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ABSTRACT: We present an asymmetric focused-beam trap (FBT) of cold Rubidium-85 atoms. Unlike the cold atom
preparation using the magneto-optical trap, the FBT has its path of cooling beam occupying only one axis. Since
the experiments on these cold atoms usually require additional laser beams or other atom interacting sources, the
FBT allows more optical and physical accessibility for these experiments. In our experiment, the cooling beams only
occupied one axis, and the crossed repumping beams were in the transverse plane to the cooling beams. By varying
the intensity of the repump laser, we have shown that the atomic cloud density can be monotonically manipulated
from zero to the maximum value limited by the cooling power. With this monotonic control, we then computationally
introduced a scheme for the precision loading of 1–6 atoms into the far-off-resonance optical dipole trap (FORT). Using
the FBT for precision FORT loading could enable extensions toward the research areas, such as Rydberg atom, quantum
simulation, and quantum computing.
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INTRODUCTION

A few years after the first Magneto-Optical Trap (MOT)
was demonstrated in 1987 [1], several succeeding
trap designs were proposed and verified with partic-
ular properties departing from the six-beamed MOT.
They may be classified by mechanical protocols [2, 3]
and magneto-optical conformation [4–6]. Though the
MOT is still most widely employed to prepare cold
dense atomic cloud from room-temperature vapor, to-
day’s diverse applications demand traps with rather
specific characteristics.

In this work, the two-beam magneto-optical trap
(TBT) [7] was the system of interest, where the trans-
verse momentum exchange arises from the focused
cooling beams. This setup had then been modified into
the so-called focused-beam trap (FBT), with the future
aim for neutral-atom precision loading of the far-off-
resonance optical dipole trap (FORT).

Our asymmetric focused-beam trap (FBT) of
rubidium-85 atoms comprises two confocal cooling
beams in the z-axis and two normal pairs of counter-
propagating repump beams on the transverse plane.
Unlike the MOT, where the cooling and repump beams
together occupy all three axes, the FBT’s cooling beams
take up only one axis and its repump beams occupy
the other two axes. However, only one counter-
propagating pair of the repump beams is sufficient,
and it can be on the same axis as the cooling beam.
By setting the laser beams in this configuration, the
FBT allows more convenient optical access for further
experiments on these cold atoms. This allows accessi-
bility of one additional laser beam used for the FORT.

In addition to the FORT, the Rydberg excitation [8]
will require one more beam path with an overlap
of D2 transition laser and Rydberg transition laser.
Furthermore, in the quantum bit preparation from an
atom, the Raman transition [9] experiment will be
used to populate atoms in one of the chosen ground
states, which means that one more beam path will
enter the trapping region. This emphasizes that inte-
gration of these systems requires many optical access
axes. Hence, we present the FBT where the cooling
beams occupy only one axis. Besides the F = 2 to
F′ = 2 transition for repumping, the opto-magnetic
configuration is similar to that of the standard MOT.

We have characterized the FBT to optimize inde-
pendent parameters, i.e., the detuning and intensi-
ties of trap beams, the magnetic field gradient, and
the background pressure, for the highest atom num-
ber. After that the relations among the cloud density,
number of atoms, and the total intensity of repump
beams were studied. The characteristics of the atom
cloud with dependence on the number of trapped
atoms can be distinguished into four regimes [10].
These are named the temperature limited regime (low
number of atoms), the multiple scattering regime,
the two-component regime, and the optically dense
regime (high number of atoms). The atom cloud
produced from this work was within the second and
third regimes. The multi-scattering regime is where
the fluorescence photons get reabsorbed by the cloud
itself, and, as a result, the radiative pressure limits
the cloud density. With increasing number of atoms,
the cloud enters the two-component regime, where the
greater magnitude of photon re-absorption now spills
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Table 1 Independent parameters used to studyρ as functions
of Ic and Ir .

Control parameter ρ vs. Ic ρ vs. Ir

Ic (mW/cm2) 1.15 – 10.36 4.95, 6.29, 8.64, 9.97
δc (MHz) −12.0 −12.0
Ir (mW/cm2) 0.33, 0.62, 2.48, 17.69 0.21 – 17.85
δr (MHz) −12.0 −12.0
∇B (G/cm) 16.48 16.48
P (mbar) 6.04×10−9 5.83×10−9

Fig. 1 (a) Schematic of the focused-beam trap. (b) Illus-
tration of atoms entering the trap region from −y and −z.
The solid and dashed arrows represent instantaneous atomic
velocities and spatially dependent wave vectors, respectively.

atoms out from the harmonic trap into its shallower
potential surrounding. As a result, the cloud volume
slightly expands and hence lessens the cloud density.

The quantitative analyses of the FBT manifest an
unchanged cloud volume over the whole experimental
range of atomic density and repump laser intensity.
The cloud volume was controlled by varying the trap
laser intensity. Within both regimes, we have demon-
strated monotonic manipulation of the cloud density
by varying only the intensity of the repump beams. The
other parameters—namely, the cooling beam intensity,
frequency detuning, magnetic field gradient, and vac-
uum pressure—were kept constant, as later shown in
Table 1. Rough estimation of the repumper intensities
for loading 1–6 atoms in the FORT is also given to raise
the usefulness of our monotonic manipulation of cloud
density.

MATERIALS AND METHODS

This work presents the laser cooling and trapping of Rb
atoms in the focused beam trap setup whose schematic
is shown in Fig. 1a. Fig. 1b illustrates the configura-
tion of two counter-propagating focused laser beams
aligned at the glass cell containing Rb vapor. Using
the doppler cooling technique [11], the laser frequency
was detuned by a few MHz from an atomic cooling
transition, i.e., Rb-85: 5S1/2(F=3)→5P3/2(F′=4), as
shown in Fig. 2. Focusing geometry of the beam caused
the spatial intensity gradient. As a result, the AC Stark
effect [12] was expected to cause the energy level shift
in the Rb atoms, which is proportional to the beam
intensity. The highest cooling beam intensity used
was about 10 mW/cm2, which corresponded to the

Fig. 2 Energy-level schematic of the Rubidium-85 D2
line [18]. The cooling transition and two repumping tran-
sitions are shown, each with −12 MHz red detuning.

AC Stark shift of around −1.4 MHz [13]. This energy
shift is significantly low compared to the red-detune
of −12.0 MHz (Table 1). It should also be noted that
beam focal point, which provided the greatest AC Stark
shift, was 5 mm away from the trap center at the inner
surface of the glass cell.

Fig. 1b also illustrates forces acting on the atoms
subjected to the trapping force from the focused beam
configuration. The solid arrows represent instanta-
neous atomic velocities. The dash arrows represent
spatially dependent wave vectors belonging to the
cooling beam that was on resonance with the atom.
Given that z-axis is along the direction of the cooling
beams. Those atoms moving toward the trap cen-
ter along the z-axis experience the radiation pressure
from the cooling beam pointing opposite to the atom
motion. This force acting on the atoms are equiva-
lent to the doppler cooling from the optical molasses
in the conventional MOT experiment. In addition,
since this force is velocity-dependent (i.e., damping
force), the atoms are expected to have a damped wavy
trajectory near the trap center [14]. Note that the
position-dependent force (i.e., restoring force) that
brings atoms to the trap center is added to the setup
using the magnetic field effect from the anti-Helmholtz
coils (shown in Fig. 1a).

Those atoms moving on the xy transverse plane
experience a net-zero radiation force along the z-
axis. On the xy-plane, due to the focused geometry
of the beams, the intensity gradient [13, 15] of the red-
detuned beams results in the net force oriented toward
the z-axis, regardless of atoms’ velocity. However,
the doppler cooling is only effective on the outbound
course where the velocity is opposite to the net force.
The trap loss is inevitably dominated by those atoms
moving toward the z-axis and accelerated by the net
force. This loss mechanism is reflected in the higher
temperature of the trapped atoms along the xy-plane
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compared to that along the z-axis. All in all, the
FBT could still provide three-dimensional cooling and
confinement owing to the transverse momentum ex-
changes through atom-light scattering process.

In this work, all self-made external cavity diode
lasers employed the cateye configuration [16]. For
the cooling beams, the linearly polarized laser (diode:
DL-780-90) was divided by a polarization beam split-
ter (PBS) into 68 mW and 2 mW of power. The
weaker beam was sent to the single-beamed Doppler-
free saturated absorption spectroscopy (DSAS) [17].
The higher power beam was locked at 5.0 MHz be-
low the 5S1/2(F=3)→5P3/2(F′=3,4) crossover tran-
sition by using the feedback signal from the DSAS
produced using the weaker beam. The cooling beam
was injected into a double-pass 80 MHz acousto-optic
modulator (AOM). It was then amplified at a ta-
pered chip (EYP-TPA-0780-01000-3006-CMT03-0000)
before doubly passing through a 110 MHz AOM. This
section permits both varying the intensity and shifting
the frequency within a range of 20–100 MHz from the
atomic transition, as mentioned.

Single-mode optical fibers were used as laser
waveguides that separated the beam preparation from
the experimental space around the rectangular rubid-
ium cell (1.00 cm×2.00 cm×9.75 cm of inside dimen-
sions). Right after the outward-bound fiber coupler,
the cooling laser was equally split using the PBS. Each
split beam was set to σ+ circular polarization and
another to σ− circular polarization. On both sides of
the rubidium cell, a 32 mm focal-length concave lens
and a 0.76 NA lens (ACL50832U-B) were combined to
tightly focus each cooling beam. Two focused cooling
beams were then counter-propagating and overlapped
one another in the glass cell, as shown in Fig. 1. This
is a confocal arrangement along the z-axis at Fourier
plane separation of 1.00 cm.

During the experiment, the repump laser (diode:
L785P100) was kept locked using similar DSAS con-
figuration at the frequency detuning of 2.7 MHz above
the 5S1/2(F=2)→5P3/2(F′=1,2) crossover in the D2
transition. A pair of half-wave plate (HWP) and PBS
helped to attenuate the power of the repump beam
before getting expanded from 1.62 mm to 6.82 mm
of diameter. These beams provide the overlap volume
well covering the whole cooling region. The repump
laser was split and circularly polarized in the same
manner as the cooling beams. Two normal pairs of
counter-propagating repump beams lying on the xy-
plane intersect the trap beams at the center of the glass
cell, coinciding with the zero magnetic field from the
anti-Helmholtz coils.

The experiment began with an optimization of the
FBT to find a set of independent parameters close to
the maximal efficiency pertaining to the highest atom
number (N). The optimal magnetic field gradient
(∇B), background pressure (P), detuning (δc), and
intensities (Ic) of cooling beams were determined and

concluded in Table 1. For additional information, the
experimental setup was operated at room temperature
conditions, and so was the rubidium cell’s temperature.

According to the broad plateau of the cloud density
(ρ) vs. ∇B observed beyond 15.0 G/cm, we only
executed experiments at 16.48 G/cm. In order to
verify that Ic = 4.95 mW/cm2 is well within the
multi-scattering regime, a series of experiments for
ρ versus Ic has been conducted at four fixed values
of repump intensities, i.e., Ir = 0.33, 0.62, 2.48,
and 17.69 mW/cm2. With all parameters defined,
the physical connections among ρ, N , and Ir can be
investigated by varying the repumper intensity from
0.21–17.85 G/cm. Three ρ versus Ir experiments
performed at Ic > 4.98 mW/cm2 are to confirm the
consistency of parametrical setup.

To obtain a large damping rate for cooling in the
z-axis, we detuned the trap laser by −12.0 MHz from
the 5S1/2(F=3)→5P3/2(F′=4) transition, as shown in
Fig. 2, which is approximately twice the natural line
width. By slowly changing the external cavity length,
the frequency scanning has identified two comparable
maxima of the florescence signal at the repumper
detuning (δr) of −75.4 MHz and −12.0 MHz from
the 5S1/2(F=2)→5P3/2(F′=3). The −75.4 MHz de-
tuning is equivalent to δr = −12.0 MHz from the
5S1/2(F=2)→5P3/2(F′=2) (Fig. 2). Additionally, since
this experiment involved two excitation paths with the
same 5P3/2 excited state, one may refer to this as the
Raman transition [19]. This was not the case because
the excitation by the repumper has different hyperfine
upper levels from that of the cooling beam.

The Raman photons from the repump beam me-
diate population transfer between the two hyperfine
ground states, effectively recycling atoms from the
dark (F = 2) to the bright (F = 3) state. This process
determines the steady-state atom number by balancing
atom loss and recovery within the cooling cycle. The
Raman scattering rate depends on the repump inten-
sity and its detuning: small red detuning enhances re-
pumping efficiency and increases atom number, while
large detuning reduces the scattering rate, allowing
atoms to accumulate in the dark state. The chosen δr =−12.0 MHz provides an optimal balance between effi-
cient repumping and minimal heating, ensuring stable
atom number in the cold cloud. To avoid bias from the
bright-state population, we simultaneously detected
the cold atoms in both hyperfine ground states (F
= 2 and F = 3) using the repump and trap beams,
respectively, thereby obtaining the total atom number
independent of the bright-dark state distribution.

RESULTS AND DISCUSSION

This section presents the analysis of trapped cold cloud
of Rubidium-85. Gaussian fitting routine on a picture
of the cold cloud taken using fluorescence imaging
technique (EMCCD camera: Andor iXon 897) yielded
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Fig. 3 Cold cloud density (ρ) as a function of the atom number (N) when a) varying the trap beam intensity (Ic) along with
four fixed repumper intensity (Ir) and b) varying the Ir along with four fixed Ic . Each fit line in Fig. 3b corresponds to a
constant volume at fixed Ic . For clarity, the density error bars are shown only in Fig. 4, as the corresponding errors in Fig. 3
are small for visualization (average SD of 3%). The inset magnifies the plot at low density.

Fig. 4 Dependence of the cloud density (ρ) on the intensities of a) the trap laser (Ic) and b) the repump laser (Ir), using the
same symbols as described in Fig. 3. The filled symbols indicate the cloud densities at constant Ir , while a set of four different
filled symbols represents a constant cloud volume within the same trap regime. All filled symbols are marked on the fit curves
in Fig. 4b and then linked back to Fig. 4a for consistency checking. The polynomial fits are for guidance. The rightmost axis
shows the average number of trapped atoms (NFORT ) expected in the FORT with a beam waist of 1.2 µm at the center of the
FBT. The three repumper intensity values shown at the top are taken from Table 2. Error bars of Ic and Ir are within the size
of symbols.

the atom number, while the number of rubidium-85
atoms in steady state was estimated by exponential
fit of the loading curve. Since the cloud geometry
was best described by an oblate spheroid, the volume
of the ensemble was calculated using the radii along
two semi-axes that correspond to e−1 peak signals.
The temperature was estimated employing the free
expansion method [20]. The studies on the effects of
trap beam and repumper intensities were carried out
by increasing and decreasing the fields, respectively,
while maintaining the trap geometry, beam sizes, and

polarizations. A few data points had been repeated
to check for parametric consistency and were included
in the analyses. The measured quantities were aver-
aged over ten successive identical experiments. All
coherent optoelectronic and magnetic operations were
controlled by a self-made timing sequence generator
with a resolution of< 100 µs. Unless otherwise stated,
physical values in the following discussion are related
to Ic = 4.95 mW/cm2 and Ir = 17.69 mW/cm2, which
gave the maximum density.

According to the operation principle of the FBT

www.scienceasia.org

http://www.scienceasia.org/
www.scienceasia.org


ScienceAsia 51S (2): 2025: ID 2025s025 5

Table 2 Repump laser intensities estimated for loading 1–6
atoms in the FORT with a beam waist of 1.2 µm. The
mean target atom number (NFORT ) was evaluated assuming
Poissonian statistics over 10 loading shots.

NFORT NFBT (×103) ρFBT (×109 cm−3) Ir (mW/cm2)

1±0.32 48 0.54 0.25
2±0.45 97 1.08 0.49
3±0.55 146 1.62 0.82
4±0.63 194 2.16 1.45
5±0.71 243 2.70 2.93
6±0.77 292 3.24 11.89
7±0.84 341 3.78 −

illustrated in Fig. 1b, the trap depth is well defined
only along the z-axis. By using the scattering force
at half maximum and the trap radius rz = 5.0 mm,
this FBT setup allowed for the MOT capture velocity
of vc =
p

hkΓ rz/2mRb, which corresponds to the trap
depth of Tc = hkΓ rz/2kB = 5.86 K [14]. k is the
laser’s wave number, Γ is the natural linewidth of
Rb’s D2 line, and mRb is mass of one Rb-85 atom.
This trap depth suggests the maximum atom speed or
temperature along the z-axis that this FBT setup can
still trap. The gaseous spheroids were flattened along
the z-axis by approximately 30% of the radius from a
perfect sphere. The largest trap volume had semi-axis
lengths of 237 µm and 310 µm.

While varying the cooling beam intensity, the load-
ing times, ranging from 387 ms to 634 ms, were almost
independent of the repumper intensity. The lowest
temperatures measured for the cloud were 41.7 µK
on the z-axis and 270.9 µK on the xy-plane. The
temperature was estimated using the release-recapture
technique, which depends on the atomic cloud radius
and here yielded a significantly low SD. The quoted
temperatures represent the measured values with as-
sociated uncertainties. The higher temperature on
the xy-plane was due to focused beam geometry that
allowed for trap loss as mentioned in Methodology.
The Doppler temperature of 145.6 µK for Rb-85 atoms
suggests that polarization gradient cooling was not as
effective as in the standard MOT along the symmetry
axis and has not been activated on the plane containing
minor axes, probably due to the heating effect of the
Stokes Raman scattering.

Fluorescence photons from an atomic cloud were
collected using two convex lenses with 35 mm and
50 mm focal length placing at 70 mm and 240 mm,
respectively, from the trap center. As a result, the
atomic cloud image appeared at 340 mm from the
trap with 1:1 size ratio. The cloud radius was defined
as the 1/e2 radius from the Gaussian fit of the cloud
image. Since over a hundred frames were taken for
each measurement, the standard deviation was used
as the uncertainty. The extracted radii were further
used for the analysis of cloud volume and atom number
density.

The maximum density observed was 3.35×109

cm−3 at optimal conditions, i.e., Ic = 4.95 mW/cm2,
and Ir = 17.69 mW/cm2, and almost constant within
20 µm of radius from the trap center in all direc-
tions. With similar intensities of the trap and re-
pumper beams, the conventional 3D MOT has the
typical atomic density of a few 1010 cm−3 [21], which
is comparable to the value achieved in our work. At
four fixed Ir values (Fig. 3a), the trap beam geometry
confined atoms to a volume of (6.20–13.7)×10−5 cm3,
bounded by two solid lines. The behavior of ρ versus
Ic (Fig. 4a) shows a non-monotonic relation within the
multi-scattering regime, which is of interest in this
work.

We varied Ir to further investigate the FBT in
the multi-scattering and two-component regimes with
different values of Ic = 4.95–9.97 mW/cm2 (Fig. 3b).
While the standard MOT demonstrates constant num-
ber of atoms up to N = 1010 atoms [21], the tight
confinement of the FBT seems to impose strong re-
striction on both density and the atom number to
undergo changes with Ic at the same rate as shown
in Fig. 3b. The linear relationship of ρ versus N
implies constant volume, since the density was cal-
culated from ρ = N/V . The number of atoms
and the volume were extracted from the atomic
cloud images. Therefore, the linear relationship be-
tween density and atom number indicates that the
volume is constant. In Fig. 3b, four volume mea-
surements of 8.75±0.98×10−5, 9.46±1.50×10−5,
1.53±0.19×10−4, and 1.79±0.18×10−4 cm3 were ob-
served at Ic = 4.95, 6.29, 8.64, and 9.97 mW/cm2,
respectively. This feature also implies that the cloud
volume changes only with Ic and not with Ir . Count-
ing atoms in both hyperfine ground states using the
scattering rate of the F = 3 to F′ = 4 transition yielded
an underestimated N . However, at a constant volume,
the linear relation of ρ versus N remains on the same
straight line.

The atomic density of the cold cloud strongly
depends on the loading rate and the loss rate. The
saturated densities in Fig. 4a are given by the balance
between the confining force and the multiple scattering
force. The first one is not harmonic since it is the
combination of the damping force on the inbound
and restoring force on the outbound of propagating
atoms. The second is the competition between the
repulsion due to reabsorption of fluorescence photon
between atoms and the compression intensified via the
shadow effect [22]. The FBT has demonstrated the
highest density within a narrow window, 3.0< Ic < 6.0
mW/cm2 (Fig. 4a). In Fig. 4a, as Ic increases beyond
this narrow window, the damped harmonic well spills
out excessive atoms, resulting in a sharp drop of ρ.

However, the trap beam intensity at Ic =
4.95 mW/cm2 well maintained the clouds in the multi-
scattering regime for the whole range of Ir imposed.
The local maxima incline toward increasing Ic from ρ

www.scienceasia.org

http://www.scienceasia.org/
www.scienceasia.org


6 ScienceAsia 51S (2): 2025: ID 2025s025

= 0.83×109 cm−3 to 3.29×109 cm−3, in accordance
with volumes of (10.40±0.25)×10−5 cm3, narrowed
down to the middle zone bounded by dash lines in
Fig. 3a. In the present case, the repump-to-cooling
intensity ratio has been increased to ⩾ 11 times the
magnitude generally utilized in the standard MOT.
The F=2 ground state would be rapidly depleted
while the Stokes Raman transition heats atoms. As
a result, no further compression on the xy-plane was
observed, which is consistent with the directional mea-
sured temperatures. In contrast to the ρ-Ic relation
in Fig. 4b, the cloud density and hence N increased
monotonically with Ir . It never decreased but smoothly
approached the asymptotic line corresponding to the
density of 3.45×109 cm−3 at the optimal cooling in-
tensity.

While most physical properties of the FBT re-
semble typical MOTs, the effect of repump beams on
the number of trapped atoms is radically different
from the Wieman-Pritchard model used to describe
an additional repulsive force arising from multiple
reabsorptions of Stokes Raman photons in the optical
thickness regime [21]. Considering the standard MOT,
the cooling process would become saturated approx-
imately a thousand times slower than the repumper
due to the small leakage out of the F = 3 to F′ = 4
cooling cycle. This implies that weak repump beams
are all the Doppler cooling needs, and changing the
repumper intensity should not cause a significant effect
on the atomic cloud density. In contrast to the FBT
geometry, the repumper plays the role of a diligent trap
enhancer that could also completely suppress the atom
number even at the most efficient cooling intensity. In
this work, where the maximum atom number was just
3.35×105, by further detuning the repump frequency
at −75.4 MHz from the F′ = 3 hyperfine state, the
excited states of the two lasers are well separated, and
the Ir -dependence of the cloud density was amplified.
Evidently, the increased compression of the cold cloud
with growing Ir cannot be understood by integrating
the repumper heating of h(∆ω23 − 2π × 12.0 MHz)
per Stokes photon scattering as an additional repulsion
force in the rate equation. Though including all param-
eters that influence the capture velocity is too complex,
the strong Ir -dependence of the cloud density is ex-
pected to behave like ρ = ρ∞(Ir/(IN + Ir))2, directly
obtained from a simple rate equation [14]. Here, ρ∞
represents the maximum density, and IN represents the
intensity at which ground-state repumping rate equals
the trap loss rate, or IN denotes the reference intensity
related to the proportion of the hyperfine ground-state
populations inside the FBT. We found that the repulsive
force due to Stokes photon heating does not overrule
the effect of hyperfine ground state conversion to
F = 3; as a result, the density increased with Ir . We
deduced IN = 0.38, 0.49, 1.01, and 1.12 mW/cm2 in
descending order of Ic in Fig. 4b.

To serve the purpose intended for future appli-

cations, loading of the FORT from the FBT could be
straightforward when both traps share the same pair of
high-NA lenses. Since the minimum waist of the FORT
is confined to the diffraction limit of the wavelength
used, only a tiny overlap volume of the two traps at
the cloud center defines the number of atoms that take
part. By using the FBT region with nearly constant
density and the FORT with beam waist of 1.2 µm, the
overlap volume will have the trap geometry prescribed
by 40.0 µm and 2.4 µm along the axial and radial axes,
respectively. Table 2 shows an estimated calculation of
the number of atoms in the FORT with relationship to
the number of atoms and also the atom density in the
FBT. With the assumption of the Poissonian statistics,
average numbers of 1–6 atoms could be transferred
into the FORT by varying Ir from 0.25–11.89 mW/cm2,
whereas loading 7 atoms into the FORT would require
Ir > 20 mW/cm2, according to the results in Fig. 4b.
Selectively trapping more than two atoms in the FORT
is beyond the practical limit of the blue-detuned, light-
assisted loading [23, 24]. To use the scheme illustrated
in Fig. 4b, the values of Ir must be evaluated for
distinct trap conformation. Stabilizing Ir would put the
loading close to the most probable atom number when
the Poissonian statistics are assumed. In addition, an
atom counting technique will be required to verify
the loading variation from shot to shot. However,
this shows only an estimate under ideal Poissonian
statistics; in practice, several parameters could affect
the capability of loading one or more atoms into the
FORT. These parameters include, for example, the laser
stability, which causes atomic cloud fluctuation, and
the FORT laser beam stability, which affects the trap
depth.

As a result, deterministic preparation and defect-
free single atom traps are achievable. This can en-
able the next generation of single-atom experiments,
such as atom rearrangement, Raman transition ex-
periment, and Rydberg atom experiment. The fields
that this can advance include quantum simulation of
complex many-body systems [25, 26], which demand
selectable degrees of freedom at prescribed lattice de-
fects. Among other applications, the quantum simula-
tion of complex chemical systems and the development
of new materials could be pursued based on these
trapped atoms. In addition, quantum information
processing that utilizes the FORT atoms as quantum
bits has been an active area of research, paving the way
toward a quantum computer [27, 28].

CONCLUSION

Preparation of the atomic cloud of cold Rubidium-85
was demonstrated in the focused-beam trap experi-
ment. This was to enable an alternative method to
the conventional three-dimensional magneto-optical
trap. The FBT configuration allowed more convenient
optical access for extensions of experiments from this
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atomic cloud, such as the far-off-resonance trap and
Rydberg excitation. Our FBT demonstrated the atomic
cloud volume was not influenced by varying the re-
pumper intensity Ir up to 17.85 mW/cm2 and the
cloud density up to 3.35×109 cm−3. Without varying
the cooling beam intensity Ic , the spontaneous Raman
photons from an intensified repump laser permitted
monotonic manipulation of the number of atoms from
zero to the maximum number limited by the cooling
power. Our FBT arrangement could provide an alterna-
tive precision loading of the far-off-resonance trap, de-
pending on influential experimental parameters, such
as the stability of the lasers.
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