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~ Como os
fermions de
Majoran
chegam ao

chip de
computacao
quantica da

Microsoft
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A VERSAO POUCO CONHECIDA DA DESCOBERTA DO
NEUTRON

!
V_ 9 ng 1 ' Carlos Alberto dos Santos
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3He + 3Be » 13C + §n.

1932
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1930: de Pauli para Meitner

Pauli proposes a particle
The letter in which Pauli proposed the neutrino, translated from the German of reference 5,
reads as follows:

Zurich, 4 December 1930  at rest is a magnetic dipole of a certain mo-
Gloriastr. ment u. Experiment probably requires that

Physical Institute of the the ionizing effect of such a neutron should

Federal Institute of Technology (ETH) not be larger than that of a -y ray, and thus u
Zirich should probably not be larger than e,10~ '3
Dear radioactive ladies and gentlemen, cm.

Intensidade

Energia Max
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1930: de Pauli para Meitner

Namely |there is| the possibility that there
could exist in the nuclei electrically neutral
particles that | wish to call neutrons, which
have spin ', and obey the exclusion princi-
ple, and additionally differ from light quanta 1n — lp + e~ + v,
in that they do not travel with the velocity of

light: The mass of the neutron must be of

the same order of magnitude as the electron

mass and, in any case, not larger than 0.01 4 neutrino”

proton mass.— The continuous §-spectrum =Ra
would then become understandable by the
assumption that in § decay a neutron is

emitted together with the electron, in such
a way that the sum of the energies of neutron
and electron is constant.
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Férmions de Majorana y(r) = ¥ T(r)
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Onde se encontram o0s

fermions de Majorana na fisica
da matéria condensada

——_ R,
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Topological
superconductor

Majorana
zero mode

Spin-polarized _
topological

Superconductivity
Copilot
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Comecando pelo comeco: material
topolégico

ANNALS OF PHYSICS 160, 343-354 (1985)

Topological Invariant and the Quantization
of the Hall Conductance

MAHITO KOHMOTO*

Department of Physics and the Materials Research Laboratory,
University of Illinois at Urbana—Champaign,
Urbana, Ilinois 61801

Received March 27, 1984
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Comecando pelo comeco, inocentemente

I[I. BLocH ELECTRONS IN A UNIFORM MAGNETIC FIELD

The Schrédinger equation for a 2-D non-interacting electron system in a uniform
magnetic field perpendicular to the plane is written as

HW=[%(p+eA))2+ Ux, y)] ¥=EY, (2.1)

bla, bla, bla . . .
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Comecando pelo comeco, agressivamente

348 MAHITO KOHMOTO

From Eqgs. (3.5) and (3.6), Eq. (3.3) is written as

LG AN

o PR £

Using the identity X .z, s (JaD{a| +|B>{B])=1, we have

0u°‘>)
ok, /)

(a)=_e_____ d2k d2 (auzlkz auklkz auzlkz auklkz
0= 5] P | ok, ok, ok, ok, (.7)

Vamos para a mesa do botequim . . .
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Férmions de Majorana aparecem em
supercondutores

Unpaired Majorana fermions in quantum
wires

A Yu Kitaev

This article has been downloaded from IOPscience. Please scroll down to see the full text article.
2001 Phys.-Usp. 44 131
(http://iopscience.iop.org/1063-7869/44/10S/S29)

Isso ficou conhecido como as cadeias de Kitaev
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Voltando ao inicio

Journal of the Physical Society of Japan 85, 072001 (2016) Invited Review Papers
http://doi.org/10.7566/JPSJ.85.072001

Majorana Fermions and Topology in Superconductors

Masatoshi Sato! and Satoshi Fujimoto?

Yukawa Institute for Theoretical Physics, Kyoto University, Kyoto 606-8502, Japan
2Department of Materials Engineering Science, Osaka University, Toyonaka, Osaka 560-8531, Japan

(Received January 6, 2016; accepted March 28, 2016; published online June 2, 2016)

The emergence of Majorana fermions is the most
prominent characteristic of topological superconductors.
Here we present phenomenological properties of Majo-
rana fermions.
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De onde vem a topologia?

O problema das
pontes de

4 Konigsberg, atual
e Kaliningrado

1736
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Sera possivel fazer um passeio
passando por todas as sete
pontes, passando uma unica

vez por cada uma e voltando ao

ponto de partida?

Euler:NAO!
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River Island A

Land
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Teoria dos grafos

Um ciclo
euleriano
existe se, e
somente se,
todos vertices
tém grau par.
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A paridade do grau dos vertices
€ um invariante topolodgico.
Mesmo que o grafo seja
deformado (esticando,
comprimindo, rotacionando) o
grau de cada vertice permanece
0 Mesmo.
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Por que o problema das pontes

de Konigsberg desembocou na
topologia
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1. Euler mostrou que a resposta nao
dependia da forma exata do mapa,
mas apenas da estrutura de conexoes
(quantas pontes saem de cada parte).

2. Essa ideia de que certas propriedades
permanecem as mesmas se deformar
continuamente o objeto € a esséncia
da topologia.

3. Foi a primeira vez que alguém
resolveu um problema geométrico
usando apenas relacoes de
conectividade, sem medidas.
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Em 1847, Johann
Benedict Listing cunhou
o termo topologia,

7 referindo-se ao
SR Hoblema das pontes de
Konigsberg como
inspiracao inicial.
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Exemplos: de tordide a xicara
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Exemplos: figuras geomeétricas
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Exemplos: TANC + EMD
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Fase topologica (cap. 6: Majorana, o
oraculo da fisica contemporanea)

Quando a funcao de onda de
determinado sistema pode ser
adiabaticamente conectada a uma
funcao de onda diferente, elas sao
topologicamente idénticas.

Vamos desenhar um cenario qualitativo
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Fases classicas da matéria

pressao (atm) Ponto critico

218 atm; 374 °C

solido vapor

1atm booom e oo

0.006 atm

0 100 o(;

0,01 °C : temperatura
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Fases classicas da matéria

T(°C)
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Fases classicas da matéria
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1980: Fases topologicas

Essas fases, que aparecem em
temperaturas proximas do zero
absoluto, s6 podem ser descritas com
a mecanica quantica, e sua
observacao € realizada
indiretamente, por meio de
determinados comportamentos
conhecidos como assinaturas da fase
topoldgica.
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ﬁ‘qje) — Elqje)
Ux+ay)=Uly+a)=U(x7y)

1. Potencial invariante frente a
translacoes ao longo de x e .

2. Sistemas topoldgicos apresentam
algum tipo de invariancia.

3. Sao muitas as invariancias, e varios os
materiais topologicos.

4. Os supercondutores sao apenas um
deles.
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P(x,t) = el""’lp(x — wt, 0)

Fator de fase

A
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1984: Michael Berry

Evolucao temporal de qualquer
sistema sujeito a um processo
adiabatico ciclico apresenta um fator

de fase adicional.

Y(x, t) = e'®e "‘/’llj(x — wt, 0) = e PPy (x — wt, 0)

I Fase de Berry

Fator de fase
adicional
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Onde aparecem as fases de Berry?

Nos defeitos topoldgicos que surgem nas transicoes de fase.
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A um passo do chip da Microsoft

A existéncia de fases topoldgicas é
essencial para emergéncia de férmions
de Majorana em supercondutores
topologicos. Férmions de Majorana
formados em defeitos topologicos abrem
as portas para a computacao quantica
mais seqgura.

Veremos na proxima aula . . .
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