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» Introduction: Optical Vortices — Orbital
Angular Momentum (OAM) states of light

» Non-separable states of light
» Confirmation of vorticity

» Transfer of classical non-separability to
guantum domain



Optical Vortex beams
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» Helical wave fronts, dark core at the center due to the azimuthal

phase.

» They carry an orbital angular momentum which is proportional to
Its order, defined as the number of helical paths completed in one
wave length.



Spin Angular Momentum

Poynting showed classically for a beam of
circularly polarized light
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Orbital Angular Momentum

For a field amplitude distribution where

u(r,z)=u,(r, z)exp(=ilg)
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Difference in SAM and OAM




Optical Vortex beams — generation
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Vortex of
charge
m breaks
Into m+1
bright
stripes

Using an ordinary tilted lens one can easily
determine the order of an optical vortex
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Terabit-Scale OAM Mode Division Multiplexing in Fibers
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Terabit free-space data transmission employing OAM multiplexing
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Simultaneous entanglement swapping of multiple orbital
angular momentum states of light, Zhang et al, Nature
Communications 8, Article number: 632(2017)
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https://www.nature.com/articles/s41467-017-00706-1/#auth-1

Generation of non-separable state and scattering

« A non-separable state of polarization and 0 PM/CCD
OAM for a light beam can be written as T b
— m o~ -m pr .'. .'.
E(X,y) =e; LGy (X, y) + €y LGy ™ (X, Y) PL
%) = [H)|m)+ V)| -m)
“Froo
HWP pgRs H.
Optics Communications, |LASER} H \ e N\
355 (2015) 301-305 '
v-i| |
I
Applied Physics Letters, Villy -
107, 021104 (2015) H1 4 spP
—— 7

Experimental setup for the generation and scattering of non-separable state of
polarization and OAM. HWP — half wave plate, QWP — quarter wave plate, P —
polarizer, L — lens with focal length 15 cm, CCD — charge coupled device (camera),
PM — power meter, PBS — polarizing beam splitter



Non-separable states of light .....

*Projection of this non-separable state of light beam to an arbitrary
polarization
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This system can successfully simulate most features of
entanglement, but fails to simulate quantum nonlocality




Experimental results
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Linear entropy and degree of polarization (DOP)

ly) = %[IH}I + ) + IV)I - I)]

Pps = )y

- Lo
p, = Th{p,) = -_,Z‘i, (ily) (i) = EP
q .

=+ . 2
S =21-Trp;»=1 - S, =1 - DOP? 1
1 51=H;V
ﬂp=51§]ﬁl s SE_ID_IA




In experiment we produce:
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Separable state (without SPP) s 0.044 0957 s; 0.056 0.924

s, 0.956 sz 0.922

S3 —0.02 s —0.026
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Hybrid entangled photon source
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Verifying polarization entanglement when SPP is not present
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