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• Topological superconductors in one-dimension 

• Majorana Modes in Rashba Nanowire: Review 

• Rashba Double-nanowire setup

Outline



Landau theory: Distinct phases can be characterized by an order parameter    
                          corresponding to a spontaneously broken symmetry

Crystal: Broken translational 
and rotational symmetries 

Magnet: Broken rotational and 
time-reversal symmetries

Topological order – A New Type of  Classification

Moore, Nature 464, 194 (2010), Hasan and Kane, Rev. Mod. Phys. 82, 3045 (2010)

Quantum Hall systems!!



Topological order – A New Type of  Classification

New classification scheme based on topology 

“Topology” : Branch of  mathematics where we study those properties of  a system 
which remain the same if  small changes are made in the material property or 
geometry 

“Topological Invariant” A number which remains the same under small changes 

“Topological Order” Existence of  a topological invariant characterizing some    
  observable

Moore, Nature 464, 194 (2010), Hasan and Kane, Rev. Mod. Phys. 82, 3045 (2010)



• Gapped system such as superconductors and insulator 

• Existence of  gapless state on the boundary: Topological invariant 

• Topological invariant can not change unless the bulk gap closes 

• Consequence: Bulk-boundary correspondence 

Topological condensed matter systems

Quantum Hall 
systems

Topological 
Insulators

Topological 
superconductor

Rashba 
Nanowires

Topological systems

Many more..



Topological superconductors

Bulk Edge

Topological 
Superconductors

Gapped 
(Pairing Gap)

Majorana Bound 
States 



High-energy definition (Majorana fermion): a particle that is its own anti-
particle (real solution to Dirac eq.) 

Condensed matter definition: quasiparticle with real operator 

• Majorana quasiparticles are equal superposition of  electron and hole

Majorana Bound States (MBSs)

Ettore Majorana 
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E. Majorana, Nuovo Cimento 14, 171 (1937)

Superconductors are natural hosts!



Bogoliubov meets Majorana

Wilczek Nature (2009)

Superconductor imposes electron-hole symmetry
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In superconductors the absolute distinction 
between electrons and holes is blurred

Nikolay Bogoliubov Ettore Majorana 

Bogoliubov quasiparticle: � = u c+ v c†, if u = v⇤ ) � = �†
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s-wave superconductivity:

p-wave superconductivity: �†
n ⇡ unc

†
" + vnc"

�†
n ⇡ unc

†
" + vnc#

Zero energy mode �†
0 6= �0

Zero energy mode �†
0 = �0

Kitaev, Physics-Uspekhi 44, 131 (2001)

Is spin degeneracy a problem?

(for u⇤
n = vn)
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Kitaev model

····· ·· ·c†1 c†i c†i+1 c†N

Introduction to MBS in 1D spinless superconductors

Kitaev, Physics-Uspekhi 44, 131 (2001)
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Kitaev, Physics-Uspekhi 44, 131 (2001)

Majorana decomposition
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Kitaev, Physics-Uspekhi 44, 131 (2001)

Majorana bound state at the ends of the chain



Need a p-wave superconductor but difficult!!

Rare in nature and difficult to manipulate experimentally

Sr2RuO4

How to mimic p-wave superconductivity with available 
ingredients in the lab? 

How to implement this in a real system?



1. SOI lifts spin degeneracy 2. SC opens a gap

3. Magnetic Field breaks 
TR, decreases gap size

5. Increasing B-field reopens 
gap in topological phase

Theory: nanowires: Lutchyn et al., PRL 105, 077001 (2010),Oreg et al., PRL 105, 177002 (2010)

[p-wave vortex: Volovik, JETP Lett. 70, 609 (1999); 2D with SOI: Sato and Fujimoto, PRB 79, 094504 (2009)]

Topological Superconductivity in single nanowire 

4. Gap closes at ΔZ = Δ               
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Rashba SOI + Magnetic field + SC

Exp. Mourik et al., Science 336, 1003 (2012) 
Exp. Deng et al., Science 354, 1557 (2017)



Transport experiment: zero bias peak

Tunnel barrier:  
NS interface with the wire 

M. Franz, Nature Nanotechnology 8, 149 (2013)

G =
2e2

h
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Andreev Resonant Tunneling

G =
2e2

h

N TS
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How to detect Majorana bound state?



First Experiment
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((a))

Mourik et al, Science 336, 1003 (2012)

• Zero-bias conductance peak above ~ 100 mT (Majorana) 

• Small gap (~ 250 𝜇eV much smaller than NbTiN gap ~ 2 meV) 
− Due to weak coupling with superconductor 





• Magnetic field and superconductivity have detrimental effect 
on each other : High magnetic field kills superconductivity  

•  Small and soft Gap: Majorana bound states are less protected 

•  Height of  Zero bias peak is not quantized to  

•  Clear distinction between the zero bias peak coming from              
Andreev bound state and Majorana bound state is missing

Challenges with single nanowire setups

2e2/h



Outline

SupercurrentMagnetic  Field

(b)  with weak magnetic field? 

Transport

(c) with bulk features showing the existence of  MBS?

Is it possible to achieve topological phases  

Interaction(a)  without magnetic field? 



                                   Majorana Bound states  

(a)  Without magnetic field  



‘crossed Andreev’ term Δc 
(non-local Cooper pairs)

➔  Two competing gap mechanisms

No B-field! ‘DIII class’

unequal SOI

usual Δτ 
(local Cooper pairs)

Sc

Klinovaja and Loss, Phys. Rev. B 90, 045118 (2014)

  Topological phase without magnetic field ? 
     Double Rashba wire + Superconductor  

Consider inter- and intra-wire pairing

x
y

z

s-wave
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  Topological phase without magnetic field ? 
     Double Rashba nanowire + Superconductor  

Double-NW setup in proximity to an s-wave superconductor underneath and with Rashba 
spin orbit interaction 

Klinovaja and Loss, Phys. Rev. B 90, 045118 (2014)
Baba, et al., NJP 20 (2018) 063021 

Sc

Unequal strength of  spin-orbit interaction 



*See also Gaidamauskas et al., Phys. Rev. Lett. 112, 126402 (2014)

Double Rashba nanowire + Superconductor  

• Gap at k = 0 in the spectrum is given by �g =
p

|�2
c ��1�1̄|

• Topological criterion: For�2
c > �1�1̄, setup hosts Kramers pairs of MBSs

[J. Klinovaja and D. Loss, Phys. Rev. B 90, 045118 (2014)]

• For non-interacting systems, �⌧ > �c [Reeg et al., Phys. Rev. B 96, 081301(R)

(2017)]
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• Electron-electron interaction ! Bosonization

• Disorder averaging ! Replica Method

• Which term in the Hamiltonian dominates over the other terms (to identify

topological phase) ! Renormalization Group analysis
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Thakurathi et al., Phys. Rev. B 97, 045415 (2018)
Yosuke Sato, et al., arXiv:1810.06259 [Exp: Strong electron-electron interaction in TLL]

YES! Include electron-electron interaction
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• Dimensionless coupling constants defined as �̃⌧/c = �⌧/c ↵/u, D̃⌧ = ↵D⌧/(2⇡u
2
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and y⌧ = g⌧/(2⇡u)
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Bosonized effective Hamiltonian
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RG equations for effective Hamiltonian

• For K1 = K2 and K3 = K4
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changing the cut off  from                       and asking how the coupling constant 
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crossed Andreev  
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 Kc = 0.4  and  Ks = 1  

Renormalization group flow for interacting Hamiltonian 

d�̃int
⌧

dl = (2�K3)�̃int
⌧ , d�̃c

dl = (2� K3
2 � 1

2K3
)�̃c

<latexit sha1_base64="tz+iyulbJxYZAP8S8+ZPhUgRMDg="></latexit>

K3 / Ks
Kc

<latexit sha1_base64="EbCh9xW+lQgrY5QkvGupfPlAGI4=">AAACBnicbVBLSwMxGMzWV62vVY8iBFvBU9ltD3osehF6qWAf0C1LNs22odlNSLJCWfbkxb/ixYMiXv0N3vw3pu0etHUgYZj5PpKZQDCqtON8W4W19Y3NreJ2aWd3b//APjzqKJ5ITNqYMy57AVKE0Zi0NdWM9IQkKAoY6QaTm5nffSBSUR7f66kggwiNYhpSjLSRfPu00vTr0BOSC82hF0qE06avMnPhrOLbZafqzAFXiZuTMsjR8u0vb8hxEpFYY4aU6ruO0IMUSU0xI1nJSxQRCE/QiPQNjVFE1CCdx8jguVGGMOTSnFjDufp7I0WRUtMoMJMR0mO17M3E/7x+osOrQUpjkWgS48VDYcKgSTzrBA6pJFizqSEIS2r+CvEYmSq0aa5kSnCXI6+STq3q1qvOXa3cuM7rKIITcAYugAsuQQPcghZoAwwewTN4BW/Wk/VivVsfi9GCle8cgz+wPn8AHn6YRA==</latexit>

Kc Charge Luttinger parameter
<latexit sha1_base64="xDCC1aMLvNATGEfkXpOCLrTs4No=">AAACGHicbVC7TgJBFJ3FF+ILtbSZCCZWuIuFlkQaEy0wkUcChMwOF5gwO7uZuWtCNnyGjb9iY6ExtnT+jcOjUPAkk5ycc19z/EgKg6777aTW1jc2t9LbmZ3dvf2D7OFRzYSx5lDloQx1w2cGpFBQRYESGpEGFvgS6v6wPPXrT6CNCNUjjiJoB6yvRE9whlbqZC/ydx2ep0lrNirxZQxjWh4w3Qd6HyMK1QdNI6ZZAAh63Mnm3II7A10l3oLkyAKVTnbS6oY8DkAhl8yYpudG2E6YRsEljDOt2EDE+JD1oWmpsntMO5ldM6ZnVunSXqjtU0hn6u+OhAXGjALfVgYMB2bZm4r/ec0Ye9ftRKgoRlB8vqgXS4ohnaZEu0IDRzmyhHEt7K2U21AYtxmYjA3BW/7yKqkVC95lofhQzJVuFnGkyQk5JefEI1ekRG5JhVQJJ8/klbyTD+fFeXM+na95acpZ9ByTP3AmP6wtoDQ=</latexit>

Ks Spin Luttinger parameter
<latexit sha1_base64="KWvpQys3DCNVMDkH0zAJ1Yc7S38=">AAACFnicbVC7SgNBFJ2NrxhfUUubwUSwMezGQsugjaBFRPOAJITZyU0yZHZ2mbkrhCVfYeOv2FgoYit2/o2TR6GJBwYO59zXHD+SwqDrfjuppeWV1bX0emZjc2t7J7u7VzVhrDlUeChDXfeZASkUVFCghHqkgQW+hJo/uBz7tQfQRoTqHocRtALWU6IrOEMrtbMn+eu2ydOkORmV+DKGEb2LhKI3MaJQPdA0YpoFgKBH7WzOLbgT0EXizUiOzFBuZ7+anZDHASjkkhnT8NwIWwnTKLiEUaYZG4gYH7AeNCxVdo9pJZNbRvTIKh3aDbV9CulE/d2RsMCYYeDbyoBh38x7Y/E/rxFj97yVCBXFCIpPF3VjSTGk44xoR2jgKIeWMK6FvZXyvg2B2wxMxobgzX95kVSLBe+0ULwt5koXszjS5IAckmPikTNSIlekTCqEk0fyTF7Jm/PkvDjvzse0NOXMevbJHzifP1GVn4A=</latexit>

Kc = 1: non-interacting
<latexit sha1_base64="SbsY5e7aaX6QPqJxFtV1MbnMBfY=">AAACAnicbVDLSsNAFJ3UV62vqCtxM9gKbixJXSiCUHQjuKlgH9CGMJlO2qGTmTAzEUoobvwVNy4UcetXuPNvnLRZaPXAhcM593LvPUHMqNKO82UVFhaXlleKq6W19Y3NLXt7p6VEIjFpYsGE7ARIEUY5aWqqGenEkqAoYKQdjK4yv31PpKKC3+lxTLwIDTgNKUbaSL69V7nx8YVbOYdc8GPKNZEIa8oH0LfLTtWZAv4lbk7KIEfDtz97fYGTiHCNGVKq6zqx9lIkNcWMTEq9RJEY4REakK6hHEVEeen0hQk8NEofhkKa4hpO1Z8TKYqUGkeB6YyQHqp5LxP/87qJDs+8lPI40YTj2aIwYVALmOUB+1QSrNnYEIQlNbdCPERZCCa1kgnBnX/5L2nVqu5JtXZbK9cv8ziKYB8cgCPgglNQB9egAZoAgwfwBF7Aq/VoPVtv1vustWDlM7vgF6yPbxI+lfQ=</latexit>

Kc < 1: repulsive
<latexit sha1_base64="2ByZyXBg+X91IYzi3C5PxW+23is=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WWwFTyWpB0U8FL0IXirYD2hD2Gyn7dLNJuxuiiX0r3jxoIhX/4g3/43bNgdtfTDweG+GmXlBzJnSjvNt5dbWNza38tuFnd29/QP7sNhUUSIpNGjEI9kOiALOBDQ00xzasQQSBhxaweh25rfGIBWLxKOexOCFZCBYn1GijeTbxfK9T6/d8hWWECdcsTH4dsmpOHPgVeJmpIQy1H37q9uLaBKC0JQTpTquE2svJVIzymFa6CYKYkJHZAAdQwUJQXnp/PYpPjVKD/cjaUpoPFd/T6QkVGoSBqYzJHqolr2Z+J/XSXT/0kuZiBMNgi4W9ROOdYRnQeAek0A1nxhCqGTmVkyHRBKqTVwFE4K7/PIqaVYr7nml+lAt1W6yOPLoGJ2gM+SiC1RDd6iOGoiiJ/SMXtGbNbVerHfrY9Gas7KZI/QH1ucPWlGTXA==</latexit>

Kc > 1: attractive
<latexit sha1_base64="AjUNxsoFOfhlSgBKxdyLBCdoJFg=">AAAB/HicbVDLSsNAFJ3UV62vaJduBlvBVUnqQnEhRTeCmwr2AW0Ik+m0HTp5MHNTCKH+ihsXirj1Q9z5N07aLLT1wIXDOfdy7z1eJLgCy/o2CmvrG5tbxe3Szu7e/oF5eNRWYSwpa9FQhLLrEcUED1gLOAjWjSQjvidYx5vcZn5nyqTiYfAIScQcn4wCPuSUgJZcs1y9d+m1Xb3CBEASCnzKXLNi1aw58Cqxc1JBOZqu+dUfhDT2WQBUEKV6thWBkxIJnAo2K/VjxSJCJ2TEepoGxGfKSefHz/CpVgZ4GEpdAeC5+nsiJb5Sie/pTp/AWC17mfif14theOmkPIhiYAFdLBrGAkOIsyTwgEtGQSSaECq5vhXTMcky0HmVdAj28surpF2v2ee1+kO90rjJ4yiiY3SCzpCNLlAD3aEmaiGKEvSMXtGb8WS8GO/Gx6K1YOQzZfQHxucPDY6TwA==</latexit>



The crossed Andreev pairing gets less suppressed by electron-
electron interactions than the direct pairing terms

Phase diagram for di↵erent initial values of pairing amplitudes
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Stability against disorder



In the previous part, we included  intra- 
and interwire superconducting pairing 

terms in the Hamiltonian as model 
parameters

RG equations for tunneling Hamiltonian 
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• More microscopic approach: Begin with the tunneling Hamiltonian be-

tween the superconductor and NWs

• Model the coupling between the three-dimensional bulk s-wave SC and

the NWs by the following tunneling Hamiltonian,
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RG equations for tunneling Hamiltonian 



� = 0.35 meV, u = 104 m/s, vF,sc = 106 m/s, ↵0 = 1nm, d = 15↵0,

L = 1µm, ↵sc = 1/kF,sc = 1
�
A. We use the initial conditions: t̃int,ext(0) =

3.8⇥ 10�5 and �̃int,ext
⌧ (0) = �̃c(0) = 0.
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 K1,3 =1  K1,3 =1.6  K1,3 =2

RG flow for tunneling Hamiltonian 



From Effective Hamiltonian From Tunneling Hamiltonian

Comparison between two methods

�t = S(0) t̃2int/ext(0)
~u
↵0
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Comparison between two methods

From Effective Hamiltonian From Tunneling Hamiltonian



                                     Majorana Bound states  

SupercurrentMagnetic  Field

(b)  with weak magnetic field? 



Hamiltonian: 

The effects of interwire tunneling can always be compensated by adjusting the chemical potentials!

Energy scales:

Low-field topological threshold in Majorana double nanowires

Schrade, Thakurathi et al., PRB 96, 035306 (2017)
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<latexit sha1_base64="7EW3US7aV+eo+2wLjZQfO9hxoeI=">AAAB9HicbVDLTgJBEOzFF+IL9ehlIph4Irt40CPRi0dM5JHAhvQOszBhdnadmSUhG77DiweN8erHePNvHB4HBSvppFLVne6uIBFcG9f9dnIbm1vbO/ndwt7+weFR8fikqeNUUdagsYhVO0DNBJesYbgRrJ0ohlEgWCsY3c381pgpzWP5aCYJ8yMcSB5yisZKfrmLIhliLyPetNwrltyKOwdZJ96SlGCJeq/41e3HNI2YNFSg1h3PTYyfoTKcCjYtdFPNEqQjHLCOpRIjpv1sfvSUXFilT8JY2ZKGzNXfExlGWk+iwHZGaIZ61ZuJ/3md1IQ3fsZlkhom6WJRmApiYjJLgPS5YtSIiSVIFbe3EjpEhdTYnAo2BG/15XXSrFa8q0r1oVqq3S7jyMMZnMMleHANNbiHOjSAwhM8wyu8OWPnxXl3PhatOWc5cwp/4Hz+AJPZkVA=</latexit>

B<latexit sha1_base64="PmVaOKWYcBme9438CLiGgQWeyvw=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstCTYWGKUjwQI2VvmYMPe3mV3z4Rc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjPPjwXXxnW/ndzG5tb2Tn63sLd/cHhUPD5p6ShRDJssEpHq+FSj4BKbhhuBnVghDX2BbX9yO/fbT6g0j+SjmcbYD+lI8oAzaqz0UK6XB8WSW3EXIOvEy0gJMjQGxa/eMGJJiNIwQbXuem5s+ilVhjOBs0Iv0RhTNqEj7FoqaYi6ny5OnZELqwxJEClb0pCF+nsipaHW09C3nSE1Y73qzcX/vG5igpt+ymWcGJRsuShIBDERmf9NhlwhM2JqCWWK21sJG1NFmbHpFGwI3urL66RVrXhXlep9tVSrZ3Hk4QzO4RI8uIYa3EEDmsBgBM/wCm+OcF6cd+dj2ZpzsplT+APn8wdMko0k</latexit>

B<latexit sha1_base64="PmVaOKWYcBme9438CLiGgQWeyvw=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstCTYWGKUjwQI2VvmYMPe3mV3z4Rc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjPPjwXXxnW/ndzG5tb2Tn63sLd/cHhUPD5p6ShRDJssEpHq+FSj4BKbhhuBnVghDX2BbX9yO/fbT6g0j+SjmcbYD+lI8oAzaqz0UK6XB8WSW3EXIOvEy0gJMjQGxa/eMGJJiNIwQbXuem5s+ilVhjOBs0Iv0RhTNqEj7FoqaYi6ny5OnZELqwxJEClb0pCF+nsipaHW09C3nSE1Y73qzcX/vG5igpt+ymWcGJRsuShIBDERmf9NhlwhM2JqCWWK21sJG1NFmbHpFGwI3urL66RVrXhXlep9tVSrZ3Hk4QzO4RI8uIYa3EEDmsBgBM/wCm+OcF6cd+dj2ZpzsplT+APn8wdMko0k</latexit>

NW-1̄
<latexit sha1_base64="3EQ4jirisL4KsGK9PovKJ3x6kiM=">AAAB8nicbVA9SwNBEN2LXzF+RS1tFhPBxnAXCy2DNlYSwXzA5Qh7m71kyd7usTsnhCM/w8ZCEVt/jZ3/xk1yhSY+GHi8N8PMvDAR3IDrfjuFtfWNza3idmlnd2//oHx41DYq1ZS1qBJKd0NimOCStYCDYN1EMxKHgnXC8e3M7zwxbbiSjzBJWBCToeQRpwSs5N93Lqq9kGjsVfvliltz58CrxMtJBeVo9stfvYGiacwkUEGM8T03gSAjGjgVbFrqpYYlhI7JkPmWShIzE2Tzk6f4zCoDHCltSwKeq78nMhIbM4lD2xkTGJllbyb+5/kpRNdBxmWSApN0sShKBQaFZ//jAdeMgphYQqjm9lZMR0QTCjalkg3BW355lbTrNe+yVn+oVxo3eRxFdIJO0Tny0BVqoDvURC1EkULP6BW9OeC8OO/Ox6K14OQzx+gPnM8fOG+P5g==</latexit>

NW-1
<latexit sha1_base64="atJUsD6IscbjyS+Wa8nqf4+Ywb8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyWpBz0WvXiSCvYD2lA22027dHcTdjdCCf0LXjwo4tU/5M1/4ybNQVsfDDzem2FmXhBzpo3rfjultfWNza3ydmVnd2//oHp41NFRoghtk4hHqhdgTTmTtG2Y4bQXK4pFwGk3mN5mfveJKs0i+WhmMfUFHksWMoJNJt13L7xhtebW3RxolXgFqUGB1rD6NRhFJBFUGsKx1n3PjY2fYmUY4XReGSSaxphM8Zj2LZVYUO2n+a1zdGaVEQojZUsalKu/J1IstJ6JwHYKbCZ62cvE/7x+YsJrP2UyTgyVZLEoTDgyEcoeRyOmKDF8ZgkmitlbEZlghYmx8VRsCN7yy6uk06h7l/XGQ6PWvCniKMMJnMI5eHAFTbiDFrSBwASe4RXeHOG8OO/Ox6K15BQzx/AHzucPKiiNpw==</latexit>

↵1̄
<latexit sha1_base64="YpXdbdUKM97xhc10Rj0THvCZ+y8=">AAAB+nicbVBNT8JAEN3iF+JX0aOXjWDiibR40CPRi0dMBExo00yXLWzYbpvdrYZUfooXDxrj1V/izX/jAj0o+JJJXt6bycy8MOVMacf5tkpr6xubW+Xtys7u3v6BXT3sqiSThHZIwhN5H4KinAna0Uxzep9KCnHIaS8cX8/83gOViiXiTk9S6scwFCxiBLSRArta94CnIwhyLwSJ3Wk9sGtOw5kDrxK3IDVUoB3YX94gIVlMhSYclOq7Tqr9HKRmhNNpxcsUTYGMYUj7hgqIqfLz+elTfGqUAY4SaUpoPFd/T+QQKzWJQ9MZgx6pZW8m/uf1Mx1d+jkTaaapIItFUcaxTvAsBzxgkhLNJ4YAkczciskIJBBt0qqYENzll1dJt9lwzxvN22atdVXEUUbH6ASdIRddoBa6QW3UQQQ9omf0it6sJ+vFerc+Fq0lq5g5Qn9gff4AFcWTOg==</latexit>

Low-Field Topological 
Threshold 

 1 MBS phase due to  
crossed-Andreev pairing! 

Topological Phase Transitions:

Topological phase diagram

�⌧
<latexit sha1_base64="t0Ag+0DLOy6kzoLHLqGUWa0eq/M=">AAAB+HicbVBNT8JAEN3iF+IHVY9eNoKJJ9LiQY9EPXjERJCENs122cKG7bbZnZpgwy/x4kFjvPpTvPlvXKAHBV8yyct7M5mZF6aCa3Ccb6u0tr6xuVXeruzs7u1X7YPDrk4yRVmHJiJRvZBoJrhkHeAgWC9VjMShYA/h+HrmPzwypXki72GSMj8mQ8kjTgkYKbCruI69GyaABB6QrB7YNafhzIFXiVuQGirQDuwvb5DQLGYSqCBa910nBT8nCjgVbFrxMs1SQsdkyPqGShIz7efzw6f41CgDHCXKlAQ8V39P5CTWehKHpjMmMNLL3kz8z+tnEF36OZdpBkzSxaIoExgSPEsBD7hiFMTEEEIVN7diOiKKUDBZVUwI7vLLq6TbbLjnDeeuWWtdFXGU0TE6QWfIRReohW5RG3UQRRl6Rq/ozXqyXqx362PRWrKKmSP0B9bnDxuVkhQ=</latexit>

�⌧
<latexit sha1_base64="t0Ag+0DLOy6kzoLHLqGUWa0eq/M=">AAAB+HicbVBNT8JAEN3iF+IHVY9eNoKJJ9LiQY9EPXjERJCENs122cKG7bbZnZpgwy/x4kFjvPpTvPlvXKAHBV8yyct7M5mZF6aCa3Ccb6u0tr6xuVXeruzs7u1X7YPDrk4yRVmHJiJRvZBoJrhkHeAgWC9VjMShYA/h+HrmPzwypXki72GSMj8mQ8kjTgkYKbCruI69GyaABB6QrB7YNafhzIFXiVuQGirQDuwvb5DQLGYSqCBa910nBT8nCjgVbFrxMs1SQsdkyPqGShIz7efzw6f41CgDHCXKlAQ8V39P5CTWehKHpjMmMNLL3kz8z+tnEF36OZdpBkzSxaIoExgSPEsBD7hiFMTEEEIVN7diOiKKUDBZVUwI7vLLq6TbbLjnDeeuWWtdFXGU0TE6QWfIRReohW5RG3UQRRl6Rq/ozXqyXqx362PRWrKKmSP0B9bnDxuVkhQ=</latexit>

�2
c = (�⌧ ±�Z)2

<latexit sha1_base64="nLd5J9/hoxJiOtj0KLG+nxCO2Y4=">AAACE3icbZC7SgNBFIZn4y3G26qlzWAiRIuwuxbaCEEtLCOYC2Y3YXYySYbMXpg5K4SQd7DxVWwsFLG1sfNtnCQraPTAwMf/n8OZ8/ux4Aos69PILCwuLa9kV3Nr6xubW+b2Tk1FiaSsSiMRyYZPFBM8ZFXgIFgjlowEvmB1f3Ax8et3TCoehTcwjJkXkF7Iu5wS0FLbPMIF7F4yAaRNW85ZMWUXSOLGwbd1e9hyCm0zb5WsaeG/YKeQR2lV2uaH24loErAQqCBKNW0rBm9EJHAq2DjnJorFhA5IjzU1hiRgyhtNbxrjA610cDeS+oWAp+rPiREJlBoGvu4MCPTVvDcR//OaCXRPvREP4wRYSGeLuonAEOFJQLjDJaMghhoIlVz/FdM+kYSCjjGnQ7DnT/4LNadkH5esaydfPk/jyKI9tI+KyEYnqIyuUAVVEUX36BE9oxfjwXgyXo23WWvGSGd20a8y3r8Au8+cMA==</latexit>

Single NW, topological phase for
<latexit sha1_base64="3sNHnXEfPQhiGH+zY7J7RVE9ZEk=">AAACCXicbVC7TsMwFL3hWcorwMhiUSExoCopA4wVLEyoCPqQ2qhyXCe16jiR7SBVUVcWfoWFAYRY+QM2/ganzQAtR7J0dM59+B4/4Uxpx/m2lpZXVtfWSxvlza3tnV17b7+l4lQS2iQxj2XHx4pyJmhTM81pJ5EURz6nbX90lfvtByoVi8W9HifUi3AoWMAI1kbq2+iOiZBTdNM+RTpOTH1oPI6SoRmKglj27YpTdaZAi8QtSAUKNPr2V28QkzSiQhOOleq6TqK9DEvNCKeTci9VNMFkhEPaNVTgiCovm14yQcdGGeRrzRMaTdXfHRmOlBpHvqmMsB6qeS8X//O6qQ4uvIyJJNVUkNmiIOXmZpTHggZMUqL52BBMJDN/RWSIJSbahFc2IbjzJy+SVq3qnlWd21qlflnEUYJDOIITcOEc6nANDWgCgUd4hld4s56sF+vd+piVLllFzwH8gfX5A4K5mZM=</latexit>

�Z > �⌧
<latexit sha1_base64="RuFm2OYRvX0C1r9Z5IZEKm/K+/Y=">AAAB/3icbZDLSsNAFIYn9VbrLSq4cRNsBVclqQtdSVEXLivYCzYhTKaTduhkEmZOhBK78FXcuFDEra/hzrdx2mahrT8MfPznHM6ZP0g4U2Db30ZhaXllda24XtrY3NreMXf3WipOJaFNEvNYdgKsKGeCNoEBp51EUhwFnLaD4dWk3n6gUrFY3MEooV6E+4KFjGDQlm8eVNxrygH79xc5uIDTim+W7ao9lbUITg5llKvhm19uLyZpRAUQjpXqOnYCXoYlMMLpuOSmiiaYDHGfdjUKHFHlZdP7x9axdnpWGEv9BFhT9/dEhiOlRlGgOyMMAzVfm5j/1bophOdexkSSAhVktihMuQWxNQnD6jFJCfCRBkwk07daZIAlJqAjK+kQnPkvL0KrVnVOq/ZtrVy/zOMookN0hE6Qg85QHd2gBmoigh7RM3pFb8aT8WK8Gx+z1oKRz+yjPzI+fwDZVJVX</latexit>

double NW, topological phase for
<latexit sha1_base64="i8mq1dOEHCwqLdAtnjgna7L4gKU=">AAACCXicbVC7TsMwFHXKq5RXgJHFokJiQFVSBhgrWJhQkehDaqPKcZzWqmNbtoNURV1Z+BUWBhBi5Q/Y+BucNgO0XMnS0Tnn3ut7QsmoNp737ZRWVtfWN8qbla3tnd09d/+grUWqMGlhwYTqhkgTRjlpGWoY6UpFUBIy0gnH17neeSBKU8HvzUSSIEFDTmOKkbHUwIWRSK0X3nbOoBHS+odWY1CO7FAYCzVwq17NmxVcBn4BqqCo5sD96kcCpwnhBjOkdc/3pAkypAzFjEwr/VQTifAYDUnPQo4SooNsdskUnlgmytfaxw2csb87MpRoPUlC60yQGelFLSf/03qpiS+DjHKZGsLxfFGcMnszzGOBEVUEGzaxAGFF7V8hHiGFsLHhVWwI/uLJy6Bdr/nnNe+uXm1cFXGUwRE4BqfABxegAW5AE7QABo/gGbyCN+fJeXHenY+5teQUPYfgTzmfP6ufmaw=</latexit>

�Z < �⌧
<latexit sha1_base64="6a0bogtkR4EFQRVE7jLIYPjRbCQ=">AAAB/3icbZC7TsMwFIadcivlFkBiYYlokZiqpAwwMFTAwFgkehFNFDmu01p1nMg+QapCB16FhQGEWHkNNt4Gt80ALb9k6dN/ztE5/oOEMwW2/W0UlpZXVteK66WNza3tHXN3r6XiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF5N6u0HKhWLxR2MEupFuC9YyAgGbfnmQcW9phywf3+Rgws4rfhm2a7aU1mL4ORQRrkavvnl9mKSRlQA4ViprmMn4GVYAiOcjktuqmiCyRD3aVejwBFVXja9f2wda6dnhbHUT4A1dX9PZDhSahQFujPCMFDztYn5X62bQnjuZUwkKVBBZovClFsQW5MwrB6TlAAfacBEMn2rRQZYYgI6spIOwZn/8iK0alXntGrf1sr1yzyOIjpER+gEOegM1dENaqAmIugRPaNX9GY8GS/Gu/Exay0Y+cw++iPj8wfWNJVV</latexit>

Schrade, Thakurathi et al., PRB 96, 035306 (2017)

MBS



Localization Length

Double Nanowire:

Suominen et al., Phys. Rev. Lett. 119, 176805 (2017)

Localization length of  the Majorana bound states

⇠ = 2~vF1vF 1̄

(vF1+vF 1̄)(�Z��d)+
p

[(vF1�vF 1̄)(�Z��d)]2+4vF1vF 1̄�2
c

<latexit sha1_base64="YMxpRc0Ej4kLcUsil1qX3w1ty38="></latexit><latexit sha1_base64="YMxpRc0Ej4kLcUsil1qX3w1ty38="></latexit><latexit sha1_base64="YMxpRc0Ej4kLcUsil1qX3w1ty38="></latexit><latexit sha1_base64="YMxpRc0Ej4kLcUsil1qX3w1ty38="></latexit>

Single Nanowire:

strongly reduced magnetic field  
                (with ξ ≈ const.!)  
due to crossed Andreev pairing Δc 

⇠ = ~vF
�Z��⌧

<latexit sha1_base64="nwbczJJ1cFeu6NnGsx8pjc1qCo4=">AAACFXicbZC7SgNBFIZnvcZ4i1raDEbBQsNuLLQRgopYKhgNZsNydjKbDJm9MHM2GJa8hI2vYmOhiK1g59s4iVt4+2Hg4z/ncOb8fiKFRtv+sCYmp6ZnZgtzxfmFxaXl0srqlY5TxXidxTJWDR80lyLidRQoeSNRHEJf8mu/dzyqX/e50iKOLnGQ8FYInUgEggEayyvtbLq34tANFLDM7fqgaN87HWbuCZcI3s1uDi5COtz0SmW7Yo9F/4KTQ5nkOvdK7247ZmnII2QStG46doKtDBQKJvmw6KaaJ8B60OFNgxGEXLey8VVDumWcNg1iZV6EdOx+n8gg1HoQ+qYzBOzq37WR+V+tmWJw0MpElKTII/a1KEglxZiOIqJtoThDOTAATAnzV8q6YBJCE2TRhOD8PvkvXFUrzl7FvqiWa0d5HAWyTjbINnHIPqmRM3JO6oSRO/JAnsizdW89Wi/W61frhJXPrJEfst4+AQSgnrg=</latexit>

⌧
<latexit sha1_base64="y41nOT8xBLZlPBuyqwMra5HK50c=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYiJYhbtYaBm0sYxgPiA5wt5mL1mzt3fszgnhyH+wsVDE1v9j579xk1yhiQ8GHu/NMDMvSKQw6Lrfztr6xubWdmGnuLu3f3BYOjpumTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVqWHNK30S2W36s5BVomXkzLkaPRLX71BzNKIK2SSGtP13AT9jGoUTPJpsZcanlA2pkPetVTRiBs/m187JedWGZAw1rYUkrn6eyKjkTGTKLCdEcWRWfZm4n9eN8Xw2s+ESlLkii0WhakkGJPZ62QgNGcoJ5ZQpoW9lbAR1ZShDahoQ/CWX14lrVrVu6y697Vy/SaPowCncAYX4MEV1OEOGtAEBo/wDK/w5sTOi/PufCxa15x85gT+wPn8AdqHjqQ=</latexit>⌧

<latexit sha1_base64="y41nOT8xBLZlPBuyqwMra5HK50c=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYiJYhbtYaBm0sYxgPiA5wt5mL1mzt3fszgnhyH+wsVDE1v9j579xk1yhiQ8GHu/NMDMvSKQw6Lrfztr6xubWdmGnuLu3f3BYOjpumTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVqWHNK30S2W36s5BVomXkzLkaPRLX71BzNKIK2SSGtP13AT9jGoUTPJpsZcanlA2pkPetVTRiBs/m187JedWGZAw1rYUkrn6eyKjkTGTKLCdEcWRWfZm4n9eN8Xw2s+ESlLkii0WhakkGJPZ62QgNGcoJ5ZQpoW9lbAR1ZShDahoQ/CWX14lrVrVu6y697Vy/SaPowCncAYX4MEV1OEOGtAEBo/wDK/w5sTOi/PufCxa15x85gT+wPn8AdqHjqQ=</latexit>

vF1 = 1.5⇥ 104 m/s and vF 1̄ = 2.5⇥ 104 m/s
<latexit sha1_base64="dwlgTgapawF0+lttAJD98eMrRU8=">AAACLHicbVDLSgMxFM3UV62vUZdugq3gqs4URTdCsSAuK9gHdMaSSdM2NMkMSaZQhn6QG39FEBcWcet3mE670LYHAodzzuXmniBiVGnHmViZtfWNza3sdm5nd2//wD48qqswlpjUcMhC2QyQIowKUtNUM9KMJEE8YKQRDCpTvzEkUtFQPOlRRHyOeoJ2KUbaSG27Uhi2k3t3fOsWr6CnKScKus7zZQHyCwWR6MA04AVIQpMqrUq17bxTdFLAZeLOSR7MUW3b714nxDEnQmOGlGq5TqT9BElNMSPjnBcrEiE8QD3SMlQgs89P0mPH8MwoHdgNpXlCw1T9O5EgrtSIBybJke6rRW8qrvJase7e+AkVUayJwLNF3ZhBHcJpc7BDJcGajQxBWFLzV4j7SCKsTb85U4K7ePIyqZeKruGPpXz5bl5HFpyAU3AOXHANyuABVEENYPAC3sAnmFiv1of1ZX3PohlrPnMM/sH6+QXJV6MG</latexit><latexit sha1_base64="dwlgTgapawF0+lttAJD98eMrRU8=">AAACLHicbVDLSgMxFM3UV62vUZdugq3gqs4URTdCsSAuK9gHdMaSSdM2NMkMSaZQhn6QG39FEBcWcet3mE670LYHAodzzuXmniBiVGnHmViZtfWNza3sdm5nd2//wD48qqswlpjUcMhC2QyQIowKUtNUM9KMJEE8YKQRDCpTvzEkUtFQPOlRRHyOeoJ2KUbaSG27Uhi2k3t3fOsWr6CnKScKus7zZQHyCwWR6MA04AVIQpMqrUq17bxTdFLAZeLOSR7MUW3b714nxDEnQmOGlGq5TqT9BElNMSPjnBcrEiE8QD3SMlQgs89P0mPH8MwoHdgNpXlCw1T9O5EgrtSIBybJke6rRW8qrvJase7e+AkVUayJwLNF3ZhBHcJpc7BDJcGajQxBWFLzV4j7SCKsTb85U4K7ePIyqZeKruGPpXz5bl5HFpyAU3AOXHANyuABVEENYPAC3sAnmFiv1of1ZX3PohlrPnMM/sH6+QXJV6MG</latexit><latexit sha1_base64="dwlgTgapawF0+lttAJD98eMrRU8=">AAACLHicbVDLSgMxFM3UV62vUZdugq3gqs4URTdCsSAuK9gHdMaSSdM2NMkMSaZQhn6QG39FEBcWcet3mE670LYHAodzzuXmniBiVGnHmViZtfWNza3sdm5nd2//wD48qqswlpjUcMhC2QyQIowKUtNUM9KMJEE8YKQRDCpTvzEkUtFQPOlRRHyOeoJ2KUbaSG27Uhi2k3t3fOsWr6CnKScKus7zZQHyCwWR6MA04AVIQpMqrUq17bxTdFLAZeLOSR7MUW3b714nxDEnQmOGlGq5TqT9BElNMSPjnBcrEiE8QD3SMlQgs89P0mPH8MwoHdgNpXlCw1T9O5EgrtSIBybJke6rRW8qrvJase7e+AkVUayJwLNF3ZhBHcJpc7BDJcGajQxBWFLzV4j7SCKsTb85U4K7ePIyqZeKruGPpXz5bl5HFpyAU3AOXHANyuABVEENYPAC3sAnmFiv1of1ZX3PohlrPnMM/sH6+QXJV6MG</latexit><latexit sha1_base64="dwlgTgapawF0+lttAJD98eMrRU8=">AAACLHicbVDLSgMxFM3UV62vUZdugq3gqs4URTdCsSAuK9gHdMaSSdM2NMkMSaZQhn6QG39FEBcWcet3mE670LYHAodzzuXmniBiVGnHmViZtfWNza3sdm5nd2//wD48qqswlpjUcMhC2QyQIowKUtNUM9KMJEE8YKQRDCpTvzEkUtFQPOlRRHyOeoJ2KUbaSG27Uhi2k3t3fOsWr6CnKScKus7zZQHyCwWR6MA04AVIQpMqrUq17bxTdFLAZeLOSR7MUW3b714nxDEnQmOGlGq5TqT9BElNMSPjnBcrEiE8QD3SMlQgs89P0mPH8MwoHdgNpXlCw1T9O5EgrtSIBybJke6rRW8qrvJase7e+AkVUayJwLNF3ZhBHcJpc7BDJcGajQxBWFLzV4j7SCKsTb85U4K7ePIyqZeKruGPpXz5bl5HFpyAU3AOXHANyuABVEENYPAC3sAnmFiv1of1ZX3PohlrPnMM/sH6+QXJV6MG</latexit>
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Schrade, Thakurathi et al., PRB 96, 035306 (2017)
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        Stability analysis of  one-MBS phase

(a) Topological threshold �Z,c/�d for the one-MBS phase as a function of

µ⌧/�d for �c/�d = 0.5,�/�d = 1

(b) Topological phase diagram as a function of �Z/�1 and �c/�1 for finite

interwire tunneling

Eso,1/�1 = 6.25, Eso,1̄/�1 = 12.25,�1̄/�1 = 1.3,�/�1 = 1, µ1 = µ1̄ = �

(c) Same phase diagram as in (b) but with the two SOI vectors not being

parallel to each other but still orthogonal to the magnetic field
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Schrade, Thakurathi et al., PRB 96, 035306 (2017)



Double-NW setup in the presence of  supercurrent
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0 BS�⌧ (x) = �⌧e�i'(x),�c(x) = �ce�i'(x)
<latexit sha1_base64="f8KMiM9JldrLiu8GMP81GItQWyA=">AAACPXicbVA9SwNBFNzz2/gVtbRZjIKChjsttBFELSwVjAq5GN5tXsySvQ9234nhyB+z8T/Y2dlYKGJr6yZeEY0DC7Mz89h9EyRKGnLdZ2dkdGx8YnJqujAzOze/UFxcujRxqgVWRKxifR2AQSUjrJAkhdeJRggDhVdB+7jnX92hNjKOLqiTYC2E20g2pQCyUr14seafoCKo+wTpxv3mwcCV4022Lf070ElLWq+7lZtiICiGUmuFerHklt0++DDxclJiOc7qxSe/EYs0xIiEAmOqnptQLQNNUijsFvzUYAKiDbdYtTSCEE0t62/f5etWafBmrO2JiPfVwYkMQmM6YWCTIVDL/PV64n9eNaXmfi2TUZISRuLnoWaqOMW8VyVvSI2CVMcSEFrav3LRAg2CbOG9Ery/Kw+Ty52yt1t2z3dKh0d5HVNsha2yDeaxPXbITtkZqzDBHtgLe2PvzqPz6nw4nz/RESefWWa/4Hx9AzjOrWM=</latexit>

'(x) = x/⇠, where ⇠ is the characteristic length scale
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nanowire 1

nanowire 2

s-wave SC

 Romito, Alicea et al., Phys. Rev. B 85, 020502(R) (2012)For Single nanowire:
<latexit sha1_base64="J2Jh3H/H6mpYAeNYCf7dFFJM+MU=">AAAB/nicbVC7SgNBFL0bXzG+VsXKZjAIVmE3FopVUBDLiOYBSQizk9lkyOzMMjOrhCXgr9hYKGLrd9j5N06SLTTxVIdz7uWee4KYM20879vJLS2vrK7l1wsbm1vbO+7uXl3LRBFaI5JL1QywppwJWjPMcNqMFcVRwGkjGF5N/MYDVZpJcW9GMe1EuC9YyAg2Vuq6B9dSoTsm+pwigYV8ZIpeoK5b9EreFGiR+BkpQoZq1/1q9yRJIioM4Vjrlu/FppNiZRjhdFxoJ5rGmAxxn7YsFTiiupNO44/RsVV6KLRBQikMmqq/N1IcaT2KAjsZYTPQ895E/M9rJSY876RMxImhgswOhQlHRqJJF6hnnyWGjyzBRDGbFZEBVpgY21jBluDPv7xI6uWSf1rybsvFymVWRx4O4QhOwIczqMANVKEGBFJ4hld4c56cF+fd+ZiN5pxsZx/+wPn8AUAAlQM=</latexit>

Low Field Topological Threshold due to Supercurrent!

Dmytruk, Thakurathi, Loss, Klinovaja, arXiv:1902.11232



Double-NW setup in the presence of  supercurrent
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Low Field Topological Threshold due to Supercurrent 

Any finite nonzero magnetic field will result topological 
phase in the system 

�c/� = 0.5
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Dmytruk, Thakurathi, Loss, Klinovaja, arXiv:1902.11232



                                     Majorana Bound states  

Transport

(c)   bulk features showing MBS presence 



Transport Signature in Double-NW setup using a ferromagnetic 
STM tip

Thakurathi, Chevallier, Loss, Klinovaja, arXiv soon
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STM tip
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G
�1
0R/A = ! ± i� �H0t

<latexit sha1_base64="DxFWOfgtBUJ7qARZ34iI6+r/Hs4=">AAACEXicbVC7TsNAEDzzDOEVoKQ5EZBoCHYooEEKUJAyIBKQ4hCdL5tw4s627tZIkeVfoOFXaChAiJaOjr/h8ih4jbTSaGZXuztBLIVB1/10Jianpmdmc3P5+YXFpeXCymrDRInmUOeRjPRVwAxIEUIdBUq4ijUwFUi4DG5PBv7lHWgjovAC+zG0FOuFois4Qyu1C9ubp9fpjpe1U/d89yg79CMFPebHigq/AxLZTtVamG22C0W35A5B/xJvTIpkjFq78OF3Ip4oCJFLZkzTc2NspUyj4BKyvJ8YiBm/ZT1oWhoyBaaVDj/K6JZVOrQbaVsh0qH6fSJlypi+CmynYnhjfnsD8T+vmWD3oJWKME4QQj5a1E0kxYgO4qEdoYGj7FvCuBb2VspvmGYcbYh5G4L3++W/pFEueXul8lm5WDkex5Ej62SDbBOP7JMKqZIaqRNO7skjeSYvzoPz5Lw6b6PWCWc8s0Z+wHn/AjeLnAM=</latexit>

x

y z

s-wave
<latexit sha1_base64="nQHBWlTMUbUGdG4/XYcWi0yZNrw=">AAAB73icbVBNT8JAEJ3iF+IX6tFLI5h4kbR40CPRi0dM5COBhmyXKWzYbuvuFkMa/oQXDxrj1b/jzX/jAj0o+JJJXt6bycw8P+ZMacf5tnJr6xubW/ntws7u3v5B8fCoqaJEUmzQiEey7ROFnAlsaKY5tmOJJPQ5tvzR7cxvjVEqFokHPYnRC8lAsIBRoo3ULqvyxRMZY69YcirOHPYqcTNSggz1XvGr249oEqLQlBOlOq4Tay8lUjPKcVroJgpjQkdkgB1DBQlReen83ql9ZpS+HUTSlND2XP09kZJQqUnom86Q6KFa9mbif14n0cG1lzIRJxoFXSwKEm7ryJ49b/eZRKr5xBBCJTO32nRIJKHaRFQwIbjLL6+SZrXiXlaq99VS7SaLIw8ncArn4MIV1OAO6tAAChye4RXerEfrxXq3PhatOSubOYY/sD5/AC5Xj2c=</latexit>

superconductor
<latexit sha1_base64="UEkwHwZgIpBw59ceDdKurkTrJu4=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKezGgx6DXjxGMA9I1jA7O5sMmZ1Z5qGEkP/w4kERr/6LN//GSbIHTSxoKKq66e6KMs608f1vr7C2vrG5Vdwu7ezu7R+UD49aWlpFaJNILlUnwppyJmjTMMNpJ1MUpxGn7Wh0M/Pbj1RpJsW9GWc0TPFAsIQRbJz0oG1GFZEitsRI1S9X/Ko/B1olQU4qkKPRL3/1YklsSoUhHGvdDfzMhBOsDCOcTks9q2mGyQgPaNdRgVOqw8n86ik6c0qMEqlcCYPm6u+JCU61HqeR60yxGeplbyb+53WtSa7CCROZNVSQxaLEcmQkmkWAYqYoMXzsCCaKuVsRGWKFiXFBlVwIwfLLq6RVqwYX1dpdrVK/zuMowgmcwjkEcAl1uIUGNIGAgmd4hTfvyXvx3r2PRWvBy2eO4Q+8zx9Q8JMI</latexit>

↵1
<latexit sha1_base64="7EW3US7aV+eo+2wLjZQfO9hxoeI=">AAAB9HicbVDLTgJBEOzFF+IL9ehlIph4Irt40CPRi0dM5JHAhvQOszBhdnadmSUhG77DiweN8erHePNvHB4HBSvppFLVne6uIBFcG9f9dnIbm1vbO/ndwt7+weFR8fikqeNUUdagsYhVO0DNBJesYbgRrJ0ohlEgWCsY3c381pgpzWP5aCYJ8yMcSB5yisZKfrmLIhliLyPetNwrltyKOwdZJ96SlGCJeq/41e3HNI2YNFSg1h3PTYyfoTKcCjYtdFPNEqQjHLCOpRIjpv1sfvSUXFilT8JY2ZKGzNXfExlGWk+iwHZGaIZ61ZuJ/3md1IQ3fsZlkhom6WJRmApiYjJLgPS5YtSIiSVIFbe3EjpEhdTYnAo2BG/15XXSrFa8q0r1oVqq3S7jyMMZnMMleHANNbiHOjSAwhM8wyu8OWPnxXl3PhatOWc5cwp/4Hz+AJPZkVA=</latexit>

B<latexit sha1_base64="PmVaOKWYcBme9438CLiGgQWeyvw=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstCTYWGKUjwQI2VvmYMPe3mV3z4Rc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjPPjwXXxnW/ndzG5tb2Tn63sLd/cHhUPD5p6ShRDJssEpHq+FSj4BKbhhuBnVghDX2BbX9yO/fbT6g0j+SjmcbYD+lI8oAzaqz0UK6XB8WSW3EXIOvEy0gJMjQGxa/eMGJJiNIwQbXuem5s+ilVhjOBs0Iv0RhTNqEj7FoqaYi6ny5OnZELqwxJEClb0pCF+nsipaHW09C3nSE1Y73qzcX/vG5igpt+ymWcGJRsuShIBDERmf9NhlwhM2JqCWWK21sJG1NFmbHpFGwI3urL66RVrXhXlep9tVSrZ3Hk4QzO4RI8uIYa3EEDmsBgBM/wCm+OcF6cd+dj2ZpzsplT+APn8wdMko0k</latexit>

B<latexit sha1_base64="PmVaOKWYcBme9438CLiGgQWeyvw=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstCTYWGKUjwQI2VvmYMPe3mV3z4Rc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjPPjwXXxnW/ndzG5tb2Tn63sLd/cHhUPD5p6ShRDJssEpHq+FSj4BKbhhuBnVghDX2BbX9yO/fbT6g0j+SjmcbYD+lI8oAzaqz0UK6XB8WSW3EXIOvEy0gJMjQGxa/eMGJJiNIwQbXuem5s+ilVhjOBs0Iv0RhTNqEj7FoqaYi6ny5OnZELqwxJEClb0pCF+nsipaHW09C3nSE1Y73qzcX/vG5igpt+ymWcGJRsuShIBDERmf9NhlwhM2JqCWWK21sJG1NFmbHpFGwI3urL66RVrXhXlep9tVSrZ3Hk4QzO4RI8uIYa3EEDmsBgBM/wCm+OcF6cd+dj2ZpzsplT+APn8wdMko0k</latexit>

NW-1̄
<latexit sha1_base64="3EQ4jirisL4KsGK9PovKJ3x6kiM=">AAAB8nicbVA9SwNBEN2LXzF+RS1tFhPBxnAXCy2DNlYSwXzA5Qh7m71kyd7usTsnhCM/w8ZCEVt/jZ3/xk1yhSY+GHi8N8PMvDAR3IDrfjuFtfWNza3idmlnd2//oHx41DYq1ZS1qBJKd0NimOCStYCDYN1EMxKHgnXC8e3M7zwxbbiSjzBJWBCToeQRpwSs5N93Lqq9kGjsVfvliltz58CrxMtJBeVo9stfvYGiacwkUEGM8T03gSAjGjgVbFrqpYYlhI7JkPmWShIzE2Tzk6f4zCoDHCltSwKeq78nMhIbM4lD2xkTGJllbyb+5/kpRNdBxmWSApN0sShKBQaFZ//jAdeMgphYQqjm9lZMR0QTCjalkg3BW355lbTrNe+yVn+oVxo3eRxFdIJO0Tny0BVqoDvURC1EkULP6BW9OeC8OO/Ox6K14OQzx+gPnM8fOG+P5g==</latexit>

FM
tip

V
<latexit sha1_base64="CWIiM9PHsdjFRnYgp3atOBGXI4A=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstCTaWGIUJIEL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFtfWNzq7hd2tnd2z8oHx61TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwzGNzP/8YlrI2L1gJOE+xEdKhEKRtFK99V2tV+uuDV3DrJKvJxUIEezX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmnXa95FrX5XrzSu8ziKcAKncA4eXEIDbqEJLWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QNq9o04</latexit>

NW-1
<latexit sha1_base64="atJUsD6IscbjyS+Wa8nqf4+Ywb8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyWpBz0WvXiSCvYD2lA22027dHcTdjdCCf0LXjwo4tU/5M1/4ybNQVsfDDzem2FmXhBzpo3rfjultfWNza3ydmVnd2//oHp41NFRoghtk4hHqhdgTTmTtG2Y4bQXK4pFwGk3mN5mfveJKs0i+WhmMfUFHksWMoJNJt13L7xhtebW3RxolXgFqUGB1rD6NRhFJBFUGsKx1n3PjY2fYmUY4XReGSSaxphM8Zj2LZVYUO2n+a1zdGaVEQojZUsalKu/J1IstJ6JwHYKbCZ62cvE/7x+YsJrP2UyTgyVZLEoTDgyEcoeRyOmKDF8ZgkmitlbEZlghYmx8VRsCN7yy6uk06h7l/XGQ6PWvCniKMMJnMI5eHAFTbiDFrSBwASe4RXeHOG8OO/Ox6K15BQzx/AHzucPKiiNpw==</latexit>

↵1̄
<latexit sha1_base64="YpXdbdUKM97xhc10Rj0THvCZ+y8=">AAAB+nicbVBNT8JAEN3iF+JX0aOXjWDiibR40CPRi0dMBExo00yXLWzYbpvdrYZUfooXDxrj1V/izX/jAj0o+JJJXt6bycy8MOVMacf5tkpr6xubW+Xtys7u3v6BXT3sqiSThHZIwhN5H4KinAna0Uxzep9KCnHIaS8cX8/83gOViiXiTk9S6scwFCxiBLSRArta94CnIwhyLwSJ3Wk9sGtOw5kDrxK3IDVUoB3YX94gIVlMhSYclOq7Tqr9HKRmhNNpxcsUTYGMYUj7hgqIqfLz+elTfGqUAY4SaUpoPFd/T+QQKzWJQ9MZgx6pZW8m/uf1Mx1d+jkTaaapIItFUcaxTvAsBzxgkhLNJ4YAkczciskIJBBt0qqYENzll1dJt9lwzxvN22atdVXEUUbH6ASdIRddoBa6QW3UQQQ9omf0it6sJ+vFerc+Fq0lq5g5Qn9gff4AFcWTOg==</latexit>
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†
⌘j [�(µ⌘ � 2t)⌧z +�⌘⌧x +�Z⌘�z] ⌘j

<latexit sha1_base64="tncWCaEcBqh9MeEkZVKLmuaWthE="></latexit>

+
PN�1

j=1  
†
⌘j+1(�t� i↵̄⌘�y)⌧z ⌘j +H.c.

◆

<latexit sha1_base64="ZqFW3pRuLulAXPjxIffpzuIZekQ="></latexit>

+
PN

j=1 1̄,j(�c⌧x) 1,j +H.c.
<latexit sha1_base64="Vh+nTtB2XYkVPRZT+627GpwYXFw="></latexit>



x

y z

s-wave
<latexit sha1_base64="nQHBWlTMUbUGdG4/XYcWi0yZNrw=">AAAB73icbVBNT8JAEJ3iF+IX6tFLI5h4kbR40CPRi0dM5COBhmyXKWzYbuvuFkMa/oQXDxrj1b/jzX/jAj0o+JJJXt6bycw8P+ZMacf5tnJr6xubW/ntws7u3v5B8fCoqaJEUmzQiEey7ROFnAlsaKY5tmOJJPQ5tvzR7cxvjVEqFokHPYnRC8lAsIBRoo3ULqvyxRMZY69YcirOHPYqcTNSggz1XvGr249oEqLQlBOlOq4Tay8lUjPKcVroJgpjQkdkgB1DBQlReen83ql9ZpS+HUTSlND2XP09kZJQqUnom86Q6KFa9mbif14n0cG1lzIRJxoFXSwKEm7ryJ49b/eZRKr5xBBCJTO32nRIJKHaRFQwIbjLL6+SZrXiXlaq99VS7SaLIw8ncArn4MIV1OAO6tAAChye4RXerEfrxXq3PhatOSubOYY/sD5/AC5Xj2c=</latexit>

superconductor
<latexit sha1_base64="UEkwHwZgIpBw59ceDdKurkTrJu4=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKezGgx6DXjxGMA9I1jA7O5sMmZ1Z5qGEkP/w4kERr/6LN//GSbIHTSxoKKq66e6KMs608f1vr7C2vrG5Vdwu7ezu7R+UD49aWlpFaJNILlUnwppyJmjTMMNpJ1MUpxGn7Wh0M/Pbj1RpJsW9GWc0TPFAsIQRbJz0oG1GFZEitsRI1S9X/Ko/B1olQU4qkKPRL3/1YklsSoUhHGvdDfzMhBOsDCOcTks9q2mGyQgPaNdRgVOqw8n86ik6c0qMEqlcCYPm6u+JCU61HqeR60yxGeplbyb+53WtSa7CCROZNVSQxaLEcmQkmkWAYqYoMXzsCCaKuVsRGWKFiXFBlVwIwfLLq6RVqwYX1dpdrVK/zuMowgmcwjkEcAl1uIUGNIGAgmd4hTfvyXvx3r2PRWvBy2eO4Q+8zx9Q8JMI</latexit>

↵1
<latexit sha1_base64="7EW3US7aV+eo+2wLjZQfO9hxoeI=">AAAB9HicbVDLTgJBEOzFF+IL9ehlIph4Irt40CPRi0dM5JHAhvQOszBhdnadmSUhG77DiweN8erHePNvHB4HBSvppFLVne6uIBFcG9f9dnIbm1vbO/ndwt7+weFR8fikqeNUUdagsYhVO0DNBJesYbgRrJ0ohlEgWCsY3c381pgpzWP5aCYJ8yMcSB5yisZKfrmLIhliLyPetNwrltyKOwdZJ96SlGCJeq/41e3HNI2YNFSg1h3PTYyfoTKcCjYtdFPNEqQjHLCOpRIjpv1sfvSUXFilT8JY2ZKGzNXfExlGWk+iwHZGaIZ61ZuJ/3md1IQ3fsZlkhom6WJRmApiYjJLgPS5YtSIiSVIFbe3EjpEhdTYnAo2BG/15XXSrFa8q0r1oVqq3S7jyMMZnMMleHANNbiHOjSAwhM8wyu8OWPnxXl3PhatOWc5cwp/4Hz+AJPZkVA=</latexit>

B<latexit sha1_base64="PmVaOKWYcBme9438CLiGgQWeyvw=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstCTYWGKUjwQI2VvmYMPe3mV3z4Rc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjPPjwXXxnW/ndzG5tb2Tn63sLd/cHhUPD5p6ShRDJssEpHq+FSj4BKbhhuBnVghDX2BbX9yO/fbT6g0j+SjmcbYD+lI8oAzaqz0UK6XB8WSW3EXIOvEy0gJMjQGxa/eMGJJiNIwQbXuem5s+ilVhjOBs0Iv0RhTNqEj7FoqaYi6ny5OnZELqwxJEClb0pCF+nsipaHW09C3nSE1Y73qzcX/vG5igpt+ymWcGJRsuShIBDERmf9NhlwhM2JqCWWK21sJG1NFmbHpFGwI3urL66RVrXhXlep9tVSrZ3Hk4QzO4RI8uIYa3EEDmsBgBM/wCm+OcF6cd+dj2ZpzsplT+APn8wdMko0k</latexit>

B<latexit sha1_base64="PmVaOKWYcBme9438CLiGgQWeyvw=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstCTYWGKUjwQI2VvmYMPe3mV3z4Rc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjPPjwXXxnW/ndzG5tb2Tn63sLd/cHhUPD5p6ShRDJssEpHq+FSj4BKbhhuBnVghDX2BbX9yO/fbT6g0j+SjmcbYD+lI8oAzaqz0UK6XB8WSW3EXIOvEy0gJMjQGxa/eMGJJiNIwQbXuem5s+ilVhjOBs0Iv0RhTNqEj7FoqaYi6ny5OnZELqwxJEClb0pCF+nsipaHW09C3nSE1Y73qzcX/vG5igpt+ymWcGJRsuShIBDERmf9NhlwhM2JqCWWK21sJG1NFmbHpFGwI3urL66RVrXhXlep9tVSrZ3Hk4QzO4RI8uIYa3EEDmsBgBM/wCm+OcF6cd+dj2ZpzsplT+APn8wdMko0k</latexit>

NW-1̄
<latexit sha1_base64="3EQ4jirisL4KsGK9PovKJ3x6kiM=">AAAB8nicbVA9SwNBEN2LXzF+RS1tFhPBxnAXCy2DNlYSwXzA5Qh7m71kyd7usTsnhCM/w8ZCEVt/jZ3/xk1yhSY+GHi8N8PMvDAR3IDrfjuFtfWNza3idmlnd2//oHx41DYq1ZS1qBJKd0NimOCStYCDYN1EMxKHgnXC8e3M7zwxbbiSjzBJWBCToeQRpwSs5N93Lqq9kGjsVfvliltz58CrxMtJBeVo9stfvYGiacwkUEGM8T03gSAjGjgVbFrqpYYlhI7JkPmWShIzE2Tzk6f4zCoDHCltSwKeq78nMhIbM4lD2xkTGJllbyb+5/kpRNdBxmWSApN0sShKBQaFZ//jAdeMgphYQqjm9lZMR0QTCjalkg3BW355lbTrNe+yVn+oVxo3eRxFdIJO0Tny0BVqoDvURC1EkULP6BW9OeC8OO/Ox6K14OQzx+gPnM8fOG+P5g==</latexit>

FM
tip

V
<latexit sha1_base64="CWIiM9PHsdjFRnYgp3atOBGXI4A=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstCTaWGIUJIEL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFtfWNzq7hd2tnd2z8oHx61TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwzGNzP/8YlrI2L1gJOE+xEdKhEKRtFK99V2tV+uuDV3DrJKvJxUIEezX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmnXa95FrX5XrzSu8ziKcAKncA4eXEIDbqEJLWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QNq9o04</latexit>

NW-1
<latexit sha1_base64="atJUsD6IscbjyS+Wa8nqf4+Ywb8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyWpBz0WvXiSCvYD2lA22027dHcTdjdCCf0LXjwo4tU/5M1/4ybNQVsfDDzem2FmXhBzpo3rfjultfWNza3ydmVnd2//oHp41NFRoghtk4hHqhdgTTmTtG2Y4bQXK4pFwGk3mN5mfveJKs0i+WhmMfUFHksWMoJNJt13L7xhtebW3RxolXgFqUGB1rD6NRhFJBFUGsKx1n3PjY2fYmUY4XReGSSaxphM8Zj2LZVYUO2n+a1zdGaVEQojZUsalKu/J1IstJ6JwHYKbCZ62cvE/7x+YsJrP2UyTgyVZLEoTDgyEcoeRyOmKDF8ZgkmitlbEZlghYmx8VRsCN7yy6uk06h7l/XGQ6PWvCniKMMJnMI5eHAFTbiDFrSBwASe4RXeHOG8OO/Ox6K15BQzx/AHzucPKiiNpw==</latexit>

↵1̄
<latexit sha1_base64="YpXdbdUKM97xhc10Rj0THvCZ+y8=">AAAB+nicbVBNT8JAEN3iF+JX0aOXjWDiibR40CPRi0dMBExo00yXLWzYbpvdrYZUfooXDxrj1V/izX/jAj0o+JJJXt6bycy8MOVMacf5tkpr6xubW+Xtys7u3v6BXT3sqiSThHZIwhN5H4KinAna0Uxzep9KCnHIaS8cX8/83gOViiXiTk9S6scwFCxiBLSRArta94CnIwhyLwSJ3Wk9sGtOw5kDrxK3IDVUoB3YX94gIVlMhSYclOq7Tqr9HKRmhNNpxcsUTYGMYUj7hgqIqfLz+elTfGqUAY4SaUpoPFd/T+QQKzWJQ9MZgx6pZW8m/uf1Mx1d+jkTaaapIItFUcaxTvAsBzxgkhLNJ4YAkczciskIJBBt0qqYENzll1dJt9lwzxvN22atdVXEUUbH6ASdIRddoBa6QW3UQQQ9omf0it6sJ+vFerc+Fq0lq5g5Qn9gff4AFcWTOg==</latexit>

Transport Signature in Double-NW setup using a ferromagnetic 
STM tip

Thakurathi, Chevallier, Loss, Klinovaja, arXiv soon
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<latexit sha1_base64="51wzV76C2PrVie9istDR5xBNUbI="></latexit>

Spin filtered current Ispin = I+DC � I�DC
<latexit sha1_base64="ymxtCh5AnM0cMP0ZY5rjgX3fzig=">AAACDnicbZC7SgNBFIZn4y3GW9TSZjEJCJKwGwtthGAsTBfBXCCJy+xkkgyZnV1mzoph2Sew8VVsLBSxtbbzbZxcBE38YeDjP+dw5vxuwJkCy/oyEkvLK6tryfXUxubW9k56d6+u/FASWiM+92XTxYpyJmgNGHDaDCTFnstpwx2Wx/XGHZWK+eIGRgHteLgvWI8RDNpy0rlsxWkDvYdIBUzE5xUnuizHt9FxnP/BfJx10hmrYE1kLoI9gwyaqeqkP9tdn4QeFUA4VqplWwF0IiyBEU7jVDtUNMBkiPu0pVFgj6pONDknNnPa6Zo9X+onwJy4vyci7Ck18lzd6WEYqPna2Pyv1gqhd9aJmAhCoIJMF/VCboJvjrMxu0xSAnykARPJ9F9NMsASE9AJpnQI9vzJi1AvFuyTQvG6mCldzOJIogN0iI6QjU5RCV2hKqohgh7QE3pBr8aj8Wy8Ge/T1oQxm9lHf2R8fANPWZue</latexit>

(Gs
R/A)

�1(!) = G�1
0R/A � ⌃s

R/A(!)
<latexit sha1_base64="EmT3yR+8ZigURGrXYcGXfLkpfDs="></latexit>



Transport Signature in Double-NW setup using a ferromagnetic 
STM tip

Thakurathi, Chevallier, Loss, Klinovaja, arXiv soon
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e
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s
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<latexit sha1_base64="51wzV76C2PrVie9istDR5xBNUbI="></latexit>

Spin filtered current Ispin = I+DC � I�DC
<latexit sha1_base64="ymxtCh5AnM0cMP0ZY5rjgX3fzig=">AAACDnicbZC7SgNBFIZn4y3GW9TSZjEJCJKwGwtthGAsTBfBXCCJy+xkkgyZnV1mzoph2Sew8VVsLBSxtbbzbZxcBE38YeDjP+dw5vxuwJkCy/oyEkvLK6tryfXUxubW9k56d6+u/FASWiM+92XTxYpyJmgNGHDaDCTFnstpwx2Wx/XGHZWK+eIGRgHteLgvWI8RDNpy0rlsxWkDvYdIBUzE5xUnuizHt9FxnP/BfJx10hmrYE1kLoI9gwyaqeqkP9tdn4QeFUA4VqplWwF0IiyBEU7jVDtUNMBkiPu0pVFgj6pONDknNnPa6Zo9X+onwJy4vyci7Ck18lzd6WEYqPna2Pyv1gqhd9aJmAhCoIJMF/VCboJvjrMxu0xSAnykARPJ9F9NMsASE9AJpnQI9vzJi1AvFuyTQvG6mCldzOJIogN0iI6QjU5RCV2hKqohgh7QE3pBr8aj8Wy8Ge/T1oQxm9lHf2R8fANPWZue</latexit>



x

y z

s-wave
<latexit sha1_base64="nQHBWlTMUbUGdG4/XYcWi0yZNrw=">AAAB73icbVBNT8JAEJ3iF+IX6tFLI5h4kbR40CPRi0dM5COBhmyXKWzYbuvuFkMa/oQXDxrj1b/jzX/jAj0o+JJJXt6bycw8P+ZMacf5tnJr6xubW/ntws7u3v5B8fCoqaJEUmzQiEey7ROFnAlsaKY5tmOJJPQ5tvzR7cxvjVEqFokHPYnRC8lAsIBRoo3ULqvyxRMZY69YcirOHPYqcTNSggz1XvGr249oEqLQlBOlOq4Tay8lUjPKcVroJgpjQkdkgB1DBQlReen83ql9ZpS+HUTSlND2XP09kZJQqUnom86Q6KFa9mbif14n0cG1lzIRJxoFXSwKEm7ryJ49b/eZRKr5xBBCJTO32nRIJKHaRFQwIbjLL6+SZrXiXlaq99VS7SaLIw8ncArn4MIV1OAO6tAAChye4RXerEfrxXq3PhatOSubOYY/sD5/AC5Xj2c=</latexit>

superconductor
<latexit sha1_base64="UEkwHwZgIpBw59ceDdKurkTrJu4=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKezGgx6DXjxGMA9I1jA7O5sMmZ1Z5qGEkP/w4kERr/6LN//GSbIHTSxoKKq66e6KMs608f1vr7C2vrG5Vdwu7ezu7R+UD49aWlpFaJNILlUnwppyJmjTMMNpJ1MUpxGn7Wh0M/Pbj1RpJsW9GWc0TPFAsIQRbJz0oG1GFZEitsRI1S9X/Ko/B1olQU4qkKPRL3/1YklsSoUhHGvdDfzMhBOsDCOcTks9q2mGyQgPaNdRgVOqw8n86ik6c0qMEqlcCYPm6u+JCU61HqeR60yxGeplbyb+53WtSa7CCROZNVSQxaLEcmQkmkWAYqYoMXzsCCaKuVsRGWKFiXFBlVwIwfLLq6RVqwYX1dpdrVK/zuMowgmcwjkEcAl1uIUGNIGAgmd4hTfvyXvx3r2PRWvBy2eO4Q+8zx9Q8JMI</latexit>

↵1
<latexit sha1_base64="7EW3US7aV+eo+2wLjZQfO9hxoeI=">AAAB9HicbVDLTgJBEOzFF+IL9ehlIph4Irt40CPRi0dM5JHAhvQOszBhdnadmSUhG77DiweN8erHePNvHB4HBSvppFLVne6uIBFcG9f9dnIbm1vbO/ndwt7+weFR8fikqeNUUdagsYhVO0DNBJesYbgRrJ0ohlEgWCsY3c381pgpzWP5aCYJ8yMcSB5yisZKfrmLIhliLyPetNwrltyKOwdZJ96SlGCJeq/41e3HNI2YNFSg1h3PTYyfoTKcCjYtdFPNEqQjHLCOpRIjpv1sfvSUXFilT8JY2ZKGzNXfExlGWk+iwHZGaIZ61ZuJ/3md1IQ3fsZlkhom6WJRmApiYjJLgPS5YtSIiSVIFbe3EjpEhdTYnAo2BG/15XXSrFa8q0r1oVqq3S7jyMMZnMMleHANNbiHOjSAwhM8wyu8OWPnxXl3PhatOWc5cwp/4Hz+AJPZkVA=</latexit>

B<latexit sha1_base64="PmVaOKWYcBme9438CLiGgQWeyvw=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstCTYWGKUjwQI2VvmYMPe3mV3z4Rc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjPPjwXXxnW/ndzG5tb2Tn63sLd/cHhUPD5p6ShRDJssEpHq+FSj4BKbhhuBnVghDX2BbX9yO/fbT6g0j+SjmcbYD+lI8oAzaqz0UK6XB8WSW3EXIOvEy0gJMjQGxa/eMGJJiNIwQbXuem5s+ilVhjOBs0Iv0RhTNqEj7FoqaYi6ny5OnZELqwxJEClb0pCF+nsipaHW09C3nSE1Y73qzcX/vG5igpt+ymWcGJRsuShIBDERmf9NhlwhM2JqCWWK21sJG1NFmbHpFGwI3urL66RVrXhXlep9tVSrZ3Hk4QzO4RI8uIYa3EEDmsBgBM/wCm+OcF6cd+dj2ZpzsplT+APn8wdMko0k</latexit>

B<latexit sha1_base64="PmVaOKWYcBme9438CLiGgQWeyvw=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstCTYWGKUjwQI2VvmYMPe3mV3z4Rc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjPPjwXXxnW/ndzG5tb2Tn63sLd/cHhUPD5p6ShRDJssEpHq+FSj4BKbhhuBnVghDX2BbX9yO/fbT6g0j+SjmcbYD+lI8oAzaqz0UK6XB8WSW3EXIOvEy0gJMjQGxa/eMGJJiNIwQbXuem5s+ilVhjOBs0Iv0RhTNqEj7FoqaYi6ny5OnZELqwxJEClb0pCF+nsipaHW09C3nSE1Y73qzcX/vG5igpt+ymWcGJRsuShIBDERmf9NhlwhM2JqCWWK21sJG1NFmbHpFGwI3urL66RVrXhXlep9tVSrZ3Hk4QzO4RI8uIYa3EEDmsBgBM/wCm+OcF6cd+dj2ZpzsplT+APn8wdMko0k</latexit>

NW-1̄
<latexit sha1_base64="3EQ4jirisL4KsGK9PovKJ3x6kiM=">AAAB8nicbVA9SwNBEN2LXzF+RS1tFhPBxnAXCy2DNlYSwXzA5Qh7m71kyd7usTsnhCM/w8ZCEVt/jZ3/xk1yhSY+GHi8N8PMvDAR3IDrfjuFtfWNza3idmlnd2//oHx41DYq1ZS1qBJKd0NimOCStYCDYN1EMxKHgnXC8e3M7zwxbbiSjzBJWBCToeQRpwSs5N93Lqq9kGjsVfvliltz58CrxMtJBeVo9stfvYGiacwkUEGM8T03gSAjGjgVbFrqpYYlhI7JkPmWShIzE2Tzk6f4zCoDHCltSwKeq78nMhIbM4lD2xkTGJllbyb+5/kpRNdBxmWSApN0sShKBQaFZ//jAdeMgphYQqjm9lZMR0QTCjalkg3BW355lbTrNe+yVn+oVxo3eRxFdIJO0Tny0BVqoDvURC1EkULP6BW9OeC8OO/Ox6K14OQzx+gPnM8fOG+P5g==</latexit>

FM
tip

V
<latexit sha1_base64="CWIiM9PHsdjFRnYgp3atOBGXI4A=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstCTaWGIUJIEL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFtfWNzq7hd2tnd2z8oHx61TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwzGNzP/8YlrI2L1gJOE+xEdKhEKRtFK99V2tV+uuDV3DrJKvJxUIEezX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmnXa95FrX5XrzSu8ziKcAKncA4eXEIDbqEJLWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QNq9o04</latexit>

NW-1
<latexit sha1_base64="atJUsD6IscbjyS+Wa8nqf4+Ywb8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyWpBz0WvXiSCvYD2lA22027dHcTdjdCCf0LXjwo4tU/5M1/4ybNQVsfDDzem2FmXhBzpo3rfjultfWNza3ydmVnd2//oHp41NFRoghtk4hHqhdgTTmTtG2Y4bQXK4pFwGk3mN5mfveJKs0i+WhmMfUFHksWMoJNJt13L7xhtebW3RxolXgFqUGB1rD6NRhFJBFUGsKx1n3PjY2fYmUY4XReGSSaxphM8Zj2LZVYUO2n+a1zdGaVEQojZUsalKu/J1IstJ6JwHYKbCZ62cvE/7x+YsJrP2UyTgyVZLEoTDgyEcoeRyOmKDF8ZgkmitlbEZlghYmx8VRsCN7yy6uk06h7l/XGQ6PWvCniKMMJnMI5eHAFTbiDFrSBwASe4RXeHOG8OO/Ox6K15BQzx/AHzucPKiiNpw==</latexit>

↵1̄
<latexit sha1_base64="YpXdbdUKM97xhc10Rj0THvCZ+y8=">AAAB+nicbVBNT8JAEN3iF+JX0aOXjWDiibR40CPRi0dMBExo00yXLWzYbpvdrYZUfooXDxrj1V/izX/jAj0o+JJJXt6bycy8MOVMacf5tkpr6xubW+Xtys7u3v6BXT3sqiSThHZIwhN5H4KinAna0Uxzep9KCnHIaS8cX8/83gOViiXiTk9S6scwFCxiBLSRArta94CnIwhyLwSJ3Wk9sGtOw5kDrxK3IDVUoB3YX94gIVlMhSYclOq7Tqr9HKRmhNNpxcsUTYGMYUj7hgqIqfLz+elTfGqUAY4SaUpoPFd/T+QQKzWJQ9MZgx6pZW8m/uf1Mx1d+jkTaaapIItFUcaxTvAsBzxgkhLNJ4YAkczciskIJBBt0qqYENzll1dJt9lwzxvN22atdVXEUUbH6ASdIRddoBa6QW3UQQQ9omf0it6sJ+vFerc+Fq0lq5g5Qn9gff4AFcWTOg==</latexit>

Interaction

 Thakurathi, Simon, Mandal, Klinovaja, Loss, PRB 97, 045415 (2018) 
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Conclusions



x

y z

s-wave
<latexit sha1_base64="nQHBWlTMUbUGdG4/XYcWi0yZNrw=">AAAB73icbVBNT8JAEJ3iF+IX6tFLI5h4kbR40CPRi0dM5COBhmyXKWzYbuvuFkMa/oQXDxrj1b/jzX/jAj0o+JJJXt6bycw8P+ZMacf5tnJr6xubW/ntws7u3v5B8fCoqaJEUmzQiEey7ROFnAlsaKY5tmOJJPQ5tvzR7cxvjVEqFokHPYnRC8lAsIBRoo3ULqvyxRMZY69YcirOHPYqcTNSggz1XvGr249oEqLQlBOlOq4Tay8lUjPKcVroJgpjQkdkgB1DBQlReen83ql9ZpS+HUTSlND2XP09kZJQqUnom86Q6KFa9mbif14n0cG1lzIRJxoFXSwKEm7ryJ49b/eZRKr5xBBCJTO32nRIJKHaRFQwIbjLL6+SZrXiXlaq99VS7SaLIw8ncArn4MIV1OAO6tAAChye4RXerEfrxXq3PhatOSubOYY/sD5/AC5Xj2c=</latexit>

superconductor
<latexit sha1_base64="UEkwHwZgIpBw59ceDdKurkTrJu4=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKezGgx6DXjxGMA9I1jA7O5sMmZ1Z5qGEkP/w4kERr/6LN//GSbIHTSxoKKq66e6KMs608f1vr7C2vrG5Vdwu7ezu7R+UD49aWlpFaJNILlUnwppyJmjTMMNpJ1MUpxGn7Wh0M/Pbj1RpJsW9GWc0TPFAsIQRbJz0oG1GFZEitsRI1S9X/Ko/B1olQU4qkKPRL3/1YklsSoUhHGvdDfzMhBOsDCOcTks9q2mGyQgPaNdRgVOqw8n86ik6c0qMEqlcCYPm6u+JCU61HqeR60yxGeplbyb+53WtSa7CCROZNVSQxaLEcmQkmkWAYqYoMXzsCCaKuVsRGWKFiXFBlVwIwfLLq6RVqwYX1dpdrVK/zuMowgmcwjkEcAl1uIUGNIGAgmd4hTfvyXvx3r2PRWvBy2eO4Q+8zx9Q8JMI</latexit>

↵1
<latexit sha1_base64="7EW3US7aV+eo+2wLjZQfO9hxoeI=">AAAB9HicbVDLTgJBEOzFF+IL9ehlIph4Irt40CPRi0dM5JHAhvQOszBhdnadmSUhG77DiweN8erHePNvHB4HBSvppFLVne6uIBFcG9f9dnIbm1vbO/ndwt7+weFR8fikqeNUUdagsYhVO0DNBJesYbgRrJ0ohlEgWCsY3c381pgpzWP5aCYJ8yMcSB5yisZKfrmLIhliLyPetNwrltyKOwdZJ96SlGCJeq/41e3HNI2YNFSg1h3PTYyfoTKcCjYtdFPNEqQjHLCOpRIjpv1sfvSUXFilT8JY2ZKGzNXfExlGWk+iwHZGaIZ61ZuJ/3md1IQ3fsZlkhom6WJRmApiYjJLgPS5YtSIiSVIFbe3EjpEhdTYnAo2BG/15XXSrFa8q0r1oVqq3S7jyMMZnMMleHANNbiHOjSAwhM8wyu8OWPnxXl3PhatOWc5cwp/4Hz+AJPZkVA=</latexit>

B<latexit sha1_base64="PmVaOKWYcBme9438CLiGgQWeyvw=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstCTYWGKUjwQI2VvmYMPe3mV3z4Rc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjPPjwXXxnW/ndzG5tb2Tn63sLd/cHhUPD5p6ShRDJssEpHq+FSj4BKbhhuBnVghDX2BbX9yO/fbT6g0j+SjmcbYD+lI8oAzaqz0UK6XB8WSW3EXIOvEy0gJMjQGxa/eMGJJiNIwQbXuem5s+ilVhjOBs0Iv0RhTNqEj7FoqaYi6ny5OnZELqwxJEClb0pCF+nsipaHW09C3nSE1Y73qzcX/vG5igpt+ymWcGJRsuShIBDERmf9NhlwhM2JqCWWK21sJG1NFmbHpFGwI3urL66RVrXhXlep9tVSrZ3Hk4QzO4RI8uIYa3EEDmsBgBM/wCm+OcF6cd+dj2ZpzsplT+APn8wdMko0k</latexit>

B<latexit sha1_base64="PmVaOKWYcBme9438CLiGgQWeyvw=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstCTYWGKUjwQI2VvmYMPe3mV3z4Rc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjPPjwXXxnW/ndzG5tb2Tn63sLd/cHhUPD5p6ShRDJssEpHq+FSj4BKbhhuBnVghDX2BbX9yO/fbT6g0j+SjmcbYD+lI8oAzaqz0UK6XB8WSW3EXIOvEy0gJMjQGxa/eMGJJiNIwQbXuem5s+ilVhjOBs0Iv0RhTNqEj7FoqaYi6ny5OnZELqwxJEClb0pCF+nsipaHW09C3nSE1Y73qzcX/vG5igpt+ymWcGJRsuShIBDERmf9NhlwhM2JqCWWK21sJG1NFmbHpFGwI3urL66RVrXhXlep9tVSrZ3Hk4QzO4RI8uIYa3EEDmsBgBM/wCm+OcF6cd+dj2ZpzsplT+APn8wdMko0k</latexit>

NW-1̄
<latexit sha1_base64="3EQ4jirisL4KsGK9PovKJ3x6kiM=">AAAB8nicbVA9SwNBEN2LXzF+RS1tFhPBxnAXCy2DNlYSwXzA5Qh7m71kyd7usTsnhCM/w8ZCEVt/jZ3/xk1yhSY+GHi8N8PMvDAR3IDrfjuFtfWNza3idmlnd2//oHx41DYq1ZS1qBJKd0NimOCStYCDYN1EMxKHgnXC8e3M7zwxbbiSjzBJWBCToeQRpwSs5N93Lqq9kGjsVfvliltz58CrxMtJBeVo9stfvYGiacwkUEGM8T03gSAjGjgVbFrqpYYlhI7JkPmWShIzE2Tzk6f4zCoDHCltSwKeq78nMhIbM4lD2xkTGJllbyb+5/kpRNdBxmWSApN0sShKBQaFZ//jAdeMgphYQqjm9lZMR0QTCjalkg3BW355lbTrNe+yVn+oVxo3eRxFdIJO0Tny0BVqoDvURC1EkULP6BW9OeC8OO/Ox6K14OQzx+gPnM8fOG+P5g==</latexit>

FM
tip

V
<latexit sha1_base64="CWIiM9PHsdjFRnYgp3atOBGXI4A=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstCTaWGIUJIEL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFtfWNzq7hd2tnd2z8oHx61TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwzGNzP/8YlrI2L1gJOE+xEdKhEKRtFK99V2tV+uuDV3DrJKvJxUIEezX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmnXa95FrX5XrzSu8ziKcAKncA4eXEIDbqEJLWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QNq9o04</latexit>

NW-1
<latexit sha1_base64="atJUsD6IscbjyS+Wa8nqf4+Ywb8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyWpBz0WvXiSCvYD2lA22027dHcTdjdCCf0LXjwo4tU/5M1/4ybNQVsfDDzem2FmXhBzpo3rfjultfWNza3ydmVnd2//oHp41NFRoghtk4hHqhdgTTmTtG2Y4bQXK4pFwGk3mN5mfveJKs0i+WhmMfUFHksWMoJNJt13L7xhtebW3RxolXgFqUGB1rD6NRhFJBFUGsKx1n3PjY2fYmUY4XReGSSaxphM8Zj2LZVYUO2n+a1zdGaVEQojZUsalKu/J1IstJ6JwHYKbCZ62cvE/7x+YsJrP2UyTgyVZLEoTDgyEcoeRyOmKDF8ZgkmitlbEZlghYmx8VRsCN7yy6uk06h7l/XGQ6PWvCniKMMJnMI5eHAFTbiDFrSBwASe4RXeHOG8OO/Ox6K15BQzx/AHzucPKiiNpw==</latexit>

↵1̄
<latexit sha1_base64="YpXdbdUKM97xhc10Rj0THvCZ+y8=">AAAB+nicbVBNT8JAEN3iF+JX0aOXjWDiibR40CPRi0dMBExo00yXLWzYbpvdrYZUfooXDxrj1V/izX/jAj0o+JJJXt6bycy8MOVMacf5tkpr6xubW+Xtys7u3v6BXT3sqiSThHZIwhN5H4KinAna0Uxzep9KCnHIaS8cX8/83gOViiXiTk9S6scwFCxiBLSRArta94CnIwhyLwSJ3Wk9sGtOw5kDrxK3IDVUoB3YX94gIVlMhSYclOq7Tqr9HKRmhNNpxcsUTYGMYUj7hgqIqfLz+elTfGqUAY4SaUpoPFd/T+QQKzWJQ9MZgx6pZW8m/uf1Mx1d+jkTaaapIItFUcaxTvAsBzxgkhLNJ4YAkczciskIJBBt0qqYENzll1dJt9lwzxvN22atdVXEUUbH6ASdIRddoBa6QW3UQQQ9omf0it6sJ+vFerc+Fq0lq5g5Qn9gff4AFcWTOg==</latexit>
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Supercurrent

Dmytruk, Thakurathi, Loss, Klinovaja, PRB 99, 245416 (2019)

Conclusions

Thakurathi, Chevallier, Loss, Klinovaja,  arXiv soon

Transport



Floquet Topological systems 

Higher order topological systems 

Planer Josephson junctions

Outlook

External driving gives us a powerful tool to turn initially non-topological 
materials into topological ones [Nature Physics 7, 490–495 (2011)]…

    Corner and Hinge states [ Science 357, 61 (2017).]...

    [ Phys. Rev. X 7, 021032 (2017)]…
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