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PT symmetry

LG and Tureci, PRA 88, 053810 (2012)

What is anti-PT symmetry?

Anti-PT symmetry
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What is anti-PT symmetry?

•  
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Realizing anti-PT symmetry

13
Peng et al., Nat. Phys. 12, 1139 (2016)



Why anti-PT symmetry is interesting?

• It has completely different physical consequences from PT
• An example of non-Hermitian particle-hole symmetry

     the realization of a fermionic symmetry in a (non-    
     Hermitian) bosonic system
• It gives rise to non-Hermitian zero modes, analogous to 

Majorana zero modes in condensed matter physics 
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   symmetric:

spontaneously broken:

LG, PRA 95, 023812 (2017)
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10 μm

• Zero modes are eigenstates of “zero” energy respect 
to a well-defined energy level (e.g., Fermi level) 

• In a coupled system with identical subsystems, the 
zero can be chosen as the energy of a particular 
interesting state of the subsystems.

Zero modes in Hermitian systems

16

         



Symmetry-protected zero modes 
in Hermitian systems

• Chiral symmetry (aka. sublattice symmetry)

Zero modes: 

– Easy to achieve in lattice systems, e.g., 1D SSH model

17
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Symmetry-protected zero modes 
in Hermitian systems

• Chiral symmetry (aka. sublattice symmetry)

Zero modes: 

– Easy to achieve in lattice systems, e.g., 1D SSH model
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(C: a linear operator)

– When t>t’, no zero modes (“dimerized” chain) 

– When t<t’, two zero modes 



Example of zero modes

• 1D Su-Schrieffer-Heeger (SSH) model

19



• Particle-hole symmetry (with C and complex 
conjugation K):

Zero modes:

– More restrictive (e.g., superconductors)

Symmetry-protected zero modes 
in Hermitian systems

20



Zero modes in non-Hermitian systems 
(e.g., photonics)

21

All originate from the chiral symmetry of 
the underlying Hermitian systems!



(non-Hermitian case)

Symmetry-protected zero modes 
unique to non-Hermitian system

• Particle-hole symmetry:
Zero mode:

22

(Hermitian case)

LG, PRA 95, 023812 (2017)



Physical realization of non-Hermitian 
particle-hole (NHPH) symmetry

• Use existing photonic platform

• Should be straightforward to implement 
non-Hermitian perturbations experimentally

• Candidate: loss and localized pump on a lattice that 
forms two sublattices

-iκ        -iκ      -iκ        -iκ       -iκ       
-iκ +iγ

LG, PRA 95, 023812 (2017)
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Key questions

Q: Can photonics zero modes be used for topological 
quantum computing as their condensed matter 
counterpart (e.g., Majoranas)?

A: Too early to tell …

Q: Can photonic zero modes inspire a better design and 
enable new functionalities of photonic systems?

A: Yes!

24



Zero-mode lasers with tunable spatial 
profiles

• Building block: optical microcavities (micro-disk, 
micro-ring, micro-toroid, etc.)

LG, PRA 95, 023812 (2017)
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Zero-mode lasers with tunable spatial 
profiles

• Building block: optical microcavities (micro-disk, 
micro-ring, micro-toroid, etc.)

• Different pump configurations lead to zero modes 
lasing with different spatial profiles

LG, PRA 95, 023812 (2017)
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Zero-mode lasers with tunable spatial 
profiles

Advantages:

• May be used for spatial encoding in telecommunication 

• Symmetry protection against position and coupling 
disorders

• Robust single-mode performance

• Robust against cavity detuning and higher-order 
couplings

LG, PRA 95, 023812 (2017) 32



Topological insulator laser

NHPH symmetry provides the symmetry protection of 
the chiral edge mode.

Harari et al. Science (2018)
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What is a flat band?

•  

CB

A

Baboux, LG et al, PRL 116, 066402 (2015) 37



What is a flat band?

•  

CB

A

Baboux, LG et al, PRL 116, 066402 (2015)
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• Typical: one localization minimum in a band gap

• Anomalous: more than one such minimum

Localization in a flat-band system

32

LG, Ann. Phys. 527, 201600182 (2017)

“(L)ieb-(L)i” Lattice 



NHPH symmetry induced flat band

33

Makris, El-Ganainy, and Christodoulides, PRL 100, 103904 (2008)



NHPH symmetry induced flat band

34

LG et al.  PRL 120, 093901 (2018)

Increasing loss on one site

 



Defect states in a NHPH symmetry 
induced flat band
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“Stretchable chain” with a soft link and a rigid link
LG et al.  PRL 120, 093901 (2018)



Defect states in a NHPH symmetry 
induced flat band
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Anomalous spin alignment

LG et al.  PRL 120, 093901 (2018)



Non-Hermitian flatband

•  
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LG, Photon. Res. 6, A10 (2018)



Non-Hermitian flatband

• Power increase can be polynomial in time: as a 
result of exceptional points

38
LG, Photon. Res. 6, A10 (2018)
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Anderson localization

40

?
Introduce disorder



Localized zero mode
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Localized zero mode coupled to a 
non-Hermitian reservoir

42

arXiv:1804.00579
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Localized zero mode coupled to a 
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Localized zero mode coupled to a 
non-Hermitian reservoir
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arXiv:1804.00579



Localized zero mode coupled to a 
non-Hermitian reservoir
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• Linear localization is NOT given by 
an exceptional point!

LG, Photon. Res. 6, A10 (2018)
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