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We present a study of bespoke thermal vapour cells of Rubidium with nano-scale internal dimensions. Our cells

are produced in house with a glue-free design that allows for a high degree of optical access and long lifetime

(>1 yr). Via two-photon excitation our detection sensitivity allows us to operate at room temperature in the

pursuit of low atom number. We demonstrate that the size and shape of the vapour cavities is sufficient to

perturb the atomic diffusion, both through changes in vapour density, and velocity distribution. Our platform

allows for transmission spectroscopy, total internal reflection fluorescence, confocal microscopy, fluorescence

imaging, and photon statistics measurements, and thus offers a robust environment for the study of novel

atomic physics.
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Our most elementary measurement

to confirm the viability of the cells.

Due to the thin vapour, we can

achieve high atomic density and view

strong dipole-dipole interactions, yet

maintain a low optical depth.
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Fluorescence signal

decaying as we probe

further into a 1D channel,

evidence that the cell

structure is perturbing the

atom number. Here we

show the fluorescence

signal compared to a

theoretical model

developed in-house [1]
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By delivering the driving laser through the

sides of the cell, we can excite the vapour

using an evanescent wave. This dark-

background measurement allows us to use

high NA optics and operate at a much

lower atomic density

Two-photon Excitation

Using two red lasers to reach the 5D state,

we look for fluorescence from the 6P state.

Spectral filtering allows for sensitivity

below <n> = 1 atoms.

5S

5P

5D
6P

780 nm

776 nm

420 nm

Subset of Rb energy levels
Experimental setup schematic. The objective 

lens allows for tightly focussed excitation and 

high NA fluorescence capture.

Atomic Diffusion (Velocity Selection)

Difference image between lasers on- and off-resonance. 400 second

integration time. Approx 1 mW per beam. High thermal velocity and a

long 5D state lifetime predict that atoms may travel ~60 um before

decaying. Only atoms with a trajectory is near-parallel with the cell

walls may cover a large distance before decaying. This is evidenced

by spatial imaging the 420 nm fluorescence.

The excitation lasers are delivered to a spot size

with waist ~2 um.

Photon Statistics (2nd Order Correlation)

g(2)(t) correlation and the corresponding 780 nm fluorescence spectra. We

see strong bunching indicating that the Nanocell acts as an effective spatial

mode filter.
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One-dimensional vapour: velocity selected atoms may travel along 

the channel before decaying


