Extinction of Light by a Single Trapped Atom
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Extinction of light by a single atom

Atom-photon interfaces will be one of the core buildingskiloéuture quantum information protocols. While EXperiment 1: Extinction of Light by a Single Atom without& pPumping

photons are ideal carriers for transporting quantum atfomover long distances, atoms are more suitable for

storing quantum information. However, in order for ataoipinterfaces to work e ciently, strong coupling In this experiment, the trapped atom is constantly ex

between a single photon and a single atom Is necessary.

nmskd $ix cooling and repump lasers of the MOT.

Under these elds, the atom should not be in a two level system expected to have a smaller (1/3) ab-

_ _ _ _ _ . sorption cross-section compared to a real two level syaiento the random orientations and motion of the
What is the probablity that a photon Is absorbed or scatgredsingle trapped neutral atom in a typical trapped atom, the dipole eld-induced AC stark shift bngadtle absorption spectrum. This further reduces the

atom trap setup [1]? To answer this guestion, we constause&ttip to directly measure the extinction of a
light beam by a single atom.

extinction of the probe. The observed maximum extinctiod:6%%is unexpectedly big for our experimental
setup because it implies an extinctiob0%when the atom is optically pumped to a two level state. (We are

using a NA smaller than 0.5 for focusing the probe. The matmeidlinearly polarized.)
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Experimental parameters

dipole trap depth kg 1 mK=h 21 MHz

waist of the probe beam before the cuvette = 1.1 mm
waist of the probe beam at the fotu§.9 m

transmission of the probe from position Ato B (gure 2) = 99.8

photon ux at positon A 4 1Fs 1

Figure 1: (Left) Schematic of a free-space atom-photon interfRaght) Atomic energy levels 8fRb.
Arrows show the lasers used to cool and probe atom in a dipple t

To measure the extinction of light by a single atom, a dellii&0 nm light beam (probe) from a single-mode

ber is focused with an aspheric lens onto a trap

gl atom. The outgoing probe light from the trap is

collimated by a second aspheric lens confocal with theersf\ier that, the light is coupled into a single-mode
ber going to a photon detector. To obtain the extinctioa,aimount of light detected when an atom is in and
out of the trap iIs compared. We emphasize the importand&ciirap all of the probe beam going into the
trap by the second lens as it allows us to measure real@xti@cimpared to extinction experiments on single
molecules which measured the local interference betevseatthred and excitation light [3], our setup gives
the percentage of probe light scattered by a single atathydire
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Figure 2: AL | confocal aspheric lenses (f = 4.5 mm, NA = 0.55), DM | dncoic mirror, re ect-
Ing 980 nm trapping light, transmitting atomic uorescenaod probe at 780 nm, BS | nonpolarizing
beamsplitter with a splitting ratio of 99/1, F1 | set of Ites suppressing dipole trap laser, F2 | 780 nm

line lter suppressing 795 nm repump light in the
Isolator, blocking backre ected probe light.

dipole trap laser
980 nm
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Figure 5: Change in transmission of the probe beam when the frgogokethe probe is tuned across
the atomic resonance. Zero detuning corresponds to theahe#ggonance frequency without AC stark
shift. The absorption linewidth is broadened by state de@ece and spatial variation of the dipole
eld-induced AC stark shift. The natural linewidth of D2 nisition of°’Rb is 6 MHz.

Experiment 2. Extinction of Light by a Single Atom with @Rigmping

In this experiment, we try to prepare the atom in a two lestehs¥py optically pumping the atom using the
probe. The MOT beams are turned o once an atom is trappedrudia point here is to maintain a photon

scattering rate bigger than the dephasing rate of the ®l@tem. The main external eld contributing to the
dephasing of the atom state is the dipole light eld. In theriexent, however, the actual photon scattering

probe, P |l@wzing beamsplitters, 1SO | optical

In the presented setup, atoms are loaded in a far-o detipwd tap (FORT) from a magneto-optical trap
(MOT). The small size of the trap (2n waist) ensures that at a given time there is either one mmomna

it. In order to verify this, we perform an experiment
the trapped atom.

tovaber antibunching e ect from the uorescence of

Detection of Single Atoms by their Fluorescence

Observation of a binary signal in the uorescence of

thasatomecessary" condition for stating that we have

trapped a single atom [4]. The \su cient" condition Is theaslation of the photon antibunching e ect in the
uorescence. ltis revealed as a dip in the histogram ofiemende between two consecutive detection events
from two detectors in a Hanbury-Brown-Twiss con gurddids).|
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Figure 3: Histogram of counts showing the dis-
tribution of count rates for atom present in the
dipole trap (right peak) and no-atom (left peak).
The inset shows a typical \binary" pattern of pho-
tocounts used to extract the histogram.
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rate is kept below 2000 per second as a higher scatterihgatstehe trapped atom, resulting in atom loss
and reduction in the extinction. We adopt the same exp@limparameters as the previous experiment but
use circular polarization of the probe beam.
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Figure 6: Preliminary results of extinction of probe beam withagbpumping. The larger linewidth
than that measured in experiment 1 might imply unsuccepsfparation of the atom in a two level
system as the linewidth is expected to become narrowersicdse. However, a shift in the maximum
extinction frequency is expected once the atom is optafhped to a two level system.
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