A fluorescence detection scheme is applied to image an atomic beam.

September 20, 2003 / Vol. 1, No. 9 / CHINESE ODPTICS LETTERS 1

Imaging an atomic beam using fluorescence
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The focusing of neutral atoms by using of various exter-
nal fie s has been the subject of intense interest recently.
Atomu. beam deflection experiments have substantially
contributed to our understanding of the mechanical
offects of external ficld on atoms. The first experi-
mens to deflect atomic and molecular beams dated back
to the pioncering work of Stern and Gerlach™ in 1921,
and then lots of experiments of deflection atomic beam
using spontancous resonance-radiation pressure were per-
formed in 1980512 Fo: more than 40 years, focusing of
atomic beams has been investigated and the formation
of images of simple objects such as points or slits has
been demonstrated!9) Formerly, hot-wire ionization
detectors are used to measure the intensity distribution
of the atomic beam deflected by the external fields, such
as magnetic and light ficlds. IHowever, hot-wire ioniza-
tion detectors are relatively slow and only capable of
recording one-dimensional profiles of the atomic beam
flux distribution. Recently. a new fluorescence detection
scheme is applied. to image the intensity distribution of
an atomic beam in two dimensions and in real timel®7].

To demonstrate the performance of owmr detection
schen we have carried out an atomic opticst® experi-
ment 1o realize an atomic guidel®19 — 4 basic clement
of atomic optics. Our detection gcheme is based on
fluorescence imaging technigues, which have been sue-
cessfully emploved in different ficlds of rescarch, c.g.
ion trapltt], cold atoms!'2=1) Wo have adopted this
imaging method to aclueve high spatial and temporal
resolution combined with detecting officiency. The ba-
sic principle of the detcction scheme is shown in Fig. L.
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Fig. 1. Sctup of the experiment. The frequencies of the lasers
arc tuned to various atomic resonance transitions, and the

fluores nce is detected by a commercial CCD-camera. The
detect 1 laser beam passes orthogonally through the atomic

beam and the pumping laser heam crosses the atomic beam
at an angel of about 45°.
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of detection light and pumping light respectively, the fluorescence image of the atomic beam s
amera, which i
cheme has a great utilization in the experiments of cold atoms and atomic

corresponding to the atomic state and velocity

Emploving two laser diodes (Toptica DL-100) and a com-
mercial CCD-camera (Unican ITV-9961), we can obtain
a fluorescence detection system that is versatile and in-
dependent of other experimental paramecters.

In our experiment, the atomic source is an effusive oven
with an opening of about Lmm in diamcter. A robidium
atomic beam is collimated to 6.4 mrad full angle diver-
gence by an apervure with a diamcter of 2 mm, about
31 cm away from the oven. The CCD camera records
the atomic density distribution about 15 cin downstream
from the interaction zonc.

To cxcite the Rb atoms we use two single mode
laser diodes.  One’s frequency s clectronically locked
to the center of the Doppler-broadened 35/ (F = 3) to
3P 1 (F = 4) hyperfine transition near 780 mn of *Rb
in a gas cell. and this laser beam is used as detection
laser. To avoid the deflecting of the atomie beam owing
to the interaction between the near resonant laser and
the atomic beam. the power of the detection laser is set
as weak as about ImW. The other diode is locked to the
center of the transition of 5.5 /5 (F = 2) to 30 (F = 3).
and we cmplov it as the pumping laser, whicli crosses
the atomic beam at an angel of about 45° and overlaps
the imagine zone of the detection beam. In the exper-
iment, the power of the pumping laser is about 2 mW.
The fluorescence of the atom beam is deteered through
another window of the vacuum chamber, whicl orien-
tation is perpendicular to the radiation divection of the
detection laser.

Thie number of photons emitted by cach Rb atom pass-
ing through the detection light beam is somewhat limited
by optical pumping. Figure 2 shows the clectronic hy-
perfine levels of the Rb Ds-transtion.  The detection
laser is resonant with the 351 (F = 3) to 3P (F = 4)
tronsition. However, there is a small amount leakage to
the 55 2 (F = 2) state. To avoid this. the second laser
is tuned to the 351 (F = 2) to 5%, (F = 3) transition
and quickly pumps any atoms that leak to the F = 2
state back to F = 3. Thus cach atom is capable of cmit-
ting much more photons and hence resulting an image of
increased brightness.

When the detection light frequency is tuned about
40 MIlz (this value is chosen arbitrarilv in the experi-
ment) to the red of the 55y, (F = 3) to 5% ,(F = 4)
transition of ¥ Rb. we can obtain a. fluorescence imaging
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Fig. 2. Encrgy levels of th(

Iig. 3. Fluorescence imaging of atoms in the vacuum cham-
ber. Here only the detection laser is emploved. The frequency
of the detection laser in subplot (a) is tuned to 40 MHz to the
red of the 551 /2(F = 3) to 5P/ (I = 4) transition and the
frequency in subplot (b) is tuned to 100 MHz to the blue of
the 580 (F = 3) to 5L, (I" = 4) transition.

of atomic clouds in the vacuum chamber (Fig. 3(a)).
There exists a bright stripe corresponding to the de-
tected atoms and a homogencous background of unde-
tected atoms (those metal poles are the settings fixed in
the experimental system). When the detection laser is
tuned about 100 Mllz to the blue of the 55/, (F = 3)
t0 530% /5 (F = 4) transition, we find that a brighter dot
appears in the detection zone, whose density distribu-
tion corresponds to the shape of the atomic beam cross
section (Fig. 3(b)).

Figurc 4 gives the absorption Doppler profile of ®°Rb.
which is obtaincd from the gas cell.  Ilere two small
peaks Co(3, 2—4) and Co(3, 3—4) arc shown, which
arc the crossover peaks) of the livperfine transition of
3S1/2(F = 3) to 5% >(F = 4) and can be cmploved as
reference marks of the frequencey of the detection laser.
‘The absorption peak P(3, 4) [about 100 MIlz away from
the peak Co(3, 2—4)] is set as the zero point. and the
arrows (a) and (b) mark the frequencics of the detection
laser mentioned in previous paragrapl. It can be ob-
served that the arrow (b) almost located at the middle of
the Doppler profile. In our experiment. the temperature
of the Rb atomic Oven is set at about. 200°C, correspond-
ing that the most probability velocity of the thermal Rb
atoms is about 300 m/s. From Fig. 4, we can cstimate
the velocity distribution of the detected atomic beam in
Fig. 3(b) is just around the most probability velocity.

I p to now, we use only the detection laser diode to
imaging the atomic beam. Then we employ an addi-
tional pumping lascr diode to intensify the brightness of
the image of the atomic beam in the plane of detection.
Firstly, as same as previous step, we tune the detection
light frequency 40 MIIz to the red of the 55 12(F = 3)
to 5% (F = 4) transition and the pmnpmg_, light fre-
quency resonant with the 3.5, 5 (F = 2) to 505, (F = 3)
transition of ®*Rb. And then we observe that the atomic
density distribution in the planc of detection consists of
two stripes with uniform brightness. In the region of the
intersecsion of two laser heams. the fluorescence is juse
a little brighter (Fig. 5(a)). Sccondly, we tune the detee-
tion light frequency about 100 Mllz to the blue of the
3S172(F = 3) to 5P (F = 4) transition and the pumnp-
ing light frequency still resonant with the 58, (F = 2)
to 3% (F = 3) transition of *Rb. Similarly. a brighter
dot is present in the intersection of two Lusers (Fig. 3(1)).
Comparced with that in previous figure., Lere the image
of the atomic beam is brighter and more dlsrmgmsh-
able. Besides of this, due to the pumping laser crossing
the atomic beam with an angel. the pumping lascer only
optically pumps atoms of onc velocity class.  So the
fluorescence imaging is somewhat under the influence of
the varyving of the pumping laser frequency.
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Fig. 4. Absorption Doppler profile of *Rb.  Here two
crossover peaks Co(3, 2—4) and Co(3, 3—4) are shown and the
peak (3, 4) is sct as the reference zero of thie laser frequency.
The arrows (a) and (h) mark the frequenceis of the detection
laser that tuncd to —40 MHz and 100 MHz respectively.
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Fig. 5. Fluorcscence imaging of atoms in the vacuum cham-
her. Here an additional pumpin& laser is used. The fre-
quency of the pumping laser 1s tuned to 1f‘s<)na;nt with the
581 2(F = 2) to 5P e(F = 3) transition of **Rhb, and the
frequencies of the detection lasm in the subplots (a) and (b)
are similar to those in Tig. 3.

Fig. 6. Fluorescence imaging of longitudinal laser-slowed
atomic beam by using the light chirp technigque. Here the
frequency of the detection laser is tuned about 200 MHz to
the blue of the center of the Doppler profile, corresponding
to the end frequency of the cooling chirp.

Because the fluorescence imaging is sensitive to the
velocity distribution of the atomic beam. this detee-
tion scheme can be used to observe a slowed atomic
beam. In our further experiment, a rubidium atomic
beam is laser-slowed by the light chirp teclmiquel'®17)
Applyiag counter-propagating radiation from a diode
laser, the atomic beam absorbs photos from the counter-
propagating laser heam and is slowed. The injection cur-
rent of the cooling diode laser is coupled with a cooling
chirp ramp whose frequency is tuned resonant with the
581 2(F = 3) to 505 ,,(F = 4) transition of ®Rb. To
avold the leakage to the F' = 2 ground state, a pump-

ing laser is employed, whose frequency is tuned resonant
with the 351 /2(F = 2) to 5P;,(F = 3) transition of
®Rb. The cooling laser and pumping laser are superim-
posed and focused to overlap the rubidium atomic heam.
The cooling chirp starts at a frequency to the left (low-
frequency side) of the Doppler profile. The end frequency
of the cooling clirp is about 200 M1z to the blue of the
center of the Doppler profile. When the frequency of the
detection laser is tuned as about the same as the end fre-
quency of the cooling chirp, we can obtain a fluorescence
imaging of the slowed atomic beam (Fig. 6).

In conclusion, we have test a detection scheme, which
allows us to detect atomic heam through observing the
fluorcseence imaging. To do this. we cmploy a detection
system chat consists of two parts: two laser diodes tuned
to various atomic transition frequencies and a commeorcial
CCD-camera. Specially, the detection scheme brings us
a great convenicnce to detect atoms of one longitudinal
velocity class. It scems to be an offective and versatile
tool to image an atomic beam and has a wide range of
application in the experiments of cold atoms and atomic
optics.

M. IIe's e-mail address is minghchu@wipm.ac.cn.
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