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Motivation

 Direct investigations of the quantum world
« Quantum information processing

e Atomic scale engineering



Why Neutral Atoms?

 \We can see them
 They are Quantum
e They provide the most versatile platform

What Is their problem?



Experiment
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Problems with counting atoms
using flourecense imaging

 Many photons need to be scattered
 Radiation pressure blows atoms away

e Light assisted collisions cause rapid loss
at high densities



Light assisted collisions

Sub-poissonian loading of single
atoms in a microscopic dipole trap

Nicolas Schlosser, Georges Reymond, Igor Protsenko
& Philippe Grangier

Laboratoire Charles Fabry de I'Institut d’Optique, UMR 8501 du CNRS, BP 147,
F91403 Orsay Cedex, France
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General introduction
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Energy
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Cooling with blue detuned light
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Counting Atoms
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Image of single atom




Counts (x10° ADU)
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dN/dt = —BN(N —1).

Fiot(t) = F1 [t - %ln (No + (1= Ny) e—ﬁt)]



Sub-shot-noise counting of

Number of atoms
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Preparing individual atoms

Unity Occupation of Sites in a 3D Optical Lattice

Marshall T. DePue, Colin McCormick, S. Lukman Winoto, Steven Oliver, and David S. Weiss

Department of Physics, University of California at Berkeley, Berkeley, California 94720-7300
(Received 23 October 1998)

Energy

At each site, atoms undergo pairwise light-assisted collisions,

which can either significantly increase their kinetic energy, or cause
them to form a molecule. Either way, both atoms are lost more quickly
than we can observe, so that sites that are initially occupied by an
even number of atoms become empty and sites that are initially
odd-occupied end up with a single atom
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Individual Collisions
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Energy

How does it work?
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Single atom loading probability

Power

Single atom probability v. probe power for optimal detuning SC ~ Uolh
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What Is missing?
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What more?

Detailed Decay of 2 atom realizations
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Multi-level structure
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Feedback
System

Atom Sorting
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Atom Sorting
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Conclusions

Blue detuned light can be used for flourescence
Imaging.

We can count several atoms in a microscopic
volume

Light assisted collisions can lead to only one atom
being lost

Investigating individual events reveal information not
available from ensemble average measurements

We can (almost) deterministically prepare a single
atom in an optical microtrap

Atom sorting can be done on the 1 um scale
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Power and Detuning

Single atom probability v. probe power for several probe detunings SC
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