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VQE
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Binding energy between the proton and the neutron 
inside Deuteron nucleus
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More results
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Usefuls Qiskit tools for the 
Deuteron problem
● FermionicOp

For writing the Hamiltonian in terms of 

creation and annihilation operators (e.g. using 

sparse labels).

● QubitConverter and JordanWignerMapper

For the process of conversion of a 

Hamiltonian written in terms of creation and 

annihilation operators to a Hamiltonian 

written in terms of Pauli operators.

● VQE

For the computation of the binding energy 

(optimal_value).

● VQEProgram

Allows highly efficient execution of the VQE 

on a real quantum device. 

● Z2 symmetries

Since the Hamiltonian has Z2 symmetry, we 

can reduce the problem by 1 qubit.
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Heisenberg model on different lattice configurations



Higher Kagome lattice configurations

12 qubits 16 qubits

18 qubits

20 qubits

(2^16 x 2^16) matrix

~ 64 GiB of memory
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Kagome lattice
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Results
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Creating an ansatz for lattice 
problems with first order 
interactions
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More flexible and easier ansatz



IBM Quantum / © 2021 IBM Corporation

2-qubit gate ansatz
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Advantages and results
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Usefuls Qiskit tools for the 
Heisenberg model problem

● Pauli and PauliOp

For writing the Hamiltonian in terms of Pauli 

operators.

● VQE

For the computation of the ground state 

energy (optimal_value).

● Retworkx

Allows the creation of the graph that 

represents the lattice configuration. 

● Z2 Symmetries
Heisenberg’s Hamiltonian has the trivial symmetry 

𝜎𝑖 → −𝜎𝑖 (the problem is that we don’t know which is 

the correct sector)
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Final product 

We want to construct two tutorials explaining in detail how we use 

Qiskit tools to tackle the physical problems that we chose.

We also want to give some feedback about our experience to help in 

the construction of new tools in Qiskit Nature.
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Thank you!
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