Enhancement of superconductivity in dirty films in an external magnetic field

Thin dirty superconducting films containing magnetic impurities exhibit nontrivial behavior when subjected to an applied magnetic field. This behavior manifests itself in the enhancement of
1,2 superconductivity, which is attributed to the reduction in the exchange scattering rate due to the polarization of the impurity spins in the presence of the magnetic field. This effect was
. . . theoretically predicted by Kharitonov and Feigelman in Ref. [1] and then observed experimentally in Ref. [2]. In both studies, the authors concentrated on the dependence of the critical temperature
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Chemogoloyka, Russia on the magnetic field parallel to the film surface, revealing a nonmonotonic behavior characterized by a maximum at finite field values. However, manifestations of this enhancement for other
2 Moscow Institute of Physics and Technology, observable physical quantities, as well as the description of the effect in the presence of a magnetic field component perpendicular to the film surface, have not been investigated. To address this gap,
Dolgoprudny, Russia we develop a theoretical framework employing Gor’kov's diagrammatic technique for superconductors [3]. Our work extends the theory of Ref. [1] in two directions: (1) we demonstrate that the
enhancement 1s also reflected in an increase in superfluid density and the spectral energy gap; (i1) we reveal a nonmonotonic dependence of the second critical field (perpendicular to the film
surface) on the magnetic field component parallel to the surface.
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General feature: monotonic decrease of all quantities with increasing v

Mechanism: polarization of impurity spins by magnetic field (KF theory [1]) In the absence of OE and PE: monotonic enhancement of SC
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Previously, only parallel to film surface field was considered. We add perpendicular field component and investigate
h., (h;) enhancement.

We investigate the mechanism of superconductivity enhancement due to the polarization of the impurity spins in the presence

Modification of the Cooperon equation: of external magnetic field using the Gor’kov’s diagrammatic technique.
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We extend the theory developed in Ref. [1] in two directions:
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1) Averaging over film thickness (for L direction).

2) Solving the Schrédinger equation for in-plane (Il) direction vosl * Derive the Green’s function equation taking into account spin polarization.
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* Demonstrate ng. enhancement in the presence of the magnetic field.
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2. Forh, +#0:

Fig.7: HY, " (Hpqr) dependence at v = 0.7 Teg, V5o = 103T,

Vo = 10*T,o, ppd = 30, ppl = 10, { = 5 * Demonstrate H., enhancement applying the parallel (to the film surface) field.
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