Large spectral gap and impurity-induced states in a two-dimensional Abrikosov vortex™

*Anton Bespalov and Vadim Plastovets, Phys. Rev. B 103, 024510 (2021)
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Local density of states, determined from the Eilenberger equations, for a coreless
{ortex (left) and for a vortex with core (right).
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Three lowest spectral branches (Andreev state energy vs. impact parameter d
dependencies — see inset) for (a) a coreless vortex (|A(r)| = const, r is the distance from
the vortex center) and (b) for a vortex with core (self-consistent |A(r)| profile).

1.0

1.5 2.0
rAJ(Avg)

o=

IPM RAS

-~

-

Coreless vortex with impurity \

(a)1.00F—=—7 ; ; (b)1.0 S —— (C) 10—
\ B — \
| B N I
0.95 | — e | | T
Fal o osf — 0.9 S -
T 3 ?
IS T < <
‘ - =
0.00f | —~ 1 & 5
\ // 08r 08l
e / cota, =cota, =1 B
0.85r cota, =cota, =0 1 / cota, =0
07/ / q 07;\//, cota, =1
084 1 2 3 1 5 o0 1 2 3 s 5 0 1 P 3 a 5
rA BV ARV TSRV

Dependencies of energies of spin-up localized impurity states (in color) vs. distance from impurity to the vortex
center (r;) for point impurities with different scattering phases for spin-up and spin down electrons —a, and @/,
respectively. The black lines mark the boundaries of the local spectral gap.
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Spatial profiles of impurity states: local spin-up densities of states at the energies of impurity
states. The pink point marks the center of the vortex. The radius of the area shown is 2ivg/A,.
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