
PHYSICAL REVIEW A 91, 053604 (2015)

Magnetic levitation for effective loading of cold cesium atoms in a crossed dipole trap
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We report a detailed study of effective magnetically levitated loading of cold atoms in a crossed dipole trap:
an appropriate magnetic field gradient precisely compensates for the destructive gravitational force of the atoms
and an additional bias field simultaneously eliminates the antitrapping potential induced by the magnetic field
gradient. The magnetic levitation is required for a large-volume crossed dipole trap to form a shallow but very
effective loading potential, making it a promising method for loading and trapping more cold atoms. For cold
cesium atoms in the F = 3, mF = 3 state prepared by three-dimensional degenerated Raman sideband cooling,
a large number of atoms ∼3.2 × 106 have been loaded into a large-volume crossed dipole trap with the help of
the magnetic levitation technique. The dependence of the number of atoms loaded and trapped in the dipole trap
on the magnetic field gradient and bias field, respectively, is in good agreement with the theoretical analysis. The
optimum magnetic field gradient of 31.13 G/cm matches the theoretical value of 31.3 G/cm well. This method
can be used to obtain more cold atoms or a large number of Bose-Einstein condensation atoms for many atomic
species in high-field seeking states.
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I. INTRODUCTION

Optical dipole traps are used extensively for preparing
and trapping cold dense atomic samples [1]. They can create
a variety of trapping potentials [2] and therefore offer the
possibility to study numerous physical situations such as
double-well potentials [3–6], microscopic traps [7–10], and
optical lattices [11–14]. Moreover, they have many advantages
over magnetic traps since the magnetic field can be used as
a degree of freedom [15–19]. As a consequence, they are
crucial to the study of Bose-Einstein condensations (BEC)
with internal spin degrees of freedom [15,20], magnetically
tunable Feshbach resonances [21,22], and formation of cold
molecules [23,24]. Last but not least, for some atomic species,
condensation in a magnetic trap is not possible and all-
optical trapping and cooling is necessary. This is the case
for magnetically untrappable atoms such as ytterbium [25]
or alkaline-earth atoms [26,27] and also for cesium atoms
because of their large inelastic collision rate [28,29].

To prepare a large number of atoms in an optical trap for
further exploration, it must be possible to load and trap cold
atoms in a large-volume crossed dipole trap [29]. Considering
the laser power limitation, large-volume dipole traps formed
by laser beams with a large waist are often “shallow.” An
essential prerequisite for trapping atoms is that the temperature
of the atomic sample is sufficiently lower than the trap depth.
Many elaborated strategies have been used to obtain an atomic
sample at low temperature. Compressed magneto-optical trap
(CMOT) and optical molasses have been employed to obtain
a cold atomic cloud at a few tens of microkelvins [15–19].
Furthermore, three-dimensional (3D) degenerated Raman
sideband cooling (DRSC) has been applied to prepare Cs atoms
in the F = 3, mF = 3 state at a low temperature of around
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1 μK, which also suppresses inelastic endothermic two-body
collision loss [28,29]. Although one can obtain an atomic
sample with a sufficiently low temperature, it is sometimes
difficult to load and trap a large number of atoms in a large-
volume dipole trap [30,31] due to the destructive potential
created by the gravity of atoms. Especially for Cs atoms,
the vertical gravitational potential gradient of 157 μK/mm
is usually much stronger than the loading potential gradient of
a large-volume dipole trap. A feasible method is to employ
the magnetic levitation technique as compensation for the
gravitational force, in which a magnetic field gradient is
applied to compensate for the gravitational force and an
additional uniform bias field is simultaneously needed to
eliminate the antitrapping potential induced by the magnetic
field gradient.

More recently, magnetic levitation has been employed as
one vital and indispensable step in several experiments to
load and trap more cold atoms in a large-volume dipole trap.
The experiments include a Cs BEC obtained in an optical
trap [28,29], an accelerated evaporative cooling for Cs BEC
[32], and a measurement of interspecies 6Li - 133Cs Feshbach
resonances [33]. In the experiments mentioned above, both a
fixed magnetic field gradient of 31.3 G/cm calculated from
theory and a bias field of >50 G have been applied. However,
the effect of magnetically levitated fields on the number of
atoms loaded and trapped in the dipole trap still lacks a
detailed experimental investigation. The dynamic evolution
and quantitative theoretical analysis have not yet been well
understood and studied in detail. Due to advancements in
cold atoms and all-optical BEC experiments, it is essential to
carry out more accurate studies on the effect of magnetically
levitated fields on the number of atoms loaded and trapped in
a large-volume dipole trap.

In this paper, we study the magnetically levitated loading
of cold atoms in a large-volume crossed dipole trap in detail.
Theoretical loading potentials are presented for a variety
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of magnetic field gradients and bias fields. Then magnetic
levitation is applied to load and trap Cs atoms with a relatively
low initial temperature obtained by 3D DRSC in a large-
volume dipole trap. The dependence of the number of trapped
atoms on a variety of magnetic field gradients and bias fields
is measured, which is in good agreement with the theory. In
addition, a strong three-body recombination loss is observed,
which leads to a fast and strong loss for atoms trapped in the
magnetically levitated dipole trap. This paper is organized as
follows. In Sec. II we present the theoretical analysis and in
Sec. III we describe the experimental setup and processes. The
experimental results are given in Sec. IV and the conclusion is
presented in Sec. V.

II. THEORETICAL ANALYSIS

This section discusses the loading potential of a typical
magnetically levitated dipole trap. We derive the expression of
the loading potential induced by the combination of an optical
field, a magnetic gradient field, and a bias field. Theoretical
evolution of the loading potential in the vertical and horizontal
directions with different magnetically levitated fields is given.
The parameters used in the theoretical analysis will be shown
in Sec. III. These theoretical analyses will be used for the
fitting of the experimental results in Sec. IV.

A. Crossed dipole traps

The trapping potential induced by a Gaussian laser beam is
proportional to the laser intensity [2,34] and can be expressed
as

U = − 3Pc2
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where c is the speed of light, � is the natural line width, ω

is the frequency of the dipole trap laser, ω0 is an effective
transition frequency defined by a weighted average of both D

lines for cesium atoms, P is the total laser power, x is the axial
coordinate along the beam axis, and r is the radial coordinate.
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Here w0 denotes the minimum beam waist at the focus, and
the Rayleigh range zR = πw2

0/λ is a measurement of the axial
extension of the focal region. As we have taken care to avoid the
interference effects between two laser beams by maintaining
a large frequency difference, the total optical potential is just
the sum of the potentials of the laser beams [2,29]. We define
the propagation directions of two beams at an angle of 90o as
x and y axes. So the optical potential produced by a crossed
dipole trap is governed by
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FIG. 1. (Color online) Potentials of a magnetically levitated
crossed dipole trap in the vertical direction at the magnetic field
gradients of 0 (a), 20 G/cm (b), 31.3 G/cm (c), and 40 G/cm (d).
The red dashed line represents the potential of the crossed dipole trap
alone, and the black solid line represents the total potential, which
includes the destructive potential induced by the gravity of cesium
atoms.

where P1 and P2 represent the powers of two laser beams of
the dipole trap. According to the parameters of our experiment,
the numerical results of the optical potential alone are shown
in Figs. 1 and 2 along the vertical and horizontal directions,
respectively.

B. Magnetic levitation in the vertical direction

Cesium atoms have the largest mass among all nonradioac-
tive alkali metal atoms used to create cold atoms as shown
in Table I and are also well suited for cooling and trapping
methods. During the process of loading the dipole trap, the
gravity of the cesium atoms leads to a potential gradient

FIG. 2. (Color online) Potentials of a magnetically levitated
crossed dipole trap along one of the dipole trap beams at the bias
fields of 1 G (a) and 25 G (b). The red dashed line represents the
potential of the dipole trap alone, the blue dotted line represents the
antitrapping potential produced by the magnetically levitated fields
alone, and the black solid line represents the total potential.
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TABLE I. The mass and potential gradient induced by the gravity
of the nonradioactive alkali metal atoms.

Alkali metal Mass (10 −26kg) Potential gradient (μK/mm)

6Li 1.00 7.11
7Li 1.17 8.30
23Na 3.84 27.26
40K 6.68 47.42
85Rb 14.20 100.76
87Rb 14.53 103.13
133Cs 22.21 157.66

of 157 μK/mm in the vertical direction, which induces a
large destructive potential [29]. The influence of the gravity
is very strong and extra care should be taken to compensate
for the destructive potential. The magnetic force produced by
a magnetic field gradient has been proposed to compensate
for the gravity [28,29,32,33,35]. Due to the small efficient
space formed by the two crossing focused dipole trap laser
beams, the optical potential in the vertical direction could be
approximate to U0(0,0,z). Considering the potential produced
by the combination of the gravitational force and the magnetic
force, the total potential in the vertical direction is given as

Uz = U0(0,0,z) + mgz + μBmF gF

∂B

∂z
z. (4)

where g is the gravitational acceleration, μB is the Bohr
magneton, gF is the Landé factor, and ∂B

∂z
denotes the magnetic

field gradient.
According to Eq. (4), the influence of the magnetic field

gradient on the total potential in the vertical direction for
cesium atoms in the F = 3, mF = 3 state is shown in Fig. 1. It
is clear that the destructive potential is so large that there is not
an effective potential for trapping atoms when the magnetic
field gradient is equal to zero, as shown in Fig. 1(a).

Figure 1(b) gives the potential curve at the magnetic
field gradient of 20 G/cm, which indicates that the total
potential increases with the magnetic field gradient. In order to
completely cancel out the destructive potential induced by the
gravity, a magnetic field gradient of 31.3 G/cm is theoretically
obtained by considering the relation of mg + μBmF gF

∂B
∂z

=
0, as shown in Fig. 1(c). With further increases in the magnetic
field gradient, the destructive potential will be formed again,
as shown in Fig. 1(d). This can be used to reduce the effective
potential in an accelerating evaporative cooling process [32].

C. Antitrapping potential along the horizontal direction

According to Maxwell’s equation ∇ · B = 0, the applica-
tion of the vertical magnetic field gradient used to compensate
for the gravity inevitably leads to a horizontal magnetic field
gradient ∂Bx/∂x = ∂By/∂y = (2/3)mg/μB in the case of
cylindrical symmetry. Unfortunately, this horizontal magnetic
field gradient causes an outward pointing force acting on the
atoms trapped in the dipole trap and this force leads to an
antitrapping potential along the horizontal direction. In order
to eliminate the influence of the antitrapping potential along
the horizontal direction induced by the magnetic field gradient,
a bias field Bbias must be applied in the vertical direction [29].

Due to the symmetry of anti-Helmholtz coils used to produce
the magnetic gradient field, the quadrupole field vector lies in
the x-y plane at z = 0 and points radially outward from the
trap center. The corresponding field strength can be expressed
as Bgrad(r) = (2/3)mgr/μB , and r =

√
x2 + y2 is the radial

coordinate. Because Bgrad is perpendicular to the vertical bias
field Bbias, the strength of the combined magnetic field can be
written as
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√

B2
bias +

(
2mgr

3μB

)2

≈ Bbias

[
1 + 1

2

(
2mgr

3μBBbias

)2]

= Bbias + 2

9

m2g2r2

μ2
BBbias

. (5)

The magnetic potential along the horizontal direction is
calculated as

UB(r) = −3

4
μBB(r) = −3

4
μBBbias − 1

6

m2g2

μBBbias
r2. (6)

The shallow potential of a large-volume dipole trap allows
the optical potential along the horizontal direction to approxi-
mate to U0(x,y,0) in a small efficient space.

By combining the optical potential and the antitrapping
magnetic potential, the total potential along the horizontal
direction can be given as

Ur = U0(x,y,0) − 3

4
μBB(r)

= U0(x,y,0) − 3

4
μBBbias − 1

6

m2g2

μBBbias
(x2 + y2). (7)

According to Eq. (7), the antitrapping potential in the horizon-
tal direction can be reduced by adding a bias field in the vertical
direction. Figure 2 gives the potential of the magnetically
levitated dipole trap along one of the dipole trap beams at
different bias fields. When a small bias field of ∼1 G is
applied, the antitrapping potential is still very large, as shown
in Fig. 2(a). When the bias field reaches the value of ∼25
G, the antitrapping potential has decreased to nearly zero and
therefore the total potential along the horizontal direction is
almost equal to the optical potential induced by the dipole trap
alone in Fig. 2(b). If we continue to increase the bias field,
the antitrapping potential becomes closer and closer to the
infinitesimal but not zero according to Eq. (7).

III. EXPERIMENTAL SETUP

A. MOT and 3D DRSC

The experimental setup is shown schematically in Fig. 3.
The cold Cs atoms are produced in a single cell with a high
vacuum of ∼2.5 × 10−8 Pa by a standard vapor-loaded MOT.
The temperature of the atomic sample is measured as about
200 μK by the time-of-flight (TOF) method [36]. The number
of trapped atoms is about 9 × 107.

After the loading of the MOT, the CMOT and optical
molasses are performed by increasing the magnetic field
gradient, reducing the repumping laser power, and increasing
the trapping laser frequency detuning. A further added laser
cooling step, namely 3D DRSC [37,38], is very efficient for
trapped atoms in our experiment. As shown in Fig. 3, the atoms
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FIG. 3. (Color online) Experimental setup for the magnetically
levitated crossed dipole trap. The positions of vacuum cell, laser
beams for 3D DRSC (Raman lasers 1–4, Raman repumping laser,
and optical pumping laser) and crossed dipole trap lasers (B1 and
B2), and two pairs of magnetic field coils are presented.

are transferred and captured in a 3D optical lattice that consists
of four linearly polarized laser beams, which guarantees the
stabilization of the optical lattice [39]. The detailed description
of the 3D DRSC can be found in Ref. [38]. The optical lattice
lights are switched on at 0.5 ms before the end of the optical
molasses process to load and trap cold atoms [40]. The DRSC
is subsequently implemented on the atoms in the stationary
3D optical lattice for 10 ms. At the end of the 3D DRSC, for
the adiabatic release of the optical lattice, the lattice power P

is decreased according to P (t) = P (0)[1 + t/t0]−2, where the
typical value of t0 is 100 μs [37,38,41].

B. Crossed dipole traps

To transfer more cold Cs atoms into a dipole trap, we
superimpose a large-volume crossed dipole trap on the atomic
sample released from the optical lattice in the 3D DRSC. The
dipole trap is produced by a 1070-nm, multifrequency, linearly
polarized fiber laser (IPG Photonics). This dipole trap consists
of two horizontally crossing beams, B1 and B2, at an angle
of 90o, as shown in Fig. 3. The delivered powers of laser
beams B1 and B2 are 7 and 7.2 W, respectively. The two
laser beams B1 and B2 are weakly focused on the trap center
with beam waists of wx = 230 μm and wy = 240 μm. There
are two acousto-optical modulators (Crystal Technology) with
110 MHz frequency shifts used in intensity stabilization and
rapid switching off in less than 1 μs for two dipole trap laser
beams. B1 is downshifted in frequency by 110 MHz, whereas
B2 is upshifted by 110 MHz to prevent any interference
between the two dipole trap laser beams. At the same time we
apply a magnetic gradient field and a bias field to compensate
for the antitrapping potentials in the vertical and horizontal
directions during the loading of the dipole trap.

C. Magnetic levitation

The magnetically levitated loading of a large-volume dipole
trap is implemented by employing a magnetic field gradient

to compensate for the gravitational force and an additional
bias field to eliminate the antitrapping potential induced by
the magnetic field gradient. The magnetic field gradient is
produced by a pair of anti-Helmholtz coils used for the MOT.
In Fig. 3 the outer pair of coils is the anti-Helmholtz coils,
which consist of many copper tube windings with an outside
diameter of 4 mm, and each of the coils has a total of 35
turns. Their radius and distance are chosen as R = 1.2 cm
and D = 90 cm, which is a result of a compromise between
a homogenous gradient and a large gradient strength. We can
obtain a maximum gradient of 61 G/cm at a current of 60 A.
Due to a large ramping time of 7.5 ms for the loading of the
current in anti-Helmholtz coils, we add a resistance of 0.5 � in
series in the coils whose resistance is 0.1 �, and the ramping
time then decreases to 1.2 ms. The bias field is provided by a
pair of Helmholtz coils. The inner pair of coils is the Helmholtz
coils, which consist of many copper tube windings with the
same outside diameter of 4 mm, as shown in Fig. 3. Each of
the two Helmholtz coils has 20 turns. We choose the radius
R and the distance D as R = 0.93 cm and D = 65 cm so
that they can produce a uniform magnetic field in a relatively
wide range near the center of this pair of coils. The Helmholtz
coils are designed to provide a magnetic field of up to 175 G
at a current of 40 A. These two pairs of coils are mounted
around the high-vacuum cell and assembled along the vertical
direction. It is also necessary to superimpose the center of the
coils on the trapped atomic sample. The water cooling, which
allows a high current to flow in the coils for a long time, is
applied to the two pairs of coils by the water flowing in the
copper tubes.

IV. EXPERIMENTAL RESULTS

A. Preparation of cold Cs atoms

We have obtained 3 × 107 atoms with a peak density of
around 1011 cm−3 using the CMOT and optical molasses. The
temperature of atoms obtained in our experiment is T = 60 μK
by conventional optical molasses in the F = 4 state. This
temperature is relatively high compared with that obtained
from the optical molasses cooling following the MOT loaded
by a Zeeman slower or blue detuned Sisyphus cooling in the
F = 3 state [28,29,32,33,41]. After the 3D DRSC we obtain
the cold atoms with a low temperature of T = 1.7 μK. The
absorption image is taken in the horizontal direction after 12 ms
of expansion following the release of the 3D optical lattice as
shown in Fig. 4. Here the measured atomic number is about
1.7 × 107, the proportion of the atoms in the F = 3, mF = 3
state is about 75%, and the other atoms are mainly in the
F = 3, mF = 2 state, which can be distinguished by applying
a Stern-Gerlach magnetic field.

B. Detection for loading of crossed dipole trap

The atoms, prepared by 3D DRSC, can be loaded into
the crossed dipole trap as much as possible with the help
of magnetic levitation. The detection for the loading of the
magnetically levitated crossed dipole trap is achieved by
monitoring the number of atoms loaded and held in the
dipole trap, as shown in Fig. 5. We use absorption imaging to
measure the remaining atoms in the dipole trap after 30 ms of
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FIG. 4. (Color online) (a) Absorption image taken along the
horizontal direction after 12 ms of TOF following the release of
the 3D DRSC. (b) The corresponding distribution of optical density
(OD) along the horizontal direction.

evaporation with a large scattering length a = 1230a0, where
a0 is the Bohr radius.

The corresponding absorption images are taken in the
horizontal and vertical directions after 3 ms of expansion
following the release of the dipole trap. The maximum atomic
number held in the dipole trap is measured to be 3.2 × 106. The
loading procedure is optimized by geometrically overlapping
the positions of two dipole laser beams with the atomic cloud
released from the 3D optical lattice. This is done by imaging
the positions on CCD cameras with a resolution of 9 μm; if
the two dipole laser beams are close to the atomic cloud, they
lead to a local increase in density. With one camera looking
in the horizontal direction and the other looking in the vertical
direction, we have full spatial information and can slightly
adjust the positions of two dipole laser beams using high
precision mirrors. The spatial distribution of the atoms trapped
in the dipole trap is dominated by a Gaussian function, and the
corresponding 1/e radii are 136 μm and 139 μm in Figs. 5(a)
and 5(b), respectively.

C. Magnetic field gradient dependence

We have studied the dependence of the number of atoms
trapped in the dipole trap on the magnetic field gradient with
a bias field of Bbias = 75 G. The number of the atoms is
measured after 30 ms of evaporation following the loading

FIG. 5. (Color online) Absorption images (a) and (b) taken along
the horizontal and vertical directions, respectively, after 3 ms of TOF
following the release of the magnetically levitated crossed dipole trap.

FIG. 6. (Color online) Number of atoms in the magnetically
levitated dipole trap as a function of magnetic field gradient. The
red line is a fitting curve according to Eq. (4).

of the dipole trap. The magnetic field gradient ∂B
∂z

is firstly
ramped up to a value of 45 G/cm in 1.5 ms, which is more
than that is needed to counteract the gravity. The magnetic
field gradient is then relaxed to a final value within 2 ms.
This deliberate levitation overshoot compensates for the finite
ramping speed of the magnetic field gradient and cancels the
atomic downward velocity induced by the gravity while the
magnetic field gradient is ramped up. At the beginning, with
increases in the magnetic field gradient ∂B

∂z
after the overshoot,

the number of atoms trapped in the dipole trap presents a linear
growth, as shown in Fig. 6. For each data point, all initial
parameters of both atomic samples prepared by the 3D DRSC
and magnetically levitated dipole trap are kept unchanged in
each experimental cycle except for the magnetic field gradient
and bias field in Figs. 6 and 7, respectively.

According to the dependence of the number of trapped
atoms on the trap depth as shown in Ref. [34], the number of
trapped atoms is proportional to the trap depth of a shallow
dipole trap under our experimental conditions. Here we use
Eq. (4) to fit the experimental data by introducing a ratio
constant, which describes the relation between the depth of
the magnetically levitated dipole trap and the number of
trapped atoms. The difference between the measured data
and the fitting line is mainly attributed to the fact that all

FIG. 7. (Color online) Number of atoms in the magnetically
levitated dipole trap as a function of bias field. The red line is a
fitting curve according to Eq. (7).
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of the atoms cannot be trapped uniformly in the magnetically
levitated dipole trap. When the magnetic field gradient reaches
the value of 31.13 G/cm, the number of trapped atoms will
decrease with further increase of the magnetic field gradient.
Thus, it can be easily understood that the further increase of
magnetic field gradient leads to the result that the destructive
potential appears again and increases since the magnetic field
gradient exceeds the value of 31.13 G/cm. It is worth noting
that the value of 31.13 G/cm is in good agreement with the
theoretical value of 31.3 G/cm, in which the magnetic force
can precisely compensate for the gravitational force.

D. Bias field dependence

In order to study the influence of the antitrapping potential
along the horizontal direction induced by the magnetic field
gradient on the number of atoms loaded and trapped in the
magnetically levitated dipole trap, the magnetic field gradient
is fixed at ∂B

∂z
= 31.13 G/cm to completely compensate for the

gravity. The variation of atomic number in the dipole trap with
an increasing bias field is shown in Fig. 7. The atomic number
is measured after 30 ms of evaporation following the loading
of the dipole trap.

Equation (7) is used to fit the experimental data by intro-
ducing a proportional constant that makes a good connection
between the number of trapped atoms and the total potential
depth. At the beginning, with the increase of the bias field
Bbias, the atomic number in the dipole trap has a large growth
rate. However, the growth rate becomes very low after the bias
field reaches 10 G. When the bias field approaches 30 G, the
atomic number stops increasing. Normally the bias field used
in the loading process of the dipole trap should be greater than
Bbias = 30 G.

E. Magnetically levitated crossed dipole trap and large
three-body loss

We find that the atoms are heated to T = 8.9 μK in the
process of transforming into the magnetically levitated dipole
trap. The heating is mainly attributed to the imperfect space
matching in the loading process. The optical lattice beams in
the 3D DRSC have a 1/e radius of ∼1.15 mm. In comparison,
the dipole trap beams have a 1/e radius of ∼240 μm. The
potential energy is thus gained and then turned into kinetic
energy, which heats the atomic sample. Subsequently, the hot
atoms escape out of the dipole trap in plain evaporation. For
this phase of plain evaporation the bias field is tuned to Bbias =
75 G and the corresponding scattering length is a = 1230a0.
The temperature is reduced to less than T = 3.8 μK within
600 ms. The measured atomic number is 2.5 × 105 and the
density is a few 1011 cm−3. In Fig. 8(a) the absorption image is
taken in the horizontal direction after 3 ms of TOF following
the release of the dipole trap and the corresponding distribution
of optical density is shown in Fig. 8(b).

For cesium atoms in the magnetically levitated dipole trap,
the atomic number is measured as a function of storage time
as shown in Fig. 9. A strong loss has been observed in the
initial 300 ms of evaporation. This is mainly attributed to a
very strong three-body recombination loss at the bias field of
Bbias = 75 G [29,30]. Three atoms collide and two of them

FIG. 8. (Color online) (a) The absorption image taken along the
horizontal direction after 3 ms of TOF following the release of the
magnetically levitated crossed dipole trap. (b) The corresponding
distribution of optical density (OD) along the horizontal direction.

form a molecule. The third atom will take away two thirds of
the binding energy and deposits its share of the binding energy
in the atomic sample [31].

The atomic number in the dipole trap is measured as about
3.2 × 106 after 30 ms of evaporation, but the number is reduced
by an order of magnitude after 300 ms of plain evaporation.
The change of the number of trapped atoms is relatively small
after 300 ms of plain evaporation. This is mainly attributed to
a sharp decrease of the atomic number density in the initial
300 ms of plain evaporation dominated by a strong three-body
loss and the local three-body loss rate is proportional to the
third power of the atomic number density.

V. CONCLUSION

We have investigated the magnetically levitated loading
of cold atoms in a large-volume crossed optical dipole trap
in detail. Unlike previous works, we do not use a very deep
loading potential with a small laser beam waist of several tens
of micrometers to load and trap atoms with a few tens of
microkelvins. A large-volume crossed dipole trap is employed
to load and trap more atoms at a low temperature obtained
by the 3D DRSC with the help of magnetic levitation. After
30 ms of plain evaporation following the magnetically levitated

FIG. 9. (Color online) Number of atoms remaining in the mag-
netically levitated crossed dipole trap as a function of time. The
strong three-body loss is observed in 300 ms after the loading of the
magnetically levitated crossed dipole trap.
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loading, we obtain 3.2 × 106 atoms in the levitated dipole
trap. The obtained dependence of the number of trapped
atoms on the magnetic field gradient and bias field is in
good agreement with our theoretical analysis. Consequently,
the magnetic field gradient of 31.13 G/cm obtained from the
fitting of experimental data agrees well with the theoretical
value of 31.3 G/cm, where the number of atoms trapped in
the magnetically levitated dipole trap reaches its maximum.
Besides, a strong three-body loss has been observed at a large
scattering length of ∼1230a0 [30]. The temperature is reduced
to 3.8 μK after 600 ms of plain evaporation. The magnetic
levitation is expected to load and trap more cold atoms and
even BEC atoms for other atomic species in high-field seeking

states in large-volume dipole traps. It also allows ones to carry
out further researches and applications. For example, we have
experimentally observed the controllable photoassociation via
a changing bias field and the enhanced photoassociation near
a d-wave Feshbach resonance in the magnetically levitated
dipole trap.
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