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In this talk, I will briefly outline a novel many-body approach to accurately incorporate high-rank 

correlation effects via a low rank parametrization of the wavefunction ansatz. With a few 

physically motivated approximations of an effective Hamiltonian that otherwise contains 

exponentially large number of terms, we propose several variants that strike the right balance 

between accuracy and computational affordability1. Motivated by these developments of the 

many-body theory in the context of classical computing, I will propose a recursive unitary version 

of the same that allows us to simulate strongly correlated molecular systems with the help of the 

hybrid quantum-classical variational quantum eigensolver algorithm. I will demonstrate that the 

proposed recursive unitary forms the basis of a partially disentangled wavefunction ansatz in 

which arbitrarily high rank excitations are implicitly included through the appearance of a series 

of nested commutators2. Based on the ideas of energy sorting and operator commutativity pre-

screening, I will introduce COMPASS, an automated toolkit towards on-the-fly fabrication of a 

variable structured wavefunction ansatz. COMPASS ensures minimal number of parameters and 

quantum gates to accurately simulate strongly correlated electronic systems in the Noisy 

Intermediate Scale Quantum (NISQ) devices. Extensions towards the treatment of excited states 

in the Quantum Equation of Motion (QEOM) framework would also be discussed. 
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