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Symmetry-protected conducting surface states supported by topological order 
 
Quantum Hall effect 
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114, 123901 (2015) 

Weak/strong topological protection determined by 
time-reversal symmetry 
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Static magnets Difficult to integrate 

Bi, Nature Photon. 5, 758 

Weak effects →  
Massive devices 

Lorentz reciprocity theorem 

 𝐉1 ⋅ 𝐄2𝑑𝑉 = 𝐉2 ⋅ 𝐄1𝑑𝑉 

𝜀 = 𝜀 T 
𝜇 = 𝜇 T 

Linear materials 

Time-invariant materials 
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Lorentz reciprocity theorem 
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Linear materials 

Time-invariant materials 
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Lattice Unit Cell 

A 

B 

A. Khanikaev, R. Fleury, H. Mousavi, and A. Alù, Nat. Comm. 6, 8260 (2015) 
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A. Khanikaev, R. Fleury, H. Mousavi, and A. Alù, Nat. Comm. 6, 8260 (2015) 
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Reconfigurable waveguides, broadband isolators… 

A. Khanikaev, R. Fleury, H. Mousavi, and A. Alù, Nat. Comm. 6, 8260 (2015) 
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D. L. Sounas, A. Alù, ACS Photonics 1, 198 (2014) 

( , ) cos( )m m mt t L      

mL

1





m 

1

m 

|

| 



A. Alù – Topological Electromagnetics                                        13  

~ 70

N. A. Estep*, D. L. Sounas*, J. Soric, and A. Alù, Nature Phys., 10,  923 (2014) 
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R. Fleury, A.B. Khanikaev and A. Alù,, Nature Communications, 7, 11744 (2016) 
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R. Fleury, A.B. Khanikaev and A. Alù,, Nature Communications, 7, 11744 (2016) 
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Y. Hadad, J. C. Soric, and A. Alù, PNAS 113, 33471 (2016)  
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Y. Hadad, J. C. Soric, and A. Alù, PNAS 113, 33471 (2016)  
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Lorentz reciprocity theorem 

 𝐉1 ⋅ 𝐄2𝑑𝑉 = 𝐉2 ⋅ 𝐄1𝑑𝑉 

2E

Non-linear medium 

1E

Non-linear medium 

inP inP1 2

2(3)

NL   E

Chi-3 non-linearity 

P. Saboo, J. Joseph, Appl. Opt. 52, 8252–8257 (2013) 
L. Fan, et al., Opt. Lett. 38, 1259–1261 (2013) 

Y. Shi, Z. Yu, S. Fan, Nature Photon. 9, 388–392 (2015) 
A. M. Mahmoud, A. Davoyan, N. Engheta, Nature Comm. 6, 8359  (2015) 

𝜀 = 𝜀 T 
𝜇 = 𝜇 T 

Linear materials 

Time-invariant materials 
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 Lowest 
eigenfrequencies  

outside the BG 

The edge state decays 
to non-zero plateau 

Bandgap in dashed 
brown 

Intensity increase yields 
decreased coupling 

between edges 

Corresponding 
eigenvectors 
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Low input intensity: 

High input intensity: 

“Local” winding 
number 
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R1-n R2-n 
Dimer # 1 
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Slow soliton 

3101c  

n
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C. Coulais, D. Sounas, A. Alù, Nature, in press (2017) 
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Δ𝑢 = 𝜅(𝜃)𝐹0
2 

C. Coulais, D. Sounas, A. Alù, Nature, in press (2017) 
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Magnetic-free, linear nonreciprocity at the 
subwavelength scale: angular-momentum biased 

meta-atoms 

Intensity-induced topological protection in 
nonlinear arrays 

Nonlinearity and asymmetry to build 
bias-free isolators and non-reciprocal 

devices 

Topological protection in momentum-biased 
arrays for reconfigurable, broadband isolation 

and one-way signal transport 
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Fast soliton 
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Limit case of moving solitons with ZERO velocity  
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