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Abstract 
 
This talk introduces generalized Jordan–Wigner transformation for arbitrary dimensions. This gives a 
duality between all fermionic systems and spin models (a new class of Z2 gauge theories), which can be 
interpreted as a stabilizer code. This mapping preserves the locality and has an explicit dependence on 
the choice of spin structure. This exact bosonization utilizes Kitaev's surface code (toric code) and 
imposes gauge constraints to restrict onto the subspace of emergent fermions. We identify the algebra of 
physical fermions with the sub-algebra of Pauli matrices generated by the emergent fermions in Kitaev's 
surface code. In the spacetime picture, this mapping comes from the topological Chern-Simon action for 
(2+1)D or the Steenrod square action for general dimensions. Our construction directly connects 
topological quantum field theories and quantum codes. For fermionic quantum simulation, we can 
optimize fermion-to-qubit mappings for various properties, i.e., the code distance and the qubit-fermion 
ratio. 
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