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Motivation
Multiple superconducting qubits coupling architectures have been proposed as a tool for
Hamiltonian-based quantum computation (quantum simulation, quantum annealing, adiabatic
quantum computing (AQC)…). However, many open questions in this field have been left behind
due to the lack of a non-perturbative general treatment for the extraction of the effective
Hamiltonian and the fact that only certain Hamiltonians have been reproduced.
¿Is there any possibility of finding non-stoquastic Hamiltonians in circuit QED?

In this work:
▪ We derive a general method for obtaining the exact effective Hamiltonianans of
multiple coupled qubits.
▪ We study a new set of effective Hamiltonian’s derived from the coupling of three
Josephson junctions.
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Effective Hamiltonian:
Schieffer-Wolf Transformation
▪ Perturbed Hamiltonian:
▪ Schieffer-Wolf Trasformation:

Q
▪ Our method:

P
Fig.1. First twelve levels of an example
spectrum for two capacitively coupled flux
qubits.

SVD:

[G.Cosani and P.A. Warburton, New Journal of Physics 22, 053040 (2020)]
[S. Bravyi, D.P. DiVicenzo, and D.Loss , Annals of Physics 326, 2793-2826 (2011)]
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3-Josephson junctions flux qubit (3FQ)
▪ Qubit regime:
Symmetric and antisymmetric
superposition of two opposite sign
currents connected through
tunneling (t1)

▪ Qubit Hamiltonian:
Fig.2. Density plot of the double well
potential for a 3FQ with α=0.8.

Fig.3. Anharmonicity of the 3FQ
as a function of α .

[T.P. Orlando, J.E. Mooij, L. Tian, C.H. van der Wal, L.S. Levitov, S. Lloyd, and J.J. Mazo, Phys. Rev. B60, 15398 (1999)]
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Coupling 3-Josephson junctions flux qubit
▪ Capacitive and mediated by Josephson
junctions.
▪ Hamiltonian:
▪ Effective Hamiltonian (SWT):

Fig.4. Examples of the superconducting circuits studied in this work:
capacitive and mediated by a Josephson junction coupling between 3FQs.
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Coupling throught capacitors
a)

b)

c)

d)

Fig.5. Coupling strenghts for the example circuit: two 3FQ with ground in Փ1 (Փ1’) coupled through a capacitor connecting nodes Փ2-Փ1’.
a) Effective Hamiltonian parameters for α=0.75 and EJ/EC=50 as a function of γ. b), c), d) Ratios between the coupling strenghts (Jii) and
the qubit’s gap (Δ) as a function of γ.

▪ Jyy couplings (expected charge coupling) and higher order contributions, all of them strong.
▪ Jyy in agreement with first order perturbation theory:
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Coupling throught Josephson junctions
a)

b)

c)

d)

Fig.6. Coupling strenghts for the example circuit: two 3FQ with ground in Փ0 (Փ0’) coupled through a Josephson junction connecting
nodes Փ1-Փ1’. a) Effective Hamiltonian parameters for α=0.75 and EJ/EC=50 as a function of γ. b), c), d) Ratios between the coupling
strenghts (Jii) and the qubit’s gap (Δ) as a function of γ.

▪ Ultrastrong Jxx couplings (expected inductive coupling) and smaller contributions.
▪ Currently under analytical study.
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Final remarks
✓ We have introduced a novel exact method for obtaining the effective Hamiltonian
of theoretical qubit coupling models.

✓ We have studied a complete new set of Hamiltonians derived from coupled flux
qubits, finding evidence of strong coupling.
✓ This work paves the way towards ultrastrong simulation, interacting models,
dynamic studies and non-stoquasticity.
Future work:
▪ Analyze the effect of adding a shunting capacitor to the flux qubits.
▪ Study the tunneability of these couplings by adding different circuit elements (rf-SQUIDs…) to the
systems.
▪ Examine the suitability of the presented Hamiltonians for quantum simulation, quantum anneling, AQC
and other quantum computation algorithms.
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