Kernel-Function Based Quantum Algorithms for Finite Temperature
Quantum Simulation

Hai Wang,12 Jue Nan12 TaoZhang® Xingze Qiu,12 Wenlan Chen ' and Xiaopeng Li ' '

1State Key Laboratory of Surface Physics, Institute of Nanoelectronics and Quantum Computing, and Department of Physics, Fudan University, Shanghai 200438, China
2Shanghai Qi Zhi Institute, Shanghai 200030, China, 3Department of Physics and State Key Laboratory of Low Dimensional
Quantum Physics, Tsinghua University, Beijing, 100084, China, “Frontier Science Center for Quantum Information, Beijing, 100084, China
5Shanghai Research Center for Quantum Sciences, Shanghai 201315, China

Introduction Moments As Results of quantum circuit outputs
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Prohlems at low temperature regimes
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v’ Calculation of the spectral density of Hermitian matrices;
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v’ Static correlations at finite temperature;

v Dynamical correlations at finite temperature; i Qe -
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The intrinsic relation between Chebyshev polynomials and cosine and sine

functions, > Instead of (), now the target function is
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A new expansion method based on the Fourier Series: () — 5%

1. Forthe density of states (Dos) only, L
Experimental Realization Protocols
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Models used
v' Compared with KPM, our algorithms can achieve exponential advantages in

terms of time and space cost;

Al _ = % -7 w1+ -7 1t A™ T +1 (= 18); v' The THEI is efficient, once the target Hamiltonian’s ground-state can be
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