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In this study, to provide ultra high—density cold atoms, we develop an atomic funnel that generates a
cold atomic beam from laser—cooled atoms. The atoms are reflected and concentrated by evanescent light
field that is generated by total internal reflection of an incident light beam on the surface of funnel
shape optics. The repulsive dipole force atoms feel from light field depends on the intensity of the
evanescent light. To increase the flux intensity of the atomic beam, it is promising that we reduce the
loss of funneling atoms and enhance the evanescent light intensity

We demonstrate that the atomic funnel with hollow light beam obtains higher flux intensity. Using hollow
light beam, evanescent light is generated with less stray light and the outputted atoms are efficiently
confined in same time. As a result, the loss of atoms is reduced and the flux intensity is improved. Then,
we enhance the evanescent light field by surface—plasmon resonance. When a 780nm incident light enters
into a glass—gold interface from the glass side and fulfills the resonance condition, the light intensity
rises 14-fold for p—polarization and 7-fold for circular polarization compared to the case without the
surface plasmon resonance. We evaluate the flux intensity of a resultant Rb atomic beam for three funnel
shapes of a cone, a quadrangular pyramid, and a triangular pyramid. Monte Carlo simulations show that
the conical funnel yields the highest flux intensity for circular polarization. A prototype conical funnel
is fabricated with a 3D printer. Next, we fabricate a nano—slit atom detector that aims to evaluate flux
intensity of the atomic beam with high sensitive two—step photoionization detection. Nanometric near field
lights generated on the nano—slit enables ultrahigh spatial resolution detection. We measure the near—field
light intensity with a scanning near—field optical microscope and evaluate detection efficiency and spatial
resolution.
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