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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 

2022  2024

SQN  Superconducting Qubit Network

are the coupling strength between qubits and the thransmission line 
the current flowing along the transmission line

transmission coefficient



5 flux qubits

SQN

4 JJ flux qubits

Superconducting qubit network (SQN) with 5 flux qub its with 4 JJ
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The transmission coefficient S21 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 microwave power
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S21 measurement

Oscillations on S 21 indicate the interaction between qubit and resonant  circuit.

Main resonant dip…………… is associated with COLLECTIVE QUANTUM STATE in SQN.
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Experiments on two Resonators with SQN with 5 flux qubits
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T = 20 mK
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The transmission measurements of S21 versus frequen cy demonstrat e the 
presence of  number of resonant dips.
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resonant dips as function of external magnetic field 

Periodic dependence of resonant dipsas function of the esternal 
magnetic field is associated with the excitation of single qubits



9.305 GHz

3 terminal SQN with 5 flux qubits 

The main resonant dip in S21(ω) dependence and its periodic magnetic field oscillation indicate the 
presence of a strong long-range interaction between qubits leading to the quantum collective state
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Color map S21 main resonance 9,305 GHz, 
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M25-M 36 Spoke 6 ISASI Fabrication a) and Measurements b) (Cross SQN)

SQN with 5 flux Qubit with 4 Josephson Junction

Area JJ =0.2x0.5 µm²
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Topology-induced critical current enhancement in Josephson networks.
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Experiments: ISASI/Tor Vergata

T= 4.2 K

T= 1.2 K

The observed phenomena evidence new and 
surprising behavior of transport properties  
in superconducting Josephson junctions 
Network
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F. Romeo et al.  Journal of Phys. 33, 045401 (2021)
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Modeling Superconducting Qubit Networks with 5 flux qubit

F. Romeo et al. May 2024

Qubit effective Hamiltonian

SQN topology effects

Linear SQN

Cross SQN

Josephson Junctions  � 4 JJ Flux Qubit

4 JJ Flux Qubit Effective Hamiltonian

JJ STAR NETWORK
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