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Majorana wavefunction and charge density in SNS junctions



In the Supporting Information we provide calculations of the Majorana wavefunctions and charge

density in order to support our findings in the main text of our manuscript.

Superconducting wire

From Equation 2 in the main manuscript text we can also calculate the wavefunctions associated
to the energy levels after diagonalization. According to the chosen basis, they are obtained in the

following form

T
Y(x) = (um, UlisV1is Vu) (SD

where T denotes the transpose operation, x denotes the site position i and Ng is the number of sites

of the discretised superconducting nanowire. Then, the BAG wavefunction amplitude is given by

() |* = [ugd® + Jug i+ vl + vl (S2)

Likewise, for the same price we can calculate the charge density as it was shown to provide useful
information regarding MBSs [1]. It can be calculated by using the same information of ¥(x) and

reads

2 (S3)

2~ Juy,

2o vl = g,

P ()P = vy,

Thus, the wavefunction amplitude and charge density can be calculated after finding W(x). Now,
we calculate them associated to the two lowest energy levels of the topological superconducting
nanowire. This is presented in Figure S1 for different lengths of the wire in the topological phase,
where left and right columns correspond to the wavefunction amplitude and charge density, respec-

tively.
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Figure S1: Wavefunction amplitude |¥(x)|? and charge density |p (x)|?, given by Equation S2

and Equation S3, respectively, for different Lg corresponding to the two lowest levels (MBSs) in
a topological superconducting nanowire. Parameters: g = 20meVnm, uyy = HUs = 0.5meV,
A=0.25meV and B = 2B..

Observe that for Lg = 2000 nm< 2&y; (top left panel) [¥(x)|? of the two lowest levels decay from
both ends into the bulk of the superconducting nanowire. Such levels exhibit an spatial overlap,
which is reduced as Lg increases (see bottom left panels). On the other hand, when the spatial overlap
of the Majorana wavefunction is finite, the charge density |p(x)|> develop an uniform oscillation
pattern, predicted to be associated to MBSs [1]. As Lg increases, |p(x)|?> gets reduced and reaches
zero when Lg > 2\ (bottom right panel in Figure S1), signalling charge neutrality of the two lowest

levels (MBSs).

SNS junction

In order to complete the analysis given in the main text, in this part we provide additional calculations

for SNS junctions.
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We present in Figure S2 and Figure S3 the BAG wave functions amplitude |¥(x)|? and charge density
|p(x)|? of the MBSs in short and long junctions when the phase difference is ¢ = 7 so that the four
MBSs are captured. These calculations are obtained following similar analysis as in the previous

section for the Rashba nanowire.
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Figure S2: Wavefunction amplitude |¥(x)|? (a,c) and charge density |p(x)|? (b,d) in short

junctions for Ls < 2&y(ab)andLs > 2y (c,d), corresponding to the two lowest levels
(MBSs) in a topological superconducting nanowire. Parameters: Ly = 20nm, ag = 20meVnm,
un = Us = 0.5meV, A=0.25meV and B = 2B, ¢ = 7.

As observed in Figure S2a,c and Figure S3a,c, MBSs are localized at the ends of the S regions,
exhibiting a considerable overlap when Lg < 2&y and a negligible one when Lg > 2&y, as expected.
In long junctions, Figure S3, an oscillating standing wave is developed in the normal region whose
amplitude is smaller than the one in short junctions.

On the other hand, the associated charge density |p(x)| exhibits uniform oscillations when the wave
function overlap is finite, while it acquires zero value when the MBSs are located far apart, namely

for Lg > 2&ym.
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Figure S3: Same as in Figure S2 for a long junction with Ly = 2000 nm.
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