on the best-known states)
» Used in reinforcement learning to identify optimal actions in a decision
process
e Graph Neural Networks (GNNs):
» Neural networks designed to process data structured as graphs
> Aggregate information from neighboring nodes to make decisions about
the global graph structure
> In this context, GNNs predict which states are important for the
ground state wavefunction
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Monte Carlo Tree Search with GNNs

o MCTS: Enables efficient exploration and exploitation of large state
spaces with asymmetric tree expansion

@ GNN: Guides sampling of states with global wavefunction information

o Advantage: Efficient exploration using non-local actions
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Graph Representation of a Wavefunction
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Graph Representation of a Wavefunction
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Conclusion

o MCTS: Allows for efficient state space sampling
@ GNNs: Guide the sampling through non-local actions

@ Non-local actions: potentially better suited for highly entangled
systems, reaching lower < E >

o My email: timur.sypchenko@durham.ac.uk
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