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CHIRAL MATERIALS AND OPTICAL ACTIVITY
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CIRCULAR DICHROISM OF CHIRAL MOLECULES
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THE FIRST METAMATERIAL ?

Fig. 1.—Polarisation apparntus. B, the radisting box; P, the pelaviser; A,
analyser; 8, 8/, the sercens; I, the receiver.

# ¢ Roy. Proe. Soc.,’ vol. 60.

Frg. 2.—Jute elemenfs,

J. C. Bose, Proc. Royal Society 63, 146 (1898)
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A PAIR OF TWISTED ME
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TWISTED METAMATERIALS
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Y. Zhao, M. A. Belkin, A. Alt, Nature Comm. 3,870 (2012)
Y. Zhao, J. Shi, L. Sun, X. Li, A. Alu, Adv. Mat. 26, 1439 (2014)
Y. Zhao, A. N. Askarpour, L. Sun, J. Shi, X. Li, A. Alt, Nature Comm. 8, 14180 (2017)
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ENHANCED CHIRALITY DETECTION WITH METAMATERIALS

Chiral protein: Concanavalin A
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Y. Zhao, A. N. Askarpour, L. Sun, J. Shi, X. Li, A. Altu, Nature Comm. 8, 14180 (2017)
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EXTREME ANISOTROPY: HYPERBOLIC METASURFACES
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J.S. Gomez-Diaz, et al., Phys. Rev. Lett. 114,233901 (2015)
A. A. High, et al. Nature 522, 192 (2015)
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TWISTED HYPERBOLIC METASURFACES
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G. Hu, A. Krasnok, Y. Mazor, C. W. Qiu, A. Alu, Nano Letters 20, 3217 (2020)
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TWISTED a-MOO; BILAYERS
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G. Hu, et al., Nano Letters 20, 3217 (2020)

G. Hu, et al., Nature 582, 209 (2020)
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EXPERIMENTAL VERIFICATION IN TWISTED a-MOQO; BILAYERS

Single layer ®=903.8 cm?
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G. Hu, et al., Nature 582, 209 (2020)
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EXPERIMENTAL VERIFICATION IN TWISTED a-MOQO; BILAYERS
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G. Hu, et al., Nature 582, 209 (2020)
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HYPERBOLIC WAVES IN ELASTIC METASURFACES
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HYPERBOLIC WAVES IN ELASTIC METASURFACES
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TWISTED HYPERBOLIC METASURFACES FOR ELASTIC WAVES
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TWISTED HYPERBOLIC METASURFACES FOR ELASTIC WAVES
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TWISTED HYPERBOLIC METASURFACES FOR ELASTIC WAVES
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PHONON POLARITON CRYSTALS

Broken crystal symmetry in nature
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E. Galiffi, G. Carini, et al., Nature Rev. Materials 9, 9 (2024)
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MONOCLINIC CRYSTALS
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ROLE OF NON-HERMITICITY AND LOW-SYMMETRY
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N. Passler, et al., Nature 602, 599 (2022)
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REAL-SPACE OBSERVATION OF HYPERBOLIC SHEAR POLARITONS

J. Matson, et al., Nature Communications 14, 5240 (2023) [in B-Ga203]
G. Hu, et al., Nature Nanotechnology 18, 64 (2023) [in CAWO4]
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HYPERBOLIC SHEAR METASURFACES
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SHEAR HYPERBOLIC METASURFACES
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SHEAR HYPERBOLIC METASURFACES

Purcell factor enhanced by loss redistribution driven by broken symmetry
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HYPERBOLIC SHEAR WAVES IN ELASTIC METASURFACES
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HYPERBOLIC SHEAR WAVES IN ELASTIC METASURFACES
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SHEAR HYPERBOLIC WAVES IN ELASTIC METASURFACES

S. Yves, E. Galiffi, X. Ni, E. M. Renzi, A. Alu, Physical Review X, in press (2024)
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SHEAR HYPERBOLIC WAVES IN ELASTIC METASURFACES
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CHIRALITY IN ACOUSTICS

Incident

J. R. Willis, Wave Motion 3,1 (1981)
G. W. Milton, M. Briane, J. R. Willis, New J. Phys. 8, 246 (2006)
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EVEN-SYMMETRIC WILLIS COUPLING
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MAXIMUM WILLIS COUPLING
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L. Quan, D. Sounas, A. Alu, Phys. Rev. Lett. 120, 254301 (2018)
A.Melnikoy, Y. K. Chang, L. Quan, S. Oberst, A. Alu, S. Marburg, D. Powell, Nature Comm. 10, 3148 (2019)
Y. Liu, Z. Liang, J. Zhu, L. Xia, O. Mondain-Monval, T. Brunet, A. Alu, J. Li, Phys. Rev. X 9,011040 (2019)
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RECIPROCITY IN METAMATERIALS

Reciprocity: symmetry in transmission for opposite propagation directions
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MAGNET-FREE NONRECIPROCITY

Reciprocity: symmetry in transmission for opposite propagation directions
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BROKEN T-SYMMETRY: ANGULAR-MOMENTUM BIAS
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ANGULAR-MOMENTUM BIAS IN OPTICS
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ODD-SYMMETRIC WILLIS COUPLING
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TOPOLOGICAL PHASES OF MATTER

Two-fold Dirac cones
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S.Yves, X. Ni, A. Alt, Annals NY Academ. Sci. 1517, 63 (2022)
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TOPOLOGICAL SOUND BASED ON GENERALIZED CHIRALITY

X.Ni, M. Li, M. Weiner, A. Alu, A. B. Khanikaev, Nature Comm. 11, 2108 (2020)
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TOPOLOGICAL PHONON POLARITONS

Topologlcal domain wall with 15nm hBN Experiment + Theory - IR topological bulk phonons polaritons
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SYNTHETIC ANGULAR MOMENTUM WITH TIME MODULATION
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FLOQUET TOPOLOGICAL INSULATORS

AC(t)=0 AC(t)= 8Ccos(w t —2x/3)

AC(t) = 8C cos(w, t) AC(t)=8Ccos(w, t +2r/ 3)

lMax
~
s 20
- e
Min

A. B. Khanikaev, R. Fleury, H. Mousavi, A. Alu, Nature Communications 6, 8260 (2015)
R. Fleury, A. B. Khanikaev, A. Alu, Nature Communications, 7, 11744 (2016)
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FLOQUET TOPOLOGICAL INSULATORS FOR ELASTIC WAVES

A. Ardabi, M. Leamy, A. Alu, Science Advances 6, eaba8656 (2020)
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CMOS ULTRA-WIDEBAND TOPOLOGICAL INSULATORS
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A. Nagulu, et al., Nature Electronics 5, 300 (2022)
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CMOS ULTRA-WIDEBAND TOPOLOGICAL INSULATORS
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A. Nagulu, et al., Nature Electronics 5, 300 (2022)
(e R LY - r RESEARCH LABORATORY
H'IADVANCEDSCIENCE RESEARCH CENTER .’ ] 'Eh Metamaterials 46 @ RESEARCH LABORATORY




NONRECIPROCITY BASED ON NONLINEARITIES AND ASYMMETRY
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NON-RECIPROCAL LIGHT PROPAGATION WITH NON-LINEARITIES

Fano resonator Lorentzian resonator
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BIAS-FREE NONRECIPROCAL RESPONSE WITH NONLINEARITY

Fano resonator Lorentzian resonator

——
J-J

Reflector
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Port1 !
Nature Photonics (2020) Nature Electronics (2018)
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BIAS-FREE NONRECIPROCAL RESPONSE WITH NONLINEARITY

|
Single-mode Si metasurfaces

E
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M. Cotrufo, S. Mann, H. Moussa, A. Alu, IEEE T-MTT 69, 3569 (2021)
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BIAS-FREE NONRECIPROCAL RESPONSE WITH NONLINEARITY

Fine-tuning the Fano linewidth

— Increase in-plane asymmetry
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M. Cotrufo, et al., Nature Photonics 18, 81 (2024)
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BIAS-FREE NONRECIPROCAL Q-BIC METASURFACES

N tI H =100 nm
v
3
Port 1
-
* a —T_, (lin) — T2 (powerup) | b S c _ B
0.8 (... Ty, (lin.) v Ty, (power down) 08 1 1 0.8 1
[]Laser (a.u.) +— Ts_,; (power up)
L Sl T>.,1 (power down) t ~ 40 nm t ~ 30 nm
F b b B2 R AL L L LI 2 2
£ = =
4 4 4
IZ a0 a0 NRIR = 4.3 g0
NRIR = — g & o NRIR=4.3 5
[1 = NRIR = 6.7 = F
0.2 |2t . 0.2 - 0.2
....................................... i"j“_‘_ivll- %
0 | B - - — il 1} 0 - } " PE—— - - - P | 0 . m—— et ik |
s 1605 10! 5 107 1565 1605 10 2 1565 1575 10" , 10
Wavelength (nm)  Peak intensity (MW/cm®) Wavelength (nm)  Peak intensity (MW/cm®) Wavelength (nm)  Peak intensity (MW/ecm®)
d f o
0.8
..................................................... <
~ 20 nm t ~0nm gos
c 06 ; [ 1 = -
v w
% .10.? dB § E 06 . * .
E F | € = « ° %% -
204 f ¢ NRIR = 1.45 g : .
E NRIR = 2.6 ; 7 E U ! g 0.4 4><NR_IR
/ L e E Nl S————
0.2 ™ o 1 %
I /‘ goz NRIR® +1
s e L LWL v
0 X 0 T . Sounas et al., Phys., Rev. B (2018) ‘
1520 1540 10" . 10° 1620 1640 10" ! 102 1 2 3 4 5 6 7
Wavelength (nm)  Peak intensity (MW/cm®) Wavelength (nm)  Peak intensity (MW/cm®) NRIR

M. Cotrufo, et al., Nature Photonics 18, 81 (2024)

H!I The City University of New York
A

R @ METAMATERIALS & PLASMONICS
ADVANCED SCIENCE RESEARCH CENTER .’

RESEARCH LABORATORY

ht Control with Metamaterials



BIAS-FREE NONRECIPROCAL Q-BIC METASURFACES
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NONLINEARITY-INDUCED TOPOLOGICAL TRANSITIONS
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Y. Hadad, A. B. Khanikaev, and A. Alu, Phys. Rev. B 93, 155112 (2016)
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NONLINEARITY-INDUCED TOPOLOGICAL ORDER
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Y. Hadad, A. B. Khanikaev, and A. Alu, Nature Electronics 1, 178 (2018)
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TOPOLOGICAL TRANSITION TRIGGERED BY SIGNAL INTENSITY

0 20 40 60
x/a

G. D’Aguanno, Y. Hadad, D. A. Smirnova, X, Ni, A. Khanikaev, A. Alu, Phys. Rev. B 100, 214310 (2019)
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TOPOLOGICAL MECHANICS
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PT-SYMMETRY & NON-HERMITIAN HAMILTONIANS

Observables in quantum mechanics are represented by Hermitian operators known to
exhibit real eigenvalues.

Should a Hamiltonian be Hermitian in order to have real eigenvalues?

VOLUME 80, NUMBER 24 PHYSICAL REVIEW LETTERS 15 JUNE 1998

Real Spectra in Non-Hermitian Hamiltonians Having P77 Symmetry

Carl M. Bender' and Stefan Boettcher®?
! Department of Physics, Washington University, St. Louis, Missouri 63130
2Center for Nonlinear Studies, Los Alames National Laboratory, Los Alamos, New Mexico 87545
3CTSPS, Clark Atlanta University, Atlanta, Georgia 30314
(Received 1 December 1997; revised manuscript received 9 April 1998)

The condition of self-adjointness ensures that the eigenvalues of a Hamiltonian are real and
bounded below. Replacing this condition by the weaker condition of P77 symmetry. one obtains
new infinite classes of complex Hamiltonians whose spectra are also real and positive. These PT
symmetric theories may be viewed as analytic continuations of conventional theories from real to

complex phase space. This paper describes the unusual classical and gquantum properties of these
theories. [S0031-9007(98)06371-6]

Parity-time (PT) symmetric Hamiltonians share common eigenfunctions
with the PT operator. As a result they can exhibit entirely real spectra!
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PARITY-TIME SYMMETRY

n(r) = n*(-r)

ng(—r) = +ng(r)
n(—r) = —n(r)

PT waveguide
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Multilayer PT Bragg grating
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PT-SYMMETRY IN OPTICS
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M. A.Miri, A. Alu, Science 363,42 (2019)

o . METAMATERIALS & PLASMONICS (8

RESEARCH LABORATORY Sty

H!I The City University of New York <
\N 8 ADVANCED SCIENCE RESEARCH CENTER "




UNIDIRECTIONAL INVISIBILITY

o o
\N\»
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PT-SYMMETRY FOR SOUND

B (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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A PT-SYMMETRIC INVISIBLE ACOUSTIC SENSOR

R. Fleury, D. L. Sounas, and A. Alu, Nat. Comm. 6, 5905 (2015)
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EXPERIMENTAL VALIDATION
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A SENSOR THAT DOES NOT CAST A SHADOW

Sl

[—

Normalized power
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R. Fleury, D. L. Sounas, and A. Alu, Nat. Comm. 6, 5905 (2015)
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LOSS-FREE NEGATIVE REFRACTION
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PLANAR LENSES AND CLOAKS
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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)
D. L. Sounas, R. Fleury, and A. Alu, Phys. Rev. Appl. 4,014005 (2015)
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PT SCATTERING

_ 27° (&, —3)—24¢, (Li2 (5‘)+ Li, (5+))
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PT SCATTERING
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PT SCATTERING
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EXTREME ANISOTROPY BEYOND THE PT TRESHOLD
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EXACT POLARIZABILITY IN THE RESONANT REGION
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AN ABSORPTION PARADOX

2 -1
P :_a)/2|Eo| Im[a]:PabS (—3<{;‘1<—1)\/(—1<81<?j
Re[s, =04
10 —Re[g 72 i
Relg, |35
=X -
£
10} |
05 0 0.5
Im[g, ]
20| ——Rels =05 x
Relg, 2.7
10F Relg, =35 .
— T
S-‘ L b -
£ 0 -
10} i
20 \ _ ]
;05 0 0.5
Im[g, |

(e R LY - RESFARCH LABORATORY
H’i’l ADVANCED SCIENCE RESEARCH CENTER .’ rol with Metamaterials 4 @ RESEARCH LABORATORY




ABSORPTION: FIELDS IN QUADRATURE WITH EXCITATION
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ABSORPTION: FIELDS IN QUADRATURE WITH EXCITATION

& =l g +1

Im = E, cos(A,u)| — cosh(Av) -2 sinh(A,v
[#] = By cos(y )[ (&, +1)sinh(4,7) (%v) 35, +1 (%ov)
_ 2_ 2
4= 1 i (-1 2(821+1)
Vs 2(g,+1)
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