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Andreev bound states and topological transconductance

N-terminal Josephson junctions 

(Riwar et al,
Nat. Comm 2016)
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Finite motion of the electron/hole 
in the nanostructure

(N-1) dimensional material 

Weyl point
(N≥4)

(Pillet 2011)
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Andreev bound states (ABS)

Hybrid S-X-S 
nanostructure

Berry curvature of the ground 
state, “anomalous” current

Phase sweeps this 2D 
“Brillouin zone”



  

Three terminal Josephson junction + quantum dot

DOS

Recall honeycomb lattice...

(Valley Hall efect?)



  

Protocol to detect Berry curvature

Wigner gradient expansion



  

Are anomalous Hall signals possible 
in graphene?

In graphene the curvature is strictly zero!

Time reversal

Spatial inversion

Haldane (PRL 1988)

Kane and Mele (2005) SOC preserves TRS leads to QSH

Break TRS with complex 
hoppings up to NNN

Can be engineered by 
driving! Oka & Aoki, PRB 2009



  

Kitagawa et al, PRB 2011

Dynamically realized Haldane model as a Floquet Hamiltonian

Jotzu et al, Nature 2014

Oka & Aoki, PRB 2009

?



  

Floquet-Andreev bands: Realization of a Haldane model in a 
solid state device

Same topological 
charge when TRS 

is broken.

Haldane-like 
topological phase 

diagram of the 
driven junction



  

Concluding remarks and take home message 

➢ Local measurements of the Berry curvature (not so easy 
in crystalline solids!)

➢ Winding number in terms of the Green’s function as 
theoretical tool to obtain topological invariants. Correctly 
accounts the efect of the continuum states.

➢ Inducing topology in three terminal junctions by driving: 
Floquet-Andreev states as a realization of a topological 
Haldane model.

Berry curvature tomography and realization of topological Haldane model in 
driven three-terminal Josephson junctions. ArXiv:1804.04755
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