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OUTLINE:

• Extended Introduction: 𝓟arity-𝓣ime and anti-𝓟𝓣-symmetry

• 𝓟𝓣- and anti-𝓟𝓣-symmetric qubits

• Discrete case: 𝓟𝓣-symmetric Kagome lattice 

• Applications: Double-Drive Floquet 𝓟𝓣-system 

• Quantum sensing: Next talk (A. Harter) 

• Conclusion: non-Hermitian qubits better, useful. 
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Experiment: Coupled Optical Resonators

Light can only travel one way (instead of both directions): PT-symmetric red/blue toroids 
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Recent Developments: 
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𝓟𝓣-symmetry

H=𝑝! −(𝑖𝑥)"
𝓟: 𝒙 → −𝒙,

𝒊 → −𝒊
𝒑 → −𝒑

𝒑 → −𝒑,𝓣: 𝒙 → 𝒙,

Bender & Boettcher, PRL 1998

[𝑯,𝓟𝓣] = 𝟎
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Review Paper (expt.)
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Parity-Time Symmetry in Optics
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LIGHT PROPAGATION IN A PT MATERIAL

T. Kottos, 
Nature Phys. 
6, 166 (2010)
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HERMITIAN vs NON-HERMITIAN PHOTONICS

• Real eigenvalues vs Complex eigenvalues. 
• Eigenvalue degeneracies vs Exceptional Points (EP).  
• Orthogonal eigenfunctions (spectral theorem) 
   vs  Coalescence of eigenfunctions.  

• Mode distribution symmetric vs asymmetric/symmetric. 
• Real eigenvalue surfaces vs intersecting Riemann sheets.  
• Continuous eigenstate evolution vs “state flip”. 
• Adiabaticity vs adiabatic theorem does not hold. 
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EXCEPTIONAL POINT: DYNAMICAL ENCIRCLING

J. Doppler et al., 
Nature 537, 76 
(2016)

Y. Choi et al., 
Nat. Commun. 
8, 14154 (2017)

H. Xu et al., 
Nature 537, 
80 (2016)
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Time-asymmetric evolution: 
                             Unidirectional Converter Region
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PT- AND ANTI-PT SYMMETRY
• PT Symmetric qubit • Anti-PT Symmetric qubit

B. Gardas, S. Deffner, A. Saxena, 
Phys. Rev. A 94, 040101(R) (2016) 

J. Cen and A. Saxena, 
Phys. Rev. A 105,  022404 (2022) 

(PT )2 = +1

[H,PT ] = 0 {H,PT } = 0

�⌦(t) ⌦2(t)� ⌦1(t)Phase function 

⇢S(t) Reduced density matrix Time-dependent Dyson map

(PT )2 = ±1
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𝓟𝓣 and Anti-𝓟𝓣 Coupled Oscillators Choi et al. Nature Comm. 2018

{𝑯,𝓟𝓣} = 𝟎

[𝑯,𝓟𝓣] = 𝟎
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Synthetic Anti-PT Optical Microcavity

F. Zhang et al., Phys. Rev. Lett. 124, 053901 (2020)
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Anti-𝓟𝓣-symmetry:

• L. Ge and H.E. Tureci, Phys. Rev. A 88, 053810 (2013); photonics
• P. Peng et al., Nature Phys. 12, 1139 (2016); flying atoms
• X. Wang et al., Opt. Exp. 24, 4289 (2016); atomic lattices 
• F. Yang et al., Phys. Rev. A 96, 053845 (2017); dissipative optics 

• Y. Choi et al., Nature Commun. 9, 2182 (2018); circuit resonators 
• Y.-L. Chuang et al., Opt. Exp. 26, 21969 (2018); atomic systems
• V. V. Konotop and D. A. Zezyulin, Phys. Rev. Lett. 120, 123902 (2018); optical coupler  

• Q. Li et al., Optica 6, 67 (2019); Lorentz dynamics
• X.-L. Zhang et al., Light: Sci. Appl. 8, 88 (2019); asymmetric mode switching
• Y. Jiang et al., Phys. Rev. Lett. 123, 193604 (2019); cold atoms
• S. Ke at al., Opt. Exp. 27, 13858 (2019); optical waveguides
•  … … … … 
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𝓟𝓣-symmetry and Quantum Information
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The System: 

HB =
X

k

!ka
†
kak,

VB =
X

k

⇣
gka

†
k + g⇤kak

⌘
.

Bosonic bath

H = HS ⌦ IB + IS ⌦HB +HS ⌦ VB ,

H
h
S =

✓
↵+ ✓ ⇠ + i�

⇠ � i� �↵+ ✓

◆
,

H
PT
S =

✓
↵+ i✓ ⇠ + i�

⇠ � i� ↵� i✓

◆
,

HS =

✓
↵+ i✓ ⇠ + i�

�⇠ + i� �↵+ i✓

◆
,

Hermitian

Anti-𝓟𝓣-symmetric

𝓟𝓣-symmetric

J. Cen & A. Saxena, Phys. Rev. A 105, 022404 (2022)
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Similarity Transformation:

H
h
S =

✓
↵+ ✓ ⇠ + i�

⇠ � i� �↵+ ✓

◆
,

HS =

✓
↵+ i✓ ⇠ + i�

�⇠ + i� �↵+ i✓

◆
,

Hermitian

Anti-𝓟𝓣-symmetric

𝓟𝓣-symmetric
T =

✓
!0 � ↵ �⇠ � i�
!0 + ↵ ⇠ + i�

◆
,

−𝜔! + 𝜃 0
0 𝜔! + 𝜃

𝐻#𝒫𝒯 =
𝜃 + 𝑖𝛼 𝜉 + 𝑖𝛿
𝜉 − 𝑖𝛿 𝜃 − 𝑖𝛼

−𝜔! + 𝜃 0
0 𝜔! + 𝜃

−𝜔! + 𝑖𝜃 0
0 𝜔! + 𝑖𝜃

𝜔! = 𝛼" + 𝜉" +𝛿"

𝜔! = −𝛼" + 𝜉" +𝛿"

𝜔! = 𝛼" − 𝜉" −𝛿"

<latexit sha1_base64="rPvQ/OpCbEHd+BEJf/5LwV23WIY=">AAACB3icbVDLSgNBEJyNrxhfUY+CDAbBU9gVXxchKILHCCYRsmGZnXSSITO7y0yvEJbcvPgrXjwo4tVf8ObfOHkc1FjQUFPVzXRXmEhh0HW/nNzc/MLiUn65sLK6tr5R3NyqmzjVHGo8lrG+C5kBKSKooUAJd4kGpkIJjbB/OfIb96CNiKNbHCTQUqwbiY7gDK0UFHevgsxP1JCeUx97gIzaF/VjBV0WuDQoltyyOwadJd6UlMgU1aD46bdjniqIkEtmTNNzE2xlTKPgEoYFPzWQMN5nXWhaGjEFppWN7xjSfau0aSfWtiKkY/XnRMaUMQMV2k7FsGf+eiPxP6+ZYueslYkoSREiPvmok0qKMR2FQttCA0c5sIRxLeyulPeYZhxtdAUbgvf35FlSPyx7J+Xjm6NS5WIaR57skD1yQDxySirkmlRJjXDyQJ7IC3l1Hp1n5815n7TmnOnMNvkF5+MbG9WYMg==</latexit>

E± = ✓ ± !0

<latexit sha1_base64="P/MT63d9WusKRnjmnePvhBCQ1QA=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiTiayMURXBZwT6gKWEyvW2HziRh5kYopTs3/oobF4q49Rfc+TcmbRfaeuDCmXPuZe49QSyFQcf5tnILi0vLK/nVwtr6xuaWvb1TM1GiOVR5JCPdCJgBKUKookAJjVgDU4GEetC/zvz6A2gjovAeBzG0FOuGoiM4w1Ty7f0b34sVvaTCwx4go9nLixR0me/Qgm8XnZIzBp0n7pQUyRQV3/7y2hFPFITIJTOm6ToxtoZMo+ASRgUvMRAz3mddaKY0ZApMazi+Y0QPU6VNO5FOK0Q6Vn9PDJkyZqCCtFMx7JlZLxP/85oJdi5aQxHGCULIJx91EkkxolkotC00cJSDlDCuRbor5T2mGcc0uiwEd/bkeVI7LrlnpdO7k2L5ahpHnuyRA3JEXHJOyuSWVEiVcPJInskrebOerBfr3fqYtOas6cwu+QPr8wdLzZet</latexit>

E± = i✓ ± !0
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Hermitian Qubit Dynamics: Similar for PT-symmetric qubit

⌦ (t) = 4✓

Z 1

0
dwJ (w)

wt� sin (wt)

w2
,

� (t) = 4

Z 1

0
dwJ (w)

1� cos (wt)

w2
coth

✓
�w

2

◆
,

J (w) =
X

k

|gk|2� (w � wk) .𝐽(𝜔) = 𝐽!𝜔"#$𝑒
%&
&!

𝜌'()(𝑡) =
𝜌""() 𝜌"*()𝑒*+&",%+&"-(,)𝑒%&"

#0(,)

𝜌*"()𝑒%*+&",#+&"-(,)𝑒%&"
#0(,) 𝜌**()

𝜌'((𝑡) = 𝑇%"𝜌'()(𝑡)[𝑇%"]1
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Anti-PT-symmetric Qubit Dynamics:

𝜌')(𝑡) = 𝜌'() 𝑡 𝑒-$(,)

Ω2 𝑡 = 2𝜃𝑡 + 2𝜃* 𝑡*0
!

3
𝑑𝜔 𝐽 𝜔 coth

𝛽𝜔
2

𝑖𝜌#$ = 𝐻$𝜌$ − 𝜌$ 𝐻$ %

Non-Hermitian Liouville-von Neumann equation

𝜌) = 𝜂%"𝜌()𝜂%"
<latexit sha1_base64="C+iP1UwFaOz60I6mF3z7SazWWDw=">AAACDXicbZDLSsNAFIYnXmu9RV26GayCq5KIt41QdOOygr1AE8pketIOnUzCzEQotS/gxldx40IRt+7d+TZO2oDa+sPAz3fO4cz5g4QzpR3ny5qbX1hcWi6sFFfX1jc27a3tuopTSaFGYx7LZkAUcCagppnm0EwkkCjg0Aj6V1m9cQdSsVjc6kECfkS6goWMEm1Q296/95IeazNPEtHlgC+wB5oYqH5gsW2XnLIzFp41bm5KKFe1bX96nZimEQhNOVGq5TqJ9odEakY5jIpeqiAhtE+60DJWkAiUPxxfM8IHhnRwGEvzhMZj+ntiSCKlBlFgOiOie2q6lsH/aq1Uh+f+kIkk1SDoZFGYcqxjnEWDO0wC1XxgDKGSmb9i2iOSUG0CzEJwp0+eNfWjsntaPrk5LlUu8zgKaBftoUPkojNUQdeoimqIogf0hF7Qq/VoPVtv1vukdc7KZ3bQH1kf30Yfm7E=</latexit>

|�ii = ⌘| ii
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Anti-PT-symmetric Qubit Dynamics: 

H
D = ⌘

�1
h
D
⌘ � i⌘

�1
⌘t.

Time-dependent Dyson relation

𝐻&$ = −𝜔!𝜎' + 𝑖𝜃𝕀&

𝜂 = 𝑒()#(+,-!)

ℎ$ = −𝜔!𝜎' 1 + 𝑉/ + 𝐻/ + 𝜃𝑡=𝑉/ − 𝜃"𝑡"Ω0

,   Ω0 = ∑0𝜔0 𝑔0 "
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Anti-PT-symmetric Qubit Dynamics:

𝜌'()(𝑡) =
𝜌""() 𝜌"*()𝑒*+&",%+&"[-# , %-%(,)]𝑒%&"

#0(,)

𝜌*"()𝑒%*+&",#+&"[-# , %-%(,)]𝑒%&"
#0(,) 𝜌**()

<latexit sha1_base64="Q5t8Drp5F7+i83BqF+z4KiQ7kIc=">AAACF3icbVC7TsMwFHXKq5RXgJHFokJiihLEa0GqgIGxSPQhNSFyXLe1ajuR7SBVaf+ChV9hYQAhVtj4G5I0A7Qc6eoenXOv7HuCiFGlbfvbKC0sLi2vlFcra+sbm1vm9k5ThbHEpIFDFsp2gBRhVJCGppqRdiQJ4gEjrWB4lfmtByIVDcWdHkXE46gvaI9ipFPJNy1XDsL7a3gBXRVzn8K6T8dupKgrkegzAl2W90waw4pvVm3LzgHniVOQKihQ980vtxvimBOhMUNKdRw70l6CpKaYkUnFjRWJEB6iPumkVCBOlJfkd03gQap0YS+UaQkNc/X3RoK4UiMepJMc6YGa9TLxP68T6965l1ARxZoIPH2oFzOoQ5iFBLtUEqzZKCUIS5r+FeIBkgjrNMosBGf25HnSPLKcU+vk9rhauyziKIM9sA8OgQPOQA3cgDpoAAwewTN4BW/Gk/FivBsf09GSUezsgj8wPn8A7UafLA==</latexit>

⇢D =
X

i

Pi| ih |
<latexit sha1_base64="6dtQHB41QoSUuSLt64FTQpbfopY=">AAACGnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtRGKunBZwT6giWEynTZDJzNhZiKUtN/hxl9x40IRd+LGvzFJs9DWA5d7OOdeZu7xI0aVtqxvo7SwuLS8Ul6trK1vbG6Z2zstJWKJSRMLJmTHR4owyklTU81IJ5IEhT4jbX94lfntByIVFfxOjyLihmjAaZ9ipFPJM21HBuI+Ca4n8AI6Kg49ChseHTtRQB2J+IAR6LC8Z9IYVjyzatWsHHCe2AWpggINz/x0egLHIeEaM6RU17Yi7SZIaooZmVScWJEI4SEakG5KOQqJcpP8tAk8SJUe7AuZFtcwV39vJChUahT66WSIdKBmvUz8z+vGun/uJpRHsSYcTx/qxwxqAbOcYI9KgjUbpQRhSdO/QhwgibBO08xCsGdPnieto5p9Wju5Pa7WL4s4ymAP7INDYIMzUAc3oAGaAINH8AxewZvxZLwY78bHdLRkFDu74A+Mrx+QHaCU</latexit>

⇢hD =
X

i

Pi|�ih�|
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Decoherence:

0.2 0.4 0.6 0.8 1.0
t
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0.4
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D(t)

APT

PT

H

!0 =
p

↵2 + �2 + ⇠2.

!0 =
p

↵2 � ⇠2 � �2.

𝜔! = 𝛿" + 𝜉" − 𝜃"

D (t) = e�!2
0�(t). 𝛾 𝑡 = 4;

&

'
𝑑𝜔	𝐽(𝜔)

1 − cos 𝜔𝑡
𝜔! coth(

𝛽𝜔
2 )
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von Neumann Entropy 

Density matrix: ⇢Dh
S (t) =

1

2
[1 + ~v (t)~�] .

Entropy: S (t) = �TrS
⇥
⇢Dh
S (t) ln ⇢Dh

S (t)
⇤
.

S (t) = ln 2� 1

2

⇣
1 + e�!2

0�(t)
⌘
ln

⇣
1 + e�!2

0�(t)
⌘
� 1

2

⇣
1� e�!2

0�(t)
⌘
ln
⇣
1� e�!2

0�(t)
⌘
.

where v(t) =
q

h�zi2 + (1� h�zi2)e�2!2
0�(t).
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von Neumann Entanglement Entropy:
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FISHER INFORMATION
Kullback-Leibler divergence: 

Fisher entropy (with T): Sf (�, t) =
@2

@ e�2
DKL

⇣
e�, t

⌘ ����e�=�

,
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!4
0

2

⇥
coth
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�
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⇤✓ @

@�
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◆2

,

Fisher entropy (with    ):!0
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����
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⇥
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�
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�
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⇤
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Fisher Information:
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RENYI ENTANGLEMENT ENTROPY
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lnTr

�⇥
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Discrete System: From photonic graphene to photonic Kagome 
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PT-symmetric Kagome lattices?

• q = 0 arrangement •                 arrangement
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PT-symmetric Kagome dimer lattice

• Coupled mode equations:

• Two twisted kagome lattices

• Dimers at the kagome sites

G.W. Chern, A. Saxena, Opt. Lett. 40, 5806 (2015)
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PT-symmetric Kagome: Band structure

• Fourier transform:

• Two nearly flat bands

• Two sets of Dirac points

• Two topological quadratic points

: PT-exact phase
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PT-symmetric Kagome: Band structure
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PT-symmetric kagome: Petermann Coefficient

• Petermann factor:

• Diagonal average

�
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PT-symmetric kagome: Linear beam dynamics

z = 0z = 2z = 4z = 6z = 8z = 10z = 12z = 14 z = 2z = 4z = 6z = 8z = 10z = 12z = 14z = 0
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Oscillatory Power Rotation

Wide beam

Narrow beam

� = 0.78PT-Symmetric Kagome Lattice
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STABILITY OF NON-HERMITIAN HAMILTONIANS WITH DIFFERENT 

PERIODICITIES USING FLOQUET THEORY

Single-Drive Double-Drive

J. Cen, Y.N. Joglekar, A. Saxena, Phys. Rev. Res. 6, 013167 (2024)
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Double-Drive Floquet Formalism: 

<latexit sha1_base64="wCTEHqE4vlmS1w8qP872Yk26UhA=">AAACH3icbVDLSgMxFM34rPU16tJNsAgVocxIqW6EWjddVrAP6Awlk2ba0MyD5I5Qhv6JG3/FjQtFxF3/xnTahbYeuHByzr3k3uPFgiuwrKmxtr6xubWd28nv7u0fHJpHxy0VJZKyJo1EJDseUUzwkDWBg2CdWDISeIK1vdH9zG8/Mal4FD7COGZuQAYh9zkloKWeWakX4QLf4tTxfHw30Q+H9iNwFB8EBF9inhm1ZaNnFqySlQGvEntBCmiBRs/8dvoRTQIWAhVEqa5txeCmRAKngk3yTqJYTOiIDFhX05AETLlpdt8En2ulj/1I6goBZ+rviZQESo0DT3cGBIZq2ZuJ/3ndBPwbN+VhnAAL6fwjPxEYIjwLC/e5ZBTEWBNCJde7YjokklDQkeZ1CPbyyaukdVWyK6XyQ7lQrS3iyKFTdIaKyEbXqIrqqIGaiKJn9Ire0YfxYrwZn8bXvHXNWMycoD8wpj9Jv6C5</latexit>

H(t) = A(t) · � + iB(t) · � <latexit sha1_base64="AxQB5fr8RLE61PYO5Lm//c/O7sI=">AAAB+nicbVDLSgNBEOz1GeNro0cvg0GIEMKuBPUiBL14jGAemixhdjKbDJmdXWZmlbDmU7x4UMSrX+LNv3HyOGhiQUNR1U13lx9zprTjfFtLyyura+uZjezm1vbOrp3bq6sokYTWSMQj2fSxopwJWtNMc9qMJcWhz2nDH1yN/cYDlYpF4lYPY+qFuCdYwAjWRurYubZivRCjC1RoFu+K98eoY+edkjMBWiTujORhhmrH/mp3I5KEVGjCsVIt14m1l2KpGeF0lG0nisaYDHCPtgwVOKTKSyenj9CRUbooiKQpodFE/T2R4lCpYeibzhDrvpr3xuJ/XivRwbmXMhEnmgoyXRQkHOkIjXNAXSYp0XxoCCaSmVsR6WOJiTZpZU0I7vzLi6R+UnJPS+Wbcr5yOYsjAwdwCAVw4QwqcA1VqAGBR3iGV3iznqwX6936mLYuWbOZffgD6/MHVuOSHA==</latexit>

� = (X,Y, Z)

<latexit sha1_base64="ZGgMCQc5aywJi5wejgItdfLYghc=">AAACAnicbZDLSsNAFIYnXmu9RV2Jm8EiuCqJFHUj1LpxWcFeoAllMpm0QyeTMDMRSghufBU3LhRx61O4822cpFlo6w8DH/85hzPn92JGpbKsb2NpeWV1bb2yUd3c2t7ZNff2uzJKBCYdHLFI9D0kCaOcdBRVjPRjQVDoMdLzJjd5vfdAhKQRv1fTmLghGnEaUIyUtobmYep4AbzOHOxHquBWBq+gBatDs2bVrUJwEewSaqBUe2h+OX6Ek5BwhRmScmBbsXJTJBTFjGRVJ5EkRniCRmSgkaOQSDctTsjgiXZ8GERCP65g4f6eSFEo5TT0dGeI1FjO13Lzv9ogUcGlm1IeJ4pwPFsUJAyqCOZ5QJ8KghWbakBYUP1XiMdIIKx0ankI9vzJi9A9q9vn9cZdo9ZslXFUwBE4BqfABhegCW5BG3QABo/gGbyCN+PJeDHejY9Z65JRzhyAPzI+fwB0LZWG</latexit>

A ·B = 0
<latexit sha1_base64="gpS+9p1p124BFrK46hyoU1ya1wQ=">AAAB9XicbVDLSgMxFM3UV62vqks3wSK0CGVGiroRim66rNAXtGPJpJk2NJMZkjtKKf0PNy4Uceu/uPNvzLSz0NYDl3s4515yc7xIcA22/W1l1tY3Nrey27md3b39g/zhUUuHsaKsSUMRqo5HNBNcsiZwEKwTKUYCT7C2N75L/PYjU5qHsgGTiLkBGUruc0rASA+1IpTwDTbtvFHK9fMFu2zPgVeJk5ICSlHv5796g5DGAZNABdG669gRuFOigFPBZrlerFlE6JgMWddQSQKm3en86hk+M8oA+6EyJQHP1d8bUxJoPQk8MxkQGOllLxH/87ox+NfulMsoBibp4iE/FhhCnESAB1wxCmJiCKGKm1sxHRFFKJigkhCc5S+vktZF2bksV+4rheptGkcWnaBTVEQOukJVVEN11EQUKfSMXtGb9WS9WO/Wx2I0Y6U7x+gPrM8f5fGQLw==</latexit>

H(t) = H(t+ T )
<latexit sha1_base64="jgE9HgqNHKC18YLqOVLh0c92Xcw=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBDiJexKUI9BLx4jmAcka5idnU2GzD6Y6VVCyH948aCIV//Fm3/jbLIHTSwYKKqq6Z7yEik02va3tbK6tr6xWdgqbu/s7u2XDg5bOk4V400Wy1h1PKq5FBFvokDJO4niNPQkb3ujm8xvP3KlRRzd4zjhbkgHkQgEo2ikh540UZ/2RxU8I8V+qWxX7RnIMnFyUoYcjX7pq+fHLA15hExSrbuOnaA7oQoFk3xa7KWaJ5SN6IB3DY1oyLU7mV09JadG8UkQK/MiJDP198SEhlqPQ88kQ4pDvehl4n9eN8Xgyp2IKEmRR2y+KEglwZhkFRBfKM5Qjg2hTAlzK2FDqihDU1RWgrP45WXSOq86F9XaXa1cv87rKMAxnEAFHLiEOtxCA5rAQMEzvMKb9WS9WO/Wxzy6YuUzR/AH1ucP+OiRhQ==</latexit>

�k(t)
<latexit sha1_base64="RDHd9e4n3vzz4yHMMD95QBH4nos=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQF5ZEiroRioJ0WcE+oAlhMp20QycPZm6EErpz46+4caGIW3/BnX9j0mahrQcuHM65d+be40aCKzCMb62wtLyyulZcL21sbm3v6Lt7bRXGkrIWDUUouy5RTPCAtYCDYN1IMuK7gnXc0U3mdx6YVDwM7mEcMdsng4B7nBJIJUc/bDi3+Ao3KnCCTzG3hi6RVkQkcCIcKDl62agaU+BFYuakjHI0Hf3L6oc09lkAVBCleqYRgZ1kD1LBJiUrViwidEQGrJfSgPhM2cn0jgk+TpU+9kKZVgB4qv6eSIiv1Nh3006fwFDNe5n4n9eLwbu0Ex5EMbCAzj7yYoEhxFkouM8loyDGKSFU8nRXTIdEEgppdFkI5vzJi6R9VjXPq7W7Wrl+ncdRRAfoCFWQiS5QHTVQE7UQRY/oGb2iN+1Je9HetY9Za0HLZ/bRH2ifP6GEl0w=</latexit>

HF = H(t)� i~@t
<latexit sha1_base64="XrVnkbKlNrBOcnWtS9OGIaoGpxk=">AAACAXicbZDLSgMxFIYz9VbH26gbwU2wCBWkzJSiLouCdFnBXqAdhkyaaUMzyZBkhFLqxldx40IRt76FO9/GtJ2Ftv4Q+PjPOZycP0wYVdp1v63cyura+kZ+097a3tndc/YPmkqkEpMGFkzIdogUYZSThqaakXYiCYpDRlrh8GZabz0Qqajg93qUED9GfU4jipE2VuAc2bXgttgVMemjwDvPoHwGA6fgltyZ4DJ4GRRApnrgfHV7Aqcx4RozpFTHcxPtj5HUFDMysbupIgnCQ9QnHYMcxUT549kFE3hqnB6MhDSPazhzf0+MUazUKA5NZ4z0QC3WpuZ/tU6qoyt/THmSasLxfFGUMqgFnMYBe1QSrNnIAMKSmr9CPEASYW1Cs00I3uLJy9Asl7yLUuWuUqheZ3HkwTE4AUXggUtQBTVQBw2AwSN4Bq/gzXqyXqx362PemrOymUPwR9bnD7HdlSM=</latexit>

HF (!1,!2)
<latexit sha1_base64="w3h8h4IehCCu3H7WUql7VEPbw+4=">AAACG3icbZBNS8NAEIY3flu/oh69LBZBEEoiRb0IohePFawKTSiT7bRdutmE3Y1QQv+HF/+KFw+KeBI8+G/cthG1+sLCyzMzzM4bpYJr43kfztT0zOzc/MJiaWl5ZXXNXd+40kmmGNZZIhJ1E4FGwSXWDTcCb1KFEEcCr6Pe2bB+fYtK80Remn6KYQwdyducgbGo6e6XAkw1F9bnMgCRdmFAj+k3/GJ7VAZJjB2gTbfsVbyR6F/jF6ZMCtWa7lvQSlgWozRMgNYN30tNmIMynAkclIJMYwqsBx1sWCshRh3mo9sGdMeSFm0nyj5p6Ij+nMgh1rofR7YzBtPVk7Uh/K/WyEz7KMy5TDODko0XtTNBTUKHQdEWV8iM6FsDTHH7V8q6oIAZG2fJhuBPnvzXXO1X/INK9aJaPjkt4lggW2Sb7BKfHJITck5qpE4YuSMP5Ik8O/fOo/PivI5bp5xiZpP8kvP+CYmloRk=</latexit>

✏n↵ = ✏↵ + n!
<latexit sha1_base64="FxOEVQGkwFb/AwZg2Zg9zzYBdYU=">AAAB+XicbVDLSsNAFJ3UV42vqEs3g0VwVZNS1I1QdOOyQl/QhDKZTtuh8wgzk0IJ/RM3LhRx65+482+ctllo64ELh3Pu5d574oRRbXz/2ylsbG5t7xR33b39g8Mj7/ikpWWqMGliyaTqxEgTRgVpGmoY6SSKIB4z0o7HD3O/PSFKUykaZpqQiKOhoAOKkbFSz/PcUHIyRPAOVsKEXjV6Xskv+wvAdRLkpARy1HveV9iXOOVEGMyQ1t3AT0yUIWUoZmTmhqkmCcJjNCRdSwXiREfZ4vIZvLBKHw6ksiUMXKi/JzLEtZ7y2HZyZEZ61ZuL/3nd1Axuo4yKJDVE4OWiQcqgkXAeA+xTRbBhU0sQVtTeCvEIKYSNDcu1IQSrL6+TVqUcXJerT9VS7T6PowjOwDm4BAG4ATXwCOqgCTCYgGfwCt6czHlx3p2PZWvByWdOwR84nz9OgJIq</latexit>

! = 2⇡/T

<latexit sha1_base64="uLyqsWNkdHxK49RQwGxHK/+OUHY=">AAACFnicbVDLTgIxFO3gC/GFunTTSIywgMwYom5MiC5kiQkPEwZJpxRo6HQm7R0jmfAVbvwVNy40xq1x599YHgsFT3JvTs65N+09Xii4Btv+thJLyyura8n11Mbm1vZOenevroNIUVajgQjUrUc0E1yyGnAQ7DZUjPieYA1vcDX2G/dMaR7IKgxD1vJJT/IupwSM1E7nU9fZag5f4NilRODqCLvsIczmOXa5hLZ9V8XlLBzncGfc2umMXbAnwIvEmZEMmqHSTn+5nYBGPpNABdG66dghtGKigFPBRik30iwkdEB6rGmoJD7TrXhy1ggfGaWDu4EyJQFP1N8bMfG1HvqemfQJ9PW8Nxb/85oRdM9bMZdhBEzS6UPdSGAI8Dgj3OGKURBDQwhV3PwV0z5RhIJJMmVCcOZPXiT1k4JzWijeFDOly1kcSXSADlEWOegMlVAZVVANUfSIntErerOerBfr3fqYjias2c4++gPr8wdrVJss</latexit>

G(T ) = T exp(�i

Z T

0
H(t0)dt0)Time-evolution

Operator: 

Hamiltonian:

Floquet 
Hamiltonian: 

Time-ordered product
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PT-SYMMETRIC MODELS: 

<latexit sha1_base64="BWEXGs7Lg+ENniFFzbYRTmKNwCQ="></latexit>

H (t) = JX + � {cos (!t)Y � i cos (�!t)Z}
<latexit sha1_base64="Tb/LhEoO9wQUxxgtQ9+A5z5BxD8="></latexit>

H` = JX + � (vy · l)Y � i� (vz · l)Z,
vy =

�
1 · · · 1| {z }

�

�1 · · ·� 1| {z }
2�

1 · · · 1| {z }
�

�
,

vz =
�
1,�1,�1, 1| {z }

� copies

, · · · , 1,�1,�1, 1
�
,

l = (0, · · · 1|{z}
`th entry

· · · , 0)

<latexit sha1_base64="ZtBHdfAoYv7olA6oySAJa2CLNhk="></latexit>

G(T ) =
4�Y

`=1

e�iH`T/4� = cos (✏FT ) I2 � i sin (✏FT ) (nF · �)
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Conclusions (non-Hermitian qubits) 

•Qubits with 𝓟𝓣/anti-𝓟𝓣-symmetries show promising results:
– Decoherence
– Entanglement entropy
– Fisher information

•Reduced density matrix for non-Hermitian 𝓟𝓣/anti-𝓟𝓣-symmetric 
   systems

•  𝓟𝓣/anti-𝓟𝓣-symmetric time-dependent systems (to be explored)
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Non-Hermitian PT Symmetry is ubiquitous!

• Nonlinear Wave Equations and Solitons: 
     V.V. Konotop et al. Rev. Mod. Phys. 88, 035002 (2016). 

• Electrical Circuits: B. Lv et al., Sci. Rep. 7, 40575 (2017).  

• Magnetic systems: J.M. Lee et al., Phys. Rev B. 91, 94416 (2015).  

• Qubits, Quantum Computation: 
      B. Gardas et al., Phys. Rev. A 94, 40101 (2016). 

• Plasmonics and metamaterials: 
      H. Alaeian and J.A. Dionne, Phys. Rev. A 89, 33829 (2014). 

• Hydrodynamics: H. Xu et al., Rom. J. Phys. 59, 185 (2014). 

• … … … THANKS! 
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IAN


