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rd, b, (r) =coo —&[[I+ml'(r)/6'] 'i' —lI, (2)

and the maximum shift occurs at the antinodes. The ab-

sorption spectrum of the atomic beam is obtained by
adding the contributions of the atoms in the various loca-
tions, weighted by the local atomic density we want to
detect.

In Fig. 2, we have plotted two calculated absorption
spectra. Figure 2(a) corresponds to a uniform spatial
distribution of atoms (no channeling) for a blue detuning
of the standing wave. It exhibits a broad structure corre-
sponding to the range of the frequencies given by Eq. (2)
for col varying from zero at a node to m&

'" at an an-

tinode. The end peaks arise because ro, b, (r) is stationary
with respect to the position z around the nodes and the
antinodes (peaks N and A). Peak A is smaller than peak
N because the transition matrix element is weaker near
antinodes as a result of state mixing by the strong laser
field. 's Figure 2(b) is calculated with a simple periodic
spatial distribution of atoms channeled near the nodes.
Peak N, corresponding to atoms near the nodes, is

enhanced, while peak A, corresponding to the antinodes,
is weakened. By contrast, for red detuning, channeling
occurs at the antinodes and will lead to an absorption
spectrum with peak A enhanced and peak N weakened.

The experimental observation of channeling has been

sion. ' " We have found numerically that these two
efI'ects do not drastically afI'ect the channeling because of
the short transit time of the atoms through the laser
beam.

To detect this channeling, we have chosen to use the
atoms themselves as local probes of their own positions:
Because of the spatially varying light shifts, the absorp-
tion spectrum of each atom carries information about its
location in the standing wave. ' For an atom at a node

[col(r) =0], there is no light shift and the absorption
spectrum is just a Lorentzian centered at coo, of width I .

Elsewhere [cui(r) ~0], the absorption line is shifted to'

performed with the apparatus shown in Fig. 3. An
elusive cesium atomic beam is formed by a multichannel
array (3-mm area) on a 220'C oven (most probable ve-

locity 300 m/s). This beam is collimated by the 2-mrn
diameter aperture 1 m away. The transverse velocity is

then less than about 0.6 m/s (HWHM =0.3 m/s) so
that, for most atoms, mr, /2 is not larger than the depth
of the potential valleys. The atoms are prepumped into
the F=4 hyperfine sublevel of the ground state by a 10-
mW diode laser tuned to the transition (g, F=3)

(e,F=4) at 852 nm (g refers to 65|i~ and e to
6Pqi2). The intense standing wave (150 mW in each
running wave, and with a beam radius of 2.3 mm) that
irradiates the atomic beam at right angles is produced by
a frequency-controlled cw ring dye laser (Coherent
699—Styryl 9 dye). It is tuned near the transition
(g, F=4) (e,F=5) and is cr+ polarized along a 10-G
applied magnetic field in order to approximate a two-
level system. For this transition, I /2' = 5 M Hz and
cd|=I for a laser intensity of 2.2 mW/cm . The weak
probe beam (0.4 mW/cm ) is also orthogonal to the
atomic beam and travels through the central part of the
strong standing wave where the channeling is best. The
central millimeter of this probe beam is admit ted
through a movable aperture to a silicon photodiode. This
beam is obtained from a single-mode diode laser which is

frequency stabilized by optical feedback from a confocal
Fabry-Perot resonator by the technique of Dahmani,
Hollberg, and Drullinger. ' It can be scanned over 1.5
6Hz while maintaining a frequency jitter less than 2

MHz. Since the fractional absorption to be detected is

typically as small as 10, we modulate the population
in the (g, F =4,mF =4) level using optical pumping in-

duced by a "chopping" diode laser. Its frequency is

square-wave modulated between the transition (g, F =4)
(e,F=4) (emptying g, F=4) and the transition (g,

F=4) (e,F=5) (filling g, F=mF =4). Synchronous
detection allows us to measure the absorption of as few
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FIG. 2. Calculated absorption spectra of atoms in a strong
standing wave. (a) Uniform spatial atomic distribution. Peak
N at frequency vo corresponds to atoms near the nodes, peak A
to atoms near the antinodes. (b) Periodic triangular distribu-
tion with an atomic density at nodes five times larger than at
antinodes. Channeling at the nodes enhances peak N and
reduces peak A.
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FIG. 3. Experimental setup. Inset: D2 line of Cs.
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FIG. 4. Imaging atomic positions using light shifts. (a) Experimental absorption spectrum for a +150-MHz detuning, a 210-
MHz Rabi frequency, and with a tilted standing wave: no channeling. (b) Same as (a) with an orthogonal standing wave: channel-
ing near the nodes. (c) Atomic spatial distribution deduced from spectrum (b), (d)-(f) Corresponding data for a —150-MHz de-
tuning: channeling near the antinodes.

as ten atoms in the 2-mm observation volume (S/N = I

in I-s integration time).
Figure 4 presents experimental evidence of of channel-

ing, obtained for detunings 6/2~= ~ 150 MHz, on-
resonance Rabi frequency rul/2z =210 MHz, and about
10000 atoms in the observation volume. This Rabi fre-
quency is measured with the light shifts induced by the
strong standing wave. The maximum height of the po-
tential hills of Fig. I is then Uo/h =45 MHz or 2 mK,
corresponding to a maximum trappable velocity
(mi /2=Uo) equal to 0.5 m/s. For blue detuning, ex-
perimental absorption spectra are presented in Figs. 4(a)
(no channeling) and 4(b) (channeling). As expected,
channeling makes the peak A (antinodes) nearly disap-
pear whereas the peak N (nodes) increases sharply. The
curves with channeling were obtained by the adjustment
of the orthogonality between the atomic beam and the
laser standing wave to within 5x10 rad. The curves
without channeling were obtained by tilting the standing
wave through 5 x 10 rad, corresponding to an average
velocity along the standing wave of 1.5 m/s. With such a
velocity, channeling is no longer possible, resulting in a
nearly uniform distribution of atoms across the standing
wave (note that we still have kv, ( I ).

From the experimental absorption spectra exhibiting
channeling [Figs. 4(b) and 4(e)] we have deduced corre-
sponding spatial distributions N(z) of atoms in the
standing wave (Figs. 4(c) and 4(f')]. These discretized
N(z) functions give the best least-squares fit between

calculated and observed absorption spectra, which are
found to coincide within the noise. Figures 4(c) and 4(f)
show that we have produced gratings of atoms with a
period k/2 and with a contrast between the densities at
the nodes and antinodes equal to 5 for 6& 0, and equal
to 2 for 6'& 0. The difterence between the two contrasts,
in qualitative agreement with our numerical simulations,
stems from the fact that the channeled atoms are cooled
for 6 ) 0 and heated for 6 & 0.

For a blue detuning, the degree of channeling would
be improved by an increase of the interaction time, so
that the trapped atoms could experience further cooling.
Such an enhancement of channeling by cooling has been
predicted theoretically. ' ' This dissipative channeling
could be observed with laser-decelerated atoms. Another
attractive scheme would be to stop the atoms and then to
trap them at the nodes of a three-dimensional standing
wave. '

So far, our experiment has been interpreted in terms
of classical atomic motion in the potential U(r) associat-
ed with the mean dipole force. In order to investigate
the quantum features of this motion, one can use the
dressed-atom approach. ' In this model, the atom moves
in two types of periodic potentials associated with the
two types of dressed states, trapping, respectively, near
the nodes or near the antinodes. An interesting regime
occurs when the atom makes several oscillations in a
given potential before decaying by spontaneous emission
to the opposite one. The quantized states of vibration of
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the atom in the light field are then well resolved, and this
results in sidebands on the absorption or emission lines.
In our experiment, the calculated oscillation frequency is
about 1 MHz, so that some improvements of our ap-
paratus might allow this observation.
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