
�7�X�V�E�M�R���M�R�H�Y�G�I�H���0�S�G�E�P�M�^�E�X�M�S�R���H�I�P�S�G�E�P�M�^�E�X�M�S�R���8�V�E�R�W�M�X�M�S�R
�S�R���E���0�M�I�F���6�M�F�F�S�R���0�E�X�X�M�G�I
�(�M�I�K�S���6�S�Q�ß�R���'�S�V�X�æ�W�Á

�9�R�M�Z�I�V�W�M�X�]���S�J���'�L�M�P�I

�+�Y�M�P�P�I�V�Q�S���*�E�H�M�G�Á
�9�R�M�Z�I�V�W�M�X�]���S�J���'�L�M�P�I

�'�L�V�M�W�X�S�J�I�V���'�M�H���0�E�V�E�Á
�9�R�M�Z�I�V�W�M�X�]���S�J���'�L�M�P�I

�(�M�I�K�S���+�Y�^�Q�ß�R���7�M�P�Z�E�Á
�9�R�M�Z�I�V�W�M�X�]���S�J���'�L�M�P�I

�&�E�W�X�M�ß�R���6�I�E�P�Á
�9�R�M�Z�I�V�W�M�X�]���S�J���0�M�P�P�I

�6�S�H�V�M�K�S���%�����:�M�G�I�R�G�M�S�Á�������¦ ���V�Z�M�G�I�R�G�M�S�$�Y�G�L�M�P�I���G�P���

�9�R�M�Z�I�V�W�M�X�]���S�J���'�L�M�P�I

�6�I�W�I�E�V�G�L���%�V�X�M�G�P�I

�/�I�]�[�S�V�H�W�����7�X�V�E�M�R���M�R�H�Y�G�I�H���0�S�G�E�P�M�^�E�X�M�S�R���H�I�P�S�G�E�P�M�^�E�X�M�S�R���8�V�E�R�W�M�X�M�S�R�����0�M�I�F���6�M�F�F�S�R���0�E�X�X�M�G�I�����X�V�E�R�W�M�X�M�S�R���W�]�W�X�I�Q�W

�4�S�W�X�I�H���(�E�X�I�����7�I�T�X�I�Q�F�I�V�������V�H������������

�(�3�-�����L�X�X�T�W�������H�S�M���S�V�K���������������������V�W�������V�W�����������������Z��

�0�M�G�I�R�W�I�����q ���O���8�L�M�W���[�S�V�O���M�W���P�M�G�I�R�W�I�H���Y�R�H�I�V���E���'�V�I�E�X�M�Z�I���'�S�Q�Q�S�R�W���%�X�X�V�M�F�Y�X�M�S�R�����������-�R�X�I�V�R�E�X�M�S�R�E�P���0�M�G�I�R�W�I�����Á

�6�I�E�H���*�Y�P�P���0�M�G�I�R�W�I

https://doi.org/10.21203/rs.3.rs-916796/v1
mailto:rvicencio@uchile.cl
https://doi.org/10.21203/rs.3.rs-916796/v1
https://creativecommons.org/licenses/by/4.0/


Strain-induced localization-delocalization transition
on a Lieb ribbon lattice
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ABSTRACT

Ribbon lattices are kind of transition systems in between one and two dimensions, and their study is crucial to understand the
origin of different emerging properties. In this work, we study a Lieb ribbon lattice and the localization-delocalization transition
occurring due to a reduction of lattice distances (compression) and the corresponding �at band deformation. We observe how
above a critical compression ratio the energy spreads out and propagates freely across the lattice, therefore transforming the
system from being a kind of insulator into a conductor. We implement an experiment on a photonic platform and show an
excellent agreement with the predicted phenomenology. Our �ndings suggest and prove experimentally the use of compression
or mechanical deformation of lattices to switch the transport properties of a given system.

Introduction

The understanding of transport and localization properties of different materials is the most relevant aspect in solid-state
physics, not only from a fundamental point of view but also in terms of concrete applications. When synthesizing materials
some deformations could emerge during the process; such as, compression, strain, defects and/or dislocations. However, they
can also be added deliberately to enhance or to induce certain transport properties. In particular, compression and strain of
materials have driven much attention lately because their transport properties can be dramatically modi�ed. For instance,
graphene can go from a semimetallic to an insulating phase when an uniaxial compression is applied1,2, phenomenon known
as Lifshitz transition. In other two-dimensional (2D) materials similar transitions have been predicted. For example, black
phosphorous switches from a semiconductor into a metal when it is subjected to an uniaxial strain [3]. This allows the control
of the electronic transport properties on a nanodevice when an external electric �eld is applied [4], which can be interpreted
as a delocalization-localization transition. And, for germanium kagome lattices5 a transformation from a semimetallic into a
semiconductor is observed when applying compression due to an increment of the orbital frustration that induces an electronic
gap. Furthermore, the electronic structure and charge properties were studied in KCuSe and KCuTe6, �nding that pressure
effectively modi�es the transport properties due to an enhancement of carrier mobility, which could have direct applications in
optoelectronic technologies as, e.g., solar cells.

On the other hand, during the last decade, arti�cial lattices have arisen as feasible platforms to emulate and test most
of the electronic properties predicted for solid-state-like materials7–14. Some of these systems have shown the ability to
carefully engineer compression and, thus, exploring interesting phenomena that are sometimes unrealizable in natural and
sinthetized materials. For example, the Lifshitz transition of graphene has been addressed using matter waves in optical
lattices15, waveguides arrays16, arrays of microwave resonators17 and exciton-polariton lattices18. In the latter system, a
predicted semi-Dirac scenario arises in graphene at a critical compression, which produces a highly anisotropic transport
and particular localization features. Remarkable also, it has been experimentally shown in graphene photonic lattices that a
smart design in term of compression or strain could induce a pseudomagnetic �eld, causing the rupture of Dirac cones and the
appearance of Landau levels in the band structure19–21, which constitutes a clear delocalization-localization transition.

Besides compression properties, very fundamental condensed-matter phenomena has been experimentally proved in photonic
lattices; e.g., Anderson localization22, topological insulation23, and Flat Band (FB) localization24,25. FB lattices have became
an ideal solution for observing transport and localization phenomena on a completely periodic and linear con�guration26–28,
as well as for studies considering highly degenerated and interacting systems29,30. Moreover, during the last years, several
contributions in optics have demonstrated different FB properties considering diverse lattice con�gurations31–39 and, thus,
FB systems have emerged as a well-established and relevant research area where to continue asking/solving questions about



the improvement or modi�cation of fundamental properties in very different physical contexts; namely, electronic systems,
magnetic lattices, metamaterials, mechanical lattices, quantum con�gurations, photonics, etc.40–48.

In this work, we explore the consequences of compression of a quasi-1D photonic lattice known as a Lieb photonic ribbon.
Without compression, this lattice possesses four dispersive and one �at bands, and only nearest-neighbor (NN) couplings are
relevant. When compression is applied, we observe that a next-nearest-neighbor (NNN) diagonal coupling starts to weakly
affect the linear spectrum. It has been predicted that for Lieb-like lattices49 a weak diagonal coupling destroys the FB and
all the spectrum becomes dispersive. However, in this work, we show that although diagonal coupling is not effectively
zero, the FB phenomenology is still present and persists up to a critical compression value. We fabricate several dimer
systems to fully characterize the coupling dependence and de�ne a relation between coupling constants. Then, using this
experimental information, we observe a localization-delocalization transition by theoretically analyzing the band spectrum as
well as by numerically studying the transport through different compressed ribbon lattices. Afterwards, we fabricate several
Lieb ribbon lattices using a femtosecond-laser written technique where we experimentally demonstrate this transition. We
observe that, above a critical lattice distance (uncompressed ribbon), there is a tendency to localization, whereas below this
distance (compressed lattice) the energy spreads out through the system inducing a delocalization transition.

Femtosecond laser written Lieb photonic ribbon

Our aim is to study the effect of compressing a Lieb ribbon lattice and observe how the emergence of a diagonal NNN interaction
Vd affects the dynamics across the system. For this task is useful to understand �rst how the coupling constants are modi�ed
in our experimental platform. We fabricate several Lieb ribbon lattices by using a femtosecond (fs) writing technique50, as
sketched in Fig.1(a). This fabrication method generates a small refractive index modi�cation on a transparent glass-like
material; in this case, a borosilicate Eagle XG wafer of width� length� thickness:10� 50� 1 mm (blue block in that �gure).
By focusing a Menlo BlueCut femtosecond laser [red beam in Fig.1(a)], we are able to slightly modify the refractive index at
the focal region, achieving a contrastDn � 10� 4 � 10� 3. The axial geometry of the fabricated method produces vertical and
elliptical elongated waveguides. Full waveguides are obtained by translating the glass wafer along the whole lengthL = 50
mm, at a constant velocity of0:4 mm/s. Three-dimensional control of the sample is achieved by a fully automatized Thorlabs
micrometer stage [sketched as a dark plate in Fig.1(a)], which allows us to translate the sample inx, y andzdirections and,
therefore, to generate arbitrary two-dimensional (xy) lattice con�gurations, with thezdimension acting as a time.

As a �rst step, we characterize the waveguide coupling dependence versus separation distance by fabricating sets of vertical,
horizontal, and diagonal couplers [see dashed rectangles in Fig.1(a)]. These couplers consist of two waveguides separated by a
variable center-to-center distance, where one waveguide has a full length (L = 50 mm) and the other one a shorter length of 5
mm, as sketched in Fig.1(b) inside the photonic chip (PC). We experimentally measure them by using a standard setup [see
Fig. 1(b)], where a focused horizontally polarized HeNe laser beam excites a given waveguide at the input facet. Then, we
obtain output light intensities on a CCD camera and extract the intensity information at every waveguide. The intensities follow
a cosine-like dependence over propagation distance50–52, and they allow us to extract a coupling function for every waveguide
separation. By compiling all the information, we obtain an exponential �t for a coupling versus distance dependence50,51, as
shown in Fig.1(c), whereVv(dv) = 26:43exp(� 0:185dv) cm� 1 andVh(dh) = 21:41exp(� 0:184dh) cm� 1. Due to the elliptical
waveguide pro�le obtained from a fs-laser fabrication method50,51, vertical couplingVv (black line in �gure) is always larger
than the horizontalVh one (orange line in �gure). However, we �nd a simple relation between these two coupling functions,
obtaining thatVv � Vh for dh = dv � 1:1 mm, which is a very important detail for setting up a fabrication routine. Therefore,
by adjustingdh anddv distances we are able to correct the anisotropy of the lattice, which implies having an effectively
symmetric (square-like) lattice. As a consequence, for simplicity, we de�ne a nominal distanced, as a control parameter in

our simulations. Now, we characterize the diagonal coupling (Vd) considering a center-to-center distancedd =
q

d2
h + d2

v .
We immediately notice that the diagonal coupling [gray curve in Fig.1(c)] is very small in comparison to NN (vertical and
horizontal) coupling constants but, nevertheless, not strictly zero. We �nd that this diagonal NNN coupling has the following
form: Vd(dd) = 36:50exp(� 0:273dd) cm� 1. In order to compare the magnitude of this NNN coupling constant, we plot a
fractional ratior � Vd=Vv over nominal distanced as inset in Fig.1(c). We notice that ford & 20 mm,Vd is less than25%of Vv.

After adjusting all coupling parameters, we start the fabrication of a total number of14 photonic lattices. We split into
two sets of arrays having a total number of33 and43 waveguides, ford > 18 mm andd 6 17 mm respectively. Fig.1(d)
shows a microscope image at the output facet of a fabricated photonic Lieb ribbon lattice, after white light illumination. Bright
regions in this �gure correspond to elliptical fs-written waveguides on a Lieb ribbon geometry, with relevant distances indicated
explicitly at �gure. This image shows dipole-like white light states51, which are originated due to the multiple wavelength
excitation coming from a white light lamp. However, in this work, we will study our photonic lattices by using a red HeNe
laser beam at633nm, for which all the waveguides are single-mode. Fig.1(e) shows two examples of different lattices at two
regimes: uncompressed and compressed lattices.
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<latexit sha1_base64="gFYb1OOuH1cC3MCcovsCiUS2Bpc=">AAAB7nicbZDLTgJBEEVrfCK+UJduOqKJKzJjjLokccPKYCKPBCakpymgQ8/D7hojmfAbujLqzo/xB/wbG2Sh4F2drns7qVtBoqQh1/1ylpZXVtfWcxv5za3tnd3C3n7dxKkWWBOxinUz4AaVjLBGkhQ2E408DBQ2guH1xG88oDYyju5olKAf8n4ke1JwsiO/zdqEj5RV8AbHnULRLblTsUXwZlCEmaqdwme7G4s0xIiE4sa0PDchP+OapFA4zrdTgwkXQ97HlsWIh2j8bLr0mJ30Ys1ogGz6/p3NeGjMKAxsJuQ0MPPeZPif10qpd+VnMkpSwkjYiPV6qWIUs0l31pUaBamRBS60tFsyMeCaC7IXytv63nzZRaiflbyLknd7Xiwfzw6Rg0M4glPw4BLKUIEq1EDAPTzDG7w7ifPkvDivP9ElZ/bnAP7I+fgGXl+Pbg==</latexit>

HeNe
<latexit sha1_base64="uM9soRRsTOkHfU3zjDytsbhCcjM=">AAAB7XicbZDNTgIxFIU7+If4h7p004gmrsiMMeqSBBcuMZGfhCGkU+5AQ2c6ae8YyYTH0JVRd76ML+DbWHAWCp7V13tOk3tukEhh0HW/nMLK6tr6RnGztLW9s7tX3j9oGZVqDk2upNKdgBmQIoYmCpTQSTSwKJDQDsb1md9+AG2Eiu9xkkAvYsNYhIIztCPfpz7CI2b1+s20X664VXcuugxeDhWSq9Evf/oDxdMIYuSSGdP13AR7GdMouIRpyU8NJIyP2RC6FmMWgell852n9DRUmuII6Pz9O5uxyJhJFNhMxHBkFr3Z8D+vm2J43ctEnKQIMbcR64WppKjorDodCA0c5cQC41rYLSkfMc042gOVbH1vsewytM6r3mXVu7uo1E7yQxTJETkmZ8QjV6RGbkmDNAknCXkmb+TdUc6T8+K8/kQLTv7nkPyR8/ENVLOOzg==</latexit>

CCD

<latexit sha1_base64="45i0gJz5C45PpAjmW5tFFOCOjJc=">AAAB7HicdZDLSsNAFIYnXmu9VV26GayCq5BIsXZX6MZlBXuBppTJ9LQdOrkwcyKW0LfQlag7n8YX8G2cphFU9F99c/5/4PzHj6XQ6Dgf1srq2vrGZmGruL2zu7dfOjhs6yhRHFo8kpHq+kyDFCG0UKCEbqyABb6Ejj9tLPzOHSgtovAWZzH0AzYOxUhwhmbU86iHcI9pszEflMqOXctEl1Ct5FBzqWs7mcokV3NQeveGEU8CCJFLpnXPdWLsp0yh4BLmRS/REDM+ZWPoGQxZALqfZivP6dkoUhQnQLP392zKAq1ngW8yAcOJ/u0thn95vQRHV/1UhHGCEHITMd4okRQjumhOh0IBRzkzwLgSZkvKJ0wxjuY+RVP/qyP9H9oXtntpuzeVcv00P0SBHJMTck5cUiV1ck2apEU4icgjeSGvVmg9WE/W8zK6YuV/jsgPWW+fq6CPIA==</latexit>

PC

<latexit sha1_base64="GbpUqJeGagIAUjeFJ8KYsl0SA40=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiKauCKtMeqSxI1LTCyQQEOmwy2dMP3JzJSENLyCroy684F8Ad/GKXah4Fl9c8+Z5J7rp4IrbdtfVmVtfWNzq7pd29nd2z+oHx51VJJJhi5LRCJ7PlUoeIyu5lpgL5VII19g15/cFX53ilLxJH7UsxS9iI5jHnBGtRm5A9IZTof1ht20FyKr4JTQgFLtYf1zMEpYFmGsmaBK9R071V5OpeZM4Lw2yBSmlE3oGPsGYxqh8vLFsnNyHiSS6BDJ4v07m9NIqVnkm0xEdaiWvWL4n9fPdHDr5TxOM40xMxHjBZkgOiFFZzLiEpkWMwOUSW62JCykkjJtLlMz9Z3lsqvQuWw6103n4arROisPUYUTOIULcOAGWnAPbXCBAYdneIN3K7SerBfr9Sdasco/x/BH1sc3LtmL0A==</latexit>

Vv<latexit sha1_base64="Op/8mKgx9TaV+3C9jMmjFlYKXTg=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIpp42syuoHAj8eIRExdIYENmh4adMPvIzKwJ2fALejLqzQ/yB/wbB8REjdapuqs6qeogFVxpQt6twsrq2vpGcbO0tb2zu1feP2irJJMMPJaIRHYDqkDwGDzNtYBuKoFGgYBOMLma6507kIon8a2epuBHdBzzEWdUm5XXx+1BOChXiN1okGq1holdI67r1g0h52694WDHJgtU0BKtQfmtP0xYFkGsmaBK9RySaj+nUnMmYFbqZwpSyiZ0DD1DYxqB8vNF2Bk+HSUS6xDwYv7uzWmk1DQKjCeiOlS/tfnyL62X6VHdz3mcZhpiZixGG2UC6wTPO+Mhl8C0mBpCmeQmJWYhlZRp85mSqf/VEf9P2q7tXNjOTbXSPFk+ooiO0DE6Qw66RE10jVrIQwxx9ICe0YsVWvfWo/X0aS1Yy5tD9APW6weCJIwL</latexit>

Vh

<latexit sha1_base64="cxSU137uCllb+3VhQgzKe4cDPKU=">AAAB5nicdZDNTgIxFIXv4B/iH+rSTSOauCIzQgaXJG5cYuIACUxIp1ygofOTtmNCJryCroy684F8Ad/GMmCiRs/q6z2nyT03SARX2rY/rMLa+sbmVnG7tLO7t39QPjxqqziVDD0Wi1h2A6pQ8Ag9zbXAbiKRhoHATjC9Xvide5SKx9GdniXoh3Qc8RFnVJuR1yftwXBQrtjVes12azbJoeHUluA6LnGqdq4KrNQalN/7w5ilIUaaCapUz7ET7WdUas4Ezkv9VGFC2ZSOsWcwoiEqP8uXnZPzUSyJniDJ39+zGQ2VmoWByYRUT9RvbzH8y+ulenTlZzxKUo0RMxHjjVJBdEwWncmQS2RazAxQJrnZkrAJlZRpc5mSqf/VkfwP7cuq41ad23qlebY6RBFO4BQuwIEGNOEGWuABAw6P8AKv1sR6sJ6s52W0YK3+HMMPWW+fYMCL9A==</latexit>

Vd

<latexit sha1_base64="kVYJ9dSx/dKjGslf3pt7rro47ms=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxYUVaY9AliRuXmFgggYZMp7d0wvQnM1MT0vAKujLqzgfyBXwbB+xCwbP65p4zyT3XzwRX2ra/rMrG5tb2TnW3trd/cHhUPz7pqTSXDF2WilQOfKpQ8ARdzbXAQSaRxr7Avj+9Xfj9R5SKp8mDnmXoxXSS8JAzqs3IHZFgHIzrDbtlL0XWwSmhAaW64/rnKEhZHmOimaBKDR07015BpeZM4Lw2yhVmlE3pBIcGExqj8orlsnNyEaaS6AjJ8v07W9BYqVnsm0xMdaRWvcXwP2+Y6/DGK3iS5RoTZiLGC3NBdEoWnUnAJTItZgYok9xsSVhEJWXaXKZm6jurZdehd9ly2i3n/qrRaZaHqMIZnEMTHLiGDtxBF1xgwOEZ3uDdiqwn68V6/YlWrPLPKfyR9fENKjGL0A==</latexit>

dd

<latexit sha1_base64="QxR9IE7D0Xugn92auYvZH06cFr4=">AAAB5nicbZDNSgMxFIVv/K31r+rSTbAIXZUZEXVZcOOygtMW2qFk0jud0MwPSUYoQ19BV6LufCBfwLcxrbPQ1rP6cs8J3HODTAptHOeLrK1vbG5tV3aqu3v7B4e1o+OOTnPF0eOpTFUvYBqlSNAzwkjsZQpZHEjsBpPbud99RKVFmjyYaYZ+zMaJCAVnxo68AR0No2Gt7jSdhegquCXUoVR7WPscjFKex5gYLpnWfdfJjF8wZQSXOKsOco0Z4xM2xr7FhMWo/WKx7Iyeh6miJkK6eP/OFizWehoHNhMzE+llbz78z+vnJrzxC5FkucGE24j1wlxSk9J5ZzoSCrmRUwuMK2G3pDxiinFjL1O19d3lsqvQuWi6V033/rLeapSHqMApnEEDXLiGFtxBGzzgIOAZ3uCdROSJvJDXn+gaKf+cwB+Rj28wKYvU</latexit>

dh

<latexit sha1_base64="q3kyD3yuxMcl6WC4li5IFShOIY0=">AAAB5HicbZDLTgJBEEVrfCK+UJduOhITVmTGGHVJ4sYlRnkkMCE9TQ106Hmku8ZICH+gK6Pu/CJ/wL+xwVkoeFen695O6laQKmnIdb+cldW19Y3NwlZxe2d3b790cNg0SaYFNkSiEt0OuEElY2yQJIXtVCOPAoWtYHQ981sPqI1M4nsap+hHfBDLUApOdnTXZY+9UtmtunOxZfByKEOueq/02e0nIoswJqG4MR3PTcmfcE1SKJwWu5nBlIsRH2DHYswjNP5kvuqUnYaJZjRENn//zk54ZMw4Cmwm4jQ0i95s+J/XySi88icyTjPCWNiI9cJMMUrYrDHrS42C1NgCF1raLZkYcs0F2bsUbX1vsewyNM+q3kXVuz0v1yr5IQpwDCdQAQ8uoQY3UIcGCBjAM7zBuxM6T86L8/oTXXHyP0fwR87HN9kMiw0=</latexit>x

<latexit sha1_base64="sRQa0j/IQFPGaoaE0/2jPmnW4gM=">AAAB5HicbZDNSsNAFIVv6l+tf1WXbgaL0FVJRNRlwY3LivYH2lAm05t26GQSZiZCCH0DXYm684l8Ad/Gac1CW8/qm3vOwD03SATXxnW/nNLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WB6M/e7j6g0j+WDyRL0IzqWPOSMGju6H5BsWK25DXchsgpeATUo1BpWPwejmKURSsME1brvuYnxc6oMZwJnlUGqMaFsSsfYtyhphNrPF6vOyFkYK2ImSBbv39mcRlpnUWAzETUTvezNh/95/dSE137OZZIalMxGrBemgpiYzBuTEVfIjMgsUKa43ZKwCVWUGXuXiq3vLZddhc55w7tseHcXtWa9OEQZTuAU6uDBFTThFlrQBgZjeIY3eHdC58l5cV5/oiWn+HMMf+R8fAPaiosO</latexit>y

<latexit sha1_base64="UCZJkCrqsj02kLkk/G0N5APn2Do=">AAAB5HicbZDLTgJBEEVrfCK+UJduOhITVmTGGHVJ4sYlRnkkMCE9TQ106Hmku8YECX+gK6Pu/CJ/wL+xwVkoeFen695O6laQKmnIdb+cldW19Y3NwlZxe2d3b790cNg0SaYFNkSiEt0OuEElY2yQJIXtVCOPAoWtYHQ981sPqI1M4nsap+hHfBDLUApOdnTXZY+9UtmtunOxZfByKEOueq/02e0nIoswJqG4MR3PTcmfcE1SKJwWu5nBlIsRH2DHYswjNP5kvuqUnYaJZjRENn//zk54ZMw4Cmwm4jQ0i95s+J/XySi88icyTjPCWNiI9cJMMUrYrDHrS42C1NgCF1raLZkYcs0F2bsUbX1vsewyNM+q3kXVuz0v1yr5IQpwDCdQAQ8uoQY3UIcGCBjAM7zBuxM6T86L8/oTXXHyP0fwR87HN9wIiw8=</latexit>z

Figure 1. (a) Femtosecond waveguide writing setup. (b) Simpli�ed characterization setup showing a focused HeNe laser
beam at the input facet of a photonic chip (PC), and imaging onto a CCD camera. (c) CouplingV versus nominal distanced for
vertical (black), horizontal (orange), and diagonal (gray) couplers. Vertical dashed lines are ford = 16 and 24mm. Inset:
fractional ratior versusd (horizontal dashed line corresponds to 25%). (d) White light microscope zoom of a Lieb photonic
ribbon. (e1) and (e2) Two ribbon examples with 33 and 43 waveguides fordv(dh) = 24(22:9) mm and 13:5(12:4) mm,
respectively.

Model and linear spectrum
In order to study a Lieb ribbon lattice, we consider a tight-binding-like model with NN and NNN coupling constants due to
an evanescent interaction in between close waveguides. The lattice structure is sketched in Fig.2(a), where the unit cell [see
dashed rectangle] is composed of �ve sites:A;B;C;D andE. This lattice has three relevant coupling constants: horizontalVh,
verticalVv, and diagonalVd, as shown in this �gure. Light dynamics is governed by a paraxial wave equation, which after
applying coupled mode theory26,53 reads, in a general form, as

� i
¶u~n

¶z
= b~nu~n + å

~m
V~n;~mu~m : (1)

Here,u~n describes the amplitude of a fundamental mode wave function located at lattice site~n, andz is the propagation
coordinate.b~n corresponds to the propagation constant at site~n. For a homogeneous lattice, this parameter is equal for all
waveguides and, without loss of generality, we simply set it asb~n = 0. V~n;~m de�nes the evanescent coupling between sites~n and
~m, which naturally depends on the speci�c geometry and waveguides distance. Model (1) is generally referred as Discrete
Linear Schr̈odinger (DLS) equations26,53, wherez is the dynamical variable (timet in other contexts). On a solid-state scenario,
u~n andb~n correspond to the wave-function of electrons and the site energy at lattice site~n, respectively, whileV~n;~m de�nes the
tight-binding matrix coef�cients.

As we described in previous section, we consider an effective symmetric lattice wheredh = dv = d and, therefore, we can
assumeVh = Vv = V in our model. We compute the linear spectrum of this ribbon lattice by assuming the following Bloch
ansatz

f An;Bn;Cn;Dn;Eng = f A;B;C;D;Egeikxdneil z : (2)

Here,kx corresponds to the transverse wavenumber (Bloch wavevector),d to the nominal distance (lattice unit), andn to the
discrete horizontal position through the lattice. As a Lieb ribbon lattice is classi�ed as a quasi-1D system26,31–34, we have
not included a verticalky wavenumber due to the absence of transport on that speci�c direction.l represents the solution's
frequency or energy for linear modes (macromodes) of the full system.
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<latexit sha1_base64="VyS0Ri55Uv10PHE1e2D7BUPTl0E=">AAAB5nicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuqy4MZlBdMW2lAm05tm6EwSZiZCCX0FXYm684F8Ad/Gac1CW8/qm3vOwD03zATXxnW/nMra+sbmVnW7trO7t39QPzzq6DRXDH2WilT1QqpR8AR9w43AXqaQylBgN5zczv3uIyrN0+TBTDMMJB0nPOKMGjvyB6QzHA3rDbfpLkRWwSuhAaXaw/rnYJSyXGJimKBa9z03M0FBleFM4Kw2yDVmlE3oGPsWEypRB8Vi2Rk5i1JFTIxk8f6dLajUeipDm5HUxHrZmw//8/q5iW6CgidZbjBhNmK9KBfEpGTemYy4QmbE1AJlitstCYuposzYy9RsfW+57Cp0LpreVdO7v2y03PIQVTiBUzgHD66hBXfQBh8YcHiGN3h3YufJeXFef6IVp/xzDH/kfHwDF5mLyg==</latexit>

Vd

<latexit sha1_base64="i9B9ytPO8PKzymsJW0sxWzu1ws4=">AAAB5nicbZDNSsNAFIVv6l+tf1GXbgaLUDclEVGXBTcuK5i20IYymd40Qyc/zEyEEvoKuhJ15wP5Ar6N05qFtp7VN/ecgXtukAmutON8WZW19Y3Nrep2bWd3b//APjzqqDSXDD2WilT2AqpQ8AQ9zbXAXiaRxoHAbjC5nfvdR5SKp8mDnmbox3Sc8JAzqs3IG5AGPR/adafpLERWwS2hDqXaQ/tzMEpZHmOimaBK9V0n035BpeZM4Kw2yBVmlE3oGPsGExqj8ovFsjNyFqaS6AjJ4v07W9BYqWkcmExMdaSWvfnwP6+f6/DGL3iS5RoTZiLGC3NBdErmncmIS2RaTA1QJrnZkrCISsq0uUzN1HeXy65C56LpXjXd+8t6yykPUYUTOIUGuHANLbiDNnjAgMMzvMG7FVlP1ov1+hOtWOWfY/gj6+MbfX6LYw==</latexit>

(a)

<latexit sha1_base64="LihC4B7qViD6VIF99Ol2R69dCuU=">AAAB5nicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuqy4MZlBdMW2lAm05tm6CQTZiZCCX0FXYm684F8Ad/Gac1CW8/qm3vOwD03zATXxnW/nMra+sbmVnW7trO7t39QPzzqaJkrhj6TQqpeSDUKnqJvuBHYyxTSJBTYDSe3c7/7iEpzmT6YaYZBQscpjzijxo78AekM42G94TbdhcgqeCU0oFR7WP8cjCTLE0wNE1TrvudmJiioMpwJnNUGucaMsgkdY99iShPUQbFYdkbOIqmIiZEs3r+zBU20niahzSTUxHrZmw//8/q5iW6CgqdZbjBlNmK9KBfESDLvTEZcITNiaoEyxe2WhMVUUWbsZWq2vrdcdhU6F03vqundXzZabnmIKpzAKZyDB9fQgjtogw8MODzDG7w7sfPkvDivP9GKU/45hj9yPr4BHZGLzg==</latexit>

Vh

<latexit sha1_base64="EFivjGy8L+WVnXVCSUWBzPfzwrw=">AAAB5nicbZDNSgMxFIVv6l+tf1WXboJFcFVmRNRlwY3LCk4ttEPJpHc6oZkfkkyhDH0FXYm684F8Ad/GtM5CW8/qyz0ncM8NMim0cZwvUllb39jcqm7Xdnb39g/qh0cdneaKo8dTmapuwDRKkaBnhJHYzRSyOJD4GIxv5/7jBJUWafJgphn6MRslIhScGTvy+rQzmAzqDafpLERXwS2hAaXag/pnf5jyPMbEcMm07rlOZvyCKSO4xFmtn2vMGB+zEfYsJixG7ReLZWf0LEwVNRHSxft3tmCx1tM4sJmYmUgve/Phf14vN+GNX4gkyw0m3EasF+aSmpTOO9OhUMiNnFpgXAm7JeURU4wbe5mare8ul12FzkXTvWq695eNllMeogoncArn4MI1tOAO2uABBwHP8AbvJCJP5IW8/kQrpPxzDH9EPr4BMnWL3A==</latexit>

Vv

<latexit sha1_base64="C/Sit3uUsUkGtoolxRotHHnWXrw=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxYSNpjVGXJG5cYmKBBBoyHW7phOm0mZmaEMIr6MqoOx/IF/BtHLALBc/qm3vOJPfcMBNcG9f9ckpr6xubW+Xtys7u3v5B9fCordNcMfRZKlLVDalGwSX6hhuB3UwhTUKBnXB8O/c7j6g0T+WDmWQYJHQkecQZNXbk94k89wbVmttwFyKr4BVQg0KtQfWzP0xZnqA0TFCte56bmWBKleFM4KzSzzVmlI3pCHsWJU1QB9PFsjNyFqWKmBjJ4v07O6WJ1pMktJmEmlgve/Phf14vN9FNMOUyyw1KZiPWi3JBTErmncmQK2RGTCxQprjdkrCYKsqMvUzF1veWy65C+6LhXTW8+8tas14cogwncAp18OAamnAHLfCBAYdneIN3J3aenBfn9Sdacoo/x/BHzsc3ojqLdQ==</latexit>

n ! 1
<latexit sha1_base64="2GfT0oTiPAlfcniFu/L/uU74aiU=">AAAB5nicbZDNSsNAFIVv6l+tf1WXbgaLUBBKIqIuC25cVjBtoQ1lMr1phk4mYWYilNJX0JWoOx/IF/BtnNYstPWsvrnnDNxzw0xwbVz3yymtrW9sbpW3Kzu7e/sH1cOjtk5zxdBnqUhVN6QaBZfoG24EdjOFNAkFdsLx7dzvPKLSPJUPZpJhkNCR5BFn1NiR3yfy3BtUa27DXYisgldADQq1BtXP/jBleYLSMEG17nluZoIpVYYzgbNKP9eYUTamI+xZlDRBHUwXy87IWZQqYmIki/fv7JQmWk+S0GYSamK97M2H/3m93EQ3wZTLLDcomY1YL8oFMSmZdyZDrpAZMbFAmeJ2S8Jiqigz9jIVW99bLrsK7YuGd9Xw7i9rzXpxiDKcwCnUwYNraMIdtMAHBhye4Q3endh5cl6c159oySn+HMMfOR/fnzyLcw==</latexit>

n + 1<latexit sha1_base64="EXtO13coMMsdYY6og2nMrqEHYus=">AAAB5HicbZDNSsNAFIVv6l+tf1WXbgaL0FVJRNRlwY3LivYH2lAm05t26GQSZiZCCX0DXYm684l8Ad/GacxCW8/qm3vOwD03SATXxnW/nNLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WB6s/C7j6g0j+WDmSXoR3QsecgZNXZ0PyByWK25DTcXWQWvgBoUag2rn4NRzNIIpWGCat333MT4GVWGM4HzyiDVmFA2pWPsW5Q0Qu1n+apzchbGipgJkvz9O5vRSOtZFNhMRM1EL3uL4X9ePzXhtZ9xmaQGJbMR64WpICYmi8ZkxBUyI2YWKFPcbknYhCrKjL1Lxdb3lsuuQue84V02vLuLWrNeHKIMJ3AKdfDgCppwCy1oA4MxPMMbvDuh8+S8OK8/0ZJT/DmGP3I+vgHKIIsD</latexit>n

<latexit sha1_base64="4SMVAiZJJor+h1zERSEnoiY9YQI=">AAAB5nicbZDNSsNAFIVv6l+tf1GXbgaLUDclEVGXBTcuK5i20IYymd40Qyc/zEyEEvoKuhJ15wP5Ar6N05qFtp7VN/ecgXtukAmutON8WZW19Y3Nrep2bWd3b//APjzqqDSXDD2WilT2AqpQ8AQ9zbXAXiaRxoHAbjC5nfvdR5SKp8mDnmbox3Sc8JAzqs3IG5AGOx/adafpLERWwS2hDqXaQ/tzMEpZHmOimaBK9V0n035BpeZM4Kw2yBVmlE3oGPsGExqj8ovFsjNyFqaS6AjJ4v07W9BYqWkcmExMdaSWvfnwP6+f6/DGL3iS5RoTZiLGC3NBdErmncmIS2RaTA1QJrnZkrCISsq0uUzN1HeXy65C56LpXjXd+8t6yykPUYUTOIUGuHANLbiDNnjAgMMzvMG7FVlP1ov1+hOtWOWfY/gj6+MbgHyLZQ==</latexit>

(c)

<latexit sha1_base64="KA1UZx1OOdT8MFcS1kq6cbeJgDc=">AAACCHicbVC5TgMxEPWGK4QrQEljEUWiIdpF4igj0VAGQQ4pu0ReZ5JY8R6yZxFhlR+An4EKAR0t1Ej8Dc5RAOFVb+a90cwbP5ZCo21/WZm5+YXFpexybmV1bX0jv7lV01GiOFR5JCPV8JkGKUKookAJjVgBC3wJdb9/OtLr16C0iMJLHMTgBawbio7gDE2rlS+6PR0zDqldOuTBkPZbNy5tugg3mJr6Kt13hl6ulS/YJXsMOkucKSmUs7ef7xeV5Uor/+G2I54EECKXTOumY8fopUyh4BKGOTfRYNb2WReahoYsAO2l4zhDWuxEimIP6Lj+6U1ZoPUg8I0nYNjTf7VR8z+tmWDnxEtFGCcIITcWo3USSTGio6/QtlDAUQ4MYVwJcyXlPaYYR/O7UXznb9hZUjsoOUcl59wplPfIBFmyQ3bJHnHIMSmTM1IhVcLJPXkkL+TVurMerCfreWLNWNOZbfIL1ts30wecEg==</latexit>
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Figure 2. (a) A Lieb ribbon lattice with coupling coef�cients indicated by arrows. Every �lled disk represents an optical
waveguide. (b) Linear spectrum versus transversal wavenumberkx for V = 1 andVd = 0. Inset: �at band mode, where only
yellow and black disks are different to zero. (c) Linear spectrum versuskx and nominal distanced. (d) Linear spectrum versus
kx for d = 24 mm andd = 16 mm shown using full and dashed lines, respectively. (e) Band widthDl versus nominal distance
d.

First of all, by taking a null diagonal (NNN) coupling:Vd = 0, the system converges to a standard 1D Lieb lattice,
which is quite similar to a Stub32,35 or to a 2D Lieb24,25,49,54 system, but in this case it presents �ve linear bands instead of
only three. In this limit (Vd = 0), the system possesses a �at band (FB) located atl = 0, and four dispersive bands given
by l (kx) = � V

p
2(1+ cos(kxd)) ; � V

p
2(2+ cos(kxd)) , where we have de�nedV � Vh = Vv. Fig. 2(b) shows the linear

spectrum in this case, where a particle-hole symmetry is clearly observed55, considering the dispersive bands around the FB.
The �at band mode [see Fig.2(b)-inset] has exactly the same pro�le than the one of a 2D Lieb lattice24,25,54, and it is formed
by only four sites different to zero, with a staggered phase structure, and the following amplitude condition:D = E = � VvB=Vh
andA = C = 0. As this system has as much FB compact modes as closed rings along the lattice, all of them with equal
propagation constantl = 0, they can be linearly combined to form spatially larger states26,31. For example, two neighbor FB
modes constructively superposed form a spatial state having a larger peak at the centralB site. Therefore, this localized state
can be excited dynamically using a singleB-site excitation, as we will numerically and experimentally show below, in the limit
of a negligible diagonal coupling.

Now, we study the full case of considering a Lieb ribbon lattice with NN and NNN interactions as a more realistic model to
understand the dynamics of this lattice, when considering the effect of compression. Along this work, we will assume that
lattice compression implies a symmetric reduction of distances as the example shown in Fig.1(e). Therefore, we expect to
switch on the diagonal coupling after a given critical compression, of course considering the realistic dependence of coupling
constants described in Fig.1(c). For example, it is well known that a 2D Lieb lattice presenting NNN coupling (Vd 6= 0) losses
its perfect �at bandl = 0, but it nevertheless remains thin in comparison to the other two dispersive bands49. After inserting
the plane-wave ansatz (2) in model (1), we obtain a set of �ve algebraic coupled equations. We solve the eigenvalue problem
and �nd two analytical solutionsl � (kx) = � V

p
2(1+ cos(kxd)) . These bands are the same than in the previous perfect FB

case (Vd = 0) and are associated to transport along upper and lower rows of the lattice; i.e., a 1D-like transport with a total
band width of4V (particle-hole symmetry55 is preserved on these two bands). The other three solutions can not be written in a
compact form; therefore, we directly plot them in Fig.2(c) as a function ofkx and nominal distanced. As we described in the
previous section, all couplings constants are a direct function of distanced: Vh(d); Vv(d) andVd(d). Therefore, by varyingd
we are indeed modifying these coupling coef�cients using the functionality shown in Fig.1(c), which was obtained directly
from experiments. Fig.2(c) shows a strong modi�cation of the linear spectrum in terms of distanced. We observe how for
distances larger thand � 18mm bands are quite �at, implying a slow transversal dynamics, due to the small band curvature26,53;
however, strickly speaking, the spectrum is not �at:l 6= constant. In this regime, we expect a tendency to localization and
weak dispersion due to the small available velocities in the system. On the other hand, for distances smaller thand � 18 mm,
we observe a much broader linear spectrum, which grows rapidly, with larger slopes in general, something that guarantees a
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faster propagation through the lattice; i.e., a good transport regime (a wider spectrum implies larger available kinetic energies).
Therefore, a lattice compression in real space produces a broadening in frequency space, as expected from reciprocal relations.

Fig. 2(d) shows two band examples to illustrate the main differences observed in the linear spectrum. Full lines show the
�ve linear bands for a distanced = 24 mm, where we observe a narrow spectrum area and three bands which are notoriously
�at/thin (red, black and green). This case corresponds to a relaxed (uncompressed) lattice and coupling constants are:V = 0:314
cm� 1 andVd = 0:052cm� 1 (i.e.,V � 6Vd) been, therefore, a sort of realistic FB-like regime. Therefore, in this �at-band-like
regime, we expect to observe a reduced transport53 when exciting the lattice surfaces (upper and lower rows), and a localization
tendency when exciting the central row (B site). Dashed lines in Fig.2(d) correspond to a distanced = 16 mm; i.e., an already
compressed lattice. We observe now that three bands are completely dispersive and broad (red, orange and gray), while two
(black and green) are kind of mixed or weakly-dispersive. They have regions wherel � constant, which is kind of heritage
from the previous FB-like limit. In order to analyze a bit more the bands properties, while compressing the lattice, we de�ne a
band width parameter asDl � [l (kx = 0) � l (kx = p)]=jl � (kx = 0)j. We compare all bands with respect to the total width of
1D-like bands as a reference, considering that these bands always produce transport and de�ne a sort of dispersion scale in
our lattice. Fig.2(e) showsDl versus nominal distanced. By de�nition, Dl = 1 for orange (l + ) and gray (l � ) bands. We
observe that the upper (red) band, although been always dispersive, has always a smaller band width than the 1D reference,
in the interval shown in this �gure. For larger distances, red and green band widths converge to a value(

p
3� 1)=

p
2 � 0:5

[as expected from Fig.2(b)], while the black (central) band naturally converges to a FB with zero width (Dl ! 0). For a
decreasing distanced, black and red band widths increase and, therefore, we expect an increasing transport tendency. The
lower (green) band width tends to saturate, showing the possibility of a weak tendency to localization as well. Ford � 18 mm
we observe a crossing region for an increasing black and decreasing green bands, which somehow could indicate a critical
regime for observing a dynamical transition around this nominal distance. As the black band is originated at the FB for larger
distances, when this band is not the thinnest one, we expect to observe a dominant transport across the system and, therefore, a
localization-delocalization transition when compressing the lattice.

Finite lattice dynamics
Real systems are always �nite and possess a �xed number of lattice sitesN. We study numerically the properties of a �nite
system in order to obtain more realistic details for this quasi-1D photonic lattice. Although we are experimentally limited to the
study of small systems only, due to the short available propagation distances of the fs waveguide writing technique, we study
�nite properties on a larger system having a total number ofN = 263sites (which corresponds to a lattice with52closed rings).
This choice is necessary to correctly analyze the properties of the linear spectrum of each lattice and determine more clearly the
excited frequencies of the system as we will show below. First of all, we construct a tight-binding matrixV~n;~m for lattices having
different nominal distancesd, which considers vertical, horizontal and diagonal coupling interactions only, as it was described
in Section considering the experimental data. We obtain the linear spectrum of every lattice system and calculate its density of
statesDl (d), by computing an eigenfrequencies histogram, on a given interval and de�ned resolution. This allows us to not
only see the projected linear spectrum for each lattice but also adding the information about the number of states associated to
each frequency, as a way to predict the phenomenology of a given system in terms of the available states on each array. We
show our results in Fig.3(a). Ford & 18 mm we notice that the spectrum is composed by a strong peak atl � 0, with four
dispersive bands clearly de�ned and isolated states in between. In Figs.2(c) and (d) we observe that bands are always connected
at kx = p=d, with no gaps in between, been therefore a continuum of states in practice. The density is high close to central
(originally �at) band and well disseminated in the dispersive surrounding bands. Therefore, we expect to observe a tendency to
localization while exciting a bulk-B site, while dispersion and transport when exciting a bulk-A site. Belowd � 18 mm we
observe that the pseudo-FB peak starts broadening. In fact, at inset we show the participation ratio in frequency spaceRl
versus distanced, obtained by using the density of states information [Rl = Rl (d) � (å l jDl (d)j2)2=(å l jDl (d)j4), where a
small (large) value indicates few (many) strongly excited frequencies]. We observe howRl clearly increases for distances
d . 18 mm,indicating a noticeable change in the density of states for shorter distancesd and compressed lattices. This naturally
implies that the linear spectrum broadens and the FB phenomenology starts disappearing that is again a signature of a change in
the lattice phenomenology.

We numerically integrate model (1) by exciting the lattice at a single-site. By exciting anA-site (or aC-site, due to lattice
symmetry) we observe very good transport in Fig.3(b1), where we project the lattice sites intensities on a 1D row by applying
a lattice ordering scheme with columns priority. In this �gure, we chose a long propagation distancezmax = 100 in order
to observe a dynamically asymptotic regime as a consequence of well excited linear bands. Due to the large propagation
distance, all the lattice is well excited and some fast waves are re�ected at lattice surfaces. The participation ratioRshown as
inset in this �gure indicates a rather constant dissemination of the energy, with values larger than 0:2 for different distancesd
(anR value close to zero corresponds to a localized pro�le, whileR� 1 indicates a delocalized one26,53). The dynamically
excited spectrum in this case is shown in Fig.3(b2). This is obtained by Fourier transforming the wave amplitude at every
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<latexit sha1_base64="ClE7vCOJ1mePm2DzRFim5WMVilo=">AAAB7XicdZDNSsNAFIUn/tb6V3XpZrAKrkIixdpdwY3LCvYHklAm05t26EwSZiZCCX0MXYm682V8Ad/GaRpBRc/qm3vOwD03TDlT2nE+rJXVtfWNzcpWdXtnd2+/dnDYU0kmKXRpwhM5CIkCzmLoaqY5DFIJRIQc+uH0euH370EqlsR3epZCIMg4ZhGjRJuR7+ORjz1fZFgEw1rdsVuF8BKajRJaLnZtp1AdleoMa+/+KKGZgFhTTpTyXCfVQU6kZpTDvOpnClJCp2QMnsGYCFBBXuw8x2dRIrGeAC7e37M5EUrNRGgyguiJ+u0thn95XqajqyBncZppiKmJGC/KONYJXlTHIyaBaj4zQKhkZktMJ0QSqs2Bqqb+V0f8P/QubPfSdm8b9fZpeYgKOkYn6By5qIna6AZ1UBdRlKJH9IJercR6sJ6s52V0xSr/HKEfst4+AWQsjuE=</latexit>

d [µm]

<latexit sha1_base64="lkn+kk2QqmQcf0hIHvlQoqzsOfs=">AAAB7nicbZC9TsMwFIVv+C3lr8DIYlGQmKoEIWCsxMJYEP2Rmqhy3JvWqpMY20Gqor4GTAjYeBhegLfBLRmg5UzH93yW7rmhFFwb1/1ylpZXVtfWSxvlza3tnd3K3n5Lp5li2GSpSFUnpBoFT7BpuBHYkQppHApsh6Prad5+RKV5mtybscQgpoOER5xRY0eBT+56uS8s36eTXqXq1tyZyKLxClOFQo1e5dPvpyyLMTFMUK27nitNkFNlOBM4KfuZRknZiA6wa21CY9RBPlt6Qk6iVBEzRDJ7/2ZzGms9jkPLxNQM9Xw2Hf6XdTMTXQU5T2RmMGEWsVmUCWJSMu1O+lwhM2JsDWWK2y0JG1JFmbEXKtv63nzZRdM6q3kXNe/2vFo/Lg5RgkM4glPw4BLqcAMNaAKDB3iGN3h3pPPkvDivP+iSU/w5gD9yPr4BQNGPWw==</latexit>

R! <latexit sha1_base64="MHh1jPoku+Bn8kmuomwgL4Ow5A0=">AAAB/XicbVDLSgNBEJz1GeNr1ZteBqPgKeyKqMeAHjxGNA/IhjA76U2GzD6Y6RXDEvRn9CTqzZ/wB/wbJ3EPmlin6q5q6Co/kUKj43xZc/MLi0vLhZXi6tr6xqa9tV3Xcao41HgsY9X0mQYpIqihQAnNRAELfQkNf3Ax1ht3oLSIo1scJtAOWS8SgeAMzapj73rUQ7jH7BIiLXBI44DeIEPQo45dcsrOBHSWuDkpkRzVjv3pdWOehhAhl0zrlusk2M6YQsEljIpeqiFhfMB60DI0YiHodjbJMKKHQawo9oFO5t/ejIVaD0PfeEKGfT2tjZf/aa0Ug/N2JqIkRYi4sRgtSCXFmI6roF2hgKMcGsK4EuZLyvtMMY6msKKJ706HnSX147J7WnavT0qVg7yIAtkj++SIuOSMVMgVqZIa4eSRPJM38m49WE/Wi/X6Y52z8psd8gfWxzeZx5Uq</latexit>D
ensity

of
S

tates

<latexit sha1_base64="ZfL32Mhi/zRISzUFQ9gsB4ndDh4=">AAAB53icdZDLSsNAFIZPvNZ6q7p0M1iEugmJFGt3BTcuK9gLtKFMpqft2MmFmYlQQp9BV6LufB9fwLdxmkZQ0X/1zfn/gfMfPxZcacf5sFZW19Y3Ngtbxe2d3b390sFhW0WJZNhikYhk16cKBQ+xpbkW2I0l0sAX2PGnVwu/c49S8Si81bMYvYCOQz7ijGozavdJxXfPBqWyY9czkSXUqjnUXeLaTqYy5GoOSu/9YcSSAEPNBFWq5zqx9lIqNWcC58V+ojCmbErH2DMY0gCVl2bbzsnpKJJET5Bk7+/ZlAZKzQLfZAKqJ+q3txj+5fUSPbr0Uh7GicaQmYjxRokgOiKL0mTIJTItZgYok9xsSdiESsq0OU3R1P/qSP6H9rntXtjuTbXcqOSHKMAxnEAFXKhBA66hCS1gcAeP8AKvFrcerCfreRldsfI/R/BD1tsnvZiMKg==</latexit>

(b1)

<latexit sha1_base64="5pgkJe9UZTU3/5+i28CR51atfAo=">AAAB7XicbZDNSsNAFIVv/K31r+rSzWAVXJVERF0W3LisYH8gCWUyvWmHziRhZiKU0MfQlag7X8YX8G2c1iy09ay+uecM3HOjTHBtXPfLWVldW9/YrGxVt3d29/ZrB4cdneaKYZulIlW9iGoUPMG24UZgL1NIZSSwG41vZ373EZXmafJgJhmGkg4THnNGjR0FARkExA9kTmTYr9XdhjsXWQavhDqUavVrn8EgZbnExDBBtfY9NzNhQZXhTOC0GuQaM8rGdIi+xYRK1GEx33lKzuJUETNCMn//zhZUaj2Rkc1IakZ60ZsN//P83MQ3YcGTLDeYMBuxXpwLYlIyq04GXCEzYmKBMsXtloSNqKLM2ANVbX1vsewydC4a3lXDu7+sN0/LQ1TgGE7gHDy4hibcQQvawCCDZ3iDdyd1npwX5/UnuuKUf47gj5yPb5Jkjk4=</latexit> d
[µ

m
]

<latexit sha1_base64="ClE7vCOJ1mePm2DzRFim5WMVilo=">AAAB7XicdZDNSsNAFIUn/tb6V3XpZrAKrkIixdpdwY3LCvYHklAm05t26EwSZiZCCX0MXYm682V8Ad/GaRpBRc/qm3vOwD03TDlT2nE+rJXVtfWNzcpWdXtnd2+/dnDYU0kmKXRpwhM5CIkCzmLoaqY5DFIJRIQc+uH0euH370EqlsR3epZCIMg4ZhGjRJuR7+ORjz1fZFgEw1rdsVuF8BKajRJaLnZtp1AdleoMa+/+KKGZgFhTTpTyXCfVQU6kZpTDvOpnClJCp2QMnsGYCFBBXuw8x2dRIrGeAC7e37M5EUrNRGgyguiJ+u0thn95XqajqyBncZppiKmJGC/KONYJXlTHIyaBaj4zQKhkZktMJ0QSqs2Bqqb+V0f8P/QubPfSdm8b9fZpeYgKOkYn6By5qIna6AZ1UBdRlKJH9IJercR6sJ6s52V0xSr/HKEfst4+AWQsjuE=</latexit>

d [µm]

<latexit sha1_base64="FPxySztm1NzQOJV01h3OF1vZiyw=">AAAB5HicbZDLTgJBEEVrfCK+UJduOqKJKzJjjLokceMSHzwSIKSnqYEOPY9015iQCX+gK6Pu/CJ/wL+xwVkoeFen695O6pafKGnIdb+cpeWV1bX1wkZxc2t7Z7e0t98wcaoF1kWsYt3yuUElI6yTJIWtRCMPfYVNf3Q99ZuPqI2MowcaJ9gN+SCSgRSc7Oi+w+56pbJbcWdii+DlUIZctV7ps9OPRRpiREJxY9qem1A345qkUDgpdlKDCRcjPsC2xYiHaLrZbNUJOwlizWiIbPb+nc14aMw49G0m5DQ08950+J/XTim46mYySlLCSNiI9YJUMYrZtDHrS42C1NgCF1raLZkYcs0F2bsUbX1vvuwiNM4q3kXFuz0vV4/zQxTgEI7gFDy4hCrcQA3qIGAAz/AG707gPDkvzutPdMnJ/xzAHzkf358kiuM=</latexit>

R

<latexit sha1_base64="MDe66OvelemCd3ElOjAQVohyTp4=">AAAB53icdZDLSsNAFIZPvNZ6q7p0M1iEugmJFGt3BTcuK9gLtKFMpqft2MmFmYlQQp9BV6LufB9fwLdxmkZQ0X/1zfn/gfMfPxZcacf5sFZW19Y3Ngtbxe2d3b390sFhW0WJZNhikYhk16cKBQ+xpbkW2I0l0sAX2PGnVwu/c49S8Si81bMYvYCOQz7ijGozavdJhblng1LZseuZyBJq1RzqLnFtJ1MZcjUHpff+MGJJgKFmgirVc51YeymVmjOB82I/URhTNqVj7BkMaYDKS7Nt5+R0FEmiJ0iy9/dsSgOlZoFvMgHVE/XbWwz/8nqJHl16KQ/jRGPITMR4o0QQHZFFaTLkEpkWMwOUSW62JGxCJWXanKZo6n91JP9D+9x2L2z3plpuVPJDFOAYTqACLtSgAdfQhBYwuINHeIFXi1sP1pP1vIyuWPmfI/gh6+0TvxiMKw==</latexit>

(c1)

<latexit sha1_base64="5pgkJe9UZTU3/5+i28CR51atfAo=">AAAB7XicbZDNSsNAFIVv/K31r+rSzWAVXJVERF0W3LisYH8gCWUyvWmHziRhZiKU0MfQlag7X8YX8G2c1iy09ay+uecM3HOjTHBtXPfLWVldW9/YrGxVt3d29/ZrB4cdneaKYZulIlW9iGoUPMG24UZgL1NIZSSwG41vZ373EZXmafJgJhmGkg4THnNGjR0FARkExA9kTmTYr9XdhjsXWQavhDqUavVrn8EgZbnExDBBtfY9NzNhQZXhTOC0GuQaM8rGdIi+xYRK1GEx33lKzuJUETNCMn//zhZUaj2Rkc1IakZ60ZsN//P83MQ3YcGTLDeYMBuxXpwLYlIyq04GXCEzYmKBMsXtloSNqKLM2ANVbX1vsewydC4a3lXDu7+sN0/LQ1TgGE7gHDy4hibcQQvawCCDZ3iDdyd1npwX5/UnuuKUf47gj5yPb5Jkjk4=</latexit> d
[µ

m
]

<latexit sha1_base64="6w0+hSLQ5WOl0O8jp7zGhDcrk/4=">AAAB+nicbVC7TsNAEDyHVwivAAUFzYkIKVVkIwSUkWgog0QSpNiKzpd1cuT80N0aERn/DFQI6PgMfoC/4RJcQMJUszuz0s74iRQabfvLKi0tr6yuldcrG5tb2zvV3b2OjlPFoc1jGatbn2mQIoI2CpRwmyhgoS+h648vp3r3HpQWcXSDkwS8kA0jEQjO0Kz61QOXuggPmCUqvgOOMKBaIOT9as1u2DPQReIUpEYKtPrVT3cQ8zSECLlkWvccO0EvYwoFl5BX3FRDwviYDaFnaMRC0F42C5DT4yBWFEdAZ/Nvb8ZCrSehbzwhw5Ge16bL/7ReisGFl4koSREibixGC1JJMabTHuhAKBNXTgxhXAnzJeUjppipQOmKie/Mh10knZOGc9Zwrk9rzXpRRJkckiNSJw45J01yRVqkTTjJyTN5I+/Wo/VkvVivP9aSVdzskz+wPr4B13KUPA==</latexit>

projected site

<latexit sha1_base64="ClE7vCOJ1mePm2DzRFim5WMVilo=">AAAB7XicdZDNSsNAFIUn/tb6V3XpZrAKrkIixdpdwY3LCvYHklAm05t26EwSZiZCCX0MXYm682V8Ad/GaRpBRc/qm3vOwD03TDlT2nE+rJXVtfWNzcpWdXtnd2+/dnDYU0kmKXRpwhM5CIkCzmLoaqY5DFIJRIQc+uH0euH370EqlsR3epZCIMg4ZhGjRJuR7+ORjz1fZFgEw1rdsVuF8BKajRJaLnZtp1AdleoMa+/+KKGZgFhTTpTyXCfVQU6kZpTDvOpnClJCp2QMnsGYCFBBXuw8x2dRIrGeAC7e37M5EUrNRGgyguiJ+u0thn95XqajqyBncZppiKmJGC/KONYJXlTHIyaBaj4zQKhkZktMJ0QSqs2Bqqb+V0f8P/QubPfSdm8b9fZpeYgKOkYn6By5qIna6AZ1UBdRlKJH9IJercR6sJ6s52V0xSr/HKEfst4+AWQsjuE=</latexit>

d [µm]

<latexit sha1_base64="FPxySztm1NzQOJV01h3OF1vZiyw=">AAAB5HicbZDLTgJBEEVrfCK+UJduOqKJKzJjjLokceMSHzwSIKSnqYEOPY9015iQCX+gK6Pu/CJ/wL+xwVkoeFen695O6pafKGnIdb+cpeWV1bX1wkZxc2t7Z7e0t98wcaoF1kWsYt3yuUElI6yTJIWtRCMPfYVNf3Q99ZuPqI2MowcaJ9gN+SCSgRSc7Oi+w+56pbJbcWdii+DlUIZctV7ps9OPRRpiREJxY9qem1A345qkUDgpdlKDCRcjPsC2xYiHaLrZbNUJOwlizWiIbPb+nc14aMw49G0m5DQ08950+J/XTim46mYySlLCSNiI9YJUMYrZtDHrS42C1NgCF1raLZkYcs0F2bsUbX1vvuwiNM4q3kXFuz0vV4/zQxTgEI7gFDy4hCrcQA3qIGAAz/AG707gPDkvzutPdMnJ/xzAHzkf358kiuM=</latexit>

R

<latexit sha1_base64="df5v8Ggj2pr6sTckztysXe9UefM=">AAAB6nicbZDNSsNAFIVv6l+tf1WXbgaL0FVJRNRlwY3LCvZHmlAm05t26EwSZiZCCX0JXYm683F8Ad/Gac1CW8/qzD3fwD03TAXXxnW/nNLa+sbmVnm7srO7t39QPTzq6CRTDNssEYnqhVSj4DG2DTcCe6lCKkOB3XByM8+7j6g0T+J7M00xkHQU84gzauzowSe+sPCQDqo1t+EuRFaNV5gaFGoNqp/+MGGZxNgwQbXue25qgpwqw5nAWcXPNKaUTegI+9bGVKIO8sXCM3IWJYqYMZLF+zebU6n1VIaWkdSM9XI2H/6X9TMTXQc5j9PMYMwsYrMoE8QkZN6bDLlCZsTUGsoUt1sSNqaKMmOvU7H1veWyq6Zz3vAuG97dRa1ZLw5RhhM4hTp4cAVNuIUWtIGBhGd4g3dHOE/Oi/P6g5ac4s8x/JHz8Q0k1o2O</latexit>

!
<latexit sha1_base64="n3v7/FN4BwO/m8r0jv+3BskwKAY=">AAAB/HicbVDLSgNBEJyNrxhfUU/iZTAKnsKuiHoMePFmBPOA7BJmJ51kyOzsMtMrhiX6M3oS9eZX+AP+jZOYgybWqbqrGroqTKQw6LpfTm5hcWl5Jb9aWFvf2Nwqbu/UTZxqDjUey1g3Q2ZACgU1FCihmWhgUSihEQ4ux3rjDrQRsbrFYQJBxHpKdAVnaFft4p5PfYR7zK5TTFKkQiEoI3A4ahdLbtmdgM4Tb0pKZIpqu/jpd2KeRqCQS2ZMy3MTDDKmUXAJo4KfGkgYH7AetCxVLAITZJMII3rUjTXFPtDJ/NubsciYYRRaT8Swb2a18fI/rZVi9yLIhLKxQHFrsVo3lRRjOm6CdoQGjnJoCeNa2C8p7zPNONq+Cja+Nxt2ntRPyt5Z2bs5LVUOp0XkyT45IMfEI+ekQq5IldQIJ4/kmbyRd+fBeXJenNcfa86Z3uySP3A+vgG1VpVP</latexit>

O
utput

intensity

<latexit sha1_base64="Xis8NWFiJP5BcPvXUt4WHhxS+2Y=">AAAB/XicbVDLSgMxFM3UV62vqjvdBKvgqsyIqMuCIC4r2Ad0hpJJb9vQzGRI7ohlKPozuhJ150/4A/6Nae1CW8/q5J5zLzknTKQw6LpfTm5hcWl5Jb9aWFvf2Nwqbu/UjUo1hxpXUulmyAxIEUMNBUpoJhpYFEpohIPLsd64A22Eim9xmEAQsV4suoIztKN2cc+nPsI9Zlf2ogBNuYoSFUOMo3ax5JbdCeg88aakRKaotouffkfxNLLLXDJjWp6bYJAxjYJLGBX81EDC+ID1oGVpzCIwQTbJMKJHXaUp9oFO3r+9GYuMGUah9UQM+2ZWGw//01opdi+CTMRJihBza7FaN5UUFR1XQTtCA0c5tIRxLewvKe8zzTjawgo2vjcbdp7UT8reWdm7OS1VDqdF5Mk+OSDHxCPnpEKuSZXUCCeP5Jm8kXfnwXlyXpzXH2vOme7skj9wPr4BNMyVkA==</latexit>Fourier
com

p
onent

<latexit sha1_base64="z5gr0Kyd08VqwmhzWLsaLp3BeAw=">AAAB5HicbZDLTgJBEEVr8IX4Ql266YgmrsiMMeqSxI1LjPJIgJCepgY69DzSXWNCJvyBroy684v8Af/GBmeh4F2drns7qVt+oqQh1/1yCiura+sbxc3S1vbO7l55/6Bp4lQLbIhYxbrtc4NKRtggSQrbiUYe+gpb/vhm5rceURsZRw80SbAX8mEkAyk42dF9l3n9csWtunOxZfByqECuer/82R3EIg0xIqG4MR3PTaiXcU1SKJyWuqnBhIsxH2LHYsRDNL1svuqUnQaxZjRCNn//zmY8NGYS+jYTchqZRW82/M/rpBRc9zIZJSlhJGzEekGqGMVs1pgNpEZBamKBCy3tlkyMuOaC7F1Ktr63WHYZmudV77Lq3V1Uaif5IYpwBMdwBh5cQQ1uoQ4NEDCEZ3iDdydwnpwX5/UnWnDyP4fwR87HN23misI=</latexit>

1

<latexit sha1_base64="akqdYU1B+HYRQ6YfDN9PPtsAUEo=">AAAB5HicbZDLTgJBEEVr8IX4Ql266YgmrsiMMeqSxI1LjPJIgJCepgY69DzSXWNCJvyBroy684v8Af/GBmeh4F2drns7qVt+oqQh1/1yCiura+sbxc3S1vbO7l55/6Bp4lQLbIhYxbrtc4NKRtggSQrbiUYe+gpb/vhm5rceURsZRw80SbAX8mEkAyk42dF9l7n9csWtunOxZfByqECuer/82R3EIg0xIqG4MR3PTaiXcU1SKJyWuqnBhIsxH2LHYsRDNL1svuqUnQaxZjRCNn//zmY8NGYS+jYTchqZRW82/M/rpBRc9zIZJSlhJGzEekGqGMVs1pgNpEZBamKBCy3tlkyMuOaC7F1Ktr63WHYZmudV77Lq3V1Uaif5IYpwBMdwBh5cQQ1uoQ4NEDCEZ3iDdydwnpwX5/UnWnDyP4fwR87HN2xoisE=</latexit>

0

<latexit sha1_base64="z5gr0Kyd08VqwmhzWLsaLp3BeAw=">AAAB5HicbZDLTgJBEEVr8IX4Ql266YgmrsiMMeqSxI1LjPJIgJCepgY69DzSXWNCJvyBroy684v8Af/GBmeh4F2drns7qVt+oqQh1/1yCiura+sbxc3S1vbO7l55/6Bp4lQLbIhYxbrtc4NKRtggSQrbiUYe+gpb/vhm5rceURsZRw80SbAX8mEkAyk42dF9l3n9csWtunOxZfByqECuer/82R3EIg0xIqG4MR3PTaiXcU1SKJyWuqnBhIsxH2LHYsRDNL1svuqUnQaxZjRCNn//zmY8NGYS+jYTchqZRW82/M/rpBRc9zIZJSlhJGzEekGqGMVs1pgNpEZBamKBCy3tlkyMuOaC7F1Ktr63WHYZmudV77Lq3V1Uaif5IYpwBMdwBh5cQQ1uoQ4NEDCEZ3iDdydwnpwX5/UnWnDyP4fwR87HN23misI=</latexit>

1

<latexit sha1_base64="akqdYU1B+HYRQ6YfDN9PPtsAUEo=">AAAB5HicbZDLTgJBEEVr8IX4Ql266YgmrsiMMeqSxI1LjPJIgJCepgY69DzSXWNCJvyBroy684v8Af/GBmeh4F2drns7qVt+oqQh1/1yCiura+sbxc3S1vbO7l55/6Bp4lQLbIhYxbrtc4NKRtggSQrbiUYe+gpb/vhm5rceURsZRw80SbAX8mEkAyk42dF9l7n9csWtunOxZfByqECuer/82R3EIg0xIqG4MR3PTaiXcU1SKJyWuqnBhIsxH2LHYsRDNL1svuqUnQaxZjRCNn//zmY8NGYS+jYTchqZRW82/M/rpBRc9zIZJSlhJGzEekGqGMVs1pgNpEZBamKBCy3tlkyMuOaC7F1Ktr63WHYZmudV77Lq3V1Uaif5IYpwBMdwBh5cQQ1uoQ4NEDCEZ3iDdydwnpwX5/UnWnDyP4fwR87HN2xoisE=</latexit>

0

<latexit sha1_base64="Gwr8BkFw3zKtVA6EI5XcAyD8f+8=">AAAB53icdZDLSgMxFIbP1Futt6pLN8Ei1M0wU4q1u4IblxXsBdqhZNIzbWzmQpIRytBn0JWoO9/HF/BtTC+Civ6rL+f/A+c/fiK40o7zYeXW1jc2t/LbhZ3dvf2D4uFRW8WpZNhisYhl16cKBY+wpbkW2E0k0tAX2PEnV3O/c49S8Ti61dMEvZCOIh5wRrUZtfukzCrng2LJsesLkSXUqiuou8S1nYVKsFJzUHzvD2OWhhhpJqhSPddJtJdRqTkTOCv0U4UJZRM6wp7BiIaovGyx7YycBbEkeoxk8f6ezWio1DT0TSakeqx+e/PhX14v1cGll/EoSTVGzESMF6SC6JjMS5Mhl8i0mBqgTHKzJWFjKinT5jQFU/+rI/kf2hXbvbDdm2qpUV4dIg8ncAplcKEGDbiGJrSAwR08wgu8Wtx6sJ6s52U0Z63+HMMPWW+fwJeMLA==</latexit>

(c2)

<latexit sha1_base64="NQVPMFeEKQbmZKhdOCkqxUkmhug=">AAAB53icdZDLSgMxFIbP1Futt6pLN8Ei1M0wU4q1u4IblxXsBdqhZNIzbWzmQpIRytBn0JWoO9/HF/BtTC+Civ6rL+f/A+c/fiK40o7zYeXW1jc2t/LbhZ3dvf2D4uFRW8WpZNhisYhl16cKBY+wpbkW2E0k0tAX2PEnV3O/c49S8Ti61dMEvZCOIh5wRrUZtfuk7FfOB8WSY9cXIkuoVVdQd4lrOwuVYKXmoPjeH8YsDTHSTFCleq6TaC+jUnMmcFbopwoTyiZ0hD2DEQ1Redli2xk5C2JJ9BjJ4v09m9FQqWnom0xI9Vj99ubDv7xeqoNLL+NRkmqMmIkYL0gF0TGZlyZDLpFpMTVAmeRmS8LGVFKmzWkKpv5XR/I/tCu2e2G7N9VSo7w6RB5O4BTK4EINGnANTWgBgzt4hBd4tbj1YD1Zz8tozlr9OYYfst4+Ab8XjCs=</latexit>

(b2)

Figure 3. (a) Linear spectrum and density of states versus nominal distanced. Inset: dependence of the participation ratio in
frequency spaceRl versus distanced. (b) and (c) excitation of bulk-A and bulk-B sites, respectively. (b1) and (c1) intensity
output pro�lesju~n(zmax)j2, for zmax= 100, versus distanced where, for simplicity, the lattice is projected on a 1D row. Insets:
participation ratioR for output intensities versus distanced. (b2) and (c2) dynamically excited frequency spectrum versus
distanced.

lattice site, in the intervalz2 f 0;zmaxg. This gives us the frequencies excited on a speci�c lattice position, which are then
numerically integrated by simply summing the absolute value over the whole lattice56. This gives us the excited spectrum in
the dynamics and the key modes which are responsible for the observed spatial pro�les, where we observe quite clearly that
dispersive (surrounding) bands are excited the most, with an almost absent central (�at-band-like) band. On the other hand,
Fig. 3(c1) shows the compiled results for aB-site excitation. We clearly observe a dynamical transition atd � 18 mm (see
dashed horizontal line), from a localized/trapped output pro�le into a completely broad/dispersed spatial pattern. We include an
inset showing the participation ratioRversus distanced computed with the data shown in this �gure. We observe a dynamical
transition aroundd � 19 mm (see linear �ts included), with a notorious change in the slope as an indication of a larger excited
area after this transition. Therefore, in this asymptotic regime, we clearly predict a localization-delocalization transition when
compressing the Lieb ribbon lattice, below a critical distanced. Fig.3(c2) shows the frequency spectrum excited during the
propagation described in Fig.3(c1). Fig.3(c2) shows quite clearly the persistence of the original �at (central) band located at
l � 0, when exciting aB-site, where broader (surrounding) dispersive bands are only weakly excited in this case. This central
band is strongly excited and its width properties will somehow de�ne the observed transition, what from the presented data
would occur for a band widthDl � 0:35, as shown in Fig.2(e). Then, ford . 18 mm we see how this main peak broadens and
shifts to smaller frequencies, and spatial output pro�les increase abruptly, as a result of an increasing band width.

These results show that a localization-delocalization transition, appearing when comprising the lattice with the consequent
reduction of nominal distanced, is originated due to the persistence of localization properties of the central band of this lattice,
which is responsible for the existence of a FB when the diagonal interaction becomes negligible. Therefore, we theoretically
and numerically predict that FB properties will not disappear immediately when switching on the diagonal interaction and that
will persist up to a given threshold distance, which we have found is in the range ofd 2 f 18;20g mm, for the experimental
parameters we are using in this study. From a more theoretical perspective, and using the previous analysis, we could claim that
this transition would happen when band widths are all larger thanDl � 0:3, for this speci�c Lieb ribbon lattice. Nevertheless,
the transition would be observed only if the right site is excited. As the input site directly de�nes the speci�c bands excited
dynamically, there will be some sites showing the localization-delocalization transition and other sites showing only transport.
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Figure 4. Left, center and right columns show the experimental output intensity pattern forA-bulk, B-bulk, andB-edge input
excitations, as indicated at insets by red circles. Nominal distanced decreases downwards, as indicated directly beside left
column. The aspect ratio was corrected to compare different lattices on a similar visual scale. A linear color scale is applied,
normalized to the peak power of every image.

Experimental results

As commented in section , we fabricated14 ribbon lattices to experimentally study the localization-delocalization transition
produced by a symmetric lattice compression. By using a characterization setup as the one shown in Fig.1(b), we are able to
study the dynamics for all the fabricated lattices and measure the intensity output pattern after a propagation distance ofL = 50
mm. In Fig.4 left-column we observe the excitation of anA-bulk site, as shown in inset (this is equivalent to aC-site excitation
as well). We clearly observe a good transport scenario when exciting this site. The energy spreads out homogeneously across
the lattice, due to the fact that only dispersive bands are excited. For lattices with a larger nominal distanced, the diffraction
area is narrower due to the smaller maximum velocities excited [narrow linear spectrum as shown in Fig.2(c)]. Therefore, the
necessary propagation distance for observing a whole energy dissemination would be much larger than50mm, as described
numerically in Fig.3(b1). Ford > 18 mm we observe that in the opposite (bottom) row already light is diffracting in a 1D-like
form, although light has not arrived to the edges strongly. This is the main reason for fabricating smaller lattices up to this
nominal distance, as transport is still occurring slowly. Then, ford 6 17 mm we increased the system size to a total of43
waveguides and immediately observe how light spreads through a larger transversal area. We notice that for an even shorter
distanced light explores quite well the whole lattice with noticeable re�ections at edges as a clear manifestation of a broader
linear excited spectrum and larger kinetic energies. Therefore, we have shown quite clearly the transport regime for these
ribbon lattices, that is independent of the nominal distanced but, naturally, it depends on the dynamical coordinatez.

Fig. 4 center-column shows the excitation of aB-bulk site for Lieb ribbon lattices, while symmetrically compressing the
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system and, effectively, reducing the nominal distanced. We clearly observe that ford > 18 mm the energy remains completely
localized at the input region, independent of a distanced reduction, which for anA-site excitation already shows a very good
transport. The energy remains localized mostly at the input site, therefore being a quite localized pro�le with a participation
ratio of R� 1, which for �nite and in�nite systems corresponds to a perfect localization. This localization tendency comes
from the FB heritage and shows very clearly the preservation of FB properties although, strictly speaking, diagonal coupling
Vd 6= 0 and, consequently, the FB compact states are not system eigenmodes. Then, for smaller distances the energy starts to
weakly spread through the lattice. We observe ford = 15:5 mm that the maximum intensity is not at theB input site anymore;
as a result, the transition into delocalization has started to occur quite clearly. Finally, for smaller distances the spectrum is
even wider and the FB heritage is simply lost. The energy is well disseminated across the lattice as an effect of compressing
the system. Therefore, we have observed a localization-delocalization transition experimentally and showing quite clearly the
possibility of changing the transport properties abruptly by comprissing the lattice.

As an extension, we experimentally excited the surface of every lattice to also show the transition under compression at the
lattice edge. We injected light at the input facet of aB-site as shown by inset in Fig.4 right-column. Again, we observe high
localization up to a nominal distance of aroundd = 18 mm, with a single-peaked pro�le. Ford 6 17 mm we observe a spatial
transition and observe that the pro�le has now two main peaks, although it is still quite localized and compact, but showing that
a delocalization transition is starting to occur also at the lattice edge. For even smaller distances, we observe how the energy
spreads out into the system and how the dispersive nature of the compressed lattice manifests. Therefore, a relaxed Lieb ribbon
lattice behaves as a perfect insulator, while under compression the energy is able to spread out through the lattice becoming a
perfect conductor.

Conclusions
In conclusion, we have studied theoretically and experimentally a localization-delocalization transition induced by strain in
Lieb ribbon lattices. We found the analytical solutions of the system and how they are affected by a compression value, which
in photonic lattices can be understood as the inclusion of next-nearest-neighbor coupling. For small values of compression, the
solutions are localized, and the system presents a low transport. But under severe compression, the solutions are extended, and
a high transport is obtained. This transition from localized to delocalized states was observed by using excitations inB sites
of the lattice, where properties of localized states, reminiscence of �at band states, prevails until a critical value of coupling.
These results show that Lieb lattices, and presumably other lattices possessing �at bands, are good candidates to the study of
band structures modi�cation and the tuning of transport properties through compression.

Methods
Sample fabrication. The photonic lattice used in our experiment was fabricated using the femtosecond laser writing tech-
nique50. By focusing a laser beam on a borosilicate wafer, we are able to locally modify the refractive index. Then, we translate
the sample at �xed velocity and create a complete waveguide inside the glass plate. Depending on the transversal pattern of the
speci�c lattice, we repeat this procedure on several positions and fabricate a full photonic system.
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