Characterization of a quantum gas microscope with a subwavelength
resolution based on AC Stark Shifts
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Motivation

The AUFRONS (Ultra cold atoms in nanostructured optical potentials) project aims at building near field optics / Ultra cold atoms hybrids to achieve stronger coupling between solid state
systems and cold atoms. Our first experimental target is to reduce the 2D lattice spacing to enter more deeply into anti-ferromagnetic quantum phases [1,3]. Experimental methods to
manipulate atoms in the close vicinity of surfaces are essential to push forward the capabilities of cold atom/nanophotonic platforms.
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Experimental setup Method 1: 780 nm repumper + 1529 nm

Dipole trap with a $7Rb BEC at 1064 nm Experimental sequence Scan f,., and integrate the atom number at the center of the cloud
Lattice at 1529 nm with period i15,9 and amplitude v, Repumper  Imaging 130060 '7 7um o tmu=BUS, S0r=0.050, 1 ~16us o tmoBUS, 50r=0160, t,=24us
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: 780 nm 1maging + 1529 nm Perspectives

Experimental sequence  Imaging assuming Beer-Lambert’s law
Micro-wave Imaging
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V\ * OD: optical density homogenous over the light shift

- Large clouds:
Role of dipole-dipole interactions in sub

wavelength structures.
See V. Mancois’s poster on 18/11/2020.

Integrate 1-T at the middle of the light shift
Tyw = 8us, s0=3, OD=7.5

| -+ 51
+ v || OD is a free parameter:
Estimated with cloud’s width

{ and atom number in TOF.

- Ground state lattice:
Test this imaging method to resolve the

ground state sites. Implemented soon T
See J.B. Gerent “poster on 16/11/2020.
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(*)3/5-level models
See Method 1
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S0 0 — Subwavelength resolution in transmission

01 02 03 04 05 demonstrated. Ongoing quantitative analysis based on

X/i1529 . .
I iiese ( OD — s9(1—Ty),2 small cloud scattering dynamics.
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- Doubly dressed state trapping with 3
lasers 1064+780+1529 without surface

Light shifts larger than the hyperfine structure:

* |F, mg) not a good basis, most of the my states mixe.
* The transition |F; = 2,mp = —2) - |F, = 3,mr = —3)

remains closed. FWHM,,, =
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