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The OAM-QKD Concept

•  Our actual implementation (N=7)

•  We encode randomly in one of two mutually unbiased bases

Laguerre-Gaussian Basis 
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“Angular” Basis: linear combination of LG states (mutually unbiased with respect to LG) 
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We Have Constructed Two Free-Space Links in Rochester
•  Outdoor,  between the Optics and Physics Buildings  
     Total propagation distance ~ 350 meters
     Diameter of the sending aperture: 7.62 cm
     Diameter of the receiving aperture: 1.81 cm
     Fresnel Number : 4.89

•  Indoor,  inside the Optics Building
     Propagation distance = 3.1 meters
     Diameter of the sending aperture: 0.3 cm
     Diameter of the receiving aperture: 0.3 cm
     Fresnel number: 3.96  



Transmission E�ciency

• De�ne e�ciency as the fraction of the launched power that is received

0.8

0.85

0.9

0.95

1

Ef
fic

ie
nc

y

  Top Hat (sim) 

  Minimum Energy Loss (sim)
  Laguerre-Gauss (sim)

0.6

0.65

0.7

0.75

0.8

0.85

  Top Hat (expt) 

  Minimum Energy Loss (expt)
  Laguerre-Gauss (expt)

OAM Value

Ef
fic

ie
nc

y

• Measured: Outdoor link
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•  Simulation: No turbulence

• Di�erent OAM modes di�ract at di�erent rates

• Minimum-energy-loss modes maximize the e�ciency by using the optimum R(r)

Nf = 4.89

Nf = 4.89



Security Issues and OAM QKD

•  Under many conditions, di�erent OAM modes show di�erent amounts of “loss.”   

•  Speci�cally, they di�ract at di�erent rates;  the received power depends on OAM value.  

•  Two sets of modes that are mutually unbiased at the transmitter may not remain unbiased 
     at all propagation distances z.  

•  This unbiasedness comprises a security risk.

•  We are studying ways to prevent this loss of unbiasedness



Pre-Compensation to Decrease Mode Cross Talk and Biasedness

• Instead of transmitting minimum-energy-loss modes, we transmit pre-compensated modes

  •  Pre-Compensation Scheme

-  Vary the beam-waist parameter w0 for each OAM so that each mode has the same efficiency

- Use these modes in OAM basis and to form the ANG basis
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  •  Experimental results for our indoor free-space link



Two Recent Publications





The Glasgow (Padgett) Orbital Anguar Momentum (OAM) Sorter

Optically implement the transformation 

*Berkhout et al. PRL 105, 153601 (2010). 
O. Bryngdahl, J. Opt. Soc. Am. 64, 1092 (1974). 

Position of spot 
determines OAM 

Experimental Results (CCD images in output plane) 

-Can also sort angular position    
  states. 

-Limited by the overlap of 
  neighboring states. 



Sorting LG modes Using Fractional Fourier Transforms (FRFTs) 

•  Conceptual quantum circuit analog of the radial mode sorter.

•  It can redirect the incident mode to corresponding output port according to the radial index p



o (a) Experimental setup.
o (b) and (d) are computer generated hologram for p=2 and p=3 mode, respectively.
o (c) and (e) are experimental record of the generated p=2 and p=3 radial mode,

respectively.

Experimental	Setup



o (a) odd order modes are sorted to CCD2 and CCD3, respectively.
o (b) even order modes are sorted to CCD2 and CCD3, respectively.
o This is achieved by adjusting the phase shift in the sorter.

Sorting	LG	modes	using	FRFT	



(a) Experimental results for various superposition states.
(b) the result for sorting different OAMmodes.
(c) the measured crosstalk matrix.

Sorting	LG	modes	using	FRFT	




