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NORMAL SUPERCONDUCTIVITY
vs TRITOPS (1D)
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HISTORICAL NOTE



MAJORANA IN ARGENTINA?
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NOTA DE TAPA

La pista argentina

Bajo un manto de dudas subyace la historia, la parabola sobre la biografia
de Ettore Majorana; quizas (quizas, quizas, eso al menos decia Fermi) uno
de los grandes cientificos de nuestra época (se anticipd al esbozo de la
Teoria del Nucleo Atomico de Heisenberg que dio lugar al descubrimiento
del neutrén) y que un buen dia se esfumé por completo. Y bueno, hay malas
o buenas lenguas que dicen que anduvo por aqui, alla por 1950.

E D Por Matias Alinovi

Ettore Majorana siempre vuelve. En el suplemento Radar del 23 de marzo
u pasado, Juan Forn comenté la reedicion de Tusquets de La desaparicidon de
Majorana, libro de Leonardo Sciascia. Se referia también a la pista argentina
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NOVIEMBRE DE 1923, TOMADA DE SU
LIBRETA UNIVERSITARIA.
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EXAMPLES OF
TRIPTOPS

Time-reversal-invariant topological superconductivity

Arbel Haim?, and Yuval Oreg”

®Walter Burke Institute for Theoretical Physics and Institute for Quantum Information and Matter, California Institute of

Technology, Pasadena, CA 91125, USA
b Department of Condensed Matter Physics, Weizmann Institute of Science, Rehovot 7610001, Israel

Review Article, arXiv: 1809.06863



MINIMAL INGREDIENTS

Topological invariant ;: 1 Trivial D
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PROXIMITY+ PHASE TUNING
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WITH MANY-BODY INTERACTIONS

2D :
m/w (@ SR &l
0.8 1 | M,/ . :
. . S SN spin-singlet

0.6 0.8
040 0.6 A1

0.2t 5 0.4 A3

% 2 0.2 st

U/V spin-triplet
0 Lo o e A
. 0.5 0.0 0.5 1.0 1.5 2.0

Cu,Bi,Se; uv

L. Fu and E. Berg, Phys. Rev.

J.Wang,Y. Xu, S-C Zhang, Phys. Rev. B 90,054503 (2014)
Lett. 105,097001 (2010)

S.Nakosai, Y. Tanaka, N.Nagaosa, PRL 108, 147003 (2012)

A. Haim,A. Keselman,Y. Oreg,
Phys. Rev. B. 89,220504 (2014)




TRIPTOPS 2D WITHOUT
PHASE-TUNING

Proximity induced time-reversal topological superconductivity in Bi;Se; films without
phase tuning

Oscar E. Casas,!’? Liliana Arrachea,®> William J. Herrera,! and Alfredo Levy Yeyati?
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3D TOPOLOGICAL INSULATORS
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Topological insulators in Bi,Ses, Bi,Te; and Sb,Te;
with a single Dirac cone on the surface

Haijun Zhang', Chao-Xing Liu?, Xiao-Liang Qi3, Xi Dai', Zhong Fang' and Shou-Cheng Zhang3*

Nat. Phys. 5,438 (2009)

Model Hamiltonian for Topological Insulators
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SURFACE STATES Bi,Se,
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Bi,Se, THIN FILMS

A gap appears

top surface 0.5

-0.5 * '
{ -0.05 0 0.05 0.1

k (1/Angs)

bottom surface
@elicity-degener@

Y Zhang, et al, Nat. Phys. 6,584 (2010)

a

ARPES
Spectra




Bi,Se; THIN FILMS+ELECTRIC FIELD
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PROXIMITY EFFECT IN THIN FILMS
C) o
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Discretized model
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TOPOLOGICAL INVARIANT
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TRIPTOPS ID
FRACTIONAL SPIN PROJECTION

A.Keselman, L. Fu,A. Stern and E. Berg,
B. Phys. Rev. Lett. | | |, 116402 (201 3)



Entangled end states with fractionalized spin projection in a time-reversal-invariant
topological superconducting wire

Armando A. Aligia' and Liliana Arrachea?

Phys. Rev. B 98, 174507 (2018) arXiv:1806.06 104
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TRIPTOPS ID
SIGNATURES IN
JOSEPHSON JUNCTIONS
WITH EMBEDDED Q-DOTS



S-D-S JUNCTIONS
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Hybrid superconductor-quantum dot devices

Silvano De Franceschi™, Leo Kouwenhoven?, Christian Schénenberger® and Wolfgang Wernsdorfer*




JOSEPHSON CURRENT
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0-PI TRANSITION S$-D-S JUNCTIONS
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Fractional spin and Josephson effect in time-reversal-invariant topological
superconductors

Alberto Camjayi,! Liliana Arrachea,? Armando Aligia,®> and Felix von Oppen®

Phys. Rev. Lett. | 19, 046801 (2017)
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JOSEPHSON JUNCTION

Odd parity ‘ILL‘ < 2)\R

z 4-fold symmetry protected
5 k crossing: 47 periodicity
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FIG. 2. (Color online) Josephson current for the quantum
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JOSEPHSON CURRENT U#0

No sign-
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EFFECTIVE HAMILTONIAN |

Zero-energy states
(Bogoliubov g-particles)




EFFECTIVE HAMILTONIAN I
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FIG. 5. (Color online) Upper panel: Local density of states at
the quantum dot in the topological phase with ' = t, e = U/2,
A=1t/2, A =t/5 and p = 0. On the left sub-panel ¢ =
0.3 and on the right ¢ = 0.87, as indicated. Lower panel:
evolution of the spectrum as a function of ¢ with the same
values of the parameters as above. The dark lines correspond
to the prediction of Heg with to = 0.3, U = 1.2 with an
additional on-site energy €9 = 0.04 at the non-interacting
site, in order to simulate the coupling to the continuum at

¢ =0.
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TRIPTOPS ID
SIGNATURES OF ORIENTATION
OF FRACTIONAL SPIN IN
JOSEPHSON EFFECT

Catalogue of Andreev spectra and Josephson effects in structures with time-reversal-invariant
topological superconductor wires

Liliana Arrachea,! Alberto Camjayi,”> Armando A. Aligia,’ and Leonel Grufieiro'

Physical Review B 99,085431 (2019)
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EFFECTIVE HAMILTONIAN I
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TRITOPS-QD-TRITOPS.

Exact, U=0 Effective Hamiltonian U # 0

No signatures of 0 — mtransition induced by U



TRITOPS-QD-S.
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OUTLOOK

* TRITOPS phase induced in thin films of BiSe by proximity to
s-wave superconductors.

» LZero-energy states with Sz=1/4 at the ends combine at the
junction to form |/2-spin that screen the localized spin of
the quantum dot: No transition to pi-junction!

» Signatures in Josephson junctions TRITOPS-TRITOPS and
TRITOPS-TRS. Main features well described by low-energy

effective Hamiltonians.

* To do: experimental setups to realize the TRIPTOPS phase.
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