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LIGHT INTERACTIONS WITH MATERIALS
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OPTICAL ACTIVITY OF CHIRAL SAMPLES
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B. A. Averill, General Chemistry: Principles and Applications (2007)
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CIRCULAR DICHROISM OF CHIRAL MOLECULES
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SYMMETRY BREAKING IN ARTIFICIAL MATERIALS

Tra. 1.—Polarisntion apparatus. B, the radinting box; P, the pelariser; Al
analyser; 8, 8, the sereens; 1i, the receiver. |

# ¢ Roy. Proe. Soc.,’ vol. 60.

From: T. K. Sarkar and D. L. Sengupta, “An appreciation of J. C. Bose’s pioneering work in
Fie. 2—Tute clements. millimeter waves,” IEEE Antennas and Propagation Magazine, Vol. 39, No. 5, pp. 55-63,
1997. Originally from P. Geddes, The life and work of Sir Jadagish C. Bose, New York,
Longmans, Greens & Co, 1920.

J. C. Bose, Proc. Royal Soc. 63, 146 (1898)
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META-MATERIALS: BEYOND NATURE WITH ARTIFICIAL MATERIALS

Y. Zhao, M. Belkin, A. Alt, Nature Comm. 3,870 (2012)
Y. Zhao, A. Alu, Nano Lett. 13, 1086 (2013)
J. Lee, et al., Nature 511, 65 (2014)
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ENHANCED CIRCULAR DICHROISM AND CHIRALITY DETECTION
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Y. Zhao, A. N. Askarpour, L. Sun, J. Shi, X. Li, and A. Alu, Nature Comm. 8, 14180 (2017)
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2D MATERIALS AND HYBRID METAMATERIALS

Doped multiple qguantum
wells (MQW)

TMDs, TMOs

Graphene

Nature (2014) PRL (2015), Optica (2016) Nature Phot. (2019) Nature (2020)
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EXTREME ASYMMETRY OVER A META-SURFACE
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J. S. Gomez-Diaz, M. Tymchenko, A. Alu, Phys. Rev. Lett. 114, 233901 (2015)
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HYPERBOLIC METASURFACES BASED ON H-BN NANO-RIBBONS

1430 cm!
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P.Li, G. Hu, |. Dolado, M. Tymchenko, C. W. Qiu, F. J. Alfaro-Mozaz, F. Casanova, L. E. Hueso, S. Liu, J. H. Edgar, S.
Vélez, A. Alu, R. Hillenbrand, Nature Comm. 11, 3663 (2020)
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HYPERBOLIC METAURFACES FOR VALLEYTRONICS

Enhancing and routing valley excitons with a metasurface using MoS2-loaded
hyperbolic metasurfaces
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SYMMETRY-BREAKING HYPERBOLIC METASURFACE
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L. Sun, C.Y. Wang, A. Krasnok, J. Choi, J. Shi, J.S. Gomez-Diaz, A. Zepeda, S. Gwo, C. K. Shih, A. Alu, X. Li
Nature Phot. 13, 180 (2019)
Y. Mazor, A. Alu, Phys. Rev. Appl. 14,014029 (2020)
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ENHANCING, SORTING AND ROUTING VALLEY EXCITONS
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L. Sun, C.Y. Wang, A. Krasnok, J. Choi, J. Shi, J.S. Gomez-Diaz, A. Zepeda, S. Gwo, C. K. Shih, A. Alu, X. Li
Nature Phot. 13, 180 (2019)
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MOIRE PHYSICS AND TWISTRONICS

2w < hvgk, 2w = hv k,

« Fermi-velocity goes to zero (superconductivity)
and flat bands at magic twist angle of 1.1°
» Twisted-angle-dependent hopping energy

Y. Cao et al., Nature 556, 80-84, 2018
Y. Cao et al., Nature 556, 43-50, 2018
S.Carretal., PRB 95,075420, 2017
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TWISTED HYPERBOLIC METASURFACES

sot  Elliptical ok Uﬂ\c‘ournled_

8|Bue uonejoy
(aa1bap) ajbuy

J(THz)

G. Hu, A. Krasnok, Y. Mazor, C. W. Qiu, A. Alu, Nano Letters 20, 3217 (2020)
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oa«-MOO; MONOLAYERS AS HYPERBOLIC SURFACES
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W. Ma, P. Alonso-Gonzalez, S. Li, A. Y. Nikitin, J. Yuan, J. Martin-Sanchez, J. Taboada-Gutiérrez, I. Amenabar, P. Li, S.
Vélez, C. Tollan, Z. Dai, Y. Zhang, S. Sriram, K. Kalantar-Zadeh, S. T. Lee, R. Hillenbrand, Q. Bao, Nature 562, 557 (2018)
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TWISTED a-MOQO; BILAYERS
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G.Hu, Q.Ou, G.Si, Y. Wu, J. Wu, Z. Dai, A. Krasnok, Y. Mazor, Q. Zhang, Q. Bao, C. W. Qiu, A. Alu, Nature 582, 209 (2020)
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TWISTED a-MOQO; BILAYERS
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EXPERIMENTAL VERIFICATION IN TWISTED a-MOQO; BILAYERS

Single layer ®=903.8 cm!
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-
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G.Hu, Q.Ou, G.Si, Y. Wu, J. Wu, Z. Dai, A. Krasnok, Y. Mazor, Q. Zhang, Q. Bao, C. W. Qiu, A. Alu, Nature 582, 209 (2020)
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EXPERIMENTAL VERIFICATION IN TWISTED a-MOQO; BILAYERS

. . ©®=903.8 cm’!
Bi-layer AB=65

G.Hu, Q.Ou, G.Si, Y. Wu, J. Wu, Z. Dai, A. Krasnok, Y. Mazor, Q. Zhang, Q. Bao, C. W. Qiu, A. Alu, Nature 582, 209 (2020)
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TRACKING THE PHOTONIC MAGIC ANGLE’

Tunable low-loss canalization regime for polaritons
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G.Hu, Q.Ou, G.Si, Y. Wu, J. Wu, Z. Dai, A. Krasnok, Y. Mazor, Q. Zhang, Q. Bao, C. W. Qiu, A. Alu, Nature 582, 209 (2020)
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LOW-LOSS CANALIZATION OF LIGHT AND NANO-IMAGING
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G.Hu, Q.Ou, G.Si, Y. Wu, J. Wu, Z. Dai, A. Krasnok, Y. Mazor, Q. Zhang, Q. Bao, C. W. Qiu, A. Alu, Nature 582, 209 (2020)
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TIME-REVERSAL SYMMETRY AND NONRECIPROCITY

Reciprocity: symmetry in transmission for opposite propagation directions
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TIME-REVERSAL SYMMETRY AND NONRECIPROCITY

Reciprocity: symmetry in transmission for opposite propagation directions
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ANGULAR-MOMENTUM BIAS
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R. Fleury, D. L. Sounas, C. Sieck, M. Haberman, A. Alu, Science 343,516 (2014)
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SYNTHETIC ANGULAR MOMENTUM WITH TIME MODULATION
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RECENT PROGRESS ON MAGNET-LESS CIRCULATORS

TN

©
]
=
O
o]
(1]
=

'd

1 1
1 1
| e |
(RS |
1 1
1 1
1 1
-

s

P2

1
{

|} The City University of New York <@ METAMATERIALS & PLASMONICS a“"
il ADVANCED SCIENCE RESEARCH CENTER l’ tamaterials 27 @ RESEARCH LABORATORY {;5



NONLINEARITY-BASED NONRECIPROCITY
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D. L. Sounas, A. Alu, Phys. Rev. Lett. 118, 154302 (2017)
D. L. Sounas, A. Alu, Phys. Rev. B 97,115431 (2018)
D. L. Sounas, A. Alu, IEEE AWPL 17,1958 (2018)

i A Il ADVANCED SCIENCE RESEARCH CENTER .’ _nteraCtlons in Metamaterials 28 @ RESEARCH LABORATORY =




NONRECIPROCITY BASED ON NONLINEARITIES AND ASYMMETRY
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D. L. Sounas, J. Soric, and A. Alu
Nature Electron. 1,113 (2018) [ 750 800
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NON-RECIPROCAL LIGHT PROPAGATION WITH NON-LINEARITIES

Fano resonator / Lorentzian resonator
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K.Y.Yang, J. Skarda, M. Cotrufo, et al. Nature Photonics 14, 369 (2020)
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STATIC NONRECIPROCITY IN MECHANICAL METAMATERIALS

Q

, : 0.002 .
J-0.010) — ¢=0| [ s
§-0005F \ )/ - 5 0.000
S 8
o ‘ 73]
S L @
S 0.000 .
| 0 3 TR /4 0 /4
Input Force Fo Asymmetry 0

topologically
non-trivial

W=0

Susceptibility «
o

Nonreciprocity Au
| \

o o

o o

w ()]

0.00 s
. -10

-0.2 0.0 0.2 —7/4 0 /4
Input Force FO Asymmetry 2]

® METAMATERIALS & PLASMONICS (.
RESEARCH LABORATORY %#

H’. The City University of New York
ADVANCED SCIENCE RESEARCH CENTER .’



PARITY-TIME SYMMETRY
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Christodoulides, et al., Nat. Phys. (2010)
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PT-SYMMETRY IN OPTICS
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PT-SYMMETRIC SENSORS FOR TELEMETRY
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P. Y. Chen, M. Sakhdari, M. Hajizadegan, Q. Cui, M. Cheng, R. EI-Ganainy, A. Alt, Nature Electronics 1,297 (2018)
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UNIDIRECTIONAL INVISIBILITY
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PT ACOUSTICS : STABLE, BALANCED LOSS/GAIN

(active)

R. Fleury, D. L. Sounas, and A. Alu, Nat. Comm. 6, 5905 (2015)
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SCATTERING PARAMETERS AND S-MATRIX EIGENVALUES
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Magnitude

100 200 1300 400 500

Il The City University of New York
ADVANCED SCIENCE RESEARCH CENTER

EXPERIMENTAL VALIDATION
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AN INVISIBLE SENSOR
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R. Fleury, D. L. Sounas, and A. Alu, Nat. Comm. 6, 5905 (2015)
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NEGATIVE REFRACTION AND FOCUSING
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R. Fleury, D. Sounas, and A. Alu, Phys. Rev. Lett. 113,023903 (2014)
F. Monticone, C. Valagiannopoulos, A. Alu, Phys. Rev. X 6,041018 (2016)
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BROKEN SYMMETRIES FOR EXTREME WAVE INTERACTIONS

Broken geometrical symmetries for enhanced Twistronics and valleytronics to mold
wave control and routing the flow of light at the nanoscale
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& nonllnear isolators direction

Broken TR symmetry for nonreciprocity and Parity-time symmetry for exotic interactions
robust topological protection beyond the limits of passive metamaterials
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