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• Molecular Hamiltonian with % nuclei, & electrons

• Hamiltonian in second quantization form

• Mapping the Fermion Fock space into qubits bosons by (for instance) store
the occupation number of an orbital in the |0> or |1> state of a qubit:

• Hamiltonian in the qubit space as sum of Pauli matrices

From the Molecular Hamiltonian to Qubits Hamiltonians

Linear combination of Slater Det. becames
superposition of qubit states
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• Ansatz

• Variational principle

where !" is the lowest energy eigenvalue of the
Hamiltonian #, and θ is a vector of parameters used to
construct the qubit state.

• Uses a classical computer to optimize the parameters θ and
a quantum computer to measure the expectation value

Variational Quantum Eigensolver

??          ?
Quantum Chemistry

Real Hardware



UCCSD operator for H2 in the STO-3G basis

Wave Function Ansatz inspired by Quantum Chemistry

J Accurate L Bad scaling for the number of gates



Wave Function Ansatz from heuristic approach

• The heuristic ansatz wavefunction is:

where is a rotation around axis ! (generated by the Pauli
matrix ") on all qubits, and is an entangling block (CNOTs
between neighbors)

J Very compact L Lost of the chemical meaning



Variational Quantum Eigensolver



The Variational Quantum Eigensolver



The Variational Quantum Eigensolver

• The Hamiltonian is a sum of Pauli strings, each with its coefficient:

• Pick one Pauli string to measure it:



The Variational Quantum Eigensolver

• The Hamiltonian is a sum of Pauli strings, each with its coefficient:

• Measure the Pauli string

< Y|XZXZ|Y >



Non-unitary ansatz for VQE

• We can study non-unitary operators if we divide the expectation
value of the Hamiltonian by the normalization of the state. The 
estimated energy on the state is now

• We use a Quantum Monte-Carlo inspired operator to introduce 
some qubit correlation outside of the quantum computer; this 
acts as a ‘projector’ reducing the contribution of unphysical
states
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Jastrow operator

• The operator is inspired by the one-body and two-body Jastrow 
factors

• This would add an exponentially growing number of 
measurements! So instead we use the linearization

• This only adds a polinomial number of parameters (and additional
measurements)

Mazzola et al. PRL 123,  130501 (2019).



Procedure

• Choose a hardware efficient ansatz (rotations on each qubit, 
blocks of entangling CNOTs)

• Given a set of parameters (rotation angles), initialize the 
wavefunction on the quantum computer

• Measure the Pauli strings composing and  

• Calculate the expectation value

• Optimize all the parameters together (the rotation angles and 
the coefficients in the Jastrow operator) like in the normal VQE



Dissociation curve for !"



Dissociation curve for !"



The improvement grows 
with the number of 
entangling blocks!

RYCNOT block RYCNOT block



The number of total parameters grows as 
a (Nqubits+N2

qubits) + b Nblocks

9 blocks



The method works with all qubit mappings



• Effective procedure to introduce non-unitary wavefunctions
in VQE

• The advantage increases with the number of blocks of the 
wave function

• Results are robusts with respect to chemistry à qubits
mapping

Conclusions
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Spin-Qubit promise good miniaturization and scale up 

3 months ago                         today



Quantum Computing: present and future applications



• Linear Algebra



• Optimization problems



EU Quantum Technology Flagship 1.3 billions
euros up to 2028






