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Motivation: creation of Josephson topological materials

• R.-P. Riwar, M. Houzet, J. S. Meyer, Yu. V. Nazarov, 

Multi-terminal Josephson junctions as topological materials,

Nat. Commun., 11167 (2016);

• C. Padurariu et al., PRB 92, 205409 (2015);

• B. van Heck et al., PRB 90, 155450 (2014);

• T. Yokoyama and Yu. V. Nazarov, PRB 92, 155437 (2015)

- (N-1)-dimensional space of phases

- N = 3 + Spin orbit -->  Majorana’s like

- N = 4 --> Weyl singularities

- …..
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Proximity effect & supercurrent

S SN

Metallic contact between a normal metal and a superconductor

S SN

Electron-hole correlations: proximity effect

Reflected hole

Incident electron

SuperconductorNormal metal 
(Semiconductor)

Cooper pair

Andreev reflection

Supercurrent Andreev bound states (ABS)
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Proximity effect in SNS systems: basic formalism

Diffusive mesoscopic N wire:

quasi-1D geometry

L >L >> le
D = diffusion coefficient

 = superconducting order parameter

 = macroscopic phase of the order parameter

ETh = hD/2L2 Thouless energy
Usadel equations

LDOS

LDOS properties:

N(-E) = N(E)

Eg for |E|  Eg

Eg( = 0)  3.2ETh for >>ETh

Eg( = ) = 0
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Modification of the LDOSs in SNS junctions due to proximity effect

J. C. Cuevas et al., PRB 73, 184505 (2006)

Length and position dependence

J. C. Hammer et al., PRB 76, 064514 (2007)

Phase dependence
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Phase-dependence of PE probed with STM spectroscopy (i)

Al/Ag SNS 

proximity SQUIDs
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Phase-dependence of PE probed with STM spectroscopy (ii)

H. le Sueur et al., PRL 100, 197002 (2008)

Phase-evolution of 

PE

Full phase-control 

of the minigap 

amplitude

Experiment to theory 

comparison
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The SQUIPT: a novel quantum interferometer

FG et al., Nat. Phys. 6, 254 (2010);

M. Meschke et al., PRB 84, 214514;

A. Ronzani et al., PRAppl. 2, 024005 (2014);

S. D’Ambrosio et al., APL 107, 113110 (2015)

Active manipulation of the DOS of a proximity N metal

Phase control (through magnetic flux)

Detection (through tunnel junctions)

High sensitivity for flux detection

SQUIPT
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SQUIPT: setups

FG et al., Nat. Phys. 6, 254 (2010);

M. Meschke et al., PRB 84, 214514 (2011);

A. Ronzani et al., PRAppl. 2, 024005 (2014);

S. D’Ambrosio et al., APL 107, 113110 (2015)

S probe

N probe
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SQUIPT: behavior

FG et al., Nat. Phys. 6, 254 (2010);

M. Meschke et al., PRB 84, 214514 (2011);

A. Ronzani et al., PRAppl. 2, 024005 (2014);

S. D’Ambrosio et al., APL 107, 113110 (2015)

S probe
N probe
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SQUIPT: performance

FG et al., Nat. Phys. 6, 254 (2010);

M. Meschke et al., PRB 84, 214514 (2011);

A. Ronzani et al., PRAppl. 2, 024005 (2014);

S. D’Ambrosio et al., APL 107, 113110 (2015)
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The -SQUIPT: towards Josephson topological materials

E. Strambini, S. D’Ambrosio, F. Vischi, F. S. Bergeret, Yu. V. Nazarov, and FG, Nature Nanotech. 11, 1055 (2016)

N probe
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Picture only apparently similar to 2-terminal interferometer
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The -SQUIPT (A-type – 30 mK)

E. Strambini, S. D’Ambrosio, F. Vischi, F. S. Bergeret, Yu. V. Nazarov, and FG, Nature Nanotech. 11, 1055 (2016)

 = L = R

RT  6.5 k
Presence of a minigap for |/0| ≤1/4

&
Gapless regime for 0/4 ≤  ≤ 3/40
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The -SQUIPT (B-type – 30 mK)

E. Strambini, S. D’Ambrosio, F. Vischi, F. S. Bergeret, Yu. V. Nazarov, and FG, Nature Nanotech. 11, 1055 (2016)

Presence of a second smaller minigap for 0/4 ≤  ≤ 3/40

 = L = R

RT  8 k
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The -SQUIPT: topological classification

Equator – S state

North pole – N state

Weak-link in a gapped state

 - degree of superconductivity
 - superconducting phase

A-type

B-type

E. Strambini, S. D’Ambrosio, F. Vischi, F. S. Bergeret, Yu. V. Nazarov, and FG, Nature Nanotech. 11, 1055 (2016)

C. Padurariu et al., PRB 92, 205409 (2015)
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The -SQUIPT: topological protection

E. Strambini, S. D’Ambrosio, F. Vischi, F. S. Bergeret, Yu. V. Nazarov, and FG, Nature Nanotech. 11, 1055 (2016)
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E. Strambini, S. D’Ambrosio, F. Vischi, F. S. Bergeret, Yu. V. Nazarov, and FG, Nature Nanotech. 11, 1055 (2016)

C. Padurariu et al., PRB 92, 205409 (2015)

The -SQUIPT: comparison with 2-terminal system

2-terminal SQUIPT

A-type -SQUIPT B-type -SQUIPT• Existence of a gapless state
in a finite region of phases
• Switching between gapped
and gappless states with a fine
tuning of the phase
• The continuous gapless state
demonstrates breaking of TRS 
expected in multiterminal (N > 2) 
geometries
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The -SQUIPT: nonlocal character of topology

Gapped or gapless region is a nonlocal property of WL

F. Vischi et al., Phys. Rev. B 95, 054504 (2017)
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The -SQUIPT: DoSs behavior vs junction length

F. Vischi et al., Phys. Rev. B 95, 054504 (2017); 

C. Padurariu et al., Phys. Rev. B 92, 205409 (2015)

Longer junction

x = 0

Continuous gapless state

Main hallmark of
multiterminal JJs

Crossing of ABS at zero energy
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The -SQUIPT: temperature dependence of topological transitions

00 & 11 topologies persist up to 500 mK
10 & 01 topologies persist up to 300 mK

Higher T larger ETh and 

E. Strambini, S. D’Ambrosio, F. Vischi, F. S. Bergeret, Yu. V. Nazarov, and FG, Nature Nanotech. 11, 1055 (2016)
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Conclusions & future perspectives

1. Realization of the first double-loop SQUIPT with 3 S terminals

2. Enable exotic phase-engineering of the WL topology

3. Presence of gapped-like and gapless states, tunable with the magnetic field

4. The gapped-like states realize a 2D Josephson topological material univocally classified by (nR,nL)

5. 0-periodic topological protected transition occurs over a continuous magnetic field interval

(symmetric case)

6. Presence of 2 additional topologies in asymmetric interferometers

7. Continuous gapless-like state demonstrates TRS breaking expected for multi-terminal geometries

8. Pivotal constraint to access exotic topologies where individual ABS could be resolved

9. More S terminals will increase the phase dimensionality, enabling artificial topologies in an hyperspace

10. These topologically-protected states could allow the implementation of coupled flux q-bits, providing

their interaction and entaglement

E. Strambini, S. D’Ambrosio, F. Vischi, F. S. Bergeret, Yu. V. Nazarov, and FG, Nature Nanotech. 11, 1055 (2016);

F. Vischi et al., Phys. Rev. B 95, 054504 (2017)
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