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Introduction: Nano Quantum Optics

Goal:

Control of light—-matter interaction using integrated
nano-devices.

Motivation:

* Applications in research and technology (sensing,
filters, switching, non-linear optics, cavity QED, etc.)

« Combine optical technologies and quantum physics
for guantum communication & information processing.

Task:
Find suitable nano-devices to interface light & matter.




Introduction: Glass Fibers: “Backbone” of
the Modern Communication Society

Image: PTB



Introduction: Tapered Fibers

* Problem: Light field in standard optical fibers
cannot be accessed from outside.

« Trick: Narrow down optical fiber until light field
gets to the surface.
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Optical Nanofibers

« Significant part of the optical power propagates outside of
optical nanofiber in form of evanescent wave:




Optical Nanofibers

« Significant part of the optical power propagates outside of
optical nanofiber in form of evanescent wave:
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Optical Nanofibers

» Tapered fibers allow one to couple light in and out of
hanofiber waist:

} E taper 200 nm taper }

125 um transition transition

» Adiabatic mode transformation = up to 99% transmission!




Fabrication of Tapered Fibers

« Tapering standard optical fibers by flame pulling:
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Fabrication of Tapered Fibers

» Taper transition:

* Nanofiber waist:




Overview

Optical nanofibers

— Properties and fabrication
Probing cold atoms using nanofibers

Nanofiber-based atom trap

— Trapping potential

— Experimental realization

Summary / Outlook



Probing Cold Atoms Using Nanofibers

APD

No significant atom loss due to presence of fiber!
Very small coupling of MOT laser beams into fiber mode!




Probing Cold Atoms Using Nanofibers

Ignificant atom loss due to presence of fiber!
Very small coupling of MOT laser beams into fiber mode!




Evanescent Coupling of Fluorescence

10% st 10 _

Effective number of coupled atoms = 1
= detect “single atom” fluorescence out of 108 7!




Evanescent Coupling of Fluorescence
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Single Atom Absorption

Single atom should have significant effect on transmission!




Absorption Spectroscopy
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G. Sague ef al, Phys. Rev. Lett. 99, 163602 (2007)




Absorption Spectra
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Absorption Spectra
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Absorption Spectra
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Modelling of Line Widths
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Light Induced Dipole Forces

P=1 aW ]
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Density close to the fiber is strongly influenced by van der
Waals force and light induced dipole forces.




Modelling of Line Widths
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Enhanced Spontaneous Emission

+ Significant enhancement of the spontaneous emission due
to modified density of states in vicinity of the fiber.

« 20 % of the total emission goes into fiber guided mode!
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Fam Le Kien, S. Dutta Gupta, V. |. Balykin, and K. Hakuta,
Phys. Rev. A 72, 032509 (2005)
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