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Vortex dynamics induced by
scanning SQUID susceptometry

lbvh@stanford.edu



Rev. Sci. Instrum. 72, 2361 (2001)
Rev. Sci. Instrum. 79, 053704 (2008)

Phys. Rev. B 85, 224518 (2012)
Rev. Sci. Instrum.  87, 093702 (2016)

lbvh@stanford.edu



Low frequency AC magnetic response
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40𝜇m

2D time-dependent Ginzburg-Landau (TDGL) simulation, 𝜉 = 0.9𝜇m, 𝜆 = 1.35𝜇m, 𝐼!" = 2.5mA
Simulation method: arXiv:2302.03812 (2023) [and references therein]; py-tdgl.readthedocs.io
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• Vortex pulled toward center of field coil, 
antivortex pushed away from center of field coil

• Antivortex exits the film or becomes 
pinned/annihilated far from the SQUID

https://py-tdgl.readthedocs.io/


Linear, non-hysteretic diamagnetic response.
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Non-linear, non-hysteretic diamagnetic response due to suppressed superfluid density.
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Non-linear, hysteretic response. One V-aV pair induced each half AC cycle; aV pinned far from SQUID.
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Non-linear, hysteretic response. Many V-aV pairs induced each half AC cycle; some aV pinned far from SQUID.
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Simulation captures the observed 
demodulated magnetic response



• Scanning SQUID susceptometry + TDGL modeling enables local studies of vortex 
dynamics resolved at the single-vortex level

• Local approach is complementary to global AC susceptibility and transport, which can 
be dominated by the surface barrier

• Can be easily extended to study inhomogeneous 2D superconductors, engineered 
pinning, etc.
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Ingredients for modeling vortex dynamics 
induced by SQUID susceptometry

1. Model field applied to sample by SQUID 
for a given 𝐼!"

2. Model sample response to applied field

3. Calculate the flux that the SQUID sees, 
Φ#$, due to 𝐉% in the sample

4. Demodulate Φ#$(𝑡) over a full AC 
cycle to get 𝑀 = 𝑀! + 𝑖𝑀!!

Field from FC Vector potential from FC

Comp. Phys. Comm. 280, 108464 (2022), superscreen.readthedocs.io
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arXiv:2302.03812 (2023); py-tdgl.readthedocs.io

https://superscreen.readthedocs.io/en/latest/index.html
https://py-tdgl.readthedocs.io/
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Magnetic response near a 
lithographically defined defect
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