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Quantum dynamics of disordered arrays of interacting superconducting qubits

quantum collective states
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a are the coupling strength between qubits and the thransmission line
1(t) the current flowing along the transmission line
a'{&a) are the creation (annihilation) photon operators
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The schematic of an SQN with five flux qubits coupled to the low-dissipative cavity and the transmission line is presented.
The transmission line is used to establish an experimental setup for the measurements of S21



The transmission coefficient S,, vs frequency behaviour could present
dips (absorption) when photons are exchanged in the resonant cavity

Nonlinear interactions between photons of energy level transitions in
qubits and of microwave power

Superconducting coplanar waveguide (CPW) resonator
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Superconducting qubit network (SQN) with 5 flux qubits with 4 JJ

Superconducting coplanar waveguide (CPW) resonator
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Oscillations on S,, indicate the interaction between qubit and resonant circuit.

Main resonant dip............... is associated with COLLECTIVE QUANTUM STATE in SQN.



NQSTI Experiments on two Resonators with SQN with 5 flux qubits T =20 mK
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The transmission measurements of S21 versus frequency demonstrate the
presence of number of resonant dips.
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Periodic dependence of resonant dips as function of the external
magnetic field is associated with the excitation of single qubits

S,, resonance peaks as function of external magnetic field
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Color map S21 main dip resonance 9,35835 GHz
3 terminal SQN with 5 flux qubits
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The main resonant dip in S,,(w) dependence and its periodic magnetic field oscillation indicate the
presence of a strong long-range interaction between qubits leading to the quantum collective state



Is it possible to improve
the robustness of
Quantum Collective
States in SQN?
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Topology-Induced Spatial Bose-Einstein Condensation in Experiments: ISASI/Tor Vergata

Inhomogeneous Josephson Junction Networks
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The observed phenomena evidence new and
surprising behavior of transport properties B DAL 1. I
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Macroscopically Coherent patterns of wave functions along specific directions

Existence of a Bose Einstein Consensation
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Modeling Superconducting Qubit —x
Networks with 5 flux qubit with 1 X X
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Insert Topology in Superconducting Qubit Networks with 5 flux qubit

Energy eigenvalues (units I[s®g)
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Topological Corrections in realising qubit chip QC Companies
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Biasing the resonator at frequency of 7.743 GHz it could be possible to detect one photon in correspondence of the frequency
dip shift of 1.6 MHz, which is an accessible frequency bandwidth included in the working limit of the device.
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Resonant macroscopic quantum tunneling in SQUID systems
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Fabrication a) and Measurements b) (Cross SQN)
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Modeling Superconducting Qubit Networks with 5 flux qubit with inductive coupling

a) 4 JJ Flux Qubit Effective Hamiltonian

Qubit effective Hamiltonian
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