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Resolving the tunneling processes
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Generalized Tien-Gordon approach
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(Multiple) Andreev reflections

Photon-assisted tunneling 

Peters et al., Nature Phys. (2020)
[see also Kot et al., ibid. (2020)]



13

Photon-assisted tunneling
at the atomic scale

Photon-assisted tunneling 

Yu-Shiba-Rusinov states:

ಷ

ಷ

షೝ/ಶ ா
ி

ଶ ଶ

M. Ruby, Y. Peng, FvO, B. Heinrich, K. Franke, PRL (2016)



14

Resonant 
Andreev
tunneling

Tunneling via subgap states

Photon-assisted tunneling 

e

ee

single-electron
tunneling

M. Ruby, F. Pientka, Y. Peng, FvO, B. Heinrich, K. Franke, PRL 115, 087001 (2015)



15

Low tunneling conductance
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 sideband spacing: 

single-electron tunneling

 standard V-shape
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High tunneling conductance
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… gives a simple result
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Y-shape
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Theoretical results
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Majorana?
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Almost-zero-energy subgap states
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 Small subgap energies appear
directly as line splitting

 Majoranas: 

 Accidental subgap state:
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 Photon-assisted tunneling reveals tunneling processes
in superconducting STM junctions

 Theory of PAT through subgap states beyond a simple
Tien-Gordon approach.

 PAT provides a sharp probe of Majoranas.


