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The Key point again: 
The importance of handling Quantum 1%)%#1-
conserved quantities of light for astronomy 
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The intrinsic properties of a  
particle are only those valid 
in any reference frame: 

-  Rest mass,    m 
-  Charge,   q 
-  Spin,            s 
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Symmetric formulation for electron’s 
relativistic equation. Antiparticles. 
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Maxwell equations have an intrinsic 
mathematical structure similar to that of 
a quantum wave function in the 
relativistic quantum theory language. 
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Elektromagnetische Grundgleichungen in  
bivectorieller Behandlung 
(Annalen der Physik 22, 579 (1907)) "

F =
!0
2

E + icB( )

Photon wavefunction and 
the Riemann-Silberstein 
Vector F 

The complex form of Maxwell Equations 
present a wavefunction-like structure for F 

 

i !
!t
F(x,t) = HF(x,t)

Complex form - Higher symmetry inside 
the equations they may correspond to the 
classical representation of a su(2) X su(2) 
form  

Anyway… is it not a Wavefunction with 
the usual meaning. There are problems 

with the photon localization! 
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1. G+ and G- obeys separate Maxwell equations 
2. The right and left energies, H±, and momenta, K±,  
  obey separate conservation laws 
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h = P !V
| P |2

We define the helicity 

For right and left hand circularly polarized 
fields, P=±V. Then  

G± may be interpreted as wave functions 
for right and left handed photons 

P

V

P

-V 

K+ 

K- 

h=1 

h=-1 

Photons of positive and 
negative helicity 
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•  We can now write down the POAM conservation law 
for right and left handed photons 

•  The standard OAM conservation law 
as is obtained as the sum of these two equations 

•  Taking the difference we obtain another OAM conservation law 

•  The standard OAM conservation law tells us about the 
precession of the linear momentum 

•  We interpret this OAM conservation law as the nutation of the 
linear momentum, yet not fully understood! 
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Improving the resolving power of a 
diffraction-limited telescope  

of an order of magnitude! 

Super Resolution with OVs in diffraction-limited telescopes 
and other optical instruments 

The James Webb  
Space Telescope  

Credit: ESA (C. Carreau) 
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Test @ telescope: atmospheric seeing 

>)?&/@/'-A)(?9&/+/-A9#1;)0-FG-=)0-HIGG-



%TI-)+;-%TG-.'&,$#1-D&'(-1%)&"/*6%-

A9#1;)0-FG-=)0-HIGG- >)?&/@/'-A)(?9&/+/-



Optical Vortex Coronagraph 
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Ask Elettra... See the poster 



Coronagraphy @ T122 Asiago telescope 

2.8x10-10  (b) 
2-3 !/D    (a) 

2-8 !/D   (a) 

4-5 !/D   (a) 

9.3x10-11  (b) 

6.4x10-11  (b) 

Theoretical contrast for a monochromatic source (a) versus the separation (b).  
It is sufficient for the direct detection of extra-solar planets! 
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P.S.: Ask Anna Sponselli 
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Nuovo Cim.B119:489-519,2004 

Rotating optical 
lens 

Rotating Black Hole 
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• Theory predicts that a circular polarised radio beam in a pure 
OAM eigenstate with azimuthal phase dependence exp(il!), 
frequency ", and energy H, should have a total angular 
momentum component Jz

EM  =  lH/" along the z (beam) axis. 
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OAM makes a new (rotational) frequency ! available 
consequences for radio communication -
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