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Hybrid device & modeling
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Theoretical approach

H=Hgy +Hse+ Hsy—scs

Green’s function method Effective Hamiltonian
Gsym(w, k) = [w—Hsu (k) — Lsco(w, rl-‘-]l]_l AZ —w? ~ Ag
N o ; [Hsel,; j.j' €SM,
Usc(w) = = (“‘ oomolsc + Ao UFTF]ISC') [Hes s (K)]. { Hsc J _\gu«rﬁ” j,i' €8¢,
3 [’HSC] i(G") e SM, j'(j) €SC,
with: [H%C:jj =1 [—bc*]}} = g2
with: A = yAg/(y + Ag)eti¢/?
, 1
Alw, k; §) = ——ImTr[C (w1, k)i, Z = Ao/(Ag +7)
DOS LDOS Z, topological invariant:

Z A(w, k; 7), plw,7) = ZA(@JJ?;j}. v =sign{Pf[H.;;(0)Uc]} sign{Pf[H, ¢s(m)Uc]} = £1,
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Low-energy spectral features (comparison)
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Typical topological phase diagram
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Effect of rotating the Zeeman field
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Effect of rotating the Zeeman field
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Effect of rotating the Zeeman field
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Structures with undepleted outside SM regions
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Undepleted external SM regions
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Undepleted external SM regions
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Depleted junction region & the wire-JJ crossover
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Depleted junction region & the wire-JJ crossover
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Dependence of the topological gap on the width

of the SC films
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Dependence of the topological gap on the width
of the SC films

Topological gap
Wge =200 nm Wge =400 nm

Wl e W
@0 o0 WO WO
= N = Lh

L
|

Gate potential V; (meV)
Gate potential V; (meV)
Gate potential V; (meV)

ik

Gate potential Vy (meV)
Gate potential Vy (meV)
Gate potential V; (meV)

= -
= (2
u =
= —
c Mo,
——_
H .
— '
= =
o ]
= 5]
& &
ay 3]
o
= =
Z .
LG

Gate

e potential V;y (meV)

Gate potential V; (meV)
Gate potential V; (meV)
Crat

05 10 15 20 25 00 05 1.0 1.5 20 0.0 02 04 06 08 1.0 00 02 04 06 08 1.0 0.0 02 04 0.6 08 1.0
Zeeman field (meV) Zeeman field (meV) Zeeman field (meV) Zeeman field (meV) Zeeman field (meV)




JJ structure with phase difference ¢=n
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Modes that control the quasiparticle gap
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Gate potential V; (meV)

Modes that control the quasiparticle gap
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Energy spectra near the maximum topological gap
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Energy spectra with small topological gaps

-
(¥
g
. 0
(=11}
o
W]
=
45

0,2\/ v V V.V

- WSCZS ﬂ., }_122{) b

5 1' /\ V;=19.0, T=1.0
-0.2 A NN N
va
0.1

. _ W =100, p=10

— .

n /’v\m=vj —83, I=1.0]
z}fﬁ WA
:312/\ AVAN e

V; :38.6, =06 |

Wsc=200, p=20 |
V=105, =075 |

Energy (meV) Energy (meV)
S
I~

Energy (meV)
)

0 005 01 015 02 025 03
ka/m



1 gap)

1Ca

oL
)
—
S
Q.
)
~
=
—
=
o
.
(1
=
<P’
-
N
P
S
b’
—
Sl
N
<D’
g=
S
=
P’
=Y |
g=
¢
=®
(4
O

10 meV

M:

—
o
i

() || (i) ||

10
=100
4.0

M
Wse

3.0

Zeeman field (meV)

0.0

[+2] O <t ol o

(A2w) A renusjod ajen

ﬂﬂ_ﬂ.ﬂ_.ﬂﬂx.ﬂﬂ.ﬂ._ﬂ_uﬂﬂd.ﬂ

() |h] () |

Position (nm)

oy on 28] o}

(Asw) "A renusjod 20

30



Partial conclusion & future tasks

In planar JJ devices, the topological gap has a nonmonotonic dependence on the width of
the SC films, with an optimum width that depends on other system parameters (e.g., 1)

Determine the dependence of the optimal regime on the parent SC gap and the SOC type
& strength

Investigate disorder effects in JJ structures with narrow superconductors

Calculate the topological phase diagram (in the presence of disorder)




Dependence of the qp gap on the parent SC gap & the

Rashba SOC
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Disorder effects: Majorana wires versus Josephson junc

»= 100 nm
;=300 nm
WJ = 100nm




Phase diagrams (clean systems)

JJ structure
Majorana wire y = 0.25 meV y = 0.75 meV
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Finite size effects (clean finite JJ): LDOS
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Systems with SM disorder

Majorana wire JJ device
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Topological phase diagram: Proposed approach
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(Operational) topological phase
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Summary & Conclusions

The quasiparticle gap characterizing JJ structures is typically small; rotating the magnetic
field leads to a proliferation of gapless SC phases

Reducing the potential of the outside SM regions results in a nearly gapless system with
a highly “fragmented” topological phase diagram

Varying the potential in the junction region results in a crossover between a “nanowire
regime” and a “Josephson junction regime”

The topological gap has a nonmonotonic dependence on the width of the SC films, with
an optimum width that depends on other system parameters (e.g., W)

Investigating the robustness of the topological phase against disorder remains a critical
task
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