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Microwave resonators with high quality factors have enabled many recent 
breakthroughs with superconducting qubits and photon detectors. Efforts are 
underway to improve the quality factors in these resonators further and to 
develop strategies for tuning the resonance frequencies. Vortices trapped in a 
superconducting resonator due to insufficient shielding or pulsed control fields 
constitute one potential loss mechanism. The response of vortices at microwave 
frequencies is related to the interplay between the vortex viscosity, pinning 
strength, and flux creep effects. We have characterized the magnetic field and 
frequency dependence of the microwave response of a small density of vortices 
with field-cooled measurements of resonators fabricated from thin films of Re 
and Al, which are common materials used in superconducting microwave 
circuits. In addition, we have developed a straightforward method for enhancing 
the pinning, and thus reducing the excess loss from vortices, in Al resonators 
using nanofabricated surface pinning. We have also studied resonators in the 
absence of field-cooling, where magnetic fields can still influence the behavior of 
superconducting microwave resonators, by producing reversible shifts in the 
resonance frequency for small fields and by injecting vortices into the films at 
larger fields. 
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