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Why study the proximity effect ?
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Consider a junction between a normal metal and a superconductor
= the Cooper pairs penetrate into the normal metal over a distance &, (~ VD/T :D diffusion coefficient)
= at low enough T, &, can become very large - bulk superconducting properties of the normal metal

Andreev reflection

Recently the proximity effect used as a probe of
-- interaction effects

-- Majorana states

-- spintronics systems
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-- and now in quasicrystals to probe Effective dimensionality
* Topological features Edge modes, chirality, Chern numbers

* spatial correlations
How do critical states change the proximity effect ?
What are the effects of edge modes ? Manifestations of topological properties ?



Plan of talk

|. Electronic states in quasicrystals
Il. Model for hybrid superconductor-quasicrystal ring
lll. Results

IV. Conclusions and Perspectives
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Revised definition of crystals (IUCr)

A crystal is a structure with sharp diffraction (Bragg) peaks on the nodes of a lattice.

A periodic d-dimensional crystal has a reciprocal lattice of d dimensions.
The structure is invariant under translations of the direct lattice.

A quasiperiodic crystal in d dimensions has a reciprocal lattice of dimension D>d.
The structure is not invariant under translations. “' ’ ‘ ~ .“
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However, identical regions — of arbitrarily large size -- :ﬁ" "-"
occur with finite density (Conway’s theorem)

NOT translational invariant
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The Fibonacci chain —a 1D quasicrystal

Finite chains can be built up by concatenation

B The Fibonacci numbers
A

AB I:‘n+1 = Fn + I:n—l

ABA

ABAAB 0,1,1,2,3,5,8,13,..
ABAABABA F./F., = T=(V5+1)/2
ABAABABAABAAB

The chain can also be obtained from a 2D square lattice by cutting off a
strip inclined at an angle 1/ (B:vertical bond, A: horizontal bond)
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The Fibonacci chain —a 1D quasicrystal
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Finite chains built up by concatenation

B Fibonacci numbers
A
AB Fn+1 = Fn + Fn-1
ABA
0,1,1,2,35,8,13,...
ABAAB 2 2 2 7 7 ’ ’ 2

ABAABABA F./F., = ©=(V5+1)/2
ABAABABAABAAB

Cu on AIPdMn, Ledieu et al,2003
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Fibonacci chain tight binding models o = ;ﬂ i (f] + %:é) tig {1

Studied since the early 80s (Ostlund&Pandit, Kohmoto,Kadanoff & Tang, Kalugin, Kitaev & Levitov, Niu & Nori, Bellissard, ..)

—> critical states (see Macé et al, PRB 93 205153 (2015))
- singular continuous (Cantor set) spectrum,
— anomalous diffusion of wave packets

Typical features

an important exact analytical result : the gap labelling theorem

Cantor set structure
of integrated DOS
1 (left)
A multifractal wave
function (right)
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Integrated Density of States

D,

Self similar spectrum with ga
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Integrated Density of States-Gap Labeling
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N(wgap ) =p+qr within a [ p,q]|gap

(From E.Akkermans, cours de College de France 2015)




Th - (I) pa ram ete r Introduced in the spirit of Aubry-Andre model: V(na)= W cos(2ntn + ¢)

Fibonacci chains can be generated in yet another way
_/_F/_,_szm\; by changing the angle ¢ in
2mn

i S S o e e Xn(®) = sign [ms (T e @D) oo (E)]
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edge modes in a Fibonacci polaritonic crystal

Measuring topological invariants from

LS
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[ﬁ LR e (d) B generalized edge states in polaritonic

"I-% |— Fibonacci 5 quasicrystals

| 8, anese et a , F.Baboux et al,
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(b) g 2017)
[ } > ccD
micmsmpe Detection
—-h-—-r‘--.-.-.-.u-n-.-n-. M . objective
paassiel The first experimental look at winding
[C:' numbers of edge modes of a QC
= ¢1

{i} ........



Relation to the gap labelling and Chern numbers
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The model - superconducting chain coupled to a Fibonacci QC

Tight-binding Hamiltonian considered :

H= HG + HQG == Hjm:n ;ﬁﬁ te

Hamiltonian in superconducting region:
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H(_‘j = Z tC(a‘;{.—Fl,aaieU-i-h'c')-l-‘& Z(ai+111~ai,¢+h.c.} jain _____..L,"JL
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Hamiltonian in quasiperiodic non-superconducting region:

N

Hoo= Y. ti(clyyqcio+ hec)

ai::il Coupling terms (for periodic boundary conditions):

Values of ti . tA or tB Hjﬂin —_ tjﬂin Z(a'-:*l,a'cN,U -+ ﬂfllnur_;jgclﬂ - hC)
o




Self consistent solution
OP in the N segment

Outfaas5= {a - ©.595794, b - 0.8678266, c —» -0.00565879}

E T ERRR _ Power law fit
ﬂ'(lf}_ |Ui{ﬁf;CfT}‘ 0.030 |
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1. A(i) has large fluctuations (critical states) 0.020 | |
A ‘
2. On average, the OP decays as a power law 0) ﬂ'm'z '1
away from the interface, A(i)= i 0.010 | |
3. The nonuniversal power depends on tA/tB ‘3'-‘:'”5::: YW il I 1L
and on ¢ parameter | , A , | . . .
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Pair amplitude on left edge
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The contributions of individual edge states W 1

shows up as g-periodic oscillations!




Pair amplitude on left edge
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The contributions of individual edge states W

shows up as g-periodic oscillations! —




We also see this g-
periodicity in the
power law decay

of the
superconducting pair
correlations

Decay exponent in QC

A(n)=n-°
— tA/tB = 0.85

The decay power & _ — WiB=0.95
- — tAIB = 1

i)  Depends on tA/tB _

ii) Depends on f 0.2}

iii) gets smaller as the
chains approach
periodic limit
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Conclusions and perspectives

Superconductivity can be strongly enhanced in a QC compared to periodic crystals

Proximity effect shows strong influence of edge modes. New way to visualize
topological characteristics

To probe chiral properties: include a magnetic flux

1pm

Experimental set-up: for adatoms on a substrate
select regions of quasiperiodic film, lay down Pb (or other superconductor) contacts
measure the induced SC gap for different sequences

Other possibilities: artificial crystals -- polaritonic ? cold atoms ?

~ Density of states
i
e -
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Conclusions and perspectives

Superconductivity can be strongly enhanced in a QC compared to periodic crystals

Proximity effect shows strong influence of edge modes. New way to visualize
topological characteristics

To probe chiral properties: include a magnetic flux
Experimental set-up: for adatoms on a substrate
select regions of quasiperiodic film, lay down Pb (or other superconductor) contacts

measure the induced SC gap for different sequences

Other possibilities: artificial crystals -- polaritonic ? cold atoms ?

THANK YOU FOR YOUR ATTENTION!
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Electron states in quasicrystals

J. Lediew, V. Fournée [ C. . Physique 15 (2014) 48-57




Spectrum and gap labels of L=89 Fibonacci chain
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