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The Orbital Angular Momentum 
Among the properties of light still poorly exploited in Astronomy, is 

the Orbital Angular Momentum (OAM) and associated Optical 

Vorticity (OV), which is instead already used in Chemistry, 

Biology, and Quantum and classical Communications.  

 

M. Harwit (2003, The Astrophys. J.) was the first to point out the 

interest  of OAM for Astronomy, but his paper was largely ignored. 

 

We took up and developed some of his ideas, and shall show in 

the following that OAM can actually be used in Astronomy, e.g. in 

the optical domain to overcome to Rayleigh criterium of angular 

resolution, for coronagraphic applications and hopefully to detect 

intrinsic OAM in celestial sources. 

In the radio domain, it can be used for interstellar and 

interplanetary plasma physics diagnostic, for radio interferometry 

from the Moon, for measuring the rotation of Black Holes. 
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Total EM field Angular Momentum 
 Electromagnetic (EM) beams do not only carry energy, power 

(Poynting flux, linear momentum), and spin angular momentum 
(SAM, wave polarization), but also orbital angular momentum (OAM). 

  

 The total angular momentum JEM can be separated into two parts 
[van Enk & Nienhuis, 1992]: 

 

 

 

Å the first part is the spin angular momentum (SAM) SEM , a.k.a. 
wave polarization, 

Å the second part is the orbital angular momentum (OAM) LEM. 

 

 In general, both linear momentum PEM, and angular momentum 

JEM = SEM + LEM are radiated all the way out to the far zone (see 

e.g. Jackson, Classical Electrodynamics). 
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Å SAM is tied to the helicity (polarization) of the light beam and for a single 
photon its value is:  

   Sz = ± (h/ 2 )̄  

Å OAM is tied to the spatial structure of the wavefront: the orbital terms are 
generated by the gradient of the phase; it determines the helicoidal shape of 
the wave front; for a single photon it assumes the value : 

    Lz = l  (h/2 )̄  

with l = 0 for a plane wave with S ||  k, and l  ґ 0 for a helicoidal wave front 

because S precesses around  k. 

 
Polarization enables only two photon spin states, but actually  photons can 
exhibit multiple OAM eigenstates, allowing single photons to encode much 
more information (A. Zeilinger and collaborators). 

SAM vs. OAM 
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Papers on Angular Momentum 

It was postulated by Poynting already in 1909, Proc. Roy. Soc. London 

Two more recent papers: 

Contemporary Physics (2000) vol. 41, nr.5, pag. 275-285 

Twisted photons 
G. Molina-Terriza, J. Torres and L. Torner 
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We can say that the Orbital Angular Momentum represents 
a fundamentally new optical degree of freedom of light . 
 
It arises as a consequence of the spatial distribution of the 
intensity and phase of an optical field - even down to the 
single photon limit (as was shown by A. Zeilinger et al.).  
 
Researchers have begun to appreciate its implications for 
our understanding of the many ways in which light and 
matter can interact, for its practical potential for quantum 
information applications, and finally for its astronomical 
interest.   



The mathematics of OAM 
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 the mathematical representation in terms of Laguerre - Gauss modes contains 
two integer numbers: 

l   = nr. of helicoidal twists along a wavelength,  p = nr. of radial nodes 

The red ovals underline the general terms applying also to non-laser beams. In 

the following we concentrate on l . 
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Graphical representation of L-G modes for p = 0   

l  = topological 

charge 

     Wavefront                Intensity           Phase 

The wavefront has a 
helical shape 
composed by Қ lobes 
disposed around the 
propagation axis z.  
 
A phase singularity 
called Optical Vortex 
is nested inside the 
wavefront, along the 
axis z. 
 

cesare/Impostazioni locali/Temporary Internet Files/Content.IE5/CT6J4PEN/captions/p35cap1.shtml


Another representation of OPTICAL VORTICES OV 
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helicoidal shape of the wavefront  

indetermination of the phase  on the axis 

around which the wavefront twists  

zero intensity  of the field on such axis 

(destructive interference ) 

Optical Vortex described by the 

topological charge: 

Q = l  



 Example: OAM IN A LASER PARAXIAL BEAM  

In a PLANE EM wave:  

Ez = Bz = 0,  S is parallel to k  
J = 0 

In a LASER generated paraxial beam: 

Ez Í 0, Bz  Í 0, S is no longer parallel to k 

S gets a radial + an azimuthal 

component: 
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Poyntingôs vector rotates around the 

average direction of propagation : 

J = Jz Í 0  


