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Quantum simulation for Quantum sciences

It is hard to understand and predict quantum many-body systems
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Superconductivity Fractional QAH effect Harber process



Input model of quantum algorithm
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Quantum Algorithms often start with a matrix as input



Block Encoding
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Amplitude oracle:

Sparsity oracle:



Second quantized Hamiltonian
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General Hamiltonian

Translational Invariant 

Nearest-Neighbour 

Babbush et al. "Encoding electronic spectra in quantum circuits with linear T complexity." PRX (2018).

Kivlichan et al. "Quantum simulation of electronic structure with linear depth and connectivity." PRL (2018).
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SELECT-SWAP circuit
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Guang Hao Low, Vadym Kliuchnikov, Luke Schaeffer. "Trading T gates for dirty qubits in state preparation and unitary synthesis" Quantum (2024).

Shuchen Zhu, Aarthi Sundaram, and Guang Hao Low. "Unified architecture for a quantum lookup table“ arXiv:2406.18030.



Construction of amplitude oracle 𝑶𝑨 
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Direct Sampling

Babbush et al. "Encoding electronic spectra in quantum circuits with linear T complexity." PRX (2018).



Construction of sparsity oracle 𝑶𝑪

9Diyi Liu, Weijie Du, Lin Lin, James P Vary, Chao Yang. "An efficient quantum circuit for block encoding a pairing Hamiltonian" 

Journal of Computational Science 2025



Block Encoding of one-body interactions
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Second quantized Hamiltonian
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General Hamiltonian [H, n]=0

Translational Invariant 

Nearest-Neighbour 



𝜼 −particle Hamiltonian Block Encoding
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State-dependent amplitude oracle

Indirect diffusion
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𝜼 −particle Hamiltonian Block Encoding

State-dependent sparse oracle



14

𝜼 −particle Hamiltonian Block Encoding

State-dependent sparse oracle
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How does the subspace influence complexity
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Block Encoding for Structured Hamiltonian
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Translational Invariant 



Block Encoding for Structured Hamiltonian
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Nearest-Neighbour 

Less data

Large



Future work

• Non-binary block encoding

• More structured Hamiltonians: lower bound and construction
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Conclusion

• We develop Block Encoding with reduced T gate count for general 

second-quantized Hamiltonian

• We develop   particle Hamiltonian with state-dependent    and 

state-dependent    , through indirect diffusion. This gives smaller 

subnormalization factor and smaller T gate count.

• We extend the frameworks to structured Hamiltonians
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