
Effective Image Recognition  
using High-Order Symmetry of Correlated  
Orbital Angular Momentum (OAM) States �

�
Alexander V. Sergienko 

alexserg@bu.edu; http://people.bu.edu/alexserg	
	

Dr. Nestor Uribe Pattaroyo, Andrew Fraine, Dr. David Simon, Dr. Olga Minaeva  
 !
!
!
!
!
!
!
!
!
!
!

Department of Electrical and Computer Engineering, Boston University, Boston, MA 02215, USA 
Department of Physics, Boston University, Boston, MA 02215, USA 

Photonics Center, Boston University, Boston, MA 02215, USA 
 
 
 
 



2	



INTRODUCTION	
  
§  Wigner	
  pioneered	
  the	
  use	
  of	
  symmetry	
  to	
  construct	
  angular	
  

momentum	
  eigenstates.	
  

	
  Our	
  goal	
  here	
  is	
  roughly	
  the	
  converse:	
  	
  
	
  

§  To	
  use	
  quan;zed	
  op;cal	
  angular	
  momentum	
  (OAM)	
  
eigenstates	
  to	
  evaluate	
  symmetries	
  of	
  objects.	
  

§  This	
  approach	
  holds	
  promise	
  for	
  a	
  number	
  of	
  novel	
  
applica;ons	
  such	
  as	
  rapid	
  object	
  iden;fica;on	
  and	
  detec;on	
  
of	
  geometric	
  symmetries	
  with	
  few	
  photons.	
  

The	
  rota;onal	
  symmetry	
  of	
  an	
  object	
  is	
  
reflected	
  in	
  its	
  effect	
  on	
  two-­‐photon	
  joint	
  
orbital	
  angular	
  momentum	
  spectrum	
  

Object	
   Correla;on	
  
Spectrum	
  

•   Wigner, E. P. "Einige Folgerungen aus der Schrödingerschen Theorie für die Termstrukturen." Z. Physik 43, 624-652, 1927.  
•  Wigner, E. P. Group Theory and Its Application to the Quantum Mechanics  of Atomic Spectra, expanded ed. Academic Press, 
1959.  
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Motivation 	



How to achieve more efficient recognition of complex 

unstable (rotating) objects in comparison with existing 

pixel-by-pixel imaging techniques? 	


	



1) Correlated photon illumination and correlated detection 

provides additional information in imaging .	



2) High-order OAM states occupying multi-dimensional Hilbert 

space provide efficiency in recognition of symmetry features.	
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Motivation 	



D. N. Klyshko, Sov. Phys. JETP 67, 1131 (1988).���
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•  Each Laguerre-Gauss mode,                   ,  carries OAM     !
and has     radial nodes : "

ulp(r,φ,z) l
p

Intensity Plots! (l, p)

p = 0

p = 5

l = 0 l = 5

(increasing # of radial nodes)!

(increasing value of OAM)!

OAM States!

p∈ [0,1, 2,...] l ∈ [−∞,...−1,0,1,...,∞]
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How to produce OAM states? 
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Conservation of OAM in parametric down conversion	


(in paraxial case):  	
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SPDC and correlated OAM 
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Joint spectrum reveals object 
symmetries	



Correlated OAM Imaging 



Correlated OAM  
detection 	



(no object) 	



Off-diagonal elements - OAM 
signatures of scattering objects	



(no object) 	



Diagonal elements (l0 = -lr ) 
conventional OAM imaging	



(no object)	



Hi-efficiency object identification using 
correlated orbital angular momentum states 

OAM base is more sensitive to symmetry features of objects 

[PRL v.110, 043601 (2013)]	





Hi-efficiency object identification using 
correlated orbital angular momentum states 

Novelty: Off-diagonal correlation elements reveal OAM signatures of the object	



[PRL v.110, 043601 (2013)]	





Hi-efficiency object identification using correlated orbital 
angular momentum states 

Correlated OAM provides more information about the object per detected photon  
 

Traditional OAM 
imaging	



(diagonal)	



New correlated 
OAM imaging	



(vertical)	



“Tank”	



Shannon information:	



I = p(
l0 ,lr

∑ l0, lr )log2 p(l0, lr )

              = probability distribution for 
coincidences	



p(l0, lr )

No object: terms restricted to diagonal, contain information about SPDC 
and pump.	


With object: Off-diagonal terms contain information only about object.	


For objects considered, information per photon pair carried by off-
diagonal elements:  I ≈ 5.7 bits	



	


	

 	

	

 	

 	

 	

	



[PRL v.110, 043601 (2013)]	





Object	
  Recogni3on	
  with	
  Correlated	
  OAM	
  

Sensing	
  symmetry:	
  coincidence	
  counts	
  versus	
  orbital	
  angular	
  
momenta	
  (OAM)	
  of	
  two	
  entangled	
  photons:	
  

No	
  Object	
  

Insert	
  Object	
  

Uribe-Patarroyo, Fraine, Simon, Minaeva, Sergienko, Phys. Rev. Lett. 110, 043601 (2013)	



Correlated	
  OAM	
  Imaging	
  :	
  reconstruc;on	
  of	
  objects	
  based	
  
on	
  OAM	
  coincidence	
  spectrum	
  detec;on:	
  

	
  	
  	
  	
  	
  	
  	
  	
  Rota;on	
  

Fitzpatrick, Simon, Sergienko, (arXiv 1310.2453(2013))���
	



Object	
  Fixed	
  &	
  Centered	
  

Shrink	
  &	
  
	
  Translate	
  



Object	
  Recogni3on	
  with	
  Correlated	
  OAM	
  

(arXiv 1310.2453(2013))���
	





Object	
  Recogni3on	
  with	
  Correlated	
  OAM	
  

(arXiv 1310.2453(2013))���
	





Object	
  Recogni3on	
  and	
  Imaging	
  with	
  Correlated	
  OAM	
  
(off-­‐axis)	
  

(arXiv 1310.2453(2013))���
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Conclusions:	


	


- Experimental demonstration of efficient object identification 
with correlated OAM spectrum detection	


- Hi-information capacity object recognition due to enhanced  
sensitivity of OAM to symmetry components of the object	


	


	


	



Conclusions and Future 

[PRL v.110, 043601 (2013)] 	
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Future:	


	


	


	


	


	


	


	


	


	


	


	



Conclusions and Future 

Possible  applications  in  biology  include  efficient  non-invasive 
recognition of biological samples with particular symmetries in known 
states.  For example, protein folding and virus detection.  In addition, 
efficient recognition of fabrication abnormalities in industrial quality 
control could benefit from efficient symmetry detection.	



Different biological objects have distinct azimuthal symmetries	





	
  
Future:	
  	
  
Efficient	
  Object	
  Imaging	
  using	
  Correlated	
  (Compressive)	
  
imaging	
  with	
  OAM	
  X-­‐rays	
  	
  
Applica;ons	
  in	
  biology	
  and	
  security	
  
Single-­‐photon	
  X-­‐ray	
  correla2on	
  and	
  phase	
  gra2ngs	
  for	
  OAM	
  crea2on	
  
and	
  detec2on	
  is	
  technologically	
  feasible	
  
Phase	
  sensi2ve	
  detec2on	
  will	
  be	
  replaced	
  by	
  X-­‐ray	
  tomography	
  
Conven2onal	
  X-­‐ray	
  imaging	
  of	
  symmetry-­‐dependent	
  changes	
  in	
  blood	
  cells	
  that	
  could	
  be	
  
replaced	
  by	
  more	
  efficient	
  correlated	
  OAM	
  detec2on	
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