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SYNOPSIS

One-dimensional nanowires with strong spin—orbit coupling and proximity-induced
superconductivity are predicted to exhibit topological superconductivity with
condensed-matter analogues to Majorana fermions [1,2]. Here, the nonequilib-
rium Green’s function (NEGF) approach with the generalized Kadanoff-Baym
ansatz (GKBA) is employed to study the electron-correlation effects and their
role in the topological superconducting phase in and out of equilibrium. In
equilibrium, the NEGF approach was found to be in accordance with density
matrix renormalization group data of Reference [3], where it was found that
repulsive interactions enhance the effective Zeeman splitting while suppressing
the pairing potential (see the energy-band structure obtained by the spectral
functions). Moreover, electron-correlation effects were found to affect the tran-
sient signatures regarding the zero-energy Majorana states, when the supercon-
ducting nanowire was subjected to external perturbations such as magnetic-field
quenching, laser-pulse excitation, and coupling to biased normal-metal leads [4].

MODEL AND METHOD
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RESULTS: ELECTRONIC CORRELATIONS AFFECT THE TRANSIENTS

Energy- and momentum-resolved spectral function
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Energy- and momentum-resolved spectral function (color map; arbitrary units,
where darker is higher) for the (a-b) noninteracting, U = 0.0, and (c-d) inter-
acting, U = 0.5, nanowire. The cutouts on the right-hand side of the color maps
show the k-integrated spectral function with the vertical axes aligned with the
color map. Analytically resolved energy bands for the infinite, noninteracting
nanowire are superimposed with solid lines in panels (a-b). The shaded areas in
the cutouts correspond to the states lying outside of the superconducting gap
|w — we| > A. The fixed parameters are J =1, a = 0.5, Vz = 0.25, A = 0.1.
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Equilibrium phase diagram for (a) noninteracting, U = 0.0, and (b) interacting,
U = 0.5, nanowire obtained by the low-energy spectral peak position (color
map) for varying parameters Vy (vertical axes) and p (horizontal axes). The
dashed line in panel (a) shows the noninteracting phase boundary according to
V2 = u? + A% The fixed parameters are .J = 1, o = 0.5, A = 0.1.
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Time-dependent nonequilibrium spectral function (color map; arbitrary units, where darker is higher) for
(a) noninteracting, U = 0.0, and (b) interacting, U = 0.5, nanowire. The dashed vertical lines at 7" = 100
indicate the instant of time when the system is quenched by suddenly increasing Vz = 0 — 0.25. The fixed
parameters are J =1, a = 0.5, A=0.1, u = 0.
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Meir-Wingreen formula for the current

t
In(t) = 4ReTr [ di[X5,, (DG (1) — D52 (DG (£ 1)
to

T T T T T T T T
0 200 400 600 800 1000 0 200 400 600 800 1000 1o @) T 0.0020

t —=- U=05 (HF)

0s — U035 (2B) 0.0025

2000 o 230

200 o

1500 -
150
1000
100

50

|d(w)] (arb. units)

o 8 o -

T T T T T T T T T
000 0.05 010 015 020 025 030 035 000 005 010 015 020 025 030 035 —0.10 —0.05 0.00 0.05 0.10 0 100 200 300 400
w w v t

Transport properties of the nanowire contacted to normal-metal leads. (a) Dif-
ferential conductance obtained from the stationary current—voltage character-
istics, where the bias voltage is applied symmetrically. (b) Transient behavior
of the current for two bias voltage values. The nanowire parameters are fixed
J=1,a=05 V=025 A=0.1, p=0.

Field-induced, time-dependent dipole moment, d(t) = Y-, zipii(t), for (a) non-
interacting, U = 0.0, and (b) interacting, U = 0.5, nanowire, and the corre-
sponding dipole spectrum (c-d) calculated as the absolute value of the Fourier
transform of the time-dependent signals, d(w) = [ dte”*'d(t). The nanowire
parameters are fixed J =1, « = 0.5, Vz = 0.25, A = 0.1, p = 0.
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