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Main goal

Ordinary Hall effect
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Is it possible to create Hall-like phenomena in 2D superconductors (SC film)?

Anomalous Hall effect

Spin-orbit interaction, Skew scattering, Berry phase, etc.



Photovoltaic Hall effect

PVE — effect of appearance of the dc current in homogeneous medium under uniform illumination.
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Durnev, Phys. Rev. B 104, 085306 (2021)



1) Zero-resistance
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Superconductors

2) Meissner effect
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Interacting Hamiltonian:
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Bogoliubov transformation:
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Light absorption in superconductors

w < 2A w > 2A
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Mattis, Bardeen, Theory of the Anomalous Skin Effect in Normal
and Superconducting Metals, Phys. Rev. 111, 412 (1958)
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Mattis-Bardeen theory

Qw,q) = Qn(w, @) + Qa(w, q)

Mattis, Bardeen, Theory of the Anomalous Skin Effect in Normal
and Superconducting Metals, Phys. Rev. 111, 412 (1958)
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Model

supercurrent _A

hw,
Hamiltonian of single band isotropic SC
in Nambu space:
i < E(p —ps — eA(t)) A >
A —{(p+ ps +eA(t))
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f(P)Efp:%_GF
Circularly polarized EM wave:

At) = Ae ™t + A%t A= (1,i0)A

Linearly polarized EM wave:

Breaking a spatial symmetry:

Gp — Vps + \/ é}% + ‘A|2

| A = Ao(1,io)

A= (Az, Ay)
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Current operator: z
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Diagrams

Non-linear stationary photo-response (linear in P, and quadratic in A):
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Optical absorption in SC is forbidden due to Galilean invariance!

Violation of Galilean invariance:

* Non-parabolicity of electronic band

e Multi-band superconductors

* Disorder



Disorder and relaxation
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High frequency, w > 2A 1T =0
Weak supercurrent, vppg/A < 1

Weak disorder, Ar; > 1

Recombination across SC gap
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Diagrams
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J = aulAol"p, + bu[AG(Ag - P,) + c.c +icu[p, X [AG x Ag]]

Gauge invariance problem in SC

Restoring the gauge invariance: > A = Ta + :/\\ A
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Photoinduced supercurrent Hall effect
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Photoinduced supercurrent Hall effect

* Low frequency, w < 2A - oy, T=32K |

* “High” temperature, 1 ~ T,
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Incident THz
* Relaxation time spectroscopy

Current
source

Nakamura et al., PRL (2019), PRL (2020)
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* Spectroscopy of various SC pairing mechanism



Summary

* A theory of a nonlinear photoresponse in a single-band 2D isotropic SC

with a built-in supercurrent, exposed to an external circularly-polarized EM field
1s developed. The theory accounts for the presence of impurities in the sample,
which breaks the Galilean invariance for the transverse transport to take place.

* We predicted a photoinduced second-order transport phenomenon -- the emergence
of a transverse (Hall-like) photoinduced supercurrent, and demonstrated, that its
magnitude is determined by the quasiparticle recombination time.

 This photoinduced supercurrent Hall effect opens a way to manipulate the
direction of SC condensate flow via optical tools without external magnetic fields.



