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1. Coherent grating for large particles

2. Decoherence effects of Grating Scattering and Absorption



Large (particles) with respect to what?

credit: Skrekkogle art design group


http://www.skrekkogle.com/#coinphoto

kR <« 1




kR > 1




Take at home message:

Increasing the mass of the particles can lead outside the range of validity
of Rayleigh approximation and calls for a accurate analysis of grating
decoherent effects using Mie scattering theory
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General ldea: coherent and incoherent masks
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General Idea: phase-space description
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General Idea: phase-space description
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Coherent grating for large particles

kR <« 1
Dipole Potential
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Coherent grating for large particles

kR <« 1

Use (longitudinal) eikonal approximation
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S. Nimmrichter, Macroscopic matter wave interferometry. Springer, 2014




Coherent grating for large particles kR ~ 1

The light-induced forces acting on the dielectric particle can be obtained by integrating the electromagnetic stress-energy tensor over a
spherical surface surrounding the particle.
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S. Nimmrichter, Macroscopic matter wave interferometry. Springer, 2014

J. Barton, D. Alexander and S. Schaub, Theoretical determination of net radiation force
and torque for a spherical particle illuminated by a focused laser beam ,Journal of Applied Physics 66 (1989)




Coherent grating for large particles kR ~ 1
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Incoherent Effects: Scattering
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A.C. Pflanzer, O. Romero-Isart, and J. I. Cirac, Phys. Rev. A 86, 013802 (2012)




Incoherent Effects: Scattering
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Incoherent Effects: Absorption
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S. Nimmrichter, Macroscopic matter wave interferometry. Springer, 2014




Incoherent Effects: Absorption

E(r) = f(r)e,

Standing waves in terms of plane ones
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Generalized Talbot Coefficients
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Let’s take a Look

Laser: A = 2d = 354 x 10™”m

Material: Si

psi = 2.3290 x 10°Kg/m? | T =20 x 107°K
Refractive Index at A: n = 5.656 + 72.952
Trapping frequency: v = 200 x 10°Hz

Interferometer:
d= 177 x 107”m t1 = 2tp | ty = 1.6tp

Table 1. Parameters considered for Si spheres.
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m = 10%u R ~ 5.54nm kR ~ 0.098
m = 10%u R ~ 25.71 nm kR ~ 0.46

J. Bateman, S. Nimmrichter, K. Hornberger and H. Ulbricht, Nature communications 5 (2014) 4788
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Let’s take a Look
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Let’s take a Look

kR ~ 0.46

R ~ 2571 nm

m = 10%u
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Conclusions

Coherent grating is strongly affected by the size of the particles

Decoherent effects are also strongly affected by the size

Need to take both aspects into account for the best theoretical
modelling of the interference pattern

Classical limit of the in-coherent effects is not trivial and deserves
an in-depth investigation
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