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SOMETHING WRONG ¢

10:55 - 11:15 Coffee break

11:15 - 13:00 Mortessagne, Kalouguine, Akkermans- chair: S. Aubry
11:15 - 11:50 > Gap labeling and energy landscape in a 2D quasicrystal: A microwave experiment - Fabr
11:50 - 12:25 > An ansatz for single electron wavefunctions in quasicrystalline potentials - Pavel Kalougi

12:25 - 13:00 > Topological properties of Fibonacci quasicrystals : A scattering analysis of Chern number
13:00 - 14:30 Lunch



QUANTU M/ CLASS\CAL
" WAVES

lliee particle microwave cavity

L Aglr) = Ey(r) —Ap(r) = k=p(7)
(B2 /2m = 1) =yl
+ varying potential + varying permittivity

—A+V@EA = B |- A+ (1 - @) = K

quantum chaos and mesoscopic physics with microwaves

See H.-J. Stockmann’s book (quantum chaos); Akkermans & Montambaux’s book (mesoscopic physics)



P FERIMEN TAL SE TS

e network analyzer provides the
scattering S-matrix (~10GHz)

* (quasi-) I D/2D/3D geometries

e closed or partially open boundary
condrtions

e [M or IE polarization

e chaotic cavities, periodic or
disordered lattices
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ARTIFICIAL DIRAC &
TOPOLOGICAL MATERIALS
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cold atoms ight/microwave
nanopatterned SC molecular lattice optical lattice  refractive index lattice
OD PO|aritonS g%trlll(l;%eChHOIOgy PUBLISHEDONLINE:4SEPTE§BE?\2{1!|EDOI:W10.1Q/5N1-NIOSO1L3JE

micropillar lattice

Artificial honeycomb lattices for electrons,
atoms and photons

Marco Polini™, Francisco Guinea?, Maciej Lewenstein3*, Hari C. Manoharan>® and Vittorio Pellegrini'’



WlORRL .

|. From microwave dielectric resonator to tight-binding lattices

dielectric resonator, TE mode, evanescent coupling, LDOS & eigenstates

2. Experimental realization of a Penrose tiling quasicrystal

irregular staircase IDOS, dominant coupling, energy landscape, gap labeling
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FHCROVVAVE RESONATCHS

8mm Dielectric ceramic (ZrSnTiO):

< >

=
M  high permittivity & = 37
LM

e [ow |loss Q ~ 7000

Depending on the excitation:

Ml modes: w(F) = (77) energy everywhere

(particle with positive energy)

TE modes: w(F) — iy (77) energy essentially inside
(particle with negative energy)



DOULATED RESONATES

reflection measurement:
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i 1-BINDING COUFPLIRE
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e symmetric splitting of the eigenfrequencies
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13 mm
e symmetric splitting of the eigsenfrequencies
Y p 2 2 g

e antisymmetric state associated with the lowest frequency

* [inear superposition of isolated eigenfunctions




i 1-BINDING COUFPLIRE




TIGHI-BINDING COUPLING

00 00
0.2

_ Vo + U1 Vo — t1

g:j 0.15 (d)

= 5 0 o

a o1 e <—t1 (d) 0 )
0.05 splitting: AV(CZ) = 2|t1(d)‘

0

8 10 12 14 16 Fildl = @ \Ko(’yd/2)|2 +0
a~195GHz, v~ 0.32mm™ ', § ~ 0.005 GHz

Similar values of the fitting parameters are obtained for benzene-
like, square and honeycomb lattices.



PRB 88, | 15437 (2013)

LA PROCESSHTNE

A direct access to the density of states and intensity of the
eigenstates through:

C L
o) = TEEGL0) el = gt

O e ;W B

for a given eigenfrequency: measure the local intensity




30

20 ;

DOS

10 ;

DOS

PRB 88, | 15437 (2013)

S UARE LATTICE
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OU | LINE

2. Experimental realization of a Penrose tiling quasicrystal

irregular staircase IDOS, dominant coupling, energy landscape, gap labeling



MICROWAVE PENROSE TILING
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e Penrose lattice with diamond tiles

* |64 resonators placed at each diamond vertex

B Y I+ 3 tulidyl

i —

©,J,07]



(LOCAL) DENSITY OF STATES
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(LOCAL) DENSITY OF STATES




EIGENSTATES
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DOS

(INTEGRATED) DOS
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BAND WAVEFUNCTIONS




DOMINANT COUPLING

dimer trimer

s 10 12 14 16
d (mm) Amin = 10mm = £, =Sl

dominant coupling along the diagonal of the thin rhombus



BAND STRUCTURE
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Ei = Ey — V2.« ~ 6.55 GHz Er = Epy + V2t 0y ~ 6.75GHZ
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BRIMER MOTHE

(a) o e ")

P1) = [1e) — V2[2¢) + [3,) 95) = 1) + V2]2) +[3¢)



DIMER MOTIF

E2 e Eb — i E4 =1 Eb + Tmax

(5] ~_l‘) ?
(b) o0 o o0 (e) ra

P2) = |1q) — |24) P4) = |1g) + |24)
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BAND POPULATIONS
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BAND POPULATIONS
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R SICAL PICTURE OF i
GAP LABELING
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K- HOME MESS/ O

* tight-binding model emulates with dielectric resonator lattices;

e flexible experimental platform giving access to DOS and
elgenstates;

e experimental realization of a finite 2D quasicrystal with
Penrose tiling;

e simple physical pictures of gap labeling and energy landscape.



FURTHER READISICE

& wllaarXiv 141101234,
® [tilcal grapnene: PRB 88, | 5457 (2013), PRL | 10, 053902 (201 51
* Disordered graphene & Boron Nitride: PRB 87,035101 (2013).

* Jopological phase transition and edge states: Nature Com., 6:6710 (2015),
e 16 | 505 (0]4) PREELT0, 033902 (201 3).

Bl ¢ osclllator, Dirac gyroscope: PRL 1 L1, 170405 (2013), Njt 15 |2 S0
0 5

& Ouanium searcn: PRL 114, | 1050] (2015).

* [opological state in 2D Lieb lattice: soon on arXiv.



