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* Field: Metamaterials, Nanophotonics, 2D Materials, Energy
* Postdoctoral researchers: 14

e Graduate students: 16

* They say: We are a highly interdisciplinary research group in nanoscience and
engineering, with expertise in optical and electrical measurements, material synthesis,
and theoretical modeling. Our research has primarily focused on the interaction of
light with nanostructures, leading to exotic electromagnetic properties not found
naturally.
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PT symmetric system example
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Parity (X = —X) Time reversal (i = —i)

PT symmetric Hamiltonian: (PT)H(PT) = H

Hop = Endy

E,(PT)¢, : PT-exact phase (real eigenvalue)
H(PT)¢p, = (PTE ¢, =1 .
(PT)$n = (PT)Enéhn {En(PT)qbn : PT-broken phase (complex eigenvalue)

(Example)
vV g .
H = (g —iV) mm) Ey =+4./g%2—V?2 EP condition: g =V

* At an EP, transition between two phases occurs.



Unidirectional total transmission in PT symmetric system
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Transfer matrix form: (B) =M (D) = (—ic a) (D) and det(M) =1

(PT-symmetric: M~ = M*)

: (DY _1(1 ic\(B\_(t Tg)(B)_ (B)
Scattering matrix: (A)_a(ib 1)((3)_(7”1 e\ e =S c

Eigenvaluesof S: A =t + /1,

At an EP of S matrix: njr; =0

m=) 1,=0o0r 1, = 0 (Unidirectional total transmission)



Exceptional points of acoustic PT symmetric structure
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Imaginary parts of the refractive indices
of loss and gain materials with dispersion

Loss and gain with spacing
Reflection from the loss side

Normalized transmission (blue), reflection
from the loss side (red), reflection from
the gain side (green) with no spacing

With spacing Ly and an EP observed at f,

* Gain and loss dispersion restrict the frequency range for an EP

condition.

* Loss-gain spacing is necessary for accessing an EP.



Experimental demonstration of unidirectional transparency
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(a) Setup

(b), (c) Calculated (solid curves) and measured (marked
dots) transmissions and reflections from the loss side
with the spacing L = 1.24cm

(d), (e) Similar representation to (b) and (c) (from the gain
side)

 First, obtain the scattering matrix of the loss
part without gain unit at 5.3kHz.

e Obtain loss parameters from the S matrix.

* Obtain gain parameters by complex
conjugation of loss parameters.

* Reverse process from parameter to scattering
matrix.

* Loss and gain unit assembled with the correct
spacing =2 Unidirectional transparency



Accessing EPs at multiple frequencies

a 0.1] o : — (a) Measured complex refractive indices of the
oosf & T Yy loss and gain materials
= ‘ 5 Q
£ . ‘ 'Y (b) Measured scattering matrices for the
~ide o o Loss controlled EPs at four frequencies
-0.1
09 095 1 1.05 1.1
Re(n)
b

O 5,000Hz O 5300Hz ¢ 5700Hz A 6,000 Hz

e e el

sl (683 Tor) (8% To1) (88 1a2) (B 0%

Spacing L=1.40cm L[=124cm  [=0.55cm  [=0.80cm

* Applying opposite phase shifts to the acoustic source array in gain
unit introduce an effective spacing between gain and loss unit.

* By tuning the effective spacing, accessing EPs at multiple
frequencies is possible.



Reversing the unidirectional transparency
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(a) Calculated transmission (blue) and reflections
from the gain (orange) and the loss side (green)
with varying the spacing.
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i (b), (c) Transmission and reflections from the gain
i i ‘ and loss side with 1.24cm-spacing

(black: incidence, blue: transmission, red: reflection
from loss side, green: reflection from gain side)
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(d), (e) Transmission and reflections from the gain
and loss side with 1.71cm-spacing
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* 11y = 0 atan EP reveals that two types
of EPs exist depending on the side of
where reflection is cancelled.
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* Orientation of the unidirectional
transparency can be controlled by tuning
the spacing between the loss and gain.
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Summary

Unidirectional transmittance at an EP in a PT-symmetric acoustic
system demonstrated.

Restriction of EP frequency due to the dispersion was overcame by
tuning the spacing between the loss and gain media.

Direction of the total transmission can be switched also by the loss-
gain spacing.

Can be applied to isolators, diodes, rectifiers...



