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Outline 
•  Bragg scattering: power oscillations (coupled waves+ Gaussian num.) 

 Hermitian x PT-symmetric    

•  Non-Hermitian photonics  (PT-symmetry) 
 in QFT, in Optics 

 
•  Results:  

 non-reciprocity, non-trivial behavior at the critical point,   
 
 
•  Cross - spectral density approach 

 Gaussian-Schell source, spectral degree of coherence 
 
§  Scattering of partially coherent light by a  PT-symmetric medium 

  



Optical Rabi Oscillations	



												Propagation	Equation	



Within the context of field theory 
 
 
Axiom of QM 
 
H = H +    Hermitian                    ε  =   ε*                    
 

ü energy spectrum is real & time evolution is unitary  
(probability-preserving).  

Quantum field theory 

however… 



Non-Hermitian Hamiltonians 
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Unbroken PT symmetry 
 
 
         REAL SPECTRUM !!!!  

(space-time reflection) 

APS/Alan Stonebraker 



         PT symmetric Hamiltonians 

PT = Parity time symmetry  
 
P spatial inversion 
X          -X        P             -P 
 
T time reversal 
X           X        P              -P       i         -i 
 
PT 
X           -X        P              P       i         -i 

Schrödinger’s equation 
 
__________________ 
 
PT symmetry condition 

symmetric Hamiltonian 
       (PT)-1 H (PT)= H 



Optical analogy 



PT symmetry in optics	



PT- symmetric experimental optics  
	







Two-waves model	



Non-reciprocity 



Wide Gaussian 
beam propagation 
at the critical phase 
point (β = β

c
)  



Stochastic Theory	



Wave equation for the cross- spectral density	



Effective potential	



Gaussian-Schell Beam	

"…sources of G-S beam are frequently encountered in nature and can readily  
be produced in the lab.”  (excerpt from Introduction to the theory of coherence 
 and polarization of light, by Emil Wolf, Cambridge .) 



Beam center and beam width are 
quite robust under the lack of  
correlations in contrast with Smax 



Non-Hermitian, at the critical βc = 1, fully coherent 



Spectral degree of coherence	

	
G-S sources: spectral degree of coherence  µ(x1, x2) 
depends only on the distance between the two points 



•  partial correlation modifies 
the medium response 

 
•  correlations are induced 

into an uncorrelated beam 
by the non-Hermitian 
medium!  
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Tsallis statistics in optics?  

Perspectives 




