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The Key point again:
The importance of handling Quantum states
conserved quantities of light for astronomy

LIGHT 1s the main carrier of information for A stronomy.
However, light is more complex than usually assumed.

Additional states of light must be used to get and transfer
much more mformation or to control better the field behavior.

In particular, among the properties of light still poorly
exploited, the Orbital Angular Momentum (OAM) and the
associated Vorticity, which instead are well known 1n other

disciplines.
This means: WHAT ARE WE DOIN G?
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OAM of light is not an intrinsic property of photons but
an observable property of the field, also in the far
field zone: IT WORKS FOR ASTRONOMY!!!

From Ettore Majorana’s latest works

PHYSICAL REVEW A TS | (Dxs)

Photon wave function: A covariant formulation and equivalence with QED
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. 27] By definition, the intrinsic properties of a particle are those
Thoughts abOU'F OA,\./‘ : Quantl.Jm States’ yes, that do not depend on the choice of a reference frame. Those
but do not think in the 'Flr‘St quantitics are simply rest mass, clectric charge, and spin, If the
quantizat ion way. To carry the OAM were an intrinsic propeny of the photon, being an orbital
. . . . . angular momentum, it should be related to the intnnsic com-
information of the field it is not poncnt represented by the spin S, as that calculated with QED
mandator‘y that it must be an int r‘insic at the single-photon level. In that case the Dirac-lhike equation
: for the RS fick ORI I 18 infinite spec of i i’

pr‘Oper“ty of the llght quanta... for the RS ficld would admit an infinite spectrum of intrinsi

angular momentum states [5] for the PWF also at the single
photon level.
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Mice Cluly 14, 431 (113%)

TEORIA SIMMETRICA DELL' ELETTRONE
E DEL POSITRONE

Nota di Evroxe Majoxana

Symmetric formulation for electron’s
relativistic equation. Antiparticles.

Sunto, = 8 dimostra la possbilitd di pervenire a wna piemna simmetrnissa-
aione formals della teoria quantistica delVeleltrone ¢ del positrome fa-
cemdo wso di wm wwovo processo df guontizrazione. Il significoto delle
équazioni dié DIRAC me risulta glguanto modificato ¢ nwon i & pin leogo
o parlare di stati di emergia wegativa; mé o presumers per ognd olire
tipo di particelle, particolarmente neutre, Uesistenza & « antipariicelle v
corrispondenti ai « vuoti » di energia negativa

The Dirac equation can be formulated
in terms of real-valued matrices.
Interpretation:

No negative states, “holes” in the
energy vacuum state. Neutral particles
such as neutrinos (Majorana neutrinos)
and Photons do not have antiparticles
correspondent to “holes”

(Majorana II).
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Infinite spin component equation:
Relativistic formulation for
particles with arbitrary mass and
arbitrary intrinsic angular
momentum.

A Dirac Equation valid for spinors
and bosons and then also for the
quantization of the EM field in the
I-st quantization language.

One-particle properties are not
intrinsic properties of the
particle. Two different languages,
first and second quantization.

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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The Majorana-Wigner Quantization:
guantizing a field in /-st quantization and
its equivalence with QED

4np -lvEze il B - e Majorana’s
S I £ 8L = natn b nod handwritten
notes:

prz EmeecH, = £ .0, The first attempt
Fz: Boiby ~ Egy-tHy of quantizing the
Py = Egminr Hy <= Ey-c My E-M field

ol v 7’ ~ ‘»‘w Fomt' oo B = ¢ € (1936_1932)
ot g = k..u’-—rvfﬁf-; g;*-a-; 3’4‘ ,.,,,~3

D OF $e 9“)‘& o
Mdxwell equatwns have an intrinsic
A/ Cam 34t ‘%i;_ PR T W mathematical structure similar to that of
a quantum.wave function in the
relativistic quantum theory language.
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Photon wavetunction and
the Riemann-Silberstein
Vector F

F = %O(E+icB)

Elektromagnetische Grundgleichungen in
bivectorieller Behandlung

(Annalen der Physik 22, 579 (1907))

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

ot
Complex form - Higher symmetry inside
the equations they may correspond to the

classical representation of a su(2) X su(2)
form

i~ F(x.,t)= HF (x,f)

V-FP = V.2-w.B=2.

¢ -0
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VxF = Vx——-iVxB
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Anyway... 1s it not a Wavefunction with
the usual meaning. There are problems
with the photon localization!
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» We define the helicity

For right and left hand circularly polarized
fields, P=+V. Then A =xl1

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

1. G, and G. obeys separate Maxwell equations

2. The right and left energies, H,, and momenta, K,
obey separate conservation laws

V-G,=p/g, laHi+
193G c ot
VXG, =ii(++ZOj] 1 K
- c ot d—
c Ot
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* \We can now write down the POAM conservation law
for right and left handed photons

lir><K+ +V. (rx'NI})Hfos =0

c ot : : :

» The standard OAM conservation law

as is obtained as the sum of these two equations

lir><P+V-(r><T)+r><FL°“““Z:O rxP:erelExB*yZO

c ot

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

« Taking the difference we obtain another OAM conservation law

::> 1§rXV+V'(rXU@ rxV=—g,rxIm[ExXE" +c’BxB* |2
c ot

» We interpret this OAM conservation law as the nutation of the
linear momentum, yet not fully understood!




EM vorticity/OAM & atmospheric turbulence

§ : ; wock cmde
PRL 94, 153001 (2005) PHYSICAL REVIEW LETTERS ek cading

22 APRIL 2005

Atmospheric Turbulence and Orbital Angular Momentum
of Single Photons for Optical Communication

C. Paterson®
Thve Blackerr Laboratory, Impenal College London, London SW7 2BW. Unied Kmgdom
(Recervad 8 November 2008 published I8 Apal 2005)

The effects of propagation theough random aberrations on coherence for single-photon commumication
systems based on orbatal angular momentam states are quantified. A rotational coberence function is
denved which leads to scattening equations for azsmathal modes of dafferent orbital angular momentum
states, The effect on a single-photon comemumication system i quantified using the channel capacity. The
work shows that the decoherence effect of stmospheric trbulence on such systems is smportant even for
weak trbulence

FIG. 1. Example intensity (gray scale) and phase map
(7r/4-spaced contours) of a pure LG(I) beam (left) and the same
beam with aberrations caused by propagation through
Kolmogorov turbulence (right).
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Improving the resolving power of a
diffraction-limited telescope
of an order of magnitude!

PR1 97 M6 PHYSICAI RENIEW LETTERS
v ercomang the Ravleigh Critemson Limnit with Optacal VYortices
F 1 w G | ™ H J i
LT (N = - :
. = | .'. |.A-'.' j.‘
r B A ARS 2
¥ ! |
.o.\w'.,'-". 'y
The James Webb
Super Resolution with OVs in diffraction-limited telescopes Space Telescope

and other optical instruments ,
Credit: ESA (C. Carreau)
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FIG. 2. Images of the separation of two nearby monochromatic FIG. 3. Main figure: experimental intensity profiles of the
sources having same intensity (inverted colors). Upper row: superposed LG modes of the two monochromatic sources nor-
numerical simulations of LG modes generated by an [ = 1 malized with respect to the peaks relative to coincident sources.
fork hologram at different scparations. Central row: the corre- The three cases shown refer to the same separations as in Fig. 2.
sponding experimental results. Bottom row: Airy patterns of the  When one of the two sources is shifted to an off-axis position the
two sources on the hologram plane. Left column: the superposed combined profile becomes clearly asymmetric. Inset: zoom of
sources. Mid column: the sources separated by 0.42 times the the position of the first minimum of the LG transform of the Airy

Rayleigh criterion. Right column: the sources separated by 0.84  disk; the dotted curve represents the results of numerical simu-
times the Rayleigh criterion radius. lations.
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OV manipulation for detection at the telescope
Producing Optical Vortices with starlight and
the problem of atmospheric seeing

A&A 488, 1150-1168 (2008) Astronomy
DOL: 10108 1/0004-6361: 2008 10469 —_—
©ESO 2008 Astrophysics

Optical vortices with starlight
G. Anzolin'2, F. Tamburini', A. Bianchini', G. Umbriaco', and C. Barbieri'

! Dipartimento di Astronomia, Usiversit di Padova, vicolo dell"Osservasonio 3, 35122 Padova, ltaly
c-mail: gabriele.anzolindunipd. it
¢ INAF-Ossenatono Astrosomico di Capod salita M o 16, 80131 Napoli, ltaly

Received 26 Jeme 2008 / Accepied 18 July 2008

ABSTRACT

Aims. [n this paper we present our fint observations o the Astago 122 cm telescope of € « | optical vortices pencrted with starlight
heams.
Mothods, We used a fork-hologram blazed o the fiest Gifraction onder as a phase modifying device, The multiple sysiem Rasalgethi
(o Horculis) im white light and the single star Arctarus (o Bootis) therough a 300 A bandpass were observed using a fast OCD camera
In the Airst case we could adopt the Lecky Imaging approach 10 partially correct for seeing effocts
Resus, For both stars, the optical vortices could be clearly detected above the smearing caused by e mediocre secing conditioas.
The profiles of the optacal vortices prodeced by the beams of the two main components of the o Her system e consistent with
numerically ssmulated om-axis and off-axis optical vortices. The optical vortices produced by o Boo can also be reproduced by
numerical simulations. Owr experiments confirm that the ratio between the inlensity peaks of an optical vortex can be extremely
sensitive 10 off-axis displacements of the beam.
Conclusions. Our results give insights for future astroacmsical applications of optical vortices both for space telescopes and ground
based telescopes with good secing conditions and adaptive optics devices. The properties of optical vortices can be used to perform
high precision astrometry and tiptilt comection of B isoplanatic Neld. We are pow desigaang 2 £ = 2 optical Vortex coronagraph
around a conthamoes spiral phase plate. We also poiat out that aptical voretices could find extremely interesting applications #so in the
d and radio waveleagth

Koy words. instrumentation: miscellancous - lochaiques: bigh angular resolution - atmospheric effects

| HIGHLIGHTS: this week in ASA |

Volume 488-3 (September IV 2008)
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Test (@ telescope: atmospheric seeing
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[=0 and /=1 vortices from starlight
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Optical Vortex C‘oronagraph

Alpha Herculis Optical vortex coronagraph Imaging system

Alpha Herculis

. | | |
B # e . Y-

A = ccD | X

T L1 LS L2

Dark zone
of the OV Secondary star

External region
of the OV then
blocked by LS

Schneider J, (LUTH), Boccaletli A, (LESIA), Aytward A (UCL), Baudoz F{LESIA), Beuzit J.-L, (LADG),
Brown R, (STScl), Cho J, (QMUL), Dohlen K. (LAM), Ferrari M. (LAM), Galicher R, (LESIA), Grasset O. (U,
Nantes), Grenfell L. (Tech. U. Berlin), Guyon O. (Subaru)., Hough J. (U. HertfordS.), Kasper M. (ESO),
Kedler Ch, (U, Utrecht), Longmore A. (ROE), Martin E. (IAC), Mawet D, (JPL/ULG), Ménard F, (LAOG), Merin
B. (ESTEC), Palle E. (IAC), Perrin G. (LESIA), Pintield, D. (U, HerttordS.), Sein E. (Astrium), Shore P. (U,
Cranfiedd), Sotin Ch. (JPLA. Nantes), Stam D. (SRON), Surdej J. (ULg), Tamburini F. (U. Padova), Tinetli ASk Elettra
G. (UCL), Udry S. (Obs. Geneve), Verinaud C, (LAOG), Walker D, (UCL/Zeeko Lid)

... See the poster
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Coronagraphy @ T122 Asiago telescope

.................

2-30MD  (a)
2.8x10°19 (b)

2-8A/D (a)
9.3x10!! (b)

SECONDARY
EXTINCTION

PRIMARY
EXTINCTION

4-50D (a)
6.4x101! (b)

Theoretical contrast for a monochromatic source (a) versus the separation (b).
It 1s sufficient for the direct detection of extra-solar planets!
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Lucky imaging & Coronagraphy




OAM spectrum, a new diagnostic in optics and

1
<
Q_ 0.8¢
§
= 06}
[&]
2
w 04
©
'(,5)- 0.2¢
-QIO -5 0 5

Spiral mode number, n

Fig. 2. Spiral spectra of the output field reflected/refracted from a target imprinting a 7 & 44

astrophysics.

phase dislocation across in the center of the illuminating beam. The transfer function of

such a target has the form: R(x,y) = 1 for x < 0, and R(x,y) = —1 otherwise. The input
field 1s a Gaussian beam (pure LGgp mode).
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of the target has the form R(x.y) = I forx «
15 2 Gaussian beam
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Phase Delay, &x

Phase Oéav o

Fig 3 {2) Sparal spectra of the output field reflected refracted from a target smpruntig 2 ¢
phase duslocation across i the center of the illununatmg beam for four selected values of
the phase dsslocation (b) Wesght of the central (»
sidelobes, B + F,_y) versuss the normalized phase dislocatson ¢ /X. The tramsfer function

0), A and the first adyacent (v = £1)

0, and R(x.y) = 7 othernise The mput field



OAM from astrophysical sources 1
from plasma inhomogeneities
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OAM from astrophysical sources 2
from rotating gravitational lenses
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What if the lens is rotating?

PROCEEDINGS

e OO F Proe. R, Soc. A (2007) 463, 2155 2194
THE ROYAL doi: 10,1088 /rspa 20071871
SOCIETY Pullished ondine 26 June 2007

On the dragging of light by a rotating medium

By Jorc B. Gorte"”, Steruexy M. Barxerr' axp Mues Pavcerr?®

! Department of Physics, University of Strathelyde, SUPA,
John Anderson Building, Glasgow G4 ONG, UK
*Department of Physics and Astronomy, University of Glasgow, SUPA,
Kelvin Building, Glasgow G12 8QQ, UK

When light is passing through a rotating medivm the optical polarization Is rotated,
Recently, it has been reasoned that this rotation applies also to the transmitted image.
We examine these two phenomena by extending an analysis of Playver { Player 1976 Proc,
R. Soc. A 349, 441-445) to general electromagnetic Gelds. We find that in this more
general case, the wave equation inskie the rotating medivm has to be amended by & term
which s connected to the orbital angular momentum (OAM) of the light. We show that
optical spin and OAM account for the rotation of the polarization and the rotation of the
transmitted image, respectively.

Koywords: image rotation; polarization; rotating diclectric; spocific rotary power

Sul trascinamento del piano di polarizzazione da parte di un mezzo
rotante. (On the Rotation of the Plane of Polarization in a Rotating
Medium.) Rend. Lincei, 32(5) :115-118.
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FIG. 6 Positions of the two lowest order primary Rls (n «
1,2 and p « <1) as a fanction of the normalized angular
momentum of the black hole a. The arrows in the curves
reprosept S AArine,ed Phe movement as we incresse a from
0 to 1. The source s Jocated at £, = | parosee amd @, = /4.

!
\

Figure 1, Image rotation, () Intensity pattern crented by the saperposition of Bessd bomss in
(4.1) for m=2. (b} On propagation, the rdative phase between the constituent Besswel beams
changes which loxls to a rotation of the pattern, The angle of rotation ot o propagation distance L
ks given by &, L

Strong Field Gravitational Lensing by a Kerr Black Hole

S. E. Vazquez®
Department of Physics, Universily of Califorma
Santa Barbara, Califormaa 93106-9550

E. P. Esteban'
Department of Physics and Astronomy MS108 Rice Untversity 6100 Main Strect
Houston, TX T7005-1592 and
Department of Physics, University of Puerto Rico
Humacso, Puerto Rico 00791

Nuovo Cim.B119:489-519,2004

tion Ay for a given a. The physical picture emerging is
a very simple one: the angular momentum of the black
hole just adds a “twist” in the direction of the rotation
to the usual Schwarzschild trajectory. To give an intu-
ition of the full movement of the images, including their
separation &;, in Fig. 6 we have plotted the position of

rabhe 4w, lowest order images (n = 1,2) as a function of
the spin parameter a.



Faraday rotation - geometric optics

General Relativity and Gravitation, Vol. 2, No. 4 (1971), pp. 347-357.

On the Gravitational Field Acting as an Optical
Medium?

FERNANDO de¢ FELICE

¢ on. Soc. 363, 177 [ 6.
hon. Not. R. Asrom, Soc. 363, ) " Istizwro di Fisica ‘G, Galtlel" Universivd de Padova —Padova (Iraly) $75,1365-296

Relativistic emission lines from accretion discs around black holes

Andrej Cadez' and Massimo Calvani®*
"Depsaeiment of Phsaic s, University of Linbifomt. Tjublione, Shovenin

DI - Asseniamioss Chatrnsiars of Madover P Iaaly PLANE OF POLARIZATION ROTATION INDUCED
BY A NON-MINKOWSKIAN SPACETIME

Accepied 2008 Jaly 13, Recorved 2008 July 132 @ onginal form 2005 Ape

E. A. EVANGELIDIS
Dept. of Theoretical Physics, University of Oxford, England*

(Received 10 August, 1978)
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PHYSICAL REVIEW D VOLUME 46, NUMBER 12 I3 DECEMBER 1992

Phase evolution of the photon in Kerr spacetime

Paolo Carini
Imternational Center for Relativistic Astrophysics (ICRA), Dipartimento di Fisica, Unilversita di Rome “La Sepienza.™
Piazzale Aldo Movo 2, 00185 Roma, Ialy
and W. W. Hansen Experimental Phyvics Laboratory, Gravity Probe B, Stenford University, Stanford, California 305

Long Long Feng and Miao Li
International Center for Relativictic Astropkyrics (ICRA), Dipartimento &i Fisica, Universita di Rome “La Sapienza,™
Piazzale Aldo Moro 2. 00185 Roma, Italy

and Center for Astrophysics, University of Science and Technology of China, Anhui, Hefel, 230026, People’s Republic of China

Remo Ruffini
International Center for Relativistic Astrophysics (ICRA), Dipartimento di Fisica, Universita di Rome “La Sapienza,™
Piazzale Aldo Movo 2, 00185 Rome, Italy
(Received 11 Jume 19900

In thas paper, we caplore some aspects of the gravitatsonal lens effects due to & Kerr black bole. Un-
der the cikonal approximation of the Maxwell equations in curved space, the spin function of a photon
in the degenerate metric is determined. Furthermore, we present an investigation of the phase factor
that & photon acquires in Kerr spacetime. The resulting phase consists of two parts: a real and an imag-
imary one. The real part has been interpreted as contributing a rotational angle of the plane polanzation
for linearly polarized light, and the imaginary one results in the light intensity amplificatioa along with
the photon's trajectory in the gravitational ficld, Finally, we provide the so-called “Sagnac factor" relat-
ed to the phase shift.

PACS numberisk: 04,40, 4 ¢, 03.%0.De, 03.65.5q
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Twisting of light around rotating black holes

Fabrizio Tamburini', Bo Thidé**, Gabriel Molina-Terriza® and Gabriele Anzolin®

Kerr black holes are among the most intriguing predicthons of
Cinsteln's general relativity theary™ ., Thess rotating massive
mtrophysikcal objects drag and itermix thelr swrrownding
space and time, deflecting and phase-madifying ight emitted
near them., We have found that this khads 1o & sew relativistic
effect that imgeints orbital angudar momsentum on swdh Nght
Numerical experiments, based on the integration of the null
geodesk equations of light from orbiting poiat-lke sowrces in
the Kerr black hole eguatorial plane 10 2m asy mptotic observer”,
indeed identify the phase change and wavelroa! warping and
predict the assected Ight-beam orbital angular momentum
spectra’, Setting up the best existing telescopes properiy, It
should be possible to deteoct and measure thin twisted Nght,
thus allowing 2 direct sbservatioral demonstration of the
existence of rotating black holes. As monrolating objects are
more an exceplion than a rule in the Universe, owr fadings are
of fundamental importance.
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Author contributions

F.T., B.T. and G.M-T. developed the model. F.T. carried out the numerical simulations.
G.A. calculated and plotted the OAM spectra. F.T. and B.T. wrote the manuscript. All
authors discussed and commented on the manuscript.
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Geometry

SUPPLEMENTARY INFORMATION DOK: 10,1038/ NPHYS1907
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Figure 1: Thin accretion disk as seen by an observer at infinity at i=45° (x’,y, 2') and at
=87 (x",y" 2").
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OAM and rotating Black Holes
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Figure 2: Spiral spectrum of an optically thin accretion disk and of an accretion disk with
Tuesday 31 May 201imb darkening emission.
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Radio-astronomy and
something new

Radio astronomical applications with Bo Thidée

Practical applications:

 Can OAM be used in the radio domain?
* Implications in Telecomm

* Many channels in a single frequency...



Radio OAM

y b enlh
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Utilization of Photon Orbital Angular Momentum In the Low.Freguency Radio Domaln

B. Thidé."* H. Then.” ). Sjoholm.” K. Palmer.” J. Bergmaa.' T, D. Caeoezi,* Ya. N. Istomin,’
N H. Beagimoy,” and R Khamiova®
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We shos sumencally sl vector antonas arms can gencrale fado beames that exhebit spun and ortwial
sagulyr momentem Charsctensiics sandda 30 Bose of belacal Logwerre-Goues Laser beams in parscal
opacs. For low froquencees { 2 1 GHz) dgsal lechmsgues com be isad o coberently messave the
tmtancows, local Beld veorons and % macspelse them  software. This cnables new types of
experiments 1t g0 bevond what o possuble o8 opacs. B allows inloematioo-nch exdo astrosomy and
paves the way for oovel wineless COmMMMMCMION CoBoepes.

DO 10 OV Revlon W08 TN PACS sumsbore B4000a, 07 57 —¢ 422800 S0
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Exotic types of Poynting flux radiation patterns
and corresponding instantaneous E field vectors

FIG. 1 (color online). Radiaton patierns for radio beams gen-
erated by one circle of 8 antennas and radius A plus a concentric
circle with 16 antennas and radius 2A: all antennas are 0.25A
over the ground, Notce the influence of | on the radiation
pattern. Here [ = O (upper left), [ = 1 (upper nght), § = 2 (lower
left), amd [ = 4 (lower ng)
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FIG. 2 Samples of instantancous clectne ficld vectors E
across the main Jobes of the beams in Fag. | (same [ values
and plotting ocder). The size of an arrow s lincardy proportional
to the local |[E|. As expected for OAM carrymng beams, the phase
of the EM hicld changes by (2% for a full tum arcund the beam
aus
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Field vector sensing means total
configurability

3 (col miine)
Corlol awsine

FIG Beams obtancd by superimposing twe
different OAM states. The upper three pancls show the radiation
patterns for the antenna array, and the lower theee pancls show
the corresponding mtensaty patterns, head on, calkculated fo
Laguerre-Gaussian beams. The leftmost are for /p = | and [, =
2. the middle ones are for /;, = | and [, = 4, and the rightmos
arc for [ = 2 and [, = 4. Notice the goodd agreement betweer
the patterns obtuncd with the anteana array model and the
paraxial LG beam model
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FIG. 4 (colar online).

Radiation patterns for a circularly po

larized beam propagating obligecly (# = 25%) with [ = 0 (left)
and /= | (ng). gencrated by phasing the individual clements
of a ten-tnpole array in free space. This illustrates that with a
tripode array it ss possible to control clectromnscally both the beam
direction and [. This is not possible with arrays of single o
crossed dipoles, Note tha for [ = 0, there will be an on-beam-
axis minimum which can be usclul to block out a bright object
when observing faiat surrouading objects [31), ¢.g., in the solar
corona [20].
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The radio results are in agreement with EM
OAM theory

*Theory predicts that a circular polarised radio beam 1n a pure
OAM cigenstate with azimuthal phase dependence exp(i1/p),
frequency w, and energy H, should have a total angular
momentum component J *M = [H/w along the z (beam) axis.
TABLE 1. Scaling of @/™ /H as a function of [ for a right-
hand circular polanzed beam (s = — | ) formed by a ning array of

10 crossed dipoles. Amray radius D = A, antennas 1A over
perfect ground, polar angle # = ().

! 5 j=14s wl™ /H

() | -] - 1.019
| - | 0 -(.022
2 -1 0971
3 | 2 | 81
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Adding a twist to radio technology

Spiralling radio waves could revolutionize telecommunications.
Edwin Cartlidge

The bandwidth available to mobile phones, digital television and
other communication technologies could be expanded enormously
by exploiting the twistedness as well as wavelength of radio waves.
That is the claim being made by a group of scientists in Italy and
Sweden, who have shown how a radio beam can be twisted, and the
resulting vortex detected with distant antennas.

The simplest kind of electromagnetic beam has a plane wavefront,
which means that the peaks or troughs of the beam can be
connected by an imaginary plane at right angles to the beam's
direction of travel. But if a beam is twisted, then the wavefront
rotates around the beam'’s direction of propagation in a spiral,

creating a vortex and leaving the beam with zero intensity at its

centre, Twisted radio waves
) could free up more
Spiral waves bandwidth for mobile

i : > o 2 ~_ phones and computers.
Now, a group led by Bo Thidé of the Swedish Institute of Space Physics in Uppsala and Fabrizio

Tamburini of the University of Padua, Italy, has succeeded in twisting the waves emitted by the Marcus Mok/Corbis

type of antenna used by standard wireless routers to transmit data over long distances®. The
team did this by reflecting the waves off an eight-stepped, spiral-staircase-like structure
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Radio waves and OAM

Hyper-Tuning .
OAM makes a new (rotati requency (2 available
consequences for radio ommunica on
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The first radio vortex @ 2.4GHz

Uppsala, Sweden December 2010

Fabrizio Tamburini
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Esperiment-Event San Marco
with Tullio Cardona, Antonio Bianchini
and the ”\_/grticists”

Tuasday.’.wm.’h da Marcosl com an-

teana Awwats Sa wan Sawrs & latta measata Se
n badone da petode ger lame



Conclusions

There is a new land of conquest for
astronomy, astrophysics and space science

Revolution in telecommunications

Test in San Marco, Venice, to measure, test
and show the potentialities of these new
degrees of freedom

Future applications to radio-astronomy
Far future the “Majorana Tower”



