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Outline

* Motivation

* Majoranas in interacting systems,
e ... their locality,

* ... and their robustness.
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HK = z Ejle + (thjCj+1 + AjCjCj+1 + hC)
J
J.D Sau & S. Das Sarma, Nat. Commun. 3 (2012)
M. Leijnse & K. Flensberg, PRB 86 (2012)

T. Dvir, et al., Nature 614 (2023)
+ many more
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Kitaev chains in guantum dots
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”Kitaev chains” in quantum dots
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WS, V. Svensson, M. Leijnse, PRB 109, (2024)
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Goal

In a general interacting setting
* How to define Majoranas?
* How to quantify their locality?

e ...Inauseful way!
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Goal
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Majoranas in interacting systems

Energy
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Locality of ground-state Majoranas

L |

Noninteracting

BdG-Majoranas
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Ground-state Majoranas

S. Szalay et al., Journal of Physics A (2021)
WS, and V. Svensson, FermionicHilbertSpaces.jl
v = le)(o| + |o) (el

5 = i(le){o| — lo) el) 1R =TrR(7)

! 7:~R:6—O~|_ | disti ishabili
i =leel = lofo| VPR = PR PR ~localdistinguishabilty

H’YRH H (275/)R|‘ are small = Protection in R?
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Robusthess

H=Hg+ Hprp+ Hp,

Hpp + Hpp.
—
/—_
E.g., Coulomb or
chemical E.g., tunneling

potential shifts
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Robusthess

OB < Vdp ([l Hrsll + [1((vY) el Hrpll)
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Main message
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Main message
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Extra: Braiding
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Extra: Interacting Kitaev chain

N N-1
Hy = Z i+ Z (tf;rfjﬂ—}—Af}f}H+h.c.)—|—Unjnj+1,
j=1 j=1
t=A=1U/2,

) —2.73t at the edges,
Hi ™\ _5.46t in the bulk,

N = 8 sites
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Testing our bounds — Coupling to QD

OO0 OO0®—

t. = Acos o,
H=Hg+tfnfh+Afnfp+he)+Unyng+emp, A, =Asing,
Ue = A,

OE| < (V) nlle + 21w ll2) Ay
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Testing our bounds — Coupling to QD

OO0 -~ OO0®»—®
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Bounds

Simple
- = = Detailed

OE| < (V) Nl + 2 lvwll2) Ay
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