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As a relatively new topic, simulation of the vibrational structure problem with qubit-based quantum computers
raises several questions 1,2. Unlike the fermionic particules in electronic structure, bosons do not follow the Pauli
exclusion principle. For the simulation of fermions one can map directly the occupation of a spin orbital or the
parity on the state of a qubit. Mapping a bosonic system, wich is a more than two-level system, on a qubit basis
is not straightforward and encodings that overcomes this issue have been developed 3,4. Here we present some of
these encodings with their advantages and drawbacks. To do so, we focus on a one mode tunnelling system, with
a double-well potential using an harmonic oscillator basis set. We highlight the importance of ordering operators
in the second quantized formulation of the Hamiltonian, due to the truncation of the supposed infinite basis. Our
study point out that significant errors occur, in the eigenvalues computation, if the second quantized Hamiltonian
is not properly ordered.

2 0 2 4 6 8 10
x

0

1000

2000

3000

4000

5000

6000

H = Hharm x3 + x4

Wich mapping ?

Unary, Binary...

Figure 1. Illustration of the aim of the study i.e. to map a model Hamiltonian with a one mode double-well
potential on a quantum computer.
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