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Summary Lecture 1

Conductance
channel with
up-spin charge
carriers
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Summary Lecture 2

| I1 111 IV Pairing || Interface |Bulk
— [ T fo T — LT ESE+OSO | ESE
e L e — S f3 1L + 11|ETO+OTE[ETO
= ]
5 0 o ; . fltu ] otE X
0.15F ' ' - B®
0.10} : Vw2
€ oosi : @? ~ = cﬂ:}?p-
g o
= 000=="—> - [L _ : | v :
:’:_’-‘_ N ‘,"F S 7/ (_ S
R SR W - L2 L2
-0.10} \ ;
~0.15¢ | . ] +—® - > +—h e
-10 -05 0.0 0.5 1.0 —w/2




Jullus-Maximilians-
UNIVERSITAT
WURZBURG

Pioneering prediction

2t 0 T 2n

signatures of p-wave
superconductivity?

Fu & Kane PRB 2009
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Outline

 Parity constraints in topological JJs

« Short junction limit: simple current-phase
relations -> parity measurement

« Long junction limit; bosonization -> influence
of Coulomb interactions
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S/QSHI/S: rf SQUID geometry

1 T
H= Efda:\If H, W
T [a)T f
v _(prle?le?_wRT)

Fu & Kane PRB 2009
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Spectrum of Andreev BS
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Low energy Hamiltonian

E <A,
E
_ (DY | _A |
H=¢, ((b)(%% A) o - o
[N
\ ¢
describes 2 states: mixing requires a change in N, <->

parity constraint

AT _
N0 =YY, = 0,1

-> crossing at E=0 protected

o (¢) = \/EAO Yo [%] What happens if phi is advanced by 2pi?

Fu & Kane PRB 2009
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What happens if [ is
advanced by 2[?

E <A,

fi\: € (gb)(%% B %) A —

describes 2 states: B

Fermion parity changes
<-> fermion parity anomaly
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Fu & Kane PRB 2009
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Parity pumping

quantization condition (outer edge): outer edge
_ 2 P
k nt— — D — D+ Pg/2
’ Lout (DO (I)O 4 _ + 0/ >

Fermion parity =0 Fermion parity =1

Inner edge

D — D+ Dg/2

Fermion parity =0 Fermion parity = 1
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Modified setup

QSH system
_ /
AO r*/ gue‘"ﬁ
wil
$~\~
| ™~ magnetic flux

s-wave superconductor

Crépin & BT PRL 2014
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JJ current vs. parity pumping
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total fermion parity number: |¥ = o0

Crépin & BT PRL 2014



Jullus-Maximilians-
UNIVERSITAT
WURZBURG

JJ current vs. parity pumping
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Fu & Kane PRB 2006
Crépin & BT PRL 2014



Jullus-MﬂxImllIﬂns-
UNIVERSITAT
WURZBURG

Outline

 Parity constraints in topological JJs

« Short junction limit: simple current-phase
relations -> parity measurement

* Long junction limit; bosonization -> influence
of Coulomb interactions
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Short junction limit
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Fu & Kane PRB 2009 Crépin & BT PRL 2014
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Short junction limit
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0

odd parity:
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even parity:

J..|¢]=
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-> parity detector

Crépin & BT PRL 2014
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Outline

 Parity constraints in topological JJs

 Short junction limit: simple current-phase
relations -> parity measurement

« Long junction limit; bosonization -> influence
of Coulomb interactions
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Long junction: ABS spectrum
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2 2w

\ Kulik Sov. Phys. JETP 1970
valid for e < A
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Long junction: twisted BC

perfect AR (upper edge):

twisted boundary conditions:

Vg (O) — WJJEL (0>
Wi (L) = —ie1p], (L)

Vn (x +2L, t) = — 1y, (x’ t)
wL’l (:13 + 2L, t) — _e_w%,l (a;,t)
U (3:) = —i] (—=2t)

Maslov, Stone, Goldbart & Loss PRB 1996

T € [—L, L]


Vorführender
Präsentationsnotizen
How can we model this spectrum in a different manner?
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Long junction: twisted BC

twisted boundary conditions:

. Yy (a: + 2L, t) = —e_wwR’ (:I:,t)
Vg (O) — w{ilw(sol %,I (x + 2L, t) = _e—w%, I (:Iz,t)
Yy (L) = ey, (L) Py, (:z;,t) = —iRp! (—ﬂf,t) z€|-L,L|

perfect AR (upper edge):

Maslov, Stone, Goldbart & Loss PRB 1996

_ T

L

1
n+—:|:£ with n € Z

2 27

ABS spectrum: g



Vorführender
Präsentationsnotizen
The spectrum is the ons of two branches of counterpropagating fermions with a linear spectrum and twisted bc.
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Long junction: effective model

BdG Hamiltonian (upper edge): twisted boundary conditions:

Vr1 (:1; T QL’t) = —¢ "y, (a;, t)
wu (:1: + 2L,t) — —e_wwu (:E, t)
(zb;T,w};l,ww )| |y (1) = =08 (o)

H :-fdx\IﬁH U

Maslov, Stone, Goldbart & Loss PRB 1996
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Vorführender
Präsentationsnotizen
The spectrum is the ons of two branches of counterpropagating fermions with a linear spectrum and twisted bc.
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Long junction: effective model

L
u;=§£ o[~} 0, 00, + 91,09, ]

Fourier transformation: chiral constraint:
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Vorführender
Präsentationsnotizen
The spectrum is the ons of two branches of counterpropagating fermions with a linear spectrum and twisted bc.
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Bosonization

chiral bosonic field

number of fermions w/ (periodic on [-L,L])
respect to Fermi sea
AN v
T o 1 o
¢R,T ($7t> — FR e LI % 2 2 e ¢R()
A V2Ta
\

Klein factors

Crépin & BT PRL 2014
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Bosonization

chiral bosonic field

number of fermions w/ (periodic on [-L,L])

respect to Fermi sea

Klein factors

b (2) = =22

q>0

i iqx —iqr 1T ) —aq/2
Iq (e bR’q + e bR’q €

Crépin & BT PRL 2014
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Hamiltonian
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Crépin & BT PRL 2014
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Josephson current: calculation

210 .
Iup,i [¢] - heg 8¢ n Zup,i [gb]

Topological part of partition function:

hmv,, _EQ
Y [NR 27r]]
\
\

parity constraint

Zf&pvi [gb}: Z exp

N,€Z
even /odd

Related work: Beenakker, Pikulin, Hyart, Schomerus & Dahlhaus PRL 2013 Crépin & BT PRL 2014



Vorführender
Präsentationsnotizen
Even (blue), odd (red) case – different temperatures (left warmer, right colder)
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Josephson current: result

hmvg,
v, @ e hmo, ¢ —2B
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L odd Pl
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Related work: Beenakker, Pikulin, Hyart, Schomerus & Dahlhaus PRL 2013 Crépin & BT PRL 2014



Vorführender
Präsentationsnotizen
theta_3/2 -> Jacobi‘s elliptic theta function
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Julius-Maximilians -

Josephson current: combined

g

i [Pl -[¢]

VAR RVART

Crépin & BT PRL 2014


Vorführender
Präsentationsnotizen
Even (blue), odd (red) case – different temperatures (left warmer, right colder)
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]
|

Josephson current 2
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VAR RVART

Crépin & BT PRL 2014


Vorführender
Präsentationsnotizen
Even (blue), odd (red) case – different temperatures (left warmer, right colder)
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Josephson current 2
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Crépin & BT PRL 2014


Vorführender
Präsentationsnotizen
Even (blue), odd (red) case – different temperatures (left warmer, right colder)
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Influence of Coulomb
Interactions

Ag Age“‘?
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-> rescaling of the critical current |, = ev/L
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Take home messages

21 even case b T ev,,
I odd case RS T L

e Critical current:

J[gb]z][gb -+ 47?] even case

* Phase dependence:
J[gb]:qub -+ 27’(‘] odd case

-> parity detector

* Phase dependence could be modified by disorder
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Summary Lecture 3
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