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Abstract  Using two narrow-linewidth diode lasers as trapping and repumping laser sources we
realized cesium magneto-optical trap (MOT) in an ultrahigh-vacuum vapor cell of cesium atoms. The
numbers, average atomic density and temperature of trapped cesium atoms are estimated to be 2. 8 X
108, 3.9X 10" atoms/cm® and 300pK, respectively.
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0 Introduction

Research works of laser cooling and trapping of neutral atoms are very active in last decades.
Magneto-optical trap (MOT) [1] is one kind of very important techniques for laser cooling and
trapping of neutral atoms. There are twoA common methods for loading a MOT, one is with
precooled atomic beam [1] , and other one is that neutral atoms are trapped in the low velocity
tail of Maxwell velocity distribution directly from dilute atomic vapor cell at room temperature

without precooling step [2]. The latter greatly simplifies MOT technique and the experimental
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system, hence promotes the development of MOT technique. In fact, MOT of neutral atoms is
becoming of prevalent equipment in physical labs. Cold atoms in MOT, as a kind of special
nonlinear optical media, have been used in many fields, such as quantum state generation [3] ,
quantum nondemolition (QND) measurement [ 4], interaction between atoms and optical field
[5], etc. The experiments of Bose-Einstein condensation (BEC) [67] and ”atoms laser” [7] are
also based on MOT technique.

In our country, Peking University [ 8] and Shanghai Institute of Optical and Fine
Mechanics, Chinese Academy of Science [ 9] have made good progress in atomic MOT at 1996.
Recently a setup of cesium MOT has been established in our institute [10~11]. Our aim is to
investigate the properties of the interaction between cold atoms and light fields, including classical
and nonclassical light. In this paper, we report the preliminary experimental results of our cesium
MOT based on two-laser optical system. It is shown that about 2. 8 X 10® cesium atoms with
temperature of about 300uK were loaded into the MOT directly from a stainless-steel ultrahigh-

vacuum cesium vapor cell.

1 Experimental system arrangement of our vapor-cell MOT

The basic idea of the vapor-cell MOT is to use the radiation pressure from six circularly
polarized red-detuned trapping beams which are orthogonally-intersected in the dilute atomic
vapor cell and the damped harmonic potential produced by a weak gradient magnetic-field in
conjunction with the radiation pressure to trap low-speed atoms from background atoms with a
Maxwell velocity distribution. More details for the principle of cooling and trapping in vapor-cell
MOT can be found in references [2]{12~14].

The nuclear spin of cesium atom is 7/2. Relevant energy levels of cesium atoms are shown in
Fig. 1. The transition between hyperfine level F = 4 of ground state 63,,, and F’ = 5 of excited
state 6P;,, ( D, line) is the so-called cooling cycling transition. Frequency of trapping laser is
tuned to the red end of the cooling cycling transition, that is required by the cooling and trapping
mechanism of MOT. Repumping laser tuned to the 6S,,,F == 3 —6P;,,F' = 4 hyperfine transition
is used to prevent the atoms from accumulating in the 6S,,,F = 3 ground state which due to the
effect of optical pumping.

Experimental set-up is shown sketchly in Fig. 2. The cesium vapor cell is a vertical cylinder
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of stainless steel with eight quartz windows. A

specially designed stainless cylinder which contains a

''' ‘_ Y 251.0MHz
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cesium reservoir is connected to the vapor cell. The /Y 201 Mz
F=3
. . 151.2MHz
vapor cell is connected with a vacuum pump system X F=2
consisting of ion pump, molecular pump, vane rotary 82)221L1ine
.1inm
pump, and a ionization-type vacuum gauge. Vacuum
. ) ) F=4
degree in the vapor cell is about 2. 0X 107Pa (~1.5 4g,, i
9.1926GHz
X 107° Torr ) and cesium vapor in it is far from v .

saturation, A quadrupole magnetic field is provided by

a pair of anti-Helmholtz coils which are fixed on the Fig. 1 Hyperfine levels of cesium atoms (D line).
main cylinder. A gradient of 0. 48-mT/cm on axis of i};eplz;g:ozrz:v:::p:; :::1::1;?:::;
the coils is generated at the center of the quadrupole laser for the trap.

magnetic field. The corresponding current of each coil is about 2 A.

For obtaining cold atoms the trapping laser should have narrow linewidth comparable with
natural linewidth of the cooling cycling transition (4. 9MHz) and good frequency stability to
ensure reliable operation of MOT. We used two narrow-linewidth diode lasers as trapping laser
source and repumping laser source. The trapping laser is a 500-mW single-frequency diode laser
with linewidth of 200 KHz (SDL-TC40 of SDL Inc. ). A 40-dB optical isolator is used to avoid
optical feedback. A beam of about 5 mW split by a A/2 -waveplate and a cube polarizer (P,) is
employed for frequency stabilization. It is frequency-shifted to v, — 202 by a double-pass acousto-
optical frequency-shifting system consisting of a cube polarizer (P,), two apertures, two thin
lens with 145-mm focal length, an acousto-optical shifter ( 2 = (60+10)MHz) , a A/4 —
waveplate and a retroreflecting mi‘rror. Adjusting the A/4 —waveplate before the retroreflecting
mirror we make the frequency-shifted beam be reflected out from cube polarizer P, and then
injected into the device of cesium saturation absorption spectra (Cs-SAS1) for frequency
discriminating. Another small part split from main output beam is injected into Cs-SASO to
monitor the frequency of main output beam without frequency-shifting. The typical saturation
absorption spectra with Doppler background from Cs-SASO and Cs-SASI1 are shown in Fig. 3.
When the frequency v, — 262 (Cs-SAS1) is swept through the crossover of 65,, F = 4 — 6P;,, F'

= 4 and 5, the laser frequency v, (Cs-SAS0) is just on the red end of the cooling cycling
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Fig. 2 Experimental arrangement of our vapor cell MOT of cesium atoms.

transition with detuning 4 = y; — v, — 202 = 125. 5MHz— 20 . During the experiment the
trapping laser is off-set locked on the cooling cycle with 15-MHz detuning (corresponding to {2 =
55. 25MHz). The detuning can be adjusted from 0 to 25MHz ;:onveniently by tuning the
operating frequency of the acousto-optical shifter. With this configuration the propagating
direction of the frequency-shifted beam remain fixed while the detuning 4 of the trapping laser is
adjusted. An additional advantage of this configuration is that the needed operating frequency of
acousto-optical shifter is much lower than that for single pass system.

The main output beam of the trapping laser is expanded and collimated to 20-mm diameter
by a expanding telescope, then split into six linearly polarized beams. The polarization states of
the beams aré changed to required circular polarization by six quartz A/4 -waveplates with
diameter of 30 mm. The six trapping beams with power of 12. 5mW in each one intersect
orthogonally in the cesium vapor cell. The repumping laser is a 100-mW distributed-Bragg-
reflector (DBR) diode laser with linewidth of 3MHz (SDL-5712-H1 of SDL Inc.). It's output
beam is collimated by a collimating lens with N. A. of 0. 30 (Model 4017 of ILX Lightwave
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hyperfine transition by the technique of saturation e
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absorption spectra. This beam is expanded to about
20-mm diameter and superimposed on the trapping
beam along upward direction. A CCD camera and an

optical power meter with a measuring range of 10pW

~2mW (Model 1815C of Newport Corp) are used to

observe the fluorescence of trapped cesium atoms in

the MOT.
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Fig. 3 The saturated absorption spectra with

Doppler backgound recorded with and without the

2 Experimental results acousto-optical frequency shift (652K =4 0 6Ps,

When the detuning of the trapping laser is fonae
adjusted between 2 and 20MHz (~ 15MHz is optimal), a bright fluorescence cloud of trapped
atoms appeared in the centér of the vapor cell. The bright fluorescence cloud disappeared rapidly
if the repumping beam was blocked. The diameter of the trap measured with the CCD camera is
about 2.4 mm and the number of cesium atoms in MOT estimated by measuring power of the
bright fluorescence is about 2. 8 X 10°® while the detuning is kept on 15MHz. The average atomic
density of MOT is about 3. 9 X 10" atoms/cm?®. The temperature of the trapped cesium atoms
estimated from the spring constant of the MOT is about 300pK.

In summary, sample of ultra-cold cesium atoms are observed in our vapor cell MOT. About
2. 8 X 108 cesium atoms with temperature of about 300uK were loaded into MOT directly from a

stainless-steel ultrahigh-vacuum cesium vapor cell. High stability and reliability are the preferable

advantage of the designed system.
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