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- general criteria for occurrence of topologically-
protected atom-photon dressed states
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basic questions 

- general properties of topologically-protected 
atom-photon dressed states
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Vacancy-like Dressed States (VDS)

atom RWA coupling

generic dressed state:

single-photon state

VDS:def

photonic bath

6/20
L. Leonforte, A. Carollo and F. Ciccarello, PRL 126, 063601 (2021)

v

atom

e

<latexit sha1_base64="kSnYtW4+wM3COJkeeRZFmCR6IOE=">AAAB+HicbZC7SgNBFIbPeo3xFrW0GQyC1bIrCzGVARvLBMwFkiXMTs4mQ2YvzMwKMeQJbLW3E1vfxtYn8BGc3FCDPwz8/P8ZzuELUsGVdpwPa219Y3NrO7eT393bPzgsHB03VJJJhnWWiES2AqpQ8BjrmmuBrVQijQKBzWB4M+2b9ygVT+I7PUrRj2g/5iFnVJuoht1C0bWdmYhjl41K3sKUXbKsitdfMFO1W/js9BKWRRhrJqhSbddJtT+mUnMmcJLvZApTyoa0j21jYxqh8sezQyfk3CQ9EibSvFiTWfr7x5hGSo2iwExGVA/UajcN/+2CaGWzDq/8MY/TTGPM5ovDTBCdkCkF0uMSmRYjYyiT3NxO2IBKyrRhlTdQnB8oq2YJpXFpu55drnnFijenAzk4hTO4ABdKUIFbqEIdGCA8whM8Ww/Wi/Vqvc1H16zFnxP4I+v9GzlIlRc=</latexit>

vacancy-like 
dressed state

eigenstates of

v

<latexit sha1_base64="dRP2a9tcAndKi5GkRLk73/Fu7dg=">AAAB+HicbVDLSsNAFL3xWeur6tLNYBFchUQKtSsLbly2YB/QhjKZTtqhk0mYmRRq6Be41b07cevfuPUL/ASnSQWtHrhwOOde7r3HjzlT2nHerbX1jc2t7cJOcXdv/+CwdHTcVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/uVn4nSmVikXiTs9i6oV4JFjACNZGak4HpbJj1zKgnFQrS1JzkWs7GcrXn5ChMSh99IcRSUIqNOFYqZ7rxNpLsdSMcDov9hNFY0wmeER7hgocUuWl2aFzdG6UIQoiaUpolKk/J1IcKjULfdMZYj1Wq95C/Nfzw5XNOrjyUibiRFNB8sVBwpGO0CIFNGSSEs1nhmAimbkdkTGWmGiTVTELJf8c/SXfobQvbbdi15qVcr2SpwMFOIUzuAAXqlCHW2hACwhQeIBHeLLurWfrxXrNW9es5cwJ/IL19gWl+ZVd</latexit>

(c)

(d)

(e)

vacancy 

(a)
0

0.01

0.02

0.03

0.04

(b)

⇡/2

<latexit sha1_base64="8NEgoSs+6cOGqNmXgIuQXYJspXY=">AAACAXicbZDLSgMxFIYzXmu9Vd0IboJFcFVn2trLruDGZQV7wc5QMmmmDU0yQ5IRytCVr+BW9+7ErU/i1icxnWrR4g8HDt9/Dufw+xGjStv2h7Wyura+sZnZym7v7O7t5w4O2yqMJSYtHLJQdn2kCKOCtDTVjHQjSRD3Gen446uZ37knUtFQ3OpJRDyOhoIGFCNt0J3r88SN6EVx2s/l7UK9Uild1qFTsFNBQ0pVx6ktSL5xHKRq9nOf7iDEMSdCY4aU6jl2pL0ESU0xI9OsGysSITxGQ9IzrUCcKC9JP57CM0MGMAilKaFhSn9vJIgrNeG+meRIj9SyN4P/ej5fuqyDmpdQEcWaCDw/HMQM6hDO4oADKgnWbGIahCU1v0M8QhJhbULLpqEsslhufkJpFwtOuVC/cfKNMpgrA07AKTgHDqiCBrgGTdACGAjwCJ7As/VgvViv1tt8dMX63jkCf2S9fwHc25o1</latexit>

!0

<latexit sha1_base64="JbdhcdbXS48bEv6/eo1eRXC3fSc=">AAAB/3icbVDLSsNAFL3xWeur6tLNYBFchUQCtSsLblxWsA9oQ5lMJ+3QmUmYmQgldOEvuNW9O3Hrp7j1C/wE06SCVg9cOJxzL/feE8ScaeM479bK6tr6xmZpq7y9s7u3Xzk4bOsoUYS2SMQj1Q2wppxJ2jLMcNqNFcUi4LQTTK7mfueOKs0ieWumMfUFHkkWMoJNJnX7kaAjPHAGlapj13OggtS8Bam7yLWdHNXLT8jRHFQ++sOIJIJKQzjWuuc6sfFTrAwjnM7K/UTTGJMJHtFeRiUWVPtpfu8MnWbKEIWRykoalKs/J1IstJ6KIOsU2Iz1sjcX//UCsbTZhBd+ymScGCpJsThMODIRmoeBhkxRYvg0I5golt2OyBgrTEwWWTkPpfgc/SXfobTPbdez6zdeteEV6UAJjuEEzsCFGjTgGprQAgIcHuARnqx769l6sV6L1hVrMXMEv2C9fQGjG5gh</latexit>

band

band

Part I: Topological protected Photon-atom bound state



v

atom

e

<latexit sha1_base64="kSnYtW4+wM3COJkeeRZFmCR6IOE=">AAAB+HicbZC7SgNBFIbPeo3xFrW0GQyC1bIrCzGVARvLBMwFkiXMTs4mQ2YvzMwKMeQJbLW3E1vfxtYn8BGc3FCDPwz8/P8ZzuELUsGVdpwPa219Y3NrO7eT393bPzgsHB03VJJJhnWWiES2AqpQ8BjrmmuBrVQijQKBzWB4M+2b9ygVT+I7PUrRj2g/5iFnVJuoht1C0bWdmYhjl41K3sKUXbKsitdfMFO1W/js9BKWRRhrJqhSbddJtT+mUnMmcJLvZApTyoa0j21jYxqh8sezQyfk3CQ9EibSvFiTWfr7x5hGSo2iwExGVA/UajcN/+2CaGWzDq/8MY/TTGPM5ovDTBCdkCkF0uMSmRYjYyiT3NxO2IBKyrRhlTdQnB8oq2YJpXFpu55drnnFijenAzk4hTO4ABdKUIFbqEIdGCA8whM8Ww/Wi/Vqvc1H16zFnxP4I+v9GzlIlRc=</latexit>

vacancy-like 
dressed state

eigenstates of

v

<latexit sha1_base64="dRP2a9tcAndKi5GkRLk73/Fu7dg=">AAAB+HicbVDLSsNAFL3xWeur6tLNYBFchUQKtSsLbly2YB/QhjKZTtqhk0mYmRRq6Be41b07cevfuPUL/ASnSQWtHrhwOOde7r3HjzlT2nHerbX1jc2t7cJOcXdv/+CwdHTcVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/uVn4nSmVikXiTs9i6oV4JFjACNZGak4HpbJj1zKgnFQrS1JzkWs7GcrXn5ChMSh99IcRSUIqNOFYqZ7rxNpLsdSMcDov9hNFY0wmeER7hgocUuWl2aFzdG6UIQoiaUpolKk/J1IcKjULfdMZYj1Wq95C/Nfzw5XNOrjyUibiRFNB8sVBwpGO0CIFNGSSEs1nhmAimbkdkTGWmGiTVTELJf8c/SXfobQvbbdi15qVcr2SpwMFOIUzuAAXqlCHW2hACwhQeIBHeLLurWfrxXrNW9es5cwJ/IL19gWl+ZVd</latexit>

(c)

(d)

(e)

vacancy 

(a)
0

0.01

0.02

0.03

0.04

(b)

⇡/2

<latexit sha1_base64="8NEgoSs+6cOGqNmXgIuQXYJspXY=">AAACAXicbZDLSgMxFIYzXmu9Vd0IboJFcFVn2trLruDGZQV7wc5QMmmmDU0yQ5IRytCVr+BW9+7ErU/i1icxnWrR4g8HDt9/Dufw+xGjStv2h7Wyura+sZnZym7v7O7t5w4O2yqMJSYtHLJQdn2kCKOCtDTVjHQjSRD3Gen446uZ37knUtFQ3OpJRDyOhoIGFCNt0J3r88SN6EVx2s/l7UK9Uild1qFTsFNBQ0pVx6ktSL5xHKRq9nOf7iDEMSdCY4aU6jl2pL0ESU0xI9OsGysSITxGQ9IzrUCcKC9JP57CM0MGMAilKaFhSn9vJIgrNeG+meRIj9SyN4P/ej5fuqyDmpdQEcWaCDw/HMQM6hDO4oADKgnWbGIahCU1v0M8QhJhbULLpqEsslhufkJpFwtOuVC/cfKNMpgrA07AKTgHDqiCBrgGTdACGAjwCJ7As/VgvViv1tt8dMX63jkCf2S9fwHc25o1</latexit>

!0

<latexit sha1_base64="JbdhcdbXS48bEv6/eo1eRXC3fSc=">AAAB/3icbVDLSsNAFL3xWeur6tLNYBFchUQCtSsLblxWsA9oQ5lMJ+3QmUmYmQgldOEvuNW9O3Hrp7j1C/wE06SCVg9cOJxzL/feE8ScaeM479bK6tr6xmZpq7y9s7u3Xzk4bOsoUYS2SMQj1Q2wppxJ2jLMcNqNFcUi4LQTTK7mfueOKs0ieWumMfUFHkkWMoJNJnX7kaAjPHAGlapj13OggtS8Bam7yLWdHNXLT8jRHFQ++sOIJIJKQzjWuuc6sfFTrAwjnM7K/UTTGJMJHtFeRiUWVPtpfu8MnWbKEIWRykoalKs/J1IstJ6KIOsU2Iz1sjcX//UCsbTZhBd+ymScGCpJsThMODIRmoeBhkxRYvg0I5golt2OyBgrTEwWWTkPpfgc/SXfobTPbdez6zdeteEV6UAJjuEEzsCFGjTgGprQAgIcHuARnqx769l6sV6L1hVrMXMEv2C9fQGjG5gh</latexit>

band

band

Vacancy-like Dressed States (VDS)

atom RWA coupling

generic dressed state:

single-photon state

VDS:def

field’s node

photonic bath

6/20
L. Leonforte, A. Carollo and F. Ciccarello, PRL 126, 063601 (2021)

Part I: Topological protected Photon-atom bound state



vacancy 

Vacancy-like Dressed States (VDS)

atom RWA coupling

generic dressed state:

single-photon state

VDS:def

photonic bath

field’s node

6/20
L. Leonforte, A. Carollo and F. Ciccarello, PRL 126, 063601 (2021)

Part I: Topological protected Photon-atom bound state



Vacancy-like Dressed States (VDS)

VDS:

7/20
L. Leonforte, A. Carollo and F. Ciccarello, PRL 126, 063601 (2021)

vacancy 

v

atom

Part I: Topological protected Photon-atom bound state



Vacancy-like Dressed States (VDS)

VDS:

L. Leonforte, A. Carollo and F. Ciccarello, PRL 126, 063601 (2021)
7/20

vacancy 

v

atom

Part I: Topological protected Photon-atom bound state



Vacancy-like Dressed States (VDS)

VDS:
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(non-topological) instances of VDS

2 cavities:

semi-infinite waveguide:
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topological VDS

BS

topologically-protected  
dressed state

VDS

L. Leonforte, A. Carollo and F. Ciccarello, PRL 126, 063601 (2021)

theorem

photonic lattice + 0-dim defectphotonic lattice + 0-dim defect

topol invariant
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and S. Ryu, RMP 88, 035005 (2016)
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1 vacancy-induced  
BS always exists

theorem for 1D lattices 

R·d edge states exist under open BCs

R: interaction range, d: number of bands

A. Alase, E. Cobanera, G. Ortiz, and L. Viola, PRB 96, 195133 (2017)  
E. Cobanera, A. Alase, G. Ortiz, and L. Viola, PRB 98, 245423 (2018)

using methods in:
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Haldane photonic lattice

parameters space

VD
S atom dressed by  

a photon orbiting around it
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Conclusions

▪ identified a class of dressed states (VDS) 
▪ mirror-like behavior of atoms in waveguide QED 
▪ VDS : key role in topological quantum optics 

▪ many-photon VDS ?  
 (see arXiv:2105.08833 by Ashida, Imamoglu & Demler)

outlook
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non-Hermitian Hamiltonian

H† ≠ H

Bergholtz, E. J., et al. Exceptional topology of non-Hermitian systems. Rev. Mod. Phys. 93, 015005 (2021).

Exotic NH Properties
•Complex Energies 
•Non-Orthogonal Eigenstates 
•Coalescence of eigenstates 

 (Exceptional points) 
•Extreme sensitivity to BC  

(NH Skin effect) 
•Exotic topological properties

Bender, C. M., “Making sense of non-Hermitian Hamilto- nians,” Rep. Prog. Phys. 70, 947–1018 (2007)

Physical Context
•Approximate Dissipative  

Quantum systems 
•Optical systems 
•Mechanical oscillators

Part II: Exotic interaction mediated by a non-Hermitian photonic bath

12/20



a

<latexit sha1_base64="mTyBPai00/dAqEjLQkgXw7Psjgc=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqYWH5Ypj1zOgnNSqS1J3kWs7GSpXn5ChOSx/DEYRSUIqNOFYqb7rxNpLsdSMcDovDRJFY0ymeEz7hgocUuWl2aFzdGaUEQoiaUpolKk/J1IcKjULfdMZYj1Rq95C/Nfzw5XNOrj0UibiRFNB8sVBwpGO0CIFNGKSEs1nhmAimbkdkQmWmGiTVSkLJf8c/SXfoXQubLdq11vVSqOapwNFOIFTOAcXatCAG2hCGwhQeIBHeLLurWfrxXrNWwvWcuYYfsF6+wKE1ZVI</latexit>

b

<latexit sha1_base64="KA50lU7EMCK5tgKRFi49axCvZ3w=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqeUPyxXHrmdAOalVl6TuItd2MlSuPiFDc1j+GIwikoRUaMKxUn3XibWXYqkZ4XReGiSKxphM8Zj2DRU4pMpLs0Pn6MwoIxRE0pTQKFN/TqQ4VGoW+qYzxHqiVr2F+K/nhyubdXDppUzEiaaC5IuDhCMdoUUKaMQkJZrPDMFEMnM7IhMsMdEmq1IWSv45+ku+Q+lc2G7VrreqlUY1TweKcAKncA4u1KABN9CENhCg8ACP8GTdW8/Wi/Watxas5cwx/IL19gWGaZVJ</latexit>

a

<latexit sha1_base64="mTyBPai00/dAqEjLQkgXw7Psjgc=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqYWH5Ypj1zOgnNSqS1J3kWs7GSpXn5ChOSx/DEYRSUIqNOFYqb7rxNpLsdSMcDovDRJFY0ymeEz7hgocUuWl2aFzdGaUEQoiaUpolKk/J1IcKjULfdMZYj1Rq95C/Nfzw5XNOrj0UibiRFNB8sVBwpGO0CIFNGKSEs1nhmAimbkdkQmWmGiTVSkLJf8c/SXfoXQubLdq11vVSqOapwNFOIFTOAcXatCAG2hCGwhQeIBHeLLurWfrxXrNWwvWcuYYfsF6+wKE1ZVI</latexit>

b

<latexit sha1_base64="KA50lU7EMCK5tgKRFi49axCvZ3w=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqeUPyxXHrmdAOalVl6TuItd2MlSuPiFDc1j+GIwikoRUaMKxUn3XibWXYqkZ4XReGiSKxphM8Zj2DRU4pMpLs0Pn6MwoIxRE0pTQKFN/TqQ4VGoW+qYzxHqiVr2F+K/nhyubdXDppUzEiaaC5IuDhCMdoUUKaMQkJZrPDMFEMnM7IhMsMdEmq1IWSv45+ku+Q+lc2G7VrreqlUY1TweKcAKncA4u1KABN9CENhCg8ACP8GTdW8/Wi/Watxas5cwx/IL19gWGaZVJ</latexit>

a

<latexit sha1_base64="mTyBPai00/dAqEjLQkgXw7Psjgc=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqYWH5Ypj1zOgnNSqS1J3kWs7GSpXn5ChOSx/DEYRSUIqNOFYqb7rxNpLsdSMcDovDRJFY0ymeEz7hgocUuWl2aFzdGaUEQoiaUpolKk/J1IcKjULfdMZYj1Rq95C/Nfzw5XNOrj0UibiRFNB8sVBwpGO0CIFNGKSEs1nhmAimbkdkQmWmGiTVSkLJf8c/SXfoXQubLdq11vVSqOapwNFOIFTOAcXatCAG2hCGwhQeIBHeLLurWfrxXrNWwvWcuYYfsF6+wKE1ZVI</latexit>

J/2
<latexit sha1_base64="01YRDfdNeJegOp/EKgx3iz6OPts="></latexit>

iJ/2
<latexit sha1_base64="7hT3DowUDuoBDXxRv9P47hdT1q8="></latexit>

�iJ/2
<latexit sha1_base64="83YP6ofDiWiAs40GCn/LsO5pXfY="></latexit>

J
<latexit sha1_base64="sr+1UtkjZcZQyuf0O+v0xWJmai8="></latexit>

−iγ

Setup: Lee Photonics Lattice

H†
B ≠ HB

-3 -2 -1 0 1 2 3

-1

-0.5

0

Im
[E

]
<latexit sha1_base64="7fpWXEL2sLn3M6lzxefKeZjo17w="></latexit>

Re[E]
<latexit sha1_base64="BBeM5OqSxJcjPIJbySZtdBztqI4="></latexit>

periodic BCs

open BCs

point  
gap

point  
gap

line gap

Lee, T. E. Anomalous Edge State in a Non-Hermitian Lattice. Phys. Rev. Lett. 116, 133903 (2016).

(due to Dissipation)

Photonic Lattice Band

Part II: Exotic interaction mediated by a non-Hermitian photonic bath

(γ = J )
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atom 

g

a

<latexit sha1_base64="mTyBPai00/dAqEjLQkgXw7Psjgc=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqYWH5Ypj1zOgnNSqS1J3kWs7GSpXn5ChOSx/DEYRSUIqNOFYqb7rxNpLsdSMcDovDRJFY0ymeEz7hgocUuWl2aFzdGaUEQoiaUpolKk/J1IcKjULfdMZYj1Rq95C/Nfzw5XNOrj0UibiRFNB8sVBwpGO0CIFNGKSEs1nhmAimbkdkQmWmGiTVSkLJf8c/SXfoXQubLdq11vVSqOapwNFOIFTOAcXatCAG2hCGwhQeIBHeLLurWfrxXrNWwvWcuYYfsF6+wKE1ZVI</latexit>

b

<latexit sha1_base64="KA50lU7EMCK5tgKRFi49axCvZ3w=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqeUPyxXHrmdAOalVl6TuItd2MlSuPiFDc1j+GIwikoRUaMKxUn3XibWXYqkZ4XReGiSKxphM8Zj2DRU4pMpLs0Pn6MwoIxRE0pTQKFN/TqQ4VGoW+qYzxHqiVr2F+K/nhyubdXDppUzEiaaC5IuDhCMdoUUKaMQkJZrPDMFEMnM7IhMsMdEmq1IWSv45+ku+Q+lc2G7VrreqlUY1TweKcAKncA4u1KABN9CENhCg8ACP8GTdW8/Wi/Watxas5cwx/IL19gWGaZVJ</latexit>

a

<latexit sha1_base64="mTyBPai00/dAqEjLQkgXw7Psjgc=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqYWH5Ypj1zOgnNSqS1J3kWs7GSpXn5ChOSx/DEYRSUIqNOFYqb7rxNpLsdSMcDovDRJFY0ymeEz7hgocUuWl2aFzdGaUEQoiaUpolKk/J1IcKjULfdMZYj1Rq95C/Nfzw5XNOrj0UibiRFNB8sVBwpGO0CIFNGKSEs1nhmAimbkdkQmWmGiTVSkLJf8c/SXfoXQubLdq11vVSqOapwNFOIFTOAcXatCAG2hCGwhQeIBHeLLurWfrxXrNWwvWcuYYfsF6+wKE1ZVI</latexit>

b

<latexit sha1_base64="KA50lU7EMCK5tgKRFi49axCvZ3w=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqeUPyxXHrmdAOalVl6TuItd2MlSuPiFDc1j+GIwikoRUaMKxUn3XibWXYqkZ4XReGiSKxphM8Zj2DRU4pMpLs0Pn6MwoIxRE0pTQKFN/TqQ4VGoW+qYzxHqiVr2F+K/nhyubdXDppUzEiaaC5IuDhCMdoUUKaMQkJZrPDMFEMnM7IhMsMdEmq1IWSv45+ku+Q+lc2G7VrreqlUY1TweKcAKncA4u1KABN9CENhCg8ACP8GTdW8/Wi/Watxas5cwx/IL19gWGaZVJ</latexit>

a

<latexit sha1_base64="mTyBPai00/dAqEjLQkgXw7Psjgc=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqYWH5Ypj1zOgnNSqS1J3kWs7GSpXn5ChOSx/DEYRSUIqNOFYqb7rxNpLsdSMcDovDRJFY0ymeEz7hgocUuWl2aFzdGaUEQoiaUpolKk/J1IcKjULfdMZYj1Rq95C/Nfzw5XNOrj0UibiRFNB8sVBwpGO0CIFNGKSEs1nhmAimbkdkQmWmGiTVSkLJf8c/SXfoXQubLdq11vVSqOapwNFOIFTOAcXatCAG2hCGwhQeIBHeLLurWfrxXrNWwvWcuYYfsF6+wKE1ZVI</latexit>

J/2
<latexit sha1_base64="01YRDfdNeJegOp/EKgx3iz6OPts="></latexit>

iJ/2
<latexit sha1_base64="7hT3DowUDuoBDXxRv9P47hdT1q8="></latexit>

�iJ/2
<latexit sha1_base64="83YP6ofDiWiAs40GCn/LsO5pXfY="></latexit>

J
<latexit sha1_base64="sr+1UtkjZcZQyuf0O+v0xWJmai8="></latexit>

−iγ

Setup: Lee Photonics Lattice

H†
B ≠ HB

-3 -2 -1 0 1 2 3

-1

-0.5

0

Im
[E

]
<latexit sha1_base64="7fpWXEL2sLn3M6lzxefKeZjo17w="></latexit>

Re[E]
<latexit sha1_base64="BBeM5OqSxJcjPIJbySZtdBztqI4="></latexit>

periodic BCs

open BCs

point  
gap

point  
gap

line gap

Lee, T. E. Anomalous Edge State in a Non-Hermitian Lattice. Phys. Rev. Lett. 116, 133903 (2016).

(due to Dissipation)

Photonic Lattice Band

Part II: Exotic interaction mediated by a non-Hermitian photonic bath

ω0

ω0

atoms RWA coupling

H = HB+ω0 ∑
i

σi
+σi

− + g(σ+bni
+ σ−b†

ni
)

(γ = J )
13/20



a

<latexit sha1_base64="mTyBPai00/dAqEjLQkgXw7Psjgc=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqYWH5Ypj1zOgnNSqS1J3kWs7GSpXn5ChOSx/DEYRSUIqNOFYqb7rxNpLsdSMcDovDRJFY0ymeEz7hgocUuWl2aFzdGaUEQoiaUpolKk/J1IcKjULfdMZYj1Rq95C/Nfzw5XNOrj0UibiRFNB8sVBwpGO0CIFNGKSEs1nhmAimbkdkQmWmGiTVSkLJf8c/SXfoXQubLdq11vVSqOapwNFOIFTOAcXatCAG2hCGwhQeIBHeLLurWfrxXrNWwvWcuYYfsF6+wKE1ZVI</latexit>

b

<latexit sha1_base64="KA50lU7EMCK5tgKRFi49axCvZ3w=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqeUPyxXHrmdAOalVl6TuItd2MlSuPiFDc1j+GIwikoRUaMKxUn3XibWXYqkZ4XReGiSKxphM8Zj2DRU4pMpLs0Pn6MwoIxRE0pTQKFN/TqQ4VGoW+qYzxHqiVr2F+K/nhyubdXDppUzEiaaC5IuDhCMdoUUKaMQkJZrPDMFEMnM7IhMsMdEmq1IWSv45+ku+Q+lc2G7VrreqlUY1TweKcAKncA4u1KABN9CENhCg8ACP8GTdW8/Wi/Watxas5cwx/IL19gWGaZVJ</latexit>

a

<latexit sha1_base64="mTyBPai00/dAqEjLQkgXw7Psjgc=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqYWH5Ypj1zOgnNSqS1J3kWs7GSpXn5ChOSx/DEYRSUIqNOFYqb7rxNpLsdSMcDovDRJFY0ymeEz7hgocUuWl2aFzdGaUEQoiaUpolKk/J1IcKjULfdMZYj1Rq95C/Nfzw5XNOrj0UibiRFNB8sVBwpGO0CIFNGKSEs1nhmAimbkdkQmWmGiTVSkLJf8c/SXfoXQubLdq11vVSqOapwNFOIFTOAcXatCAG2hCGwhQeIBHeLLurWfrxXrNWwvWcuYYfsF6+wKE1ZVI</latexit>

b

<latexit sha1_base64="KA50lU7EMCK5tgKRFi49axCvZ3w=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqeUPyxXHrmdAOalVl6TuItd2MlSuPiFDc1j+GIwikoRUaMKxUn3XibWXYqkZ4XReGiSKxphM8Zj2DRU4pMpLs0Pn6MwoIxRE0pTQKFN/TqQ4VGoW+qYzxHqiVr2F+K/nhyubdXDppUzEiaaC5IuDhCMdoUUKaMQkJZrPDMFEMnM7IhMsMdEmq1IWSv45+ku+Q+lc2G7VrreqlUY1TweKcAKncA4u1KABN9CENhCg8ACP8GTdW8/Wi/Watxas5cwx/IL19gWGaZVJ</latexit>

a

<latexit sha1_base64="mTyBPai00/dAqEjLQkgXw7Psjgc=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqYWH5Ypj1zOgnNSqS1J3kWs7GSpXn5ChOSx/DEYRSUIqNOFYqb7rxNpLsdSMcDovDRJFY0ymeEz7hgocUuWl2aFzdGaUEQoiaUpolKk/J1IcKjULfdMZYj1Rq95C/Nfzw5XNOrj0UibiRFNB8sVBwpGO0CIFNGKSEs1nhmAimbkdkQmWmGiTVSkLJf8c/SXfoXQubLdq11vVSqOapwNFOIFTOAcXatCAG2hCGwhQeIBHeLLurWfrxXrNWwvWcuYYfsF6+wKE1ZVI</latexit>

J/2
<latexit sha1_base64="01YRDfdNeJegOp/EKgx3iz6OPts="></latexit>

iJ/2
<latexit sha1_base64="7hT3DowUDuoBDXxRv9P47hdT1q8="></latexit>

�iJ/2
<latexit sha1_base64="83YP6ofDiWiAs40GCn/LsO5pXfY="></latexit>

�
<latexit sha1_base64="1CMOGsmElV7cVJMwBU48t94zZ3c="></latexit>

J
<latexit sha1_base64="sr+1UtkjZcZQyuf0O+v0xWJmai8="></latexit>

Necessary ingredients:

• Effective Magnetic field  
(Complex coupling)

• (Structured ) Dissipation 

k
−k

−iγ

Photon propagate preferably leftwards 

Lattice non-reciprocity

Part II: Exotic interaction mediated by a non-Hermitian photonic bath

14/20



k

−k

a

<latexit sha1_base64="mTyBPai00/dAqEjLQkgXw7Psjgc=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqYWH5Ypj1zOgnNSqS1J3kWs7GSpXn5ChOSx/DEYRSUIqNOFYqb7rxNpLsdSMcDovDRJFY0ymeEz7hgocUuWl2aFzdGaUEQoiaUpolKk/J1IcKjULfdMZYj1Rq95C/Nfzw5XNOrj0UibiRFNB8sVBwpGO0CIFNGKSEs1nhmAimbkdkQmWmGiTVSkLJf8c/SXfoXQubLdq11vVSqOapwNFOIFTOAcXatCAG2hCGwhQeIBHeLLurWfrxXrNWwvWcuYYfsF6+wKE1ZVI</latexit>

b

<latexit sha1_base64="KA50lU7EMCK5tgKRFi49axCvZ3w=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqeUPyxXHrmdAOalVl6TuItd2MlSuPiFDc1j+GIwikoRUaMKxUn3XibWXYqkZ4XReGiSKxphM8Zj2DRU4pMpLs0Pn6MwoIxRE0pTQKFN/TqQ4VGoW+qYzxHqiVr2F+K/nhyubdXDppUzEiaaC5IuDhCMdoUUKaMQkJZrPDMFEMnM7IhMsMdEmq1IWSv45+ku+Q+lc2G7VrreqlUY1TweKcAKncA4u1KABN9CENhCg8ACP8GTdW8/Wi/Watxas5cwx/IL19gWGaZVJ</latexit>

a

<latexit sha1_base64="mTyBPai00/dAqEjLQkgXw7Psjgc=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqYWH5Ypj1zOgnNSqS1J3kWs7GSpXn5ChOSx/DEYRSUIqNOFYqb7rxNpLsdSMcDovDRJFY0ymeEz7hgocUuWl2aFzdGaUEQoiaUpolKk/J1IcKjULfdMZYj1Rq95C/Nfzw5XNOrj0UibiRFNB8sVBwpGO0CIFNGKSEs1nhmAimbkdkQmWmGiTVSkLJf8c/SXfoXQubLdq11vVSqOapwNFOIFTOAcXatCAG2hCGwhQeIBHeLLurWfrxXrNWwvWcuYYfsF6+wKE1ZVI</latexit>

b

<latexit sha1_base64="KA50lU7EMCK5tgKRFi49axCvZ3w=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqeUPyxXHrmdAOalVl6TuItd2MlSuPiFDc1j+GIwikoRUaMKxUn3XibWXYqkZ4XReGiSKxphM8Zj2DRU4pMpLs0Pn6MwoIxRE0pTQKFN/TqQ4VGoW+qYzxHqiVr2F+K/nhyubdXDppUzEiaaC5IuDhCMdoUUKaMQkJZrPDMFEMnM7IhMsMdEmq1IWSv45+ku+Q+lc2G7VrreqlUY1TweKcAKncA4u1KABN9CENhCg8ACP8GTdW8/Wi/Watxas5cwx/IL19gWGaZVJ</latexit>

a

<latexit sha1_base64="mTyBPai00/dAqEjLQkgXw7Psjgc=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqYWH5Ypj1zOgnNSqS1J3kWs7GSpXn5ChOSx/DEYRSUIqNOFYqb7rxNpLsdSMcDovDRJFY0ymeEz7hgocUuWl2aFzdGaUEQoiaUpolKk/J1IcKjULfdMZYj1Rq95C/Nfzw5XNOrj0UibiRFNB8sVBwpGO0CIFNGKSEs1nhmAimbkdkQmWmGiTVSkLJf8c/SXfoXQubLdq11vVSqOapwNFOIFTOAcXatCAG2hCGwhQeIBHeLLurWfrxXrNWwvWcuYYfsF6+wKE1ZVI</latexit>

iJ/2
<latexit sha1_base64="7hT3DowUDuoBDXxRv9P47hdT1q8="></latexit>

�iJ/2
<latexit sha1_base64="83YP6ofDiWiAs40GCn/LsO5pXfY="></latexit>

�
<latexit sha1_base64="1CMOGsmElV7cVJMwBU48t94zZ3c="></latexit>

Effective Magnetic field 
per plaquette 

complex coupling

Photon propagate preferably leftwards 

Lattice non-reciprocity

Part II: Exotic interaction mediated by a non-Hermitian photonic bath

Peierls substitution
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Effective Magnetic field 
per plaquette

Photons propagate counterclockwise a

<latexit sha1_base64="mTyBPai00/dAqEjLQkgXw7Psjgc=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqYWH5Ypj1zOgnNSqS1J3kWs7GSpXn5ChOSx/DEYRSUIqNOFYqb7rxNpLsdSMcDovDRJFY0ymeEz7hgocUuWl2aFzdGaUEQoiaUpolKk/J1IcKjULfdMZYj1Rq95C/Nfzw5XNOrj0UibiRFNB8sVBwpGO0CIFNGKSEs1nhmAimbkdkQmWmGiTVSkLJf8c/SXfoXQubLdq11vVSqOapwNFOIFTOAcXatCAG2hCGwhQeIBHeLLurWfrxXrNWwvWcuYYfsF6+wKE1ZVI</latexit>

b

<latexit sha1_base64="KA50lU7EMCK5tgKRFi49axCvZ3w=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqeUPyxXHrmdAOalVl6TuItd2MlSuPiFDc1j+GIwikoRUaMKxUn3XibWXYqkZ4XReGiSKxphM8Zj2DRU4pMpLs0Pn6MwoIxRE0pTQKFN/TqQ4VGoW+qYzxHqiVr2F+K/nhyubdXDppUzEiaaC5IuDhCMdoUUKaMQkJZrPDMFEMnM7IhMsMdEmq1IWSv45+ku+Q+lc2G7VrreqlUY1TweKcAKncA4u1KABN9CENhCg8ACP8GTdW8/Wi/Watxas5cwx/IL19gWGaZVJ</latexit>

a

<latexit sha1_base64="mTyBPai00/dAqEjLQkgXw7Psjgc=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqYWH5Ypj1zOgnNSqS1J3kWs7GSpXn5ChOSx/DEYRSUIqNOFYqb7rxNpLsdSMcDovDRJFY0ymeEz7hgocUuWl2aFzdGaUEQoiaUpolKk/J1IcKjULfdMZYj1Rq95C/Nfzw5XNOrj0UibiRFNB8sVBwpGO0CIFNGKSEs1nhmAimbkdkQmWmGiTVSkLJf8c/SXfoXQubLdq11vVSqOapwNFOIFTOAcXatCAG2hCGwhQeIBHeLLurWfrxXrNWwvWcuYYfsF6+wKE1ZVI</latexit>

b

<latexit sha1_base64="KA50lU7EMCK5tgKRFi49axCvZ3w=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqeUPyxXHrmdAOalVl6TuItd2MlSuPiFDc1j+GIwikoRUaMKxUn3XibWXYqkZ4XReGiSKxphM8Zj2DRU4pMpLs0Pn6MwoIxRE0pTQKFN/TqQ4VGoW+qYzxHqiVr2F+K/nhyubdXDppUzEiaaC5IuDhCMdoUUKaMQkJZrPDMFEMnM7IhMsMdEmq1IWSv45+ku+Q+lc2G7VrreqlUY1TweKcAKncA4u1KABN9CENhCg8ACP8GTdW8/Wi/Watxas5cwx/IL19gWGaZVJ</latexit>

a

<latexit sha1_base64="mTyBPai00/dAqEjLQkgXw7Psjgc=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqYWH5Ypj1zOgnNSqS1J3kWs7GSpXn5ChOSx/DEYRSUIqNOFYqb7rxNpLsdSMcDovDRJFY0ymeEz7hgocUuWl2aFzdGaUEQoiaUpolKk/J1IcKjULfdMZYj1Rq95C/Nfzw5XNOrj0UibiRFNB8sVBwpGO0CIFNGKSEs1nhmAimbkdkQmWmGiTVSkLJf8c/SXfoXQubLdq11vVSqOapwNFOIFTOAcXatCAG2hCGwhQeIBHeLLurWfrxXrNWwvWcuYYfsF6+wKE1ZVI</latexit>

iJ/2
<latexit sha1_base64="7hT3DowUDuoBDXxRv9P47hdT1q8="></latexit>

�iJ/2
<latexit sha1_base64="83YP6ofDiWiAs40GCn/LsO5pXfY="></latexit>

Photon propagate preferably leftwards 

Lattice non-reciprocity

Part II: Exotic interaction mediated by a non-Hermitian photonic bath

14/20



−k

k Right propagating photons in b

Left propagating photons in a

Photon propagate preferably leftwards 

a

<latexit sha1_base64="mTyBPai00/dAqEjLQkgXw7Psjgc=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqYWH5Ypj1zOgnNSqS1J3kWs7GSpXn5ChOSx/DEYRSUIqNOFYqb7rxNpLsdSMcDovDRJFY0ymeEz7hgocUuWl2aFzdGaUEQoiaUpolKk/J1IcKjULfdMZYj1Rq95C/Nfzw5XNOrj0UibiRFNB8sVBwpGO0CIFNGKSEs1nhmAimbkdkQmWmGiTVSkLJf8c/SXfoXQubLdq11vVSqOapwNFOIFTOAcXatCAG2hCGwhQeIBHeLLurWfrxXrNWwvWcuYYfsF6+wKE1ZVI</latexit>

b

<latexit sha1_base64="KA50lU7EMCK5tgKRFi49axCvZ3w=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqeUPyxXHrmdAOalVl6TuItd2MlSuPiFDc1j+GIwikoRUaMKxUn3XibWXYqkZ4XReGiSKxphM8Zj2DRU4pMpLs0Pn6MwoIxRE0pTQKFN/TqQ4VGoW+qYzxHqiVr2F+K/nhyubdXDppUzEiaaC5IuDhCMdoUUKaMQkJZrPDMFEMnM7IhMsMdEmq1IWSv45+ku+Q+lc2G7VrreqlUY1TweKcAKncA4u1KABN9CENhCg8ACP8GTdW8/Wi/Watxas5cwx/IL19gWGaZVJ</latexit>

a

<latexit sha1_base64="mTyBPai00/dAqEjLQkgXw7Psjgc=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqYWH5Ypj1zOgnNSqS1J3kWs7GSpXn5ChOSx/DEYRSUIqNOFYqb7rxNpLsdSMcDovDRJFY0ymeEz7hgocUuWl2aFzdGaUEQoiaUpolKk/J1IcKjULfdMZYj1Rq95C/Nfzw5XNOrj0UibiRFNB8sVBwpGO0CIFNGKSEs1nhmAimbkdkQmWmGiTVSkLJf8c/SXfoXQubLdq11vVSqOapwNFOIFTOAcXatCAG2hCGwhQeIBHeLLurWfrxXrNWwvWcuYYfsF6+wKE1ZVI</latexit>

b

<latexit sha1_base64="KA50lU7EMCK5tgKRFi49axCvZ3w=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqeUPyxXHrmdAOalVl6TuItd2MlSuPiFDc1j+GIwikoRUaMKxUn3XibWXYqkZ4XReGiSKxphM8Zj2DRU4pMpLs0Pn6MwoIxRE0pTQKFN/TqQ4VGoW+qYzxHqiVr2F+K/nhyubdXDppUzEiaaC5IuDhCMdoUUKaMQkJZrPDMFEMnM7IhMsMdEmq1IWSv45+ku+Q+lc2G7VrreqlUY1TweKcAKncA4u1KABN9CENhCg8ACP8GTdW8/Wi/Watxas5cwx/IL19gWGaZVJ</latexit>

a

<latexit sha1_base64="mTyBPai00/dAqEjLQkgXw7Psjgc=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqYWH5Ypj1zOgnNSqS1J3kWs7GSpXn5ChOSx/DEYRSUIqNOFYqb7rxNpLsdSMcDovDRJFY0ymeEz7hgocUuWl2aFzdGaUEQoiaUpolKk/J1IcKjULfdMZYj1Rq95C/Nfzw5XNOrj0UibiRFNB8sVBwpGO0CIFNGKSEs1nhmAimbkdkQmWmGiTVSkLJf8c/SXfoXQubLdq11vVSqOapwNFOIFTOAcXatCAG2hCGwhQeIBHeLLurWfrxXrNWwvWcuYYfsF6+wKE1ZVI</latexit>

iJ/2
<latexit sha1_base64="7hT3DowUDuoBDXxRv9P47hdT1q8="></latexit>

�iJ/2
<latexit sha1_base64="83YP6ofDiWiAs40GCn/LsO5pXfY="></latexit>

Lattice non-reciprocity

Part II: Exotic interaction mediated by a non-Hermitian photonic bath
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a

<latexit sha1_base64="mTyBPai00/dAqEjLQkgXw7Psjgc=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqYWH5Ypj1zOgnNSqS1J3kWs7GSpXn5ChOSx/DEYRSUIqNOFYqb7rxNpLsdSMcDovDRJFY0ymeEz7hgocUuWl2aFzdGaUEQoiaUpolKk/J1IcKjULfdMZYj1Rq95C/Nfzw5XNOrj0UibiRFNB8sVBwpGO0CIFNGKSEs1nhmAimbkdkQmWmGiTVSkLJf8c/SXfoXQubLdq11vVSqOapwNFOIFTOAcXatCAG2hCGwhQeIBHeLLurWfrxXrNWwvWcuYYfsF6+wKE1ZVI</latexit>

b

<latexit sha1_base64="KA50lU7EMCK5tgKRFi49axCvZ3w=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqeUPyxXHrmdAOalVl6TuItd2MlSuPiFDc1j+GIwikoRUaMKxUn3XibWXYqkZ4XReGiSKxphM8Zj2DRU4pMpLs0Pn6MwoIxRE0pTQKFN/TqQ4VGoW+qYzxHqiVr2F+K/nhyubdXDppUzEiaaC5IuDhCMdoUUKaMQkJZrPDMFEMnM7IhMsMdEmq1IWSv45+ku+Q+lc2G7VrreqlUY1TweKcAKncA4u1KABN9CENhCg8ACP8GTdW8/Wi/Watxas5cwx/IL19gWGaZVJ</latexit>

a

<latexit sha1_base64="mTyBPai00/dAqEjLQkgXw7Psjgc=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqYWH5Ypj1zOgnNSqS1J3kWs7GSpXn5ChOSx/DEYRSUIqNOFYqb7rxNpLsdSMcDovDRJFY0ymeEz7hgocUuWl2aFzdGaUEQoiaUpolKk/J1IcKjULfdMZYj1Rq95C/Nfzw5XNOrj0UibiRFNB8sVBwpGO0CIFNGKSEs1nhmAimbkdkQmWmGiTVSkLJf8c/SXfoXQubLdq11vVSqOapwNFOIFTOAcXatCAG2hCGwhQeIBHeLLurWfrxXrNWwvWcuYYfsF6+wKE1ZVI</latexit>

b

<latexit sha1_base64="KA50lU7EMCK5tgKRFi49axCvZ3w=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqeUPyxXHrmdAOalVl6TuItd2MlSuPiFDc1j+GIwikoRUaMKxUn3XibWXYqkZ4XReGiSKxphM8Zj2DRU4pMpLs0Pn6MwoIxRE0pTQKFN/TqQ4VGoW+qYzxHqiVr2F+K/nhyubdXDppUzEiaaC5IuDhCMdoUUKaMQkJZrPDMFEMnM7IhMsMdEmq1IWSv45+ku+Q+lc2G7VrreqlUY1TweKcAKncA4u1KABN9CENhCg8ACP8GTdW8/Wi/Watxas5cwx/IL19gWGaZVJ</latexit>

a

<latexit sha1_base64="mTyBPai00/dAqEjLQkgXw7Psjgc=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqYWH5Ypj1zOgnNSqS1J3kWs7GSpXn5ChOSx/DEYRSUIqNOFYqb7rxNpLsdSMcDovDRJFY0ymeEz7hgocUuWl2aFzdGaUEQoiaUpolKk/J1IcKjULfdMZYj1Rq95C/Nfzw5XNOrj0UibiRFNB8sVBwpGO0CIFNGKSEs1nhmAimbkdkQmWmGiTVSkLJf8c/SXfoXQubLdq11vVSqOapwNFOIFTOAcXatCAG2hCGwhQeIBHeLLurWfrxXrNWwvWcuYYfsF6+wKE1ZVI</latexit>

iJ/2
<latexit sha1_base64="7hT3DowUDuoBDXxRv9P47hdT1q8="></latexit>

�iJ/2
<latexit sha1_base64="83YP6ofDiWiAs40GCn/LsO5pXfY="></latexit>

Adding Dissipation in b dissipate 
rightward photons

−k

k Right propagating photons in b

Left propagating photons in a

−iγ

Photon propagate preferably leftwards 

Lattice non-reciprocity

Part II: Exotic interaction mediated by a non-Hermitian photonic bath
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Unitary Cell Mapping

a

<latexit sha1_base64="mTyBPai00/dAqEjLQkgXw7Psjgc=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqYWH5Ypj1zOgnNSqS1J3kWs7GSpXn5ChOSx/DEYRSUIqNOFYqb7rxNpLsdSMcDovDRJFY0ymeEz7hgocUuWl2aFzdGaUEQoiaUpolKk/J1IcKjULfdMZYj1Rq95C/Nfzw5XNOrj0UibiRFNB8sVBwpGO0CIFNGKSEs1nhmAimbkdkQmWmGiTVSkLJf8c/SXfoXQubLdq11vVSqOapwNFOIFTOAcXatCAG2hCGwhQeIBHeLLurWfrxXrNWwvWcuYYfsF6+wKE1ZVI</latexit>

b

<latexit sha1_base64="KA50lU7EMCK5tgKRFi49axCvZ3w=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqeUPyxXHrmdAOalVl6TuItd2MlSuPiFDc1j+GIwikoRUaMKxUn3XibWXYqkZ4XReGiSKxphM8Zj2DRU4pMpLs0Pn6MwoIxRE0pTQKFN/TqQ4VGoW+qYzxHqiVr2F+K/nhyubdXDppUzEiaaC5IuDhCMdoUUKaMQkJZrPDMFEMnM7IhMsMdEmq1IWSv45+ku+Q+lc2G7VrreqlUY1TweKcAKncA4u1KABN9CENhCg8ACP8GTdW8/Wi/Watxas5cwx/IL19gWGaZVJ</latexit>

↵
<latexit sha1_base64="suJcrAie16vL/ruP5/vTtXA6k98="></latexit> �

<latexit sha1_base64="zp790OzIWIlK44TYQSBpTTI5/M0="></latexit>

a

<latexit sha1_base64="mTyBPai00/dAqEjLQkgXw7Psjgc=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqYWH5Ypj1zOgnNSqS1J3kWs7GSpXn5ChOSx/DEYRSUIqNOFYqb7rxNpLsdSMcDovDRJFY0ymeEz7hgocUuWl2aFzdGaUEQoiaUpolKk/J1IcKjULfdMZYj1Rq95C/Nfzw5XNOrj0UibiRFNB8sVBwpGO0CIFNGKSEs1nhmAimbkdkQmWmGiTVSkLJf8c/SXfoXQubLdq11vVSqOapwNFOIFTOAcXatCAG2hCGwhQeIBHeLLurWfrxXrNWwvWcuYYfsF6+wKE1ZVI</latexit>

b

<latexit sha1_base64="KA50lU7EMCK5tgKRFi49axCvZ3w=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqeUPyxXHrmdAOalVl6TuItd2MlSuPiFDc1j+GIwikoRUaMKxUn3XibWXYqkZ4XReGiSKxphM8Zj2DRU4pMpLs0Pn6MwoIxRE0pTQKFN/TqQ4VGoW+qYzxHqiVr2F+K/nhyubdXDppUzEiaaC5IuDhCMdoUUKaMQkJZrPDMFEMnM7IhMsMdEmq1IWSv45+ku+Q+lc2G7VrreqlUY1TweKcAKncA4u1KABN9CENhCg8ACP8GTdW8/Wi/Watxas5cwx/IL19gWGaZVJ</latexit>

a

<latexit sha1_base64="mTyBPai00/dAqEjLQkgXw7Psjgc=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqYWH5Ypj1zOgnNSqS1J3kWs7GSpXn5ChOSx/DEYRSUIqNOFYqb7rxNpLsdSMcDovDRJFY0ymeEz7hgocUuWl2aFzdGaUEQoiaUpolKk/J1IcKjULfdMZYj1Rq95C/Nfzw5XNOrj0UibiRFNB8sVBwpGO0CIFNGKSEs1nhmAimbkdkQmWmGiTVSkLJf8c/SXfoXQubLdq11vVSqOapwNFOIFTOAcXatCAG2hCGwhQeIBHeLLurWfrxXrNWwvWcuYYfsF6+wKE1ZVI</latexit>

b

<latexit sha1_base64="KA50lU7EMCK5tgKRFi49axCvZ3w=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqeUPyxXHrmdAOalVl6TuItd2MlSuPiFDc1j+GIwikoRUaMKxUn3XibWXYqkZ4XReGiSKxphM8Zj2DRU4pMpLs0Pn6MwoIxRE0pTQKFN/TqQ4VGoW+qYzxHqiVr2F+K/nhyubdXDppUzEiaaC5IuDhCMdoUUKaMQkJZrPDMFEMnM7IhMsMdEmq1IWSv45+ku+Q+lc2G7VrreqlUY1TweKcAKncA4u1KABN9CENhCg8ACP8GTdW8/Wi/Watxas5cwx/IL19gWGaZVJ</latexit>

a

<latexit sha1_base64="mTyBPai00/dAqEjLQkgXw7Psjgc=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqYWH5Ypj1zOgnNSqS1J3kWs7GSpXn5ChOSx/DEYRSUIqNOFYqb7rxNpLsdSMcDovDRJFY0ymeEz7hgocUuWl2aFzdGaUEQoiaUpolKk/J1IcKjULfdMZYj1Rq95C/Nfzw5XNOrj0UibiRFNB8sVBwpGO0CIFNGKSEs1nhmAimbkdkQmWmGiTVSkLJf8c/SXfoXQubLdq11vVSqOapwNFOIFTOAcXatCAG2hCGwhQeIBHeLLurWfrxXrNWwvWcuYYfsF6+wKE1ZVI</latexit>

J/2
<latexit sha1_base64="01YRDfdNeJegOp/EKgx3iz6OPts="></latexit>

iJ/2
<latexit sha1_base64="7hT3DowUDuoBDXxRv9P47hdT1q8="></latexit>

�iJ/2
<latexit sha1_base64="83YP6ofDiWiAs40GCn/LsO5pXfY="></latexit>

�
<latexit sha1_base64="1CMOGsmElV7cVJMwBU48t94zZ3c="></latexit>

J
<latexit sha1_base64="sr+1UtkjZcZQyuf0O+v0xWJmai8="></latexit>

J
<latexit sha1_base64="sr+1UtkjZcZQyuf0O+v0xWJmai8="></latexit>

−iγ

an = 1
2

(αn−iβn)

bn = − i
2

(αn+iβn)

U : (an
bn) → (αn

βn)
cell

cell

Non-Hermitian SSH

Non Reciprocity (asymmetric hopping)

J + γ /2

J − γ /2

−iγ /2 −iγ /2

Uniform losses

−iγ /2
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…adding interacting atoms

a

<latexit sha1_base64="mTyBPai00/dAqEjLQkgXw7Psjgc=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqYWH5Ypj1zOgnNSqS1J3kWs7GSpXn5ChOSx/DEYRSUIqNOFYqb7rxNpLsdSMcDovDRJFY0ymeEz7hgocUuWl2aFzdGaUEQoiaUpolKk/J1IcKjULfdMZYj1Rq95C/Nfzw5XNOrj0UibiRFNB8sVBwpGO0CIFNGKSEs1nhmAimbkdkQmWmGiTVSkLJf8c/SXfoXQubLdq11vVSqOapwNFOIFTOAcXatCAG2hCGwhQeIBHeLLurWfrxXrNWwvWcuYYfsF6+wKE1ZVI</latexit>

b

<latexit sha1_base64="KA50lU7EMCK5tgKRFi49axCvZ3w=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqeUPyxXHrmdAOalVl6TuItd2MlSuPiFDc1j+GIwikoRUaMKxUn3XibWXYqkZ4XReGiSKxphM8Zj2DRU4pMpLs0Pn6MwoIxRE0pTQKFN/TqQ4VGoW+qYzxHqiVr2F+K/nhyubdXDppUzEiaaC5IuDhCMdoUUKaMQkJZrPDMFEMnM7IhMsMdEmq1IWSv45+ku+Q+lc2G7VrreqlUY1TweKcAKncA4u1KABN9CENhCg8ACP8GTdW8/Wi/Watxas5cwx/IL19gWGaZVJ</latexit>

↵
<latexit sha1_base64="suJcrAie16vL/ruP5/vTtXA6k98="></latexit> �

<latexit sha1_base64="zp790OzIWIlK44TYQSBpTTI5/M0="></latexit>

J + γ /2

J − γ /2

a

<latexit sha1_base64="mTyBPai00/dAqEjLQkgXw7Psjgc=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqYWH5Ypj1zOgnNSqS1J3kWs7GSpXn5ChOSx/DEYRSUIqNOFYqb7rxNpLsdSMcDovDRJFY0ymeEz7hgocUuWl2aFzdGaUEQoiaUpolKk/J1IcKjULfdMZYj1Rq95C/Nfzw5XNOrj0UibiRFNB8sVBwpGO0CIFNGKSEs1nhmAimbkdkQmWmGiTVSkLJf8c/SXfoXQubLdq11vVSqOapwNFOIFTOAcXatCAG2hCGwhQeIBHeLLurWfrxXrNWwvWcuYYfsF6+wKE1ZVI</latexit>

b

<latexit sha1_base64="KA50lU7EMCK5tgKRFi49axCvZ3w=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqeUPyxXHrmdAOalVl6TuItd2MlSuPiFDc1j+GIwikoRUaMKxUn3XibWXYqkZ4XReGiSKxphM8Zj2DRU4pMpLs0Pn6MwoIxRE0pTQKFN/TqQ4VGoW+qYzxHqiVr2F+K/nhyubdXDppUzEiaaC5IuDhCMdoUUKaMQkJZrPDMFEMnM7IhMsMdEmq1IWSv45+ku+Q+lc2G7VrreqlUY1TweKcAKncA4u1KABN9CENhCg8ACP8GTdW8/Wi/Watxas5cwx/IL19gWGaZVJ</latexit>

a

<latexit sha1_base64="mTyBPai00/dAqEjLQkgXw7Psjgc=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqYWH5Ypj1zOgnNSqS1J3kWs7GSpXn5ChOSx/DEYRSUIqNOFYqb7rxNpLsdSMcDovDRJFY0ymeEz7hgocUuWl2aFzdGaUEQoiaUpolKk/J1IcKjULfdMZYj1Rq95C/Nfzw5XNOrj0UibiRFNB8sVBwpGO0CIFNGKSEs1nhmAimbkdkQmWmGiTVSkLJf8c/SXfoXQubLdq11vVSqOapwNFOIFTOAcXatCAG2hCGwhQeIBHeLLurWfrxXrNWwvWcuYYfsF6+wKE1ZVI</latexit>

b

<latexit sha1_base64="KA50lU7EMCK5tgKRFi49axCvZ3w=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqeUPyxXHrmdAOalVl6TuItd2MlSuPiFDc1j+GIwikoRUaMKxUn3XibWXYqkZ4XReGiSKxphM8Zj2DRU4pMpLs0Pn6MwoIxRE0pTQKFN/TqQ4VGoW+qYzxHqiVr2F+K/nhyubdXDppUzEiaaC5IuDhCMdoUUKaMQkJZrPDMFEMnM7IhMsMdEmq1IWSv45+ku+Q+lc2G7VrreqlUY1TweKcAKncA4u1KABN9CENhCg8ACP8GTdW8/Wi/Watxas5cwx/IL19gWGaZVJ</latexit>

a

<latexit sha1_base64="mTyBPai00/dAqEjLQkgXw7Psjgc=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqYWH5Ypj1zOgnNSqS1J3kWs7GSpXn5ChOSx/DEYRSUIqNOFYqb7rxNpLsdSMcDovDRJFY0ymeEz7hgocUuWl2aFzdGaUEQoiaUpolKk/J1IcKjULfdMZYj1Rq95C/Nfzw5XNOrj0UibiRFNB8sVBwpGO0CIFNGKSEs1nhmAimbkdkQmWmGiTVSkLJf8c/SXfoXQubLdq11vVSqOapwNFOIFTOAcXatCAG2hCGwhQeIBHeLLurWfrxXrNWwvWcuYYfsF6+wKE1ZVI</latexit>

J/2
<latexit sha1_base64="01YRDfdNeJegOp/EKgx3iz6OPts="></latexit>

iJ/2
<latexit sha1_base64="7hT3DowUDuoBDXxRv9P47hdT1q8="></latexit>

�iJ/2
<latexit sha1_base64="83YP6ofDiWiAs40GCn/LsO5pXfY="></latexit>

�
<latexit sha1_base64="1CMOGsmElV7cVJMwBU48t94zZ3c="></latexit>

J
<latexit sha1_base64="sr+1UtkjZcZQyuf0O+v0xWJmai8="></latexit>

J
<latexit sha1_base64="sr+1UtkjZcZQyuf0O+v0xWJmai8="></latexit>

−iγ

U : (an
bn) → (αn

βn)
cell

cell

a

<latexit sha1_base64="mTyBPai00/dAqEjLQkgXw7Psjgc=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqYWH5Ypj1zOgnNSqS1J3kWs7GSpXn5ChOSx/DEYRSUIqNOFYqb7rxNpLsdSMcDovDRJFY0ymeEz7hgocUuWl2aFzdGaUEQoiaUpolKk/J1IcKjULfdMZYj1Rq95C/Nfzw5XNOrj0UibiRFNB8sVBwpGO0CIFNGKSEs1nhmAimbkdkQmWmGiTVSkLJf8c/SXfoXQubLdq11vVSqOapwNFOIFTOAcXatCAG2hCGwhQeIBHeLLurWfrxXrNWwvWcuYYfsF6+wKE1ZVI</latexit>

atom 

atom 

Bilocal Coupling

with phase shift 
between legs

π
2

g
2

ei π
2

g
2

g

−iγ /2 −iγ /2
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Features

a

<latexit sha1_base64="mTyBPai00/dAqEjLQkgXw7Psjgc=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqYWH5Ypj1zOgnNSqS1J3kWs7GSpXn5ChOSx/DEYRSUIqNOFYqb7rxNpLsdSMcDovDRJFY0ymeEz7hgocUuWl2aFzdGaUEQoiaUpolKk/J1IcKjULfdMZYj1Rq95C/Nfzw5XNOrj0UibiRFNB8sVBwpGO0CIFNGKSEs1nhmAimbkdkQmWmGiTVSkLJf8c/SXfoXQubLdq11vVSqOapwNFOIFTOAcXatCAG2hCGwhQeIBHeLLurWfrxXrNWwvWcuYYfsF6+wKE1ZVI</latexit>

b

<latexit sha1_base64="KA50lU7EMCK5tgKRFi49axCvZ3w=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqeUPyxXHrmdAOalVl6TuItd2MlSuPiFDc1j+GIwikoRUaMKxUn3XibWXYqkZ4XReGiSKxphM8Zj2DRU4pMpLs0Pn6MwoIxRE0pTQKFN/TqQ4VGoW+qYzxHqiVr2F+K/nhyubdXDppUzEiaaC5IuDhCMdoUUKaMQkJZrPDMFEMnM7IhMsMdEmq1IWSv45+ku+Q+lc2G7VrreqlUY1TweKcAKncA4u1KABN9CENhCg8ACP8GTdW8/Wi/Watxas5cwx/IL19gWGaZVJ</latexit>

↵
<latexit sha1_base64="suJcrAie16vL/ruP5/vTtXA6k98="></latexit> �

<latexit sha1_base64="zp790OzIWIlK44TYQSBpTTI5/M0="></latexit>

J + γ /2

J − γ /2

cell

a

<latexit sha1_base64="mTyBPai00/dAqEjLQkgXw7Psjgc=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqYWH5Ypj1zOgnNSqS1J3kWs7GSpXn5ChOSx/DEYRSUIqNOFYqb7rxNpLsdSMcDovDRJFY0ymeEz7hgocUuWl2aFzdGaUEQoiaUpolKk/J1IcKjULfdMZYj1Rq95C/Nfzw5XNOrj0UibiRFNB8sVBwpGO0CIFNGKSEs1nhmAimbkdkQmWmGiTVSkLJf8c/SXfoXQubLdq11vVSqOapwNFOIFTOAcXatCAG2hCGwhQeIBHeLLurWfrxXrNWwvWcuYYfsF6+wKE1ZVI</latexit>

atom 

g
2

ei π
2

g
2

−iγ /2 −iγ /2

J
<latexit sha1_base64="sr+1UtkjZcZQyuf0O+v0xWJmai8="></latexit>

1) Uniform losses 
2) Non-Reciprocity (asymmetric hopping) 

3) Bilocal Coupling with phase shift   between legsπ
2

Part II: Exotic interaction mediated by a non-Hermitian photonic bath

15/20



pe(t) = |⟨e |Ψt⟩ |2 = e−Γt

atom 
ei π

2

J + γ /2

J − γ /2

−iγ /2 −iγ /2

J
<latexit sha1_base64="sr+1UtkjZcZQyuf0O+v0xWJmai8="></latexit>

|Ψ0⟩ = |e⟩ |vac⟩
Initial state

|Ψt⟩ = e−iHt |Ψ0⟩

Spontaneous emission
Part II: Exotic interaction mediated by a non-Hermitian photonic bath
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a

<latexit sha1_base64="mTyBPai00/dAqEjLQkgXw7Psjgc=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqYWH5Ypj1zOgnNSqS1J3kWs7GSpXn5ChOSx/DEYRSUIqNOFYqb7rxNpLsdSMcDovDRJFY0ymeEz7hgocUuWl2aFzdGaUEQoiaUpolKk/J1IcKjULfdMZYj1Rq95C/Nfzw5XNOrj0UibiRFNB8sVBwpGO0CIFNGKSEs1nhmAimbkdkQmWmGiTVSkLJf8c/SXfoXQubLdq11vVSqOapwNFOIFTOAcXatCAG2hCGwhQeIBHeLLurWfrxXrNWwvWcuYYfsF6+wKE1ZVI</latexit>

b

<latexit sha1_base64="KA50lU7EMCK5tgKRFi49axCvZ3w=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqeUPyxXHrmdAOalVl6TuItd2MlSuPiFDc1j+GIwikoRUaMKxUn3XibWXYqkZ4XReGiSKxphM8Zj2DRU4pMpLs0Pn6MwoIxRE0pTQKFN/TqQ4VGoW+qYzxHqiVr2F+K/nhyubdXDppUzEiaaC5IuDhCMdoUUKaMQkJZrPDMFEMnM7IhMsMdEmq1IWSv45+ku+Q+lc2G7VrreqlUY1TweKcAKncA4u1KABN9CENhCg8ACP8GTdW8/Wi/Watxas5cwx/IL19gWGaZVJ</latexit>

↵
<latexit sha1_base64="suJcrAie16vL/ruP5/vTtXA6k98="></latexit> �

<latexit sha1_base64="zp790OzIWIlK44TYQSBpTTI5/M0="></latexit>

J + γ /2

J − γ /2
a

<latexit sha1_base64="mTyBPai00/dAqEjLQkgXw7Psjgc=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqYWH5Ypj1zOgnNSqS1J3kWs7GSpXn5ChOSx/DEYRSUIqNOFYqb7rxNpLsdSMcDovDRJFY0ymeEz7hgocUuWl2aFzdGaUEQoiaUpolKk/J1IcKjULfdMZYj1Rq95C/Nfzw5XNOrj0UibiRFNB8sVBwpGO0CIFNGKSEs1nhmAimbkdkQmWmGiTVSkLJf8c/SXfoXQubLdq11vVSqOapwNFOIFTOAcXatCAG2hCGwhQeIBHeLLurWfrxXrNWwvWcuYYfsF6+wKE1ZVI</latexit>

−iγ /2 −iγ /2

J
<latexit sha1_base64="sr+1UtkjZcZQyuf0O+v0xWJmai8="></latexit>

Two competing chiralities

a

<latexit sha1_base64="mTyBPai00/dAqEjLQkgXw7Psjgc=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqYWH5Ypj1zOgnNSqS1J3kWs7GSpXn5ChOSx/DEYRSUIqNOFYqb7rxNpLsdSMcDovDRJFY0ymeEz7hgocUuWl2aFzdGaUEQoiaUpolKk/J1IcKjULfdMZYj1Rq95C/Nfzw5XNOrj0UibiRFNB8sVBwpGO0CIFNGKSEs1nhmAimbkdkQmWmGiTVSkLJf8c/SXfoXQubLdq11vVSqOapwNFOIFTOAcXatCAG2hCGwhQeIBHeLLurWfrxXrNWwvWcuYYfsF6+wKE1ZVI</latexit>

b

<latexit sha1_base64="KA50lU7EMCK5tgKRFi49axCvZ3w=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqeUPyxXHrmdAOalVl6TuItd2MlSuPiFDc1j+GIwikoRUaMKxUn3XibWXYqkZ4XReGiSKxphM8Zj2DRU4pMpLs0Pn6MwoIxRE0pTQKFN/TqQ4VGoW+qYzxHqiVr2F+K/nhyubdXDppUzEiaaC5IuDhCMdoUUKaMQkJZrPDMFEMnM7IhMsMdEmq1IWSv45+ku+Q+lc2G7VrreqlUY1TweKcAKncA4u1KABN9CENhCg8ACP8GTdW8/Wi/Watxas5cwx/IL19gWGaZVJ</latexit>

a

<latexit sha1_base64="mTyBPai00/dAqEjLQkgXw7Psjgc=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqYWH5Ypj1zOgnNSqS1J3kWs7GSpXn5ChOSx/DEYRSUIqNOFYqb7rxNpLsdSMcDovDRJFY0ymeEz7hgocUuWl2aFzdGaUEQoiaUpolKk/J1IcKjULfdMZYj1Rq95C/Nfzw5XNOrj0UibiRFNB8sVBwpGO0CIFNGKSEs1nhmAimbkdkQmWmGiTVSkLJf8c/SXfoXQubLdq11vVSqOapwNFOIFTOAcXatCAG2hCGwhQeIBHeLLurWfrxXrNWwvWcuYYfsF6+wKE1ZVI</latexit>

atom 

ei π
2

J
<latexit sha1_base64="sr+1UtkjZcZQyuf0O+v0xWJmai8="></latexit>

J
<latexit sha1_base64="sr+1UtkjZcZQyuf0O+v0xWJmai8="></latexit>

J
<latexit sha1_base64="sr+1UtkjZcZQyuf0O+v0xWJmai8="></latexit>

γ = 0 γ ≠ 0

Lattice Non-Reciprocity  
Leftwards propagation of photons

Rightward chiral emission
Bilocal Coupling with phase shift  

π
2

atom 
ei π

2

J + γ /2

J − γ /2

−iγ /2 −iγ /2

J
<latexit sha1_base64="sr+1UtkjZcZQyuf0O+v0xWJmai8="></latexit>

Chiral emission

Lattice Non-Reciprocity

Spontaneous emission
Part II: Exotic interaction mediated by a non-Hermitian photonic bath

16/20



Localised Photon profile

�
t

<latexit sha1_base64="kk0iFBmoLCKimNM2v81IjdHwVZc="></latexit>
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<latexit sha1_base64="YKcHJ881WoeJWahPCz0TWlaYZgI="></latexit>
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<latexit sha1_base64="nbITxY9xwgmyA9ImRKzUedRmo5w=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoseiF49V7Ie0S8mm2TY0yS5JVihLf4UXD4p49ed489+YtnvQ1gcDj/dmmJkXJoIb63nfqLCyura+UdwsbW3v7O6V9w+aJk41ZQ0ai1i3Q2KY4Io1LLeCtRPNiAwFa4Wjm6nfemLa8Fg92HHCAkkGikecEuukx3ov62qJ7ye9csWrejPgZeLnpAI56r3yV7cf01QyZakgxnR8L7FBRrTlVLBJqZsalhA6IgPWcVQRyUyQzQ6e4BOn9HEUa1fK4pn6eyIj0pixDF2nJHZoFr2p+J/XSW10FWRcJallis4XRanANsbT73Gfa0atGDtCqObuVkyHRBNqXUYlF4K/+PIyaZ5V/fPqxd15pXadx1GEIziGU/DhEmpwC3VoAAUJz/AKb0ijF/SOPuatBZTPHMIfoM8fc1uQMA==</latexit>

PL

<latexit sha1_base64="IIXATT3DBWlYPPZw3r/narE2LkY=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegFw8eIpiHJEuYncwmQ+axzMwKYclXePGgiFc/x5t/4yTZgyYWNBRV3XR3RQlnxvr+t1dYWV1b3yhulra2d3b3yvsHTaNSTWiDKK50O8KGciZpwzLLaTvRFIuI01Y0upn6rSeqDVPywY4TGgo8kCxmBFsnPdZ7WVcLdDfplSt+1Z8BLZMgJxXIUe+Vv7p9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNjt4gk6c0kex0q6kRTP190SGhTFjEblOge3QLHpT8T+vk9r4KsyYTFJLJZkvilOOrELT71GfaUosHzuCiWbuVkSGWGNiXUYlF0Kw+PIyaZ5Vg/Pqxf15pXadx1GEIziGUwjgEmpwC3VoAAEBz/AKb572Xrx372PeWvDymUP4A+/zB2o9kCo=</latexit>

Ploc

<latexit sha1_base64="cojDHEVJ1UKu+GlEK3bVfTAkZ8A=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegF48RzAM2S5idzCZD5rHM9AphyWd48aCIV7/Gm3/jJNmDJhY0FFXddHfFqeAWfP/bK62tb2xulbcrO7t7+wfVw6O21ZmhrEW10KYbE8sEV6wFHATrpoYRGQvWicd3M7/zxIzlWj3CJGWRJEPFE04JOCls9vOekVhoOu1Xa37dnwOvkqAgNVSg2a9+9QaaZpIpoIJYGwZ+ClFODHAq2LTSyyxLCR2TIQsdVUQyG+Xzk6f4zCkDnGjjSgGeq78nciKtncjYdUoCI7vszcT/vDCD5CbKuUozYIouFiWZwKDx7H884IZREBNHCDXc3YrpiBhCwaVUcSEEyy+vkvZFPbisXz1c1hq3RRxldIJO0TkK0DVqoHvURC1EkUbP6BW9eeC9eO/ex6K15BUzx+gPvM8fKlCRMA==</latexit>

(d)

�/J
<latexit sha1_base64="9Z8vctxX29yl2UWa4A0rIcaEdLY="></latexit>

� = 2J
<latexit sha1_base64="xMh2mtZQKyDOzodHpCObNBoPCeA="></latexit>

� = J/2
<latexit sha1_base64="DV2C1+ykRJzNpCmKeth5+rlJJJs="></latexit>

pn,i(t) = |⟨n, i |Ψt⟩ |2 i = a, b

b

<latexit sha1_base64="KA50lU7EMCK5tgKRFi49axCvZ3w=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqeUPyxXHrmdAOalVl6TuItd2MlSuPiFDc1j+GIwikoRUaMKxUn3XibWXYqkZ4XReGiSKxphM8Zj2DRU4pMpLs0Pn6MwoIxRE0pTQKFN/TqQ4VGoW+qYzxHqiVr2F+K/nhyubdXDppUzEiaaC5IuDhCMdoUUKaMQkJZrPDMFEMnM7IhMsMdEmq1IWSv45+ku+Q+lc2G7VrreqlUY1TweKcAKncA4u1KABN9CENhCg8ACP8GTdW8/Wi/Watxas5cwx/IL19gWGaZVJ</latexit>

a

<latexit sha1_base64="mTyBPai00/dAqEjLQkgXw7Psjgc=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqYWH5Ypj1zOgnNSqS1J3kWs7GSpXn5ChOSx/DEYRSUIqNOFYqb7rxNpLsdSMcDovDRJFY0ymeEz7hgocUuWl2aFzdGaUEQoiaUpolKk/J1IcKjULfdMZYj1Rq95C/Nfzw5XNOrj0UibiRFNB8sVBwpGO0CIFNGKSEs1nhmAimbkdkQmWmGiTVSkLJf8c/SXfoXQubLdq11vVSqOapwNFOIFTOAcXatCAG2hCGwhQeIBHeLLurWfrxXrNWwvWcuYYfsF6+wKE1ZVI</latexit>

Time evolution of photon profile

Lattice Non-Reciprocity

Photon Localisation
Part II: Exotic interaction mediated by a non-Hermitian photonic bath

17/20

Chiral emission



�
t

<latexit sha1_base64="kk0iFBmoLCKimNM2v81IjdHwVZc="></latexit>
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<latexit sha1_base64="YKcHJ881WoeJWahPCz0TWlaYZgI="></latexit>
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<latexit sha1_base64="nbITxY9xwgmyA9ImRKzUedRmo5w=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoseiF49V7Ie0S8mm2TY0yS5JVihLf4UXD4p49ed489+YtnvQ1gcDj/dmmJkXJoIb63nfqLCyura+UdwsbW3v7O6V9w+aJk41ZQ0ai1i3Q2KY4Io1LLeCtRPNiAwFa4Wjm6nfemLa8Fg92HHCAkkGikecEuukx3ov62qJ7ye9csWrejPgZeLnpAI56r3yV7cf01QyZakgxnR8L7FBRrTlVLBJqZsalhA6IgPWcVQRyUyQzQ6e4BOn9HEUa1fK4pn6eyIj0pixDF2nJHZoFr2p+J/XSW10FWRcJallis4XRanANsbT73Gfa0atGDtCqObuVkyHRBNqXUYlF4K/+PIyaZ5V/fPqxd15pXadx1GEIziGU/DhEmpwC3VoAAUJz/AKb0ijF/SOPuatBZTPHMIfoM8fc1uQMA==</latexit>

PL

<latexit sha1_base64="IIXATT3DBWlYPPZw3r/narE2LkY=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegFw8eIpiHJEuYncwmQ+axzMwKYclXePGgiFc/x5t/4yTZgyYWNBRV3XR3RQlnxvr+t1dYWV1b3yhulra2d3b3yvsHTaNSTWiDKK50O8KGciZpwzLLaTvRFIuI01Y0upn6rSeqDVPywY4TGgo8kCxmBFsnPdZ7WVcLdDfplSt+1Z8BLZMgJxXIUe+Vv7p9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNjt4gk6c0kex0q6kRTP190SGhTFjEblOge3QLHpT8T+vk9r4KsyYTFJLJZkvilOOrELT71GfaUosHzuCiWbuVkSGWGNiXUYlF0Kw+PIyaZ5Vg/Pqxf15pXadx1GEIziGUwjgEmpwC3VoAAEBz/AKb572Xrx372PeWvDymUP4A+/zB2o9kCo=</latexit>

Ploc

<latexit sha1_base64="cojDHEVJ1UKu+GlEK3bVfTAkZ8A=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegF48RzAM2S5idzCZD5rHM9AphyWd48aCIV7/Gm3/jJNmDJhY0FFXddHfFqeAWfP/bK62tb2xulbcrO7t7+wfVw6O21ZmhrEW10KYbE8sEV6wFHATrpoYRGQvWicd3M7/zxIzlWj3CJGWRJEPFE04JOCls9vOekVhoOu1Xa37dnwOvkqAgNVSg2a9+9QaaZpIpoIJYGwZ+ClFODHAq2LTSyyxLCR2TIQsdVUQyG+Xzk6f4zCkDnGjjSgGeq78nciKtncjYdUoCI7vszcT/vDCD5CbKuUozYIouFiWZwKDx7H884IZREBNHCDXc3YrpiBhCwaVUcSEEyy+vkvZFPbisXz1c1hq3RRxldIJO0TkK0DVqoHvURC1EkUbP6BW9eeC9eO/ex6K15BUzx+gPvM8fKlCRMA==</latexit>

(d)

�/J
<latexit sha1_base64="9Z8vctxX29yl2UWa4A0rIcaEdLY="></latexit>

� = 2J
<latexit sha1_base64="xMh2mtZQKyDOzodHpCObNBoPCeA="></latexit>

� = J/2
<latexit sha1_base64="DV2C1+ykRJzNpCmKeth5+rlJJJs="></latexit>

pn,i(t) = |⟨n, i |Ψt⟩ |2
Maximal Localisation  γ = 2Ji = a, b

Localised Photon profile

Time evolution of photon profile

Atom-Photon Dressed State 
(DS)

Photon Localisation
Part II: Exotic interaction mediated by a non-Hermitian photonic bath

Long lifetime

b

<latexit sha1_base64="KA50lU7EMCK5tgKRFi49axCvZ3w=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqeUPyxXHrmdAOalVl6TuItd2MlSuPiFDc1j+GIwikoRUaMKxUn3XibWXYqkZ4XReGiSKxphM8Zj2DRU4pMpLs0Pn6MwoIxRE0pTQKFN/TqQ4VGoW+qYzxHqiVr2F+K/nhyubdXDppUzEiaaC5IuDhCMdoUUKaMQkJZrPDMFEMnM7IhMsMdEmq1IWSv45+ku+Q+lc2G7VrreqlUY1TweKcAKncA4u1KABN9CENhCg8ACP8GTdW8/Wi/Watxas5cwx/IL19gWGaZVJ</latexit>

a

<latexit sha1_base64="mTyBPai00/dAqEjLQkgXw7Psjgc=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqYWH5Ypj1zOgnNSqS1J3kWs7GSpXn5ChOSx/DEYRSUIqNOFYqb7rxNpLsdSMcDovDRJFY0ymeEz7hgocUuWl2aFzdGaUEQoiaUpolKk/J1IcKjULfdMZYj1Rq95C/Nfzw5XNOrj0UibiRFNB8sVBwpGO0CIFNGKSEs1nhmAimbkdkQmWmGiTVSkLJf8c/SXfoXQubLdq11vVSqOapwNFOIFTOAcXatCAG2hCGwhQeIBHeLLurWfrxXrNWwvWcuYYfsF6+wKE1ZVI</latexit>

Γ = g2 /(4J ) ≫ γ
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Many atoms Effective Hamiltonian
many atoms & weak coupling:

chiral atom-atom couplings:

Heff = ∑
ij

Kninj
σ−

i σ+
j

b

<latexit sha1_base64="KA50lU7EMCK5tgKRFi49axCvZ3w=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqeUPyxXHrmdAOalVl6TuItd2MlSuPiFDc1j+GIwikoRUaMKxUn3XibWXYqkZ4XReGiSKxphM8Zj2DRU4pMpLs0Pn6MwoIxRE0pTQKFN/TqQ4VGoW+qYzxHqiVr2F+K/nhyubdXDppUzEiaaC5IuDhCMdoUUKaMQkJZrPDMFEMnM7IhMsMdEmq1IWSv45+ku+Q+lc2G7VrreqlUY1TweKcAKncA4u1KABN9CENhCg8ACP8GTdW8/Wi/Watxas5cwx/IL19gWGaZVJ</latexit>

Kn>m = 4g2J e−(n−m)/λ
chiral interaction

nm

Part II: Exotic interaction mediated by a non-Hermitian photonic bath

mediated by DS

 DS
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many atoms & weak coupling:

chiral atom-atom couplings:

Heff = ∑
ij

Kninj
σ−

i σ+
j

b
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Part II: Exotic photon mediated interaction in a non-Hermitian photonic bath
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Part II: Exotic photon mediated interaction in a non-Hermitian photonic bath

Explanation in terms of DS
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Part II: Exotic photon mediated interaction in a non-Hermitian photonic bath

Explanation in terms of DS

b

<latexit sha1_base64="KA50lU7EMCK5tgKRFi49axCvZ3w=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqeUPyxXHrmdAOalVl6TuItd2MlSuPiFDc1j+GIwikoRUaMKxUn3XibWXYqkZ4XReGiSKxphM8Zj2DRU4pMpLs0Pn6MwoIxRE0pTQKFN/TqQ4VGoW+qYzxHqiVr2F+K/nhyubdXDppUzEiaaC5IuDhCMdoUUKaMQkJZrPDMFEMnM7IhMsMdEmq1IWSv45+ku+Q+lc2G7VrreqlUY1TweKcAKncA4u1KABN9CENhCg8ACP8GTdW8/Wi/Watxas5cwx/IL19gWGaZVJ</latexit>

 DS

b

<latexit sha1_base64="KA50lU7EMCK5tgKRFi49axCvZ3w=">AAAB+HicbVDLSsNAFL2pr1pfVZduBovgKiRSqF1ZcOOyBfuANpTJdNIOnUzCzESooV/gVvfuxK1/49Yv8BOcJhW0euDC4Zx7ufceP+ZMacd5twpr6xubW8Xt0s7u3v5B+fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/er3wu3dUKhaJWz2LqRfisWABI1gbqeUPyxXHrmdAOalVl6TuItd2MlSuPiFDc1j+GIwikoRUaMKxUn3XibWXYqkZ4XReGiSKxphM8Zj2DRU4pMpLs0Pn6MwoIxRE0pTQKFN/TqQ4VGoW+qYzxHqiVr2F+K/nhyubdXDppUzEiaaC5IuDhCMdoUUKaMQkJZrPDMFEMnM7IhMsMdEmq1IWSv45+ku+Q+lc2G7VrreqlUY1TweKcAKncA4u1KABN9CENhCg8ACP8GTdW8/Wi/Watxas5cwx/IL19gWGaZVJ</latexit>

Interaction 
in the Bulk

interaction 
across the Edges

uncoupled to the  
intermediate atoms 

a
b

Delocalised on sublattice a

in  peaked 
 on the edge

b  Extended DS
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Part II: Exotic interaction mediated by a non-Hermitian photonic bath

Conclusions

Novel Non-Hermitian features due two competing chiralities:  

1. Non-reciprocity due to patterned leakage 
2. Chiral emission due to bilocal coupling

• Formation of Atom-Photon Dressed states 

• Effective dipole-dipole Hamiltonian: 

• Chiral 
• Neighrest-neibouring (leakage-dependent range) 
• Insensitive to Boundary Conditions

Outlook 

1. Application to non-Hermitian 2D lattices 
2. Atom with multiple-local coupling/“Giant atoms”
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