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CURSE OF DIMENSIONALITY

Many classical computer approaches to quantum mechanics simulations become
computationally intractable for large molecular systems.
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LOW-RANK TENSOR-TRAIN DECOMPOSITION REDUCES COST

Original Image Tensor Train
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Amplitude [arb. units]
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TENSOR TRAINS FOR HIGHLY MULTIDIMENSIONAL
QUANTUM DYNAMICS

Largest System Investigable with
Standard Chebyshev Dynamics

Functional Tensor-Train
Chebyshev (FTTC) Dynamics

>
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8 Carbon  Hydrogen @ Oxygen @ Nitrogen

FUNCTIONAL TENSOR
TRAIN CHEBYSHEV
(FTTC) DYNAMICS
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APPLICATION: HYDROGEN BONDING IN DNA
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FTTC extends the Chebyshev method from simulation of four-

atom systems to molecular systems in

50 dimensions.
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COUPLED HYDROGEN BONDING IN DNA

Probability Density Dynamics, Anharmonically Coupled Bath Survival Amplitude
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FTTC successfully determines molecular dynamics
even with significant coupling of atomic motion between modes.
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TENSOR-TRAINS FOR UV-PUMP/X-RAY PROBE
SPECTROSCOPY

Tensor-Train Split-Operator Fourier
Largest System Investigable with Transform (TT-SOFT) Dynamics
Standard Fixed-Grid SOFT Dynamics * ¥
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NOVEL TENSOR-TRAIN MOLECULAR METHODS

Tensor-Train Split-Operator KSL (TT-
SOKSL) Dynamics
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TENSOR-TRAIN ITERATIVE POWER ALGORITHM (IPA)
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TENSOR-TRAIN ITERATIVE POWER ALGORITHM (IPA) FOR
HYDROGEN BOND CONFIGURATIONS

Optimized Density

9 Carbon ( Hydrogen @ Oxygen @ Nitrogen
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Cut of Potential Energy Surface

IPA enables identification of minimum
energy molecular structure in up to
400 dimensions
\ =1 beyond the capabilities of traditional

2 402 grid-based approaches.
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TENSOR-TRAIN IPA FOR PRIME FACTORIZATION OF
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NUMBER OF ITERATIONS

required to reach optimal result with 50% certainty (a la Grover’s algorithm):
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This computational efficiency raises the
question — can |IPA be used to develop more
efficient quantum computing algorithms for
molecular systems?
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QUANTUM ITERATIVE POWER ALGORITHM (QIPA)

Model Encoding 4
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QIPA FOR ELECTRONIC STRUCTURE THEORY

QIPA successfully identities the ground state energies of H, to high accuracy
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QIPA FOR QUANTUM COMPUTER DESIGN

First dynamical optimization of quantum processor design via quantum computing
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APPLICATIONS OF TENSOR-NETWORK AND
QUANTUM COMPUTING APPROACHES
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OUTLOOK

Tensor networks and quantum computers’ etficiency and ability to enable exact
quantum dynamics makes the method well-suited to a wide range of processes in
chemistry beyond reach with standard grid-based methodes.
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