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This paper presents an experimental demonstration of light-induced evaporative cooling in a magneto-optical trap.

An additional laser is used to interact with atoms at the edge of the atomic cloud in the trap. These atoms get an

additional force and evaporated away from the trap by both the magnetic field and laser fields. The remaining atoms

have lower kinetic energy and thus are cooled. It reports the measurements on the temperature and atomic number after

the evaporative cooling with different parameters including the distance between the laser and the centre of the atomic

cloud, the detuning, the intensity. The results show that the light-induced evaporative cooling is a way to generate an

ultra-cold atom source.
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1. Introduction

The magneto-optical trap(MOT) is usually used
as a cooled atomic source since it was invented.[1]

It is a simple and an extremely powerful way in
many physics experiments, such as atomic foun-
tain clocks, atom optics, collision physics and Bose-
Einstein condensation(BEC).[2] The temperature of
cold atoms generated from the MOT is normally about
a few hundreds µK, above Doppler limit. In order to
get even lower temperature, one has to imply some
sub-Doppler cooling techniques, for instance, polar-
ization gradient cooling,[3] velocity selective coher-
ent population trapping,[4,5] evaporative cooling[6] and
etc. Evaporative cooling is now used widely in realiz-
ing BEC, and it was suggested as an efficient way to
cool trapped atoms[7,8] soon after the first realization
of the magnetic trapping of neutral atoms.[9] Evapo-
rative cooling uses a radiation field to transfer atoms
from a trapped to an untrapped state in an energy-
selective way.[10] One of the most widely used radi-
ation fields is radio frequency (RF) electro-magnetic
field.[11] The RF evaporative cooling can also increase
phase space density, and thus it becomes the key tech-

nique to achieve BEC in a magnetic trap.[12]

Evaporative cooling can also be realized by the
collision between a surface and the atoms with higher
energy. Normally, in a magnetic trap, atoms located
at the edge area of the atomic cloud have higher en-
ergy than those at the central part, thus removing hot
atoms at the edge area leads to decrease mean energy
of remaining atoms in the trap. By collision between
a surface and the edge atoms, the edge atoms can be
removed from the trap, thus the temperature of the
remaining atoms in the trap decreases. This position-
selective evaporative cooling is especially useful for
a micro-magnetic trap,[13] and with which even BEC
can be realized.[14]

In fact, position-selective evaporative cooling in
a magnetic trap can also be realized by using a laser
beam. The laser beam is used to pump atoms at the
edge of the atomic cloud in a magnetic trap into un-
trapped states, then those hot atoms escape out of the
trap. The only experimental demonstration of light-
induced evaporative (LIE) cooling was presented in a
proof-of-principle in Amsterdam in 1993 with atomic
hydrogen.[15]
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2. Experiment

In this paper, we demonstrate the first LIE cool-
ing of 87Rb atoms in a six-beam MOT below Doppler
limit, which is 143µK for 780nm transition. Different
from previous related experiments which conducted
position-selective evaporative cooling in a magnetic
trap either by surface or laser beam, our experiment
uses light-induced position-selective evaporative cool-
ing of atoms directly in a MOT. The MOT has capa-
bility to both cool and capture atoms from the back-
ground of atomic gas, while a magnetic trap can only
store cooled atoms. For 87Rb, the MOT laser beams
with σ+ and σ− configuration are tuned at red to cou-
ple |F = 2〉 with |F ′ = 3〉. The atoms in the MOT
encounter a force toward the centre of the MOT from
three pairs of counter propagating laser beams. In or-
der to perform position-selective evaporative cooling
in a MOT, an additional laser beam with linear po-
larization is used to interact with the atoms at the
edge of the atomic cloud. This additional laser, or
LIE laser, generates additional force on atoms along
the propagation direction of the LIE laser, in addition
to the force from the MOT beams. Combining the
MOT force and LIE force gives the total force on the
atoms which deviates from the direction towards the
MOT centre, and those atoms will escape from the
MOT. Thus the MOT with a position-selective LIE
laser beam can cool and capture only cold atoms, the
temperature and number of the remaining atoms in
the MOT depend on the position of the LIE beam.

Our experiment is different from other evapora-
tive cooling in a magnetic trap. For example, in the
RF evaporative cooling, the atoms in a magnetic trap
is a close system and during evaporative cooling the
number of atoms would only reduce. In our system,
the evaporative cooling and the MOT work at the
same time. While the LIE laser beam forces the hot
atoms out of the MOT, the MOT beams keep on cool-
ing and trapping atoms in the MOT at same time. Be-
fore adding the LIE laser, the temperature of the cold
atoms in MOT is 185µK and the number is 2 × 107.
Then we use this method to decrease the atomic tem-
perature to 55µK and the number to 3.4× 106.

The experimental scheme is shown in Fig.1. It is a
typical six beam MOT setup with an additional laser
beam for the LIE cooling. The detuning of the MOT
laser beams is −18MHz and the intensity of each beam
is s = 2 (s = I/Is, I is the laser intensity and Is is the

Fig.1. The LIE cooling experimental scheme. The MOT

laser is the cooling laser and the LIE laser is the additional

laser for evaporative cooling.

saturation intensity of atoms). Two of the MOT laser
beams are counter propagating in the direction of z

axis and the other 4 beams are 45◦ oblique pairwise
counter-propagating. The LIE laser, with the diame-
ter of 2 mm, is cut off into half as shown in Fig.2. In
the figure, d is the distance from the LIE laser to the
centre of the cold atom cloud. We carefully adjust the
optics of the LIE beam in order to avoid the diffraction
fringe when it arrived at the cold atom cloud.

Fig.2. (a) The LIE laser beam at the MOT, d is the dis-

tance from the LIE laser to the centre of the cold atom

cloud, d can be adjusted at 0.01mm step. (b) Schematic

show of the LIE cooling in a MOT.

We use the time-of-flight method to measure cold
atoms. The MOT collects about 2 × 107 87Rb atoms
with temperature 185µK in a high-vacuum system.
The atomic cloud has a diameter about 2.4mm. The
cooling laser of the MOT is red-shift of the transition
between the ground state |F = 2〉 and the excited
state |F ′ = 3〉. Then we turn on the LIE laser, whose
frequency detuning is −3MHz from resonance and in-
tensity is s = 3. The interaction time of LIE laser
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and the MOT beams with atoms is T = 2400 ms. We
measure the temperature and the number of the cold
atoms in MOT at different distance d as shown in
Fig.3. We can see that the number and the temper-
ature of cold atoms are reduced when the LIE laser
is close to the centre of the atom cloud. When the
LIE laser is close to the cold atomic cloud, it opti-
cally forces more atoms out of the MOT. In the other
words, the potential of the MOT is reduced. We ob-
tained lowest temperature at 55µK when d = 0.7mm.
When the LIE beam is even more close to the centre,
the atom number keeps dropping, but the tempera-
ture becomes higher. The reason is that when the LIE
beam has already cut the central part of the atomic
cloud, it will heat the atoms. The remaining atoms are
the balance between heating by LIE beam and cooling
by the MOT beams. Similar phenomena also happens
in the RF evaporative cooling.

Fig.3. The number and the temperature of cold atoms vs

distance d. Here s = 3, δ = −3MHz, T = 2400ms.

At a fixed distance d, the parameters of the LIE
laser decide the process of the evaporation cooling. We
can obtain the force of LIE laser on the atoms from
the optical Bloch equation,[2]

F =
~ks(γ/2)

1 + s + (2δ/γ)2
, (1)

where ~ is the Planck’s constant, k is the wave vec-
tor of laser, γ is the natural width of atoms and δ is
the detuning of the laser. Obviously, the larger the
force, the better the LIE cooling. We measured the
temperature and number of cold atoms vs the inten-
sity of the LIE laser at d = 0.9mm and δ = −3MHz
as shown in Fig.4. The number of atoms keeps falling
down when the intensity of LIE laser increases. The
temperature is firstly reduced as Eq.(1) indicates, but
begin to increase at the point of laser intensity in-
creased to s = 5.4. The increase of the temperature
is caused by the heating of the high intensity of LIE

laser.

Fig.4. The number and the temperature of cold atoms vs

the saturation parameter s of LIE laser. Here, d = 0.9mm,

δ = −3MHz, T = 2400ms.

The frequency of LIE laser can also affect the
evaporative cooling. We fix d at 0.9mm and intensity
of the LIE laser (s = 3), then change the frequency
of LIE laser. The result is shown in the Fig.5. From
Eq.(1), the optical pumping efficiency is the largest
when detuning δ = 0, which is proved by the experi-
mental results in Fig.5.

Fig.5. The number and the temperature of cold atoms

vs the detuning of LIE laser. Here s = 3, d = 0.9mm,

T = 2400ms.

The interaction time between the LIE laser and
cold atoms is also an important element of the evap-
orative cooling. We change the interaction time and
measured the effect of the evaporative cooling under
the condition d = 0.9mm, s = 3 and δ = −3MHz.
Figure 6 shows the result. We can see that there is al-
most no cooling effect when the interaction time was
as short as 100ms. With increasing the interaction
time, the number and the temperature begin to re-
duce, as far as the time reached the point 1500ms.
Then the atom temperature became some kind of hot-
ter. It shows that the too long interaction time would
cause heating of the cold atoms. The number changes
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a little near the point 1500 ms.

Fig.6. The number and the temperature of cold atoms

vs the interaction time T . Here, s = 3, d = 0.7 mm,

δ = −3MHz.

3. Conclusion

In conclusion, we have performed sub-Doppler
LIE cooling in MOT. We use this method to efficiently
cool the atom from 185 µK to 55 µK, the atomic num-
ber drops one degree. We studied the relation of the
intensity, the detuning and the interaction time of LIE
laser with the effect of the evaporative cooling. The
experimental results are in good agreement with the
theoretical prediction.

Our experimental results confirm that the LIE
cooling method can be used as a way to get sub-
Doppler temperature in a MOT. And we will optimize
our experimental parameters to reduce the tempera-
ture of cold atom.
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