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With the help of light-emitting diodes at the center wavelength of 470 nm, we demonstrate that light-induced
atom desorption �LIAD� can be used for flexibly controlling the loading of magneto-optical traps �MOT� of
cesium atoms. Under an ultralow background pressure in a quartz cell without any wall coating, we show that
low intensity blue light can be used to control the loading rates �from 200 to 4000 atoms/s� and the number of
cesium atoms �on the order of 104 in our experiment� in a MOT without the use of dispensers or any secondary
atom source. A theoretical model based on an atom loading rate equation is built which can simulate the
magneto-optical trap loading process with LIAD. The theoretical results are in agreement with experimental
data. Some important parameters of the vacuum system are determined accordingly. The decay time of the
vacuum pressure is about 70 ms, which is much shorter than the usual vacuum system for experiments on
atomic ensembles. It is very difficult to measure such short times by the traditional fluorescence detection of
cold atoms due to the slow loading process. The change of desorption rate �on the order of 1013 atoms /s� for
the different desorption intensities is also determined based on the background pressure caused by noncesium
atoms in the cell. According to the experimental data and theoretical calculations, we obtain a partial pressure
of about 1.4�10−10 Torr for the untrapped cesium atoms and about 6.4�10−10 Torr for the noncesium atoms
at the moment the desorption light is turned off. The system is almost an ideal vacuum system for transferring
atoms into another region for further experiments.
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I. INTRODUCTION

In the past two to three decades cold atom technology has
greatly pushed the development of atomic and molecular
physics �1�. Various tools for cooling and trapping atoms
have been developed, such as the magneto-optical trap
�MOT� �2�, magnetic trap �3�, optical dipole trap �ODT� �4�,
optical lattice �5�, and so forth. Two research directions have
been of intense interest during the last ten years. One is the
control of an atomic ensemble for research into atomic co-
herence, Bose-Einstein condensation �BEC�, quantum degen-
erate Fermi gases, etc. Another is the trapping of a small
number of atoms, eventually for deterministic single atom
�ion� manipulation, either in a cavity �6� or in free space �7�.

However, for all the above-mentioned experiments, the
central task is to trap the cold atoms in as robust a way as
possible, so the first step is to let the MOT collect the cool
atomic cloud in an ultrahigh vacuum. However, a long en-
semble lifetime and a large number of atoms are usually
incompatible. In a typical experiment that many groups are
studying, the microscopic ODT of a single atom in a minia-
ture cavity or free space, it is necessary to increase the num-
ber of atoms in the MOT at the beginning to enhance the
transfer efficiency of single atoms from the MOT to the
ODT. The vacuum becomes poor due to the large number of
untrapped atoms in the background, and this decreases the
lifetime of the single atoms in the ODT. To resolve this prob-
lem, one can use either the atomic beam �7� or double-MOT
system �8�, but both are usually big and complex. The use of

dispensers �9� and light-induced atom desorption �LIAD�
�10,11� can essentially overcome this difficulty. A dispenser
can release atoms by current heating but the pressure cannot
be controlled very efficiently and quickly because of impu-
rities and the relatively slow response of the heating process,
respectively. The LIAD process relies on the fact that atoms
are adsorbed at the walls of the vacuum chamber and the
surfaces of the objects inside the chamber can be desorbed
by irradiation of short wavelengths. After shutting off the
desorption light the pressure can be restored to equilibrium
quickly �12�. This method can solve the above-mentioned
problem.

The LIAD effect has been studied for alkali-metal atoms,
such as Rb, Na, K, and Cs, but most investigations have
focused on wall-coated cells at room-temperature �13–24�
and low-temperature cells �1–2 K� �25–27�. It has been used
for rubidium MOTs of high loading rates �12,28,29�. In
2006, Klempt et al. �12� investigated the loading of cold
rubidium atoms in an experimental setup for BEC, and they
measured the evolution of the maximum atom number and
loading rates with the wavelength and intensity of the de-
sorption light. With relatively high-vacuum pressure they
found the decay time of the loading rate was about 200 ms
after stopping the desorption process. However, most of the
works about LIAD-assisted MOT loading has so far focused
on the experimental process and results and its dynamics is
not studied in detail. Especially, the influence of LIAD on the
background pressure in MOT loading when the desorption
process is stopped under a very good vacuum environment,
still lack a thorough experimental investigation.

In this paper we report the results of blue light-induced
atom desorption in a cesium magneto-optical trap. Our final*tczhang@sxu.edu.cn
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goal is to trap single cesium atoms with a microscopic dipole
trap. Loading the cesium atoms into the MOT from a conve-
nient atomic source is the first step. Detailed analyses of the
atomic desorption and reabsorption based on the atomic rate
equations allow us to scrutinize these processes, and is cor-
roborated by experiment. We have eventually determined the
partial pressure after shutting off the desorption light. The
experimental data agree very well with the theory, and the
desorption rate D and decay time of the atom density in the
cell �1 /A� have been obtained. The partial pressure of the
untrapped cesium atoms has also been determined. The re-
sults reported here may be of value to those groups involved
in ultracold atom physics based on cesium.

The paper is organized as follows. In Sec. II we present
the theoretical model of atom loading in a magneto-optical
trap based on LIAD. The simulation results are shown in
Sec. III. In Sec. IV we describe the experimental setup and
observation process. The experimental results and the corre-
sponding theoretical analysis are given in Sec. V, and Sec. VI
is the conclusion.

II. THEORETICAL MODEL

Let us consider the loading process of a MOT in general
with the LIAD process as described in Fig. 1. When the
desorption light is turned on, atoms are desorbed from the
surfaces of the cell. We use the desorption rate D to describe
the rate of the desorption, which stands for the atom number
desorbed per second. At the same time, atoms in the cell are
being adsorbed by the surfaces of the glass chamber and
other objects inside the chamber, which is characterized by
the adsorption coefficient A. 1 /A describes the adsorption
rate. The time evolution of the atom density in the cell can be
described by

dn�t�
dt

= D − An�t� . �1�

A similar but more complex theoretical model describing the
time evolution of the atom density in a coated cell with si-
loxane film was discussed by Atutov et al. in 1999 �15�. Here
in our system the cell is not coated and the system works
under ultralow background pressure and we have used a sim-
plified model. The atom density is then given by

n�t� =
D

A
�1 − e−At� . �2�

In principle, when the time approaches infinity, the atom
density n�t� reaches the saturation D /A, and if we turn off
the desorption light, atoms start to decay and the decay time
of n�t� is characterized by 1 /A.

The number of atoms N�t� in the MOT is determined by
the following rate Eq. �30�:

dN

dt
= R − N� 1

�Cs
+

1

�b
� − �� n2dV . �3�

Here R is the loading rate,

R = 0.5V2/3vc
4�m/2kT�3/2n�t� . �4�

This loading rate depends on the parameters of the MOT,
such as the magnetic field, the intensity of the cooling and
trapping light and the density of the cesium in the cell n�t�. T
is the temperature of the environment; m is the mass of ce-
sium atom; V is the trapping volume; vc is the capture veloc-
ity of atoms; and k is Boltzmann’s constant. The second term
in Eq. �3� represents losses rate due to the collisions between
the trapped atoms and the background gas. N /�Cs is the trap
loss rate caused by the collisions of atoms in the MOT with
those untrapped background cesium atoms, while N /�b
stands for the loss rate with the residual noncesium atoms in
the background. The last term in Eq. �3� represents the
density-dependent losses which can be neglected when the
atom number is low in the trap ��=0� �31�. The collisions
with the untrapped cesium atoms can be expressed �30� as

1/�Cs = �n�t��3kT/m�1/2. �5�

Here � is the cross section for an atom to eject a trapped
cesium atom.

By using Eqs. �2�–�5�, the number of atoms in the MOT
can be rewritten as

dN

dt
= a�1 − e−At� − Nb�1 − e−At� − Nc , �6�

where a, b, and c are given by

a = 0.5V2/3vc
4�m/2kT�3/2D

A
, �7.1�

b = ��3kT

m

D

A
, �7.2�

c =
1

�b
. �7.3�

The time evolution of the atom number can then be obtained
by solving Eq. �6� directly, and we get the general result

FIG. 1. �Color online� Model of the MOT loading process: two
dynamics processes are taken into account: the LIAD process and
the MOT loading process. The density of the cesium in the cell n�t�
is determined by the absorption coefficient �A� and the desorption
rate �D�. 1 /A describes the absorption rate by the surfaces of the
glass chamber and other objects inside the chamber; D stands for
the atom number desorbed per second. N�t� is the atom number of
the MOT.
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N�t� = NB + ae−�be−At+Abt+Act�/A

��
0

t

e−A�+�be−A�+Ab�+Ac��/A�eA� − 1�d� , �8�

where NB is the number of background atoms in the MOT
with the blue LIAD light turned off.

Usually, the value of b /A is very small �see below for
details�, and we approximately have exp�−be−At /A�	1, and
Eq. �8� can be simplified to

N�t� = NB +
a

b + c
�1 − e−�b+c�t� . �9�

The steady-state atom number and the loading rate are given
by

Nss = NB +
a

b + c
= NB +

0.5V2/3vc
4�m/2kT�3/2D

A

��3kT

m

D

A
+

1

�b

,

�10.1�
and

R 	 a = 0.5V2/3vc
4�m/2kT�3/2D

A
. �10.2�

III. NUMERICAL RESULTS

According to expression �8� we could examine the time
evolution of the atom number in the MOT as functions of the
various experimental parameters, such as the desorption rate
D, the adsorption coefficient A as well as the loss rate c
=1 /�b resulting from the background gas. The maximum
number of atoms and the loading rate can also be scrutinized
in detail. Let’s look at the influences of the different param-
eters.

A. Desorption rate D

The desorption rate is the most important parameter to
control the loading process in experiment. A previous experi-

ment �12� based on Rb atoms has shown that a large atom
number and high loading rate can be obtained either by in-
creasing the intensity of the desorption light or by using the
desorption light with shorter wavelength. Equation �8� re-
veals how the atom number in the MOT evolves quantita-
tively with different desorption rates D. Theoretical results
based on our system are shown in Fig. 2�a�. The correspond-
ing parameters for our system include the temperature T
=300 K, the mass of cesium atom m=2.206�10−25 kg, the
trapping volume V=1.35�10−14 m3, the capture velocity of
the atoms vc	55 m /s, the collision cross section of �=2
�10−17 m2 and two parameters of the system A=14.0 s−1

and c=1 /11.2 s−1. �These two parameters can be obtained
experimentally; see Sec. V.� We can see that the atom num-
ber increases at the beginning of the loading process and
reaches equilibrium after several seconds. Higher desorption
rates correspond to shorter times of reaching the saturated
atom number.

According to the loading process of the MOT, the evolu-
tion of the maximum atom number �solid red line� and the
loading rate �dashed green line� with desorption rates are
shown in Fig. 2�b�. It is clear that the maximum atom num-
ber increases very quickly at the beginning when the desorp-
tion rate increases but it saturates with high desorption rates.
The reason is that the maximum atom number is limited by
the specifics of the MOT, such as the trapping volume, the
capture velocity of the atoms and so on, while the loading
rate increases almost linearly with the desorption rates.

B. Adsorption coefficient A

The adsorption rate is another important parameter that
affects the loading process of the MOT. Owing to the adsorp-
tion process, the background vacuum pressure can be re-
stored very quickly when stopping the LIAD process.
Figure 3�a� shows the time evolution of atom number
versus the adsorption coefficient A. Here we have chosen
D=15.5�1013 atoms /s and all the other parameters are the
same as in Fig. 2. It is reasonable that lower adsorption co-
efficient implies a higher obtainable atom number, but this
adsorption coefficient is determined by the material and con-
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FIG. 2. �Color online� �a� Time evolution of the atom number with different desorption rates from 1.0�1013 to 5.0�1015 atoms /s. �b�
The maximum atom number �solid red line� and the loading rate �dashed green line� versus the desorption rate D. The maximum atom
number increases very quickly at the beginning when the desorption rate increases but it is saturating at the higher desorption rates.
Parameters: T=300 K, m=2.21�10−25 kg, V=1.35�10−14 m3, �=2�10−17 m2, A=14 s−1, and c=1 /11.2 s−1.
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tents of the given vacuum system, which cannot be changed
after the system has been set up. Experimentally, the back-
ground pressure can be reflected by the loading rate. In �12�
the decay time of the loading rate after shutting off the de-
sorption light was measured to be about 200 ms. This short
restoration time is essentially determined by the adsorption
rate �1 /A�.

In Fig. 3�b� we show the maximum atom number �solid
red line� and the loading rate �dashed green line� as a func-
tion of the adsorption coefficient. We can see that large ad-
sorption coefficient �short decay time� corresponds to lower
maximum atom number and lower loading rate. This may
bring some troubles for those experiments needing large
amount of atoms, such as the BEC experiments. But for ma-
nipulation of a few atoms or a single atom, it is acceptable.
Higher adsorption coefficient means shorter restoration time,
which is desirable, but if the adsorption coefficient is too big,
the saturated atom number is small. Seeking a balance be-
tween the adsorption and the desorption is always an impor-
tant issue in the experiment.

C. Loss rate (c=1 Õ�b) due to the background pressure

In the theoretical model we have considered the extra loss
rate �c=1 /�b� due to the background gas other than the ce-

sium atoms. As we know, all cold atom experiments need a
very good vacuum system. A bad vacuum pressure would
dramatically increase the loss of atoms. Figure 4�a� shows
the time evolution of the atom number as a function of the
coefficient c �Here D=15.5�1013 atoms /s and A=14 s−1�.
The results are summarized in Fig. 4�b�, which shows that
the loading rate �dashed green line� has almost no change
with the increasing of loss rate from the background nonc-
esium atoms, while the maximum atom number �solid red
line� in the MOT is strongly affected by the background gas.

IV. EXPERIMENTAL SETUP

The real experimental system is shown in Fig. 5. The
experiment is done in a transparent quartz cell with dimen-
sions 30�30�125 mm3 and thickness of 5 mm. The ce-
sium dispenser is positioned the back of the cell with a dis-
tance of about 70 mm from the MOT. An aspheric lens
mounted on the oxygen-free copper is used to focus the di-
pole trap beam for optical microtrap of the single atoms. A
microcavity formed by two supermirrors is glued on the cop-
per bulk for the cavity QED experiment. The optical system
for the MOT is quite conventional but designed for single
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FIG. 3. �Color online� �a� Time evolution of the atom number versus various adsorption coefficient A. �b� The maximum atom number
�solid red line� and the loading rate �dashed green line� versus the adsorption coefficient A. The large adsorption coefficient corresponds to
the lower maximum atom number and lower loading rate. Here D=15.5�1013 atoms /s and all other parameters are the same as Fig. 2.
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FIG. 4. �Color online� �a� Time evolution of the atom number versus the coefficient c. �b� The maximum atom number �solid red line�
and the loading rate �dashed green line� versus the coefficient c. The loading rate has almost no change with the increasing of loss rate from
the noncesium atoms in the background, while the maximum atom number in the MOT is strongly affected by the background gas. Here
D=15.5�1013 atoms /s, A=14 s−1 and all the other parameters are the same as Fig. 2.
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atom manipulation. Two lasers provide the beams for cooling
and repumping. The cooling beam is from an extended cavity
diode laser �Toptica, DL-100�, which is tuned 10.3 MHz be-
low the transition of 6 2S1/2 ,F=4→6 2P3/2 ,F�=5 of cesium,
and the total power is about 1.8 mW; The repumping beam is
from a self-made diode laser, which is resonant to the tran-
sition of 6 2S1/2 ,F=3→6 2P3/2 ,F�=4, with total power of
about 0.7 mW. The two beams are combined into a fiber and
then split into three beams. The diameter of each beam is
about 2 mm. The beams are circularly polarized with the
retroreflected beams possessing the opposite circular polar-
ization. The two coils provide a quadrupole magnetic field
with the field gradient of about 22.5 G/cm. The desorption
light source is made by seven bunched blue LEDs �central
wavelength at 470 nm, LK-5BL, EK Japan Co. Ltd�. The
intensity of the irradiation can be changed by adjusting the
driving current. These LEDs are located about 70 mm above
the MOT. The fluorescence emitted from the cold atoms in
the MOT is collected by a specially designed objective with
numerical aperture NA=0.29. A high-speed, low-noise
charge coupled device �CCD� camera �Princeton MicroMax
512BFT� is used to detect the fluorescence. The CCD camera
with a filter at 852 nm is sensitive even to very small number
of atoms in our experiment. The atom number can be in-
ferred from the intensity of the fluorescence.

Before the desorption process we have heated the dis-
penser for about half an hour with an electrical current of 4A.
The vacuum pressure is 7�10−9 Torr which is indicated by
a vacuum gauge located about 28 cm away from the MOT.
After the termination of the heating, the cell is left for two
days and the equilibrium pressure is 3�10−10 Torr. The dis-
penser is switched off at all times during the following ex-
perimental measurements. It shows that the MOT can work
well just by using the LIAD effect alone.

V. EXPERIMENTAL RESULTS AND DISCUSSIONS

A. MOT loading process

First we check the MOT loading process with different
intensities of the desorption light. Figure 6 shows the time
evolution of the atom number �colored solid triangles� mea-

sured by the CCD camera during the loading phase with
various intensities of the blue light. The intensities increase
from 0 to 1.76 mW /cm2. Obviously the number of atoms
loaded into the MOT can be changed effectively by varying
the intensity of the blue light. The black solid lines in Fig. 6
are the theoretical fittings according to Eq. �8�, which are
good in agreement with the experimental results. From the
fittings we have obtained the adsorption coefficient A
= �14.0�0.1� s−1 and the loss rate caused by the noncesium
atoms in the background is also determined as c
= �1 /11.2�1 /113.6� s−1. For each intensity of blue light we
obtain the corresponding desorption rates, which varies from
D=6.2�1012 atoms /s to the maximum of 1.6
�1014 atoms /s, which is limited by the present total inten-
sity of blue light. The initial atom number NB is about sev-
eral hundreds of atoms, which is from the background gas.

FIG. 5. �Color online� Experimental system. The MOT is performed in a transparent quartz cell. The cesium dispenser is positioned the
back of the cell with a distance of about 70 mm from the MOT. The desorption light source made by seven bunched blue LEDs is located
about 70 mm above the MOT. The fluorescence emitted from the cold atoms in the MOT is collected by a specially designed objective with
numerical aperture NA=0.29 and is detected by a high-speed, low-noise CCD camera. There is a filter at center wavelength of 852 nm in
front the CCD. An aspheric lens mounted on the oxygen-free copper is used to focus the dipole trap beam for optical microtrap of the single
atoms. All of these are indicated in the figure.
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FIG. 6. �Color online� Time evolution of the atom number with
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solid triangles are the experimental data and the solid black lines
are the theoretical fittings according to Eq. �8�. The theoretical fit-
tings are good in agreement with the experimental results. From the
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The loss rate caused by the noncesium atoms in the background is
also determined as c= �1 /11.2�1 /113.6� s−1. We also obtain the
corresponding desorption rates, which varies from D=6.2
�1012 atoms /s to the maximum of 1.6�1014 atoms /s for each
intensity of blue light.
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The relationship between the desorption rates and the de-
sorption blue light intensities is shown in Fig. 7. Clearly, the
desorption rates �solid red squares� increase linearly with the
desorption light at relatively low intensities in our system,
while a saturated phase can be seen for sufficient intensity of
the desorption light. The slope of the line is about 8.8
�1013 atoms / �s mW /cm2�, which means that the increase
in the atom number per second desorbed from the cell with
every increased milliwatt per square centimeter of desorption
intensity is 8.8�1013 atoms.

B. Maximum atom number and the loading rate

Figure 8�a� shows the maximum atom number versus the
intensity of desorption light. The solid red squares are the
experimental data while the solid green line is the theoretical
fitting according to Eq. �8� with the obtained parameters: A

=14.0 s−1, c=1 /11.2 s−1. The theoretical fitting gives the
prospective results when the desoption intensity increases to
50 mW /cm2, though limited by the intensity of the present
blue LEDs, what we have achieved is only 1.76 mW /cm2.
The inset in Fig. 8�a� shows a close up of the measured
experimental points which are well fitted by Eq. �8�. The
potential maximum atom number with our system would
reach more than 7�104 before it is saturated if we could
further increase the intensity of the desorption light. For a
maximum intensity of 1.76 mW /cm2, we have achieved a
maximum atom number of about 3.0�104.

As is shown in Fig. 2, the LIAD process can effectively
increase the loading rates of the MOT. The corresponding
experimental results �solid blue triangles� are shown in Fig.
8�b�. The linear relationship is confirmed. For the maximum
intensity of 1.76 mW /cm2, we have achieved the maximum
loading rate of about 4.0�103 atoms /s in the experiment.
There is still room to obtain a higher loading rate if we could
continue to increase the intensity of the blue light, but the
rate of increase of the atom number is becoming small.
Based on our experiment, we can increase the intensity of the
blue light to about 10 mW /cm2 to obtain maximum loading
rate and get more atoms, while still keeping relatively good
vacuum pressure for the long lifetime of the atom trap.

C. Adsorption coefficient A

The adsorption coefficient A=14.0�0.1 s−1 for our sys-
tem has been determined above. 1 /A is about 70 ms which
describes the decay time of the atom density in the cell after
shutting off the desorption light. This parameter is very sig-
nificant, as we have mentioned in Sec. II. The short decay
time implies that the atom density and the vacuum pressure
in the cell decay quickly to equilibrium. In other words the
loading rate of the MOT decays to equilibrium in about 70
ms. This short restoration time essentially depends on the
vacuum chamber as well as the adsorption coefficient. Better
vacuum pressure and larger adsorption coefficient imply
shorter decay time. We could not directly measure the decay
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FIG. 8. �Color online� �a� Maximum atom number in the MOT versus the desorption intensity. The red solid squares are the experimental
data while the solid green line is theoretical fitting according to Eq. �8�. The inset shows the zoom of the experiment results and the fitting.
The theoretical fittings are good in agreement with the experimental results with the obtained parameters: A=14.0 s−1 and c=1 /11.2 s−1. �b�
The loading rates versus the desorption intensity. The blue solid triangles are the experimental data while the solid red line is the theoretical
fitting according to Eq. �8�. For the maximum intensity of 1.76 mW /cm2, we have achieved the maximum loading rate of about 4.0
�103 atoms /s in the experiment.
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time constant of the Cs vapor pressure as was done by
Klempt et al. �12� because the time scale was too short com-
pared to the loading time constant of the MOT. Measure-
ments performed by Klempt et al. were performed at a much
higher Rb vapor pressure and gave a decay time for the back-
ground vapor pressure of 200 ms.

D. Decay time of atom number in the MOT after shutting off
the desorption light and the background pressure

We have also measured the decay of atom number in the
MOT after shutting off the desorption light using two differ-
ent methods. In the first method we turn on the desorption
light with an intensity of 1.32 mW /cm2 at the beginning
while measuring the atom number when the desorption light
shines for 2 to 50 s, then we shut the blue light off and
measure the decays of the atom number in the MOT. In the
second method we choose various desorption intensities
from 0.06 to 1.76 mW /cm2 and for each round, the blue
light shines for 50 s. The MOT approaches steady state and
then we shut off the blue light to make the decay measure-
ments. The results of all the measurements are shown in Fig.
9. It shows clearly that in both cases the decay times are
about 9.2 s on average, which is independent of both the
desorption time �solid green triangles� or the desorption in-
tensity �solid red squares�. The reason is that the vacuum
system returns to equilibrium in only about 70 ms, as dis-
cussed above, and we could not see this transient process.
The slow atom decay after the vacuum system reaches equi-
librium is exponential and this is simply due to collisions
between the cesium atoms in the MOT and the background
atoms �32�. The background gases include the untrapped ce-
sium atoms and the noncesium atoms. This decay time char-
acterizes the vacuum pressure when the vacuum system
reaches equilibrium.

Based on the loss rate caused by the noncesium atoms
in the background, c=1 /�b= �1 /11.2�1 /113.6� s−1 and
the measured total decay time �see Fig. 9� 1 /�

= �1 /9.2�1 /105.8� s−1, we can obtain the partial pressures
of the cesium atoms and the noncesium atoms. According to
the relation:1 /�=1 /�Cs+1 /�b, we obtain 1 /�Cs
= �1 /51.5�1 /118.7� s−1. So the partial pressure of nonc-
esium atoms in the background is �6.4�0.6��10−10 Torr
and the pressure of untrapped cesium atoms in the back-
ground is �1.4�0.2��10−10 Torr. The inferred pressure of
the noncesium atoms is larger than the initial pressure we
have measured before we start the experiment, 3
�10−10 Torr. The reason is that the vacuum gauge is located
about 28 cm away from the MOT and there is a pressure
difference between them �see Fig. 5�.

VI. CONCLUSIONS

In conclusion, we have theoretically and experimentally
investigated the loading of cesium atom MOT only using the
blue LIAD as the atom source. A simple model is used to
simulate the adsorption and desorption process which can
describe the experimental results very well. The relations
between the maximum atom number, the loading rate and the
desorption rate D, adsorption coefficient A, and the loss rate
of the background c were established. The experiment was
performed in an ultrahigh vacuum cell. It shows that, by
using the commercial blue LEDs at center wavelength of
about 470 nm, the loading rates and the number of cesium
atoms in the MOT can be effectively controlled by varying
either the time of the desorption or the intensity of the blue
light, without the use of the dispenser or the secondary atom
source. This LIAD system based on cesium atoms provides a
convenient tool of manipulating atoms with long storage
times of traps for further experiments.

The analysis of the loading process based on the atom rate
equation is quite consistent with the experimental results. We
eventually determine the parameters of system. The desorp-
tion rate D is about 1.55�1014 atoms /s for the blue light
intensity of 1.76 mW /cm2. The adsorption coefficient A is
about �14.0�0.1� s−1 and the loss rate of background c is
about �1 /11.2�1 /113.6� s−1. We confirm that the vacuum
pressure returns to equilibrium very quickly in about 70 ms
after shutting off the blue light, which is not dependent on
the process of LIAD, but only on the adsorption of the sys-
tem. The partial pressures caused by noncesium atoms and
the untrapped cesium atoms are all determined according to
the partial pressure theorem.
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