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Motivation

• Thermalization of a condensed matter system, when in 
contact with a reservoir

• Anderson 1958: Some Quantum states (strongly
disordered, isolated) (sometimes) do not self thermalize
(Many-Body-Localization (MBL))

• MBL is non ergodic: State stays close to its initial state
for infinite amount of time 

• Problem: It is very hard to determine the ordering
dynamics of the Hamiltonian in this regime. 

• Synthetic quantum materials can be used to investigate
this behaviour (Quantum simulation)

• Photonic systems offer tunability, strong correlation and 
long coherence time.
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Capacitance Inductance Josephson junction

From LC-circuit to Transmon qubit
Energy of an electronic device

P. Krantz, M. Kjaergaard, F. Yan, T. P. Orlando, S. 
Gustavsson, and W. D. Oliver, “A quantum engineer's guide 
to superconducting qubits”, 2019



Qubit coupling

Coupling Hamiltonian for a qubit and a resonator

Capacitative qubit coupling Qubit readout

Dispersive approximation
(no photon exchange, only frequency shift)
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Experimental setup

• Cooling with dilution refrigerator
• Radiation shields
• Transmon qubit: Aluminum josephson junctions
• Tuning of qubits: Flux-Bias lines and external DC-coil
• Qubit capacitative coupling (non neighbouring coupling is

supressed by an order of magnitude)
• Readout of qubits: Reflectance of input signal, while resonators

are spectrally seperated
• Stabilizing drive excites Q1
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One Transmon scheme

• Two photon transition: Decay into one photon state
• Excitation at 0->1 energy gives a max occupation of 0.5 (two level laser)
• Low Drive Strength: Single photon decay too high
• High Drive Strength: Lossy resonator decay too small
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Two Transmon scheme

• Excitation with energy corresponding to 0->1 transition of collision state
• Elastic collision of two photons, one into S, the other into R (seperated by 2)
• Photon insertion irreversible: =2100MHz
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Mott insulator

• Incompressible state of N photons
• Many-body Gap allows specific state of the

system
• Varying energy in blue or red band due to

interaction g
• Mott insulator: Insulator which should be a 

conductor according to band structure (odd (1) 
number of photons per lattice site)
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Experimental sequence

• Fast flux bias for ns accuracy tuning
• Detuning to freeze the current state
• Idle: Time before new sequence in 

order to decay back to the ground state
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Stabilization and hole dynamics of the lattice
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Hole dynamics of the
lattice:
• Q8 is detuned during

stabilization
• Tuning Q8 back to

resonance shows
dynamic hole 
behaviour



Summary
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