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Measuring transverse spatial coherence 
with double-slit interference
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Coherence and Double-slit interference

𝐼(𝑝) = 𝐼0(𝑦) 1 + 𝜇12 cos[𝑘 𝑑2 − 𝑑1 +𝜑]

𝜇12 Normalized degree of
mutual coherence

Almost monochromatic light ~ single frequency



Van Cittert-Zernike theorem

𝜇12 𝑥2 − 𝑥1 , 𝑦2 − 𝑦1 =
𝑒𝑖𝛼12 𝜎׬ 𝑑𝑥0𝑑𝑦0𝐼 𝑥0, 𝑦0 𝑒𝑖

𝑘
𝑅 𝑥0 𝑥2−𝑥1 +𝑦0 𝑦2−𝑦1

𝜎׬ 𝑑𝑥0𝑑𝑦0𝐼 𝑥0, 𝑦0

𝜇12 =
⟨𝐸1 𝑥1, 𝑦1 𝐸2

∗ (𝑥2, 𝑦2)⟩

𝜎׬ 𝑑𝑥0𝑑𝑦0𝐼 𝑥0, 𝑦0

Extended
Source

Cross spectral density



𝜇12 𝑥2 − 𝑥1 , 𝑦2 − 𝑦1 =
𝑒𝑖𝛼12 𝜎׬ 𝑑𝑥0𝑑𝑦0𝐼 𝑥0, 𝑦0 𝑒𝑖

𝑘
𝑅
𝑥0 𝑥2−𝑥1 +𝑦0 𝑦2−𝑦1

𝜎׬ 𝑑𝑥0𝑑𝑦0𝐼 𝑥0, 𝑦0

Intensidade

 

 Coerência

 

 

Intensidade

 

 

Coerência

 

 

Intensity

Position

Coherence

Position Position

|𝜇12|= 1

Intensity

|𝜇12|< 1



The Gaussian Schell Model (GSM) 



The Gaussian Schell Model (GSM) beams
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The Twisted Gaussian Schell Model (TGSM) beams

Rajiah Simon

Narasimhaiengar Mukunda



The Twisted Gaussian Schell Model (TGSM) beams



The Twisted Gaussian Schell Model (TGSM) beams

Using optically defined parameters

I is the intensity

σs is the beam width

σg is the coherence length

R is radius of curvature

u is the twist phase parameter



The Twisted Gaussian Schell Model (TGSM) beams

Effects on divergence
Effect on the propagation phase

Cohrerence length Beam width



The Twisted Gaussian Schell Model (TGSM) beams
illustrating beam rotation



TGSM beams motivation

Classical Optics: Robustness against Propagation 
in turbulent media

Quantum Optics: Robustness against 
Propagation in turbulent media

Quantum Optics: 
Boosting quantum entanglement

Samukelisiwe Purity Phehlukwayo , Marie Louise 

Umuhire , Yaseera Ismail, Stuti Joshi , and Francesco 

Petruccione , Influence of coincidence detection of a 

biphoton state through free-space atmospheric 

turbulence using a partially spatially coherent pump, 

Phys. Rev. A 102, 033732 (2020)



TGSM beams: generation
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TGSM beams: generation



TGSM beams: generation



SLM movie method for generating TGSM beams



Parametric Down-conversion

Spontenous emission (SPDC)

Twin
Photons

p i s  = +

p i sk k k= +

Stimulated emission (StimPDC)



Spatial Entanglement Can Be Measured And Witnessed
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Coherent pumping



S. Mancini, V. Giovannetti, D. Vitali, and P. Tombesi

Phys. Rev. Lett. 88, 120401 (2002).
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Lu-Ming Duan, G. Giedke, J. I. Cirac, and P. Zoller

Phys. Rev. Lett. 84, 2722 (2000).
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DGCZ criterion

MGVT criterion

Spatial Entanglement Can Be Witnessed



Spatial Entanglement Can Be Measured And Witnessed
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TGSM pumping?



Incoherence degrades spatial correlations



Pumping SPDC with partially coherent pump



Incoherence degrades spatial correlations



TGSM beam pumping can increase entanglement!



Two-photon covariance
matrix

TGSM beam pumping can increase entanglement!





TGSM 
seed Idler?

Coherent 
pump

NLC
Stimulated emission (StimPDC)



TGSM 
seed Idler

Coherent 
pump

NLC



Far field variance x degree of coherence

Far field variance seed 
idler 

seed 
idler 

Pump @ 405 nm
Seed @ 780 nm
Idler @ 840 nm



Visibility x degree of coherence

Visibility in a double-slit interference

seed 
idler 



Twist in the fringe pattern



Far field mean variance
versus coherence length



Residual coherence in SLM movie 
methods

t = 0

t = 1









Conclusions

Partial coherence GSM and TGSM beams

TGSM beams: applications to communication
through turbulent medium

TGSM and SPDC applications to quantum systems

TGSM and wavelength conversion in StimPDC

StimPDC as a design for SPDC experiments
in quantum regime



Perspectives 

Testing twist conservation in nonlinear parametric
interactions

Testing experimentally the use of TGSM to boost the 
entanglement

Using TGSM beams in optical communication 
REDE RIO QUÂNTICA (A. Z. Khoury)



Thank you!

Floripa
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