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Sl ElR'AIn this internship, | explored two different methods to incorporate a core-shell (CS) configuration into our laser-cooling experiment with ytterbium. The current setup is limited by
light-assisted collisions (LACs). We use two different transitions , the green and the blue to trap as many atoms as possible at low temperatures in our magneto-optical trap (MOT). The blue
transition is better suited for loading the trap with atoms but implies LACs while the green transition can achieve 160x lower temperatures. In the moment, the two transitions are used in
quick succession, but we want to combine them by incorporating a hole in the blue laser where the green laser propagates through. Then, LACs cannot happen at the centre of the MOT,
where the atoms accumulate, and due to the higher achievable densities, | computed a three-fold increase in the number of atoms if we decrease the intensity of the blue by 99% in the
centre. For the hole creation, two different options, the SPP and Spot configuration, are explored. The SPP configuration uses a spiral phase plate (SPP) to change the gaussian beam to a
donut-shaped beam profile while the beam propagation is physically blocked. | found experimentally that the Spot configuration can decrease the intensity in the centre by 97-99% while we
do not have to worry too much about adjustments in the setup. For the SPP configuration, | can show only numerical results, but also designed a possible setup, where we would achieve 1%
intensity in the centre. Due to a more complicated setups with similar results, | suggest using the Spot configuration.
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The SPP
* Adds azimuthal dependent phase
* Periodicity p describes full phases added to .

* Around plate in center of the beam or a
painted circle on a two-inch glass plate

* No diffraction patterns
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The SPP Configuration

The Spot Configuration
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Setups that could fulfill the conditions
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of lens (Lhs) path for SPP (rhs)
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froce =75 mm,f; = =75 mm, f, = 200 mm

The exprimental setup to measure the beam profile

£(x, y), if counter-propagating lasers have opposite offsets £lx, y), if counter-propagating lasers have opposite offsets

Spacial intensity distirbution in x,y-plane
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* Diffraction pattern on edge of plate
I error at SPP of ALgpp = 10 pm for wgpp = 300 pm
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Input param: wo= 0.3 mm; z= 0 m; p= 8; Offset: 0 um Input param: wo= 0.3 mm; z= 0 m; p= 16; Offset: 0 um
Integration: Discretisation: 5012;Comp. time: 427 s Integration: Discretisation: 9452;Comp. time: 2146 s
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Conclusion « Effectiveness of SPP and Spot hard to compare
* Comparing numerical with experimental results
« Small margin of error for both configurations * SPP configuration works in theory, the Spot practically
* ALgpor < 50 pm ; ALgpp < 10 pm * Hole size of SPP configuration for high p might be too large

* Lense errors and impurities of SPP are not taken into account
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* SPP configuration more complicated to implement:
* More parts
* Higher alignment requirements
* Takes up more space

The Spot configuration is better suited for
the atom cooling experiment
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