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Majorana edge states might be realized in one
dimensional semiconductors with s-wave superconducting
pairing and spin-orbit interaction.

One needs to break the time reversal symmetry.

Single Majorana edge state.

A = const(k)

Majorana edge states without TRS breaking.
Kramers pair at the edge.
Two copies of spinless p-wave superconductors

1. Superconductors with d, st symmetries
2. 1t junction + one 2-band semiconducting wire
(two 1-band wires)
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s-wave superconductor
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where U} = (], —is¥_;). We model the two sub-
bands of the wire using two chains labeled a and b, such
that 11),‘: = (c:’l Kt cZ Kt ci Kl c,t kl)' 7,0, and § are Pauli
matrices oper:amting on pafticle—flole (PH), chain and spin
degrees of freedom, respectively. Here, &, 66, @ and da
are defined as (& o +=&kp)/2 and (a, =) /2 respectively,
and & , = 2t, (1 — cosk)—p,, 0 = a,b. The

Repulsive interactions
on each of the chains

Where is the
inter-wire interaction?



Hartree-Fock Analysis.—We consider a set of trial
wave-functions which are ground states of the following

quadratic Hamiltonian:
1 Due to repulsive interactions

_ T /HF
Hyp = 5 Z \Iijk Wy, Effective pairing potential
k on chain b has an opposite sign

HII;IF :Ho,k 4 Ab/Q ) (1 - 02) 7.:1:’ with respect to chain a.

We choose the four effective parameters such that they
minimize the expectation value of the full Hamiltonian,
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FIG. 2: Hartree-Fock phase diagram as a function of chem-
ical potential p, = pup = p, and interaction strength U, for
ta =ty = 1,tap = 04,0, = 0, = 1, and Ajng = 1. The
diagram includes a TR-invariant topological superconductor
phase (TRITOPS), a trivial superconductor phase, and a re-
gion in which the Hartree-Fock solution is locally unstable to
the formation of spin-density waves [36].

[36] This ordered phase is not permissible in the continuum
limit in 1D, as it requires the breaking of a continuous
symmetry. We therefore expect that long-range fluctua-
tions (which are not accounted for in the HF treatment)
would result in a Luttinger liquid phase.



We next use the scattering matrix formalism to calcu-
late the differential conductance through a single lead
coupled to the system [30, 41, 42], described by the
Hamiltonian of Eq. (2) with an additional Zeeman field
along . As is evident in Fig. 4b, there indeed exists
a ZBP quantized to 4e?/h which does not split at low

To estimate the strength of the repulsive interaction
U in a realistic setup, we take the wire diameter d, the
spin-orbit length and the Fermi wavelength to be of order
100nm. This gives U ~ €2 /ed ~ 110K, for a reasonable
dielectric constant of € ~ 10 —100. Hence, U can become
comparable with other energy scales in the system such
as the Fermi energy and A;,q, in agreement with our
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Resume:
In the superconductor and normal metal
the coupling constant in the Cooper channel has opposite signs.

1. Superconductors with d, st symmetries
2. 1t junction + 2 band semiconductor

3. Phase slips.
4. LOFF, S-F contacts

5. Multiband superconductors with number of bands >2,
frustration



H = Z UF[Iﬁ;[ekO' . kak — wzko— : kka]
k

| , )
+ 2 Z[|AR|6’10R ’ﬁ;—klaﬂb;{ek
k

ok -0k ' :
+ |Ap]e %t_k"’y‘ﬁ;[k +Hc.].

oL —Or . 1 )
Seff = /d‘bc[mé“ GTFILvFort - 4—82Fquu

1 1
+ 5L (048 — 240" + - pr(Dubr — 24,)’

+ J cos(0; — QR)].



