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RF properties of superconductors (SC) in high magnetic fields have recently become of great interest in view
of their applications in large experiments in fundamental physics. Indeed, the quantum sensing of dark matter
axions [1] and other elusive signals such as high frequency gravitational waves (GW) [2], or the beam screen
for the CERN Future Circular Collider (FCC) [3], can greatly benefit from SC low RF dissipation in the vortex
state.
The realization of high-Q SC rf cavities for quantum sensing of axions (haloscopes), and possibly of GW, re-
quires both the understanding and subsequent optimization of the surface impedance Z of the material, with
a focus on the dynamics of pinned vortices which govern the achievable Q, and the related development and
tuning of the coating technique.
Beside the leading actors (vapor diffused Nb3Sn, sputtered NbTi [1], YBCO tapes glued on multipiece cavities),
other innovative SC, namely Fe-based and Tl1223, could play a role due to the potentially more scalable depo-
sition techniques (electrodeposition and high pressure reaction, respectively), despite the present embryonic
development phase.
Starting from measurements of Z in the 14-27 GHz range, in dc magnetic fields, in well-developed SC (NbTi,
YBCO), we identify the main physical properties responsible for the performances of haloscopes. Although
obviously vortex pinning plays a major role, the often-disregarded flexibility of vortex lines and the length of
the penetration depth strongly affect the overall Q in real haloscopes, so that the choice of the material is not
obvious.
Based on these findings, we present an improved comparison of the potential performances of several SC ma-
terials, including more exotic Fe-based, evaluated in a large (temperature, field, frequency) parameter space
[4].
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