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1. The ground states are highly complex and can’t be written down classically. 

2. Non-commuting measurements give us the uncertainty principle.
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• 2D geometrically local commuting Hamiltonians, on qubits, are in NP [AKV18] 

• Geometrically local commuting Hamiltonians on a square lattice in 2D, on qutrits, are 
in NP [IJ23]
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Our results
• 2D-geometrically local, any qudit dimension, rank 1 CLH is in NP. 

• 3D-geometrically local, on a cubic lattice, any qudit dimension, rank 1 CLH is in NP.
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Problems with going beyond 2-local
When you have more than 2 terms that interact, the decompositions no longer need to be 
consistent with each other!
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Let’s consider the case of two rank-1 commuting local Hamiltonian terms. 

Turns out they decompose into one of the following two cases!
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Rounding back to a commuting local Hamiltonian
Our strategy: Transform these terms into  subspace of .  Not hard to see that the 
resulting local Hamiltonian is commuting, because  and  look like the original  and 

 outside of that single central qudit. 

We can use Jordan’s lemma to characterize the singular value subspaces and show that 
they satisfy the original completeness and soundness!
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Open questions
• Are rank-1 commuting local Hamiltonians “complete” for the commuting local 

Hamiltonian problem? 

• For local Hamiltonians and CSP’s, they are, but this would imply all 2D 
geometrically local CLH’s are in NP. 

• Can we find more tools for understanding commuting local Hamiltonians? 

• Our paper introduced Jordan’s lemma as a useful way to round to commuting local 
Hamiltonians. 

• Can we find “gadget” style reductions, instead of relying on the structure lemma? 

Thanks for listening!


