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Dark-state optical potential barriers with nanoscale spacing
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Optical potentials have been a versatile tool for the study of atomic motions and many-body interactions in cold
atoms. Recently, optical subwavelength single barriers were proposed to enhance the atomic interaction energy
scale, which is based on nonadiabatic corrections to Born-Oppenheimer potentials. Here we present a study for
creating an alternative landscape of nonadiabatic potentials—multiple barriers with subwavelength spacing at
tens of nanometers. To realize these potentials, spatially rapid-varying dark states of atomic � configurations are
formed by controlling the spatial intensities of the driving lasers. As an application, we show that bound states
of very long lifetimes on the order of seconds can be realized. Imperfections and experimental realizations of the
multiple barriers are also discussed.
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I. INTRODUCTION

Optical potentials have been a very useful tool for ma-
nipulation of atomic motions, such as simulation of many-
body physics [1,2]. The typical potentials can be generated
using a far-detuned light through optical dipole force due to
a spatially varying ac-Stark shift [3]. The potential landscape
is therefore determined by the spatial variation of the light
intensity. Except operating near the surface [4–9] or using
special masks [10,11], the spatial intensity variation is often
limited by the wavelength λ of the light. To realize subwave-
length resolution in the far field, various approaches have
been proposed [12–33], such as multitone dressing [18–20],
multiphoton processes [21–24], and atomic dark states in �

configurations [25–33].
Recently, a novel idea of subwavelength optical potentials

was proposed by considering the nonadiabatic corrections
[34] to the spatially varying dark states in � configurations
[35,36]. A subwavelength potential barrier arises when the
kinetic energy of an atom experiences a rapid change of its
internal state in a subwavelength region. This type of optical
potential is drastically different from the optical dipole po-
tentials as the former is purely quantum mechanical since the
potential energy is proportional to h̄. The first experiment of
these barriers has been demonstrated [37]. By using standing
waves, the potentials can form lattices with subwavelength
barriers spaced by λ/2. With time-dependent engineering of
the lattices, smaller spacings between narrow barriers are
possible [38–40]. However, heating can arise and the dark-
state lifetime can be limited due to lattice modulation [39,40].

In this paper, we present a method to create multibarrier
nonadiabatic potentials with subwavelength spacing, realizing
a type of optical potential landscape without time-dependent
modulations. Our idea is based on dark-state nonadiabatic
potentials of three-level atoms in � configurations [Fig. 1(a)]
by controlling the spatial intensity variations on the driving
lasers. We employ the Born-Oppenheimer (BO) approxima-
tion [34] to study the internal eigenstates of the atoms and

nonadiabatic corrections from the atomic motions. We derive
the general formula for the corrections of an arbitrary spatial
intensity function. In particular, we show that double barri-
ers and triple barriers with subwavelength spacings can be
realized.

Double-barrier potentials have been widely studied in
solid-state systems, such as semiconductor heterostructures
[41–43]. They are important for understanding effects such
as resonant tunneling [42] and quasibound states [44]. Our
scheme offers a platform to study double barriers in cold
atoms in the subwavelength regime, where many-body atomic
interactions can be strongly enhanced. As an example, we
illustrate the formation of bound states of two and three atoms
via magnetic dipolar interactions numerically. Our results
show that the double-barrier potentials can support bound
states of very long lifetimes on the order of seconds.

II. DARK-STATE TRAPPING AND
NONADIABATIC POTENTIALS

We consider three-level atoms with a � energy structure
shown in Fig. 1(a). The two ground states |g1〉 and |g2〉 are
long lived, which can be hyperfine-split metastable states
or Zeeman sublevels [45], and an excited state |e〉 has a
spontaneous decay rate γ . The total Hamiltonian of the system
includes the kinetic energy and the internal atomic interaction
is given by [35]H = p2

2m +Hin, where

Hin = −h̄� |e〉 〈e|

+
[

h̄
�c(x)

2
|e〉 〈g1| + h̄

�p(x)

2
|e〉 〈g2| + H.c.

]
. (1)

Here �c(x) [�p(x)] is the spatial-dependent Rabi frequency
of the off-resonant coupling (probe) field for the transition
between |e〉 and |g1〉 (|g2〉) with a detuning �. These fields
form a resonant Raman transition between the ground states
[46]. To study the nonadiabatic corrections, we will employ
a similar procedure to that in Ref. [36]. However, in contrast
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FIG. 1. Schematic of our scheme. (a) Atomic configuration and
the coupling to two lasers. An example of (b) spatial dependencies
for �c(x) and �p(x) and (c) the corresponding nonadiabatic poten-
tial. The circular disks represent atoms and the arrows represent the
population of dark-state atoms.

to previous works [35–39], we consider both the coupling and
the probe fields to be position dependent, which will lead to
general expressions of the nonadiabatic corrections.

We are interested in the limit of slow atomic motions such
that the energy of the external motion (the kinetic energy
and the potential) is much smaller than the internal energy
scale determined by Hin. Within this limit, we can apply
the BO approximation [34] to treat the internal Hamiltonian
separately. The validity of this limit will be discussed later.
We can diagonalizeHin and obtain the eigenstates to be

|D(x)〉 = −�p(x) |g1〉 + �c(x) |g2〉
�(x)

,

|B±(x)〉 = �c(x) |g1〉 + �p(x) |g2〉 + �±(x) |e〉√
�2(x) + �2±(x)

, (2)

where the corresponding eigenenergies are 0 and h̄�±/2,
respectively. Here �(x) =

√
�2

c (x) + �2
p(x), �±(x) = −� ±√

�2(x) + �2. Therefore, the atoms are trapped at the spa-
tially varying dark state |D(x)〉 and are decoupled from the
laser fields [26–29].

Since the momentum p and the position x do not com-
mute, additional contributions arise when we diagonalize
the kinetic energy using the position-dependent eigenbasis,
which are termed as nonadiabatic corrections or geometric
potentials [35,36]. To see this, we consider the unitary oper-
ator [36] R = |D(x)〉 〈D0| + |B+(x)〉 〈B+0| + |B−(x)〉 〈B−0| ,
where |D0〉 and |B±0〉 are the eigenstates located at a fixed
position x0. By applying the transformation, we obtain

H̃ = R†HR = (p −A)2

2m
+

∑
a=±

h̄
�a(x)

2
|Ba0〉 〈Ba0| , (3)

where the effective vector potential A ≡ h̄R†∂xR = ih̄α′(x)∑
a=± Na(|Ba0〉 〈D0| − |D0〉 〈Ba0|) + ih̄ �′(x)

�(x) C(|B−0〉 〈B+0|−
|B+0〉 〈B−0|) with α(x) = arctan [�p(x)/�c(x)], N± =
1/

√
1 + �2

±(x)/�2(x), and C = (��/2)/(�2 + �2).
Therefore, we arrive at

H̃ = p2

2m
+ U0(x)|D0〉〈D0|

+
∑
a=±

(
h̄
�a(x)

2
+ Ua(x)

)
|Ba0〉〈Ba0| +V, (4)

FIG. 2. (a) Dark-state population of |g1〉 for double-barrier po-
tentials as a function of x/λ in one period, and (b) the correspond-
ing nonadiabatic potentials of double barriers with subwavelength
spacings for d = 0, 0.4 , 0.8 at φ = 0, and d = 0.8 at φ = 0.2 with
ε = 1/10. A component of the nonadiabatic potential for the bright
states (U1, the dashed curve) is plotted in (b) for d = 0 and φ = 0.

where the nonadiabatic potential for the dark state is [35]

U0(x) = h̄2

2m
[α′(x)]2. (5)

It is the nonzero derivative of α(x) that gives rise to potential
barriers (positive potential) for the dark state |D(x)〉. Thus
the ratio of the two driving lasers, f (x) ≡ �c(x)/�p(x) =
tan[α(x)], plays an important role in engineering interesting
spatial structures of subwavelength barriers. The nonadiabatic
potentials for the bright states are Ua = h̄2/(2m)[N2

a α′2(x) +
C2�′2(x)/�2(x)] = N2

a U0(x) + 4C2U1(x) � U0(x) + U1(x)/
4, where U1(x) = h̄2/(8m)�′2(x)/�2(x). The off-diagonal
contribution that couples between the eigenstates is
given by

V = − pA
2m

+ Ub(x) |B+0〉 〈B−0|

+
∑
a=±

U0a(x) |D0〉 〈Ba0| + H.c., (6)

where Ub(x) = h̄2/(2m)N+N−α′2(x) and U0a = ±h̄2/(2m)
N∓Cα′(x)�′(x)/�(x). The coupling rates between the dark
state and the bright states are V±D ≡ | 〈B±0|V |D0〉 |/h̄ =
|U0±(x)|/h̄, which determine the loss rate of atoms out
of the dark state. We show that Ub(x) � U0(x)/2 and
|U0±(x)| � √

U0(x)U1(x)/2. To ensure the validity of the BO
approximation,

Ui(x)/h̄ � |�±(x)| (i = 0, 1). (7)

In particular, as shown numerically in Fig. 2(b), U1(x) �
U0(x) around the double barriers. For |�| � |�(x)|, we can
reduce Eq. (7) to U0(x) � h̄|�(x)|. Under this condition,
the off-diagonal coupling V is far detuned from the energy
spacing between the eigenstates, therefore it can be treated
as a perturbation. Then the excitation to the open channels
can be estimated [36,46] as PB ∼ | 〈Ba0|V |D0〉 |2/�2(x) =
V 2

±D/�2(x) � 1. The effective loss rate of the dark state atoms
is given by γd ∼ γV 2

±D/�2(x). A more rigorous result of the
dark-state decay rate is calculated from the corrections to the
dispersion of atoms in the Bloch bands [35], which shows a
similar relation to our perturbative result.
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III. SUBWAVELENGTH OPTICAL POTENTIALS

The nonadiabatic potential arises due to the rapidly spatial
change of the internal dark state. Previous studies [35–40,47]
have focused on the situation when the ratio of the coupling
laser to the driving laser is an approximated linear function
near certain values, i.e., f (x) ≈ kx/ε for |kx| � ε. The nona-
diabatic potential for the dark state is given by [36] U0(x) =
h̄2k2

2mε2 /[1 + (kx/ε)2]2, which shows a single potential barrier

located at x = 0 with U0(0) = h̄2k2

2mε2 and a width �x ∼ ε/k.
In general, f (x) can be made periodic, e.g., f (x) = sin(kx)/ε
[35,37], so the separation between two barriers is λ/2. Recent
studies show that the separation can be reduced further via
Floquet engineering [38–40].

Here we consider a more general situation of laser intensi-
ties as

f (x) = �c(x)

�p(x)
= a + b cos(kx)

c + d cos(kx + φ)
, (8)

which can be formed by a combination of standing waves
and propagating waves. Here a, b, c, d, are the amplitude
coefficients to be determined and φ is the phase control.

A. Double barrier with subwavelength spacing

We study spatial engineering of the Rabi frequencies to
realize nonadiabatic multiple barriers with subwavelength
spacing. The basic idea is to design a spatial function f (x)
such that its derivative is zero at x = xmin but quickly reaches
its maximum in a subwavelength region away from xmin.

We consider the situation for generating double barriers
using

f (x) = 1

ε

1 + cos(kx)

1 + d cos(kx + φ)
, (9)

where d < 1. Here we take �c(x) = �0[1 + cos(kx)] and
�p(x) = �0ε[1 + d cos(kx)].

At φ = 0, we find that the potential features are prominent
at kx ∼ π and we arrive at

α′(x) ≈ k

ε(1 − d )

kδx

1 + [
k2δx2

2ε(1−d )

]2 , (10)

where δx = x − π/k. The spatial function of the nonadiabatic
potential U0(x) can be obtained from Eq. (5) by substituting
the above relation of α′(x), from which we obtain three
important features:

(1) U0(xmin) = 0 with xmin = π/k.
(2) Two barrier peaks located around xmax = π/k ±

(4/3)1/4
√

ε(1−d )
k with U0(xmax) = h̄2k2

2m

√
27

8ε(1−d ) .
(3) We get a nonadiabatic potential well with a subwave-

length width at half maximum to be �x ≈ 0.2
√

ε(1 − d )λ.
Furthermore, we study spatial variation on the popula-

tion of one of the ground states, e.g., Pg1 (x) = 1
1+ f 2(x) . The

nonadiabatic potential U0(x) ∝ (∂Pg1 (x)/∂x)2, meaning that
it is due to the rapid change of the population as a function
of position such that the atoms cannot adjust its internal
state adiabatically. In particular, ∂Pg1 (x)/∂x ∝ f ′(x) = 0 at
x = k/π , which corresponds to the dip in the nonadiabatic
potential.

FIG. 3. (a) Dark-state population of |g1〉 for creating triple-
barrier potentials as a function of x/λ, and (b) the corresponding
nonadiabatic potentials of triple barriers with subwavelength spac-
ings for different values of φ. The inset magnifies the dashed-box
area to show the triple-barrier feature.

We plot the numerical results of the ground-state popu-
lation Pg1 and the double-barrier potential U0(x) for d = 0,

0.4, 0.8 at φ = 0, and d = 0.8 at φ = 0.2 in Figs. 2(a) and
2(b), respectively, using the full expression derived from
Eq. (9). The aforementioned features agree well with the
numerical results. The example of φ = 0.2 shows the ability
to tune the heights of the potential barriers from symmetric
into asymmetric.

In addition, we note that for any function f (x) ≈ (x −
xmin)n/ε for n > 1 (integers), the corresponding geomet-
ric potential can be a double barrier centered at x = xmin

since f ′(xmin) = 0. Here, we have provided a simple realiza-
tion of nonadiabatic potential double barriers, making them
drastically different from those in the case of f (x) ≈ x/ε
[35–37,47]. Our method does not require lattice modulation
[38–40] or atomic levels with multi-� configurations [29,35].

B. Multiple barrier with subwavelength spacing

As another example, we would like to show a three-peak
nonadiabatic potential. To see this, we consider the spatial
function f (x) = 1+cos(kx)

1+cos(kx+φ) , where �c(x) = �0[1 + cos(kx)]
and �p(x) = �0[1 + cos(kx + φ)]. Here the only control pa-
rameter is the phase φ. We derive

α′(x) = k
sin (kx + φ) − sin kx + sin φ

(1 + cos kx)2 + [1 + cos (kx + φ)]2
. (11)

By examining the properties of α′(x), we find the spatial
features of U0(x) as follows:

(1) A central peak at xc = π
k − φ

2k with U0(xc) = 8h̄2k2

mφ2 .

(2) Two dips at xmin = xc ± φ

2k with U0(xmin) = 0 .
(3) Two lower peaks at maximum at xmax = xc ± φ

k with

U0(xmax) = 9h̄2k2

200mφ2 .
We plot both the ground-state population Pg1 and the geo-

metric potential U0(x) as a function of x for different values of
φ in Fig. 3. Two flat regions in the population correspond to
the dips in U0(x) and the large slope corresponds to the central
peak in U0(x).

We note that the double-well potential looks similar to the
plot in the right-upper panel in Fig. 3(b) in Ref. [37], but they
are of different natures. Here the potential is a characteristic
of the spatially varying Rabi frequencies and the state is
completely dark, while the one in Ref. [37] is due to the
off-resonant Raman lasers so the resulting potential is not
completely dark.
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The nonadiabatic multiple barriers are important in two
ways. First, they provide a subwavelength potential landscape.
Quasibound states and resonant tunnelings of multibarrier
potentials can be studied using Wentzel-Kramers-Brillouin
approximation [48,49]. Second, the subwavelength features
of the multiple barriers may permit the study of enhanced
dipole-dipole interactions between atoms.

IV. APPLICATION: BOUND STATES

We now discuss a study of many-body physics permitted
by nonadiabatic potential barriers. The spatially varying dark
state may allow the atoms to have spatially dependent mag-
netic moments [2] in the subwavelength regime, leading to
strong magnetic dipole-dipole interactions. For concreteness,
we assume the magnetic moments are aligned perpendicular
to the x axis that the atoms are located at. (The situation on
transverse position distribution will be discussed later.) The
strength of the magnetic moment of an atom is taken to be
μ(x) = μm[2Pg1 (x) − 1], which depends on the state (spin) of
the atom, i.e., Pg1 (x). For the situation of two atoms, the total
Hamiltonian is given by [35]

HMB = p2
1

2m
+ p2

2

2m
+ U0(x1) + U0(x2) + μ0μ(x1)μ(x2)

4π |x1 − x2|3 ,

(12)

where μ0 is the vacuum permeability, and xi and pi are the
position and the momentum of the ith atom.

In the case of the double barriers, the atoms repel each
other through the magnetic dipolar interaction if they both
stay in the well. Thus a bound state can not be formed.
Instead, a bound state can be formed if only one atom sits
inside the well. The condition for the bound state is Emin +
μ0μ(x1 )μ(x2 )
4π |x1−x2|3 < 0, where Emin is the minimum energy of the

atom inside the potential well and the energy of the other
atom outside the well is neglected. By considering the size
of the potential well and using the uncertainty principle, we
estimate Emin ≈ h̄2k2/[2mε(1 − d )]. Then we estimate the
minimum magnetic moment to form a bound state and we find
that the required dipolar length add ≡ μ0μ

2m/(12π h̄2) [50]
is on the order of the typical subwavelength spacing, i.e.,
amin

dd ∼ 0.2
√

ε(1 − d )λ ∼ �x.
A more rigorous determination of amin

dd can be obtained by
numerically solving the Schördinger Eq. (12) to have at least
one negative eigenvalue. The numerical calculations are per-
formed in the region of [0, λ], considering the periodicity of
the potential and assuming both atoms are within this region.
In practice, the dipole-dipole interaction would be modified
due to the transverse distribution, and so does amin

dd . The
dipolar potential in 3D is given by V3D = μ0μ(x1)μ(x2)(r2 −
3z12)/(4πr5) [51]. Here r is the interatomic distance in 3D,
and z12 is the interatomic distance along the z axis, where the
dipoles are assumed to be oriented. We assume that each atom
is strongly confined in the transverse direction, where its dis-
tribution probability for the jth atom is given by P(y j, z j ) =
exp[−(y2

j + z2
j )/l2

T ]/(π l2
T ) with lT the strength ofthe trans-

verse confinement. We first find the effective dipole-dipole
interaction by integrating the transverse variables in V3D

(a) (e)

FIG. 4. (a) The minimum values of the dipolar length amin
dd versus

the average interatomic distance x̄12 for different strengths of trans-
verse confinement lT . For each value of confinement, x̄12 is evalu-
ated numerically from the corresponding wave function ψ (x1, x2),
solved using amin

dd with ε = 1/120, 1/70, 1/40, 1/28, 1/20, 1/15,

1/12, 1/10 at d = 0. Density plots of |ψ (x1, x2)|2 for (b) lT = 0,
(c) lT = 0.10

√
ελ, (d) lT = 0.20

√
ελ using amin

dd with ε = 1/10. (e)
Lowest bound-state eigenenergies as a function of dipolar length add

for lT = 0.10
√

ελ at different values of ε.

using P(y j, z j ), and then solve Eq. (12) using the effective
interaction.

We study the dependence of amin
dd shown in Fig. 4(a). In

the ideal case when lT = 0, we search amin
dd for different

values of ε (circular points). Using the critical values of
add , we calculate the average interatomic distance along the
x axis x̄12 from the wave function ψ (x1, x2). We find that
amin

dd increases linearly with x̄12 as we change ε, i.e., amin
dd ≈

1.2x̄12 ≈ 0.55
√

ελ, which is close to the value obtained in the
analytical method when d = 0. For lT = 0.10

√
ελ � x̄12, we

find both x̄12 and amin
dd increase slightly where amin

dd ≈ 1.5x̄12

(square points). For lT = 0.20
√

ελ ≈ x̄12/3, amin
dd is increased

to about 3.0x̄12 (diamond points).
We plot the bound-state probability distributions

|ψ (x1, x2)|2 using amin
dd at ε = 1/10 for lT = 0, 0.10√

ελ, 0.20
√

ελ in Figs. 4(b)–4(d). We observe that there
is a high probability to find one atom located inside the
potential well while the other is outside, so the magnetic
moments tend to be close to its maximum magnitude
μm. There is almost zero probability to find atoms sitting
close to the domain walls (x j ≈ 4.25 and 5.75) where
μ(x) changes signs [35], so the contact interaction due to
s-wave scattering [50] can be neglected. We further plot
the lowest bound-state eigenenergies EB as a function of
add for ε = 1/10, 1/20, 1/40 at the transverse confinement
lT = 0.10

√
ελ in Fig. 4(e). Eignenergies on the order of U0 max

can be achieved with moderate dipolar length add ∼ 2x̄12.
Interestingly, in the rescaled axes (add/x̄12 and EB/U0 max),
the dependence of eigenergies on add has a universal relation
for a fixed transverse confinement.

We also investigate the nonadiabatic potential experi-
enced by the bound-state atoms. Due to the double-barrier
potential, the average off-diagonal coupling rate can be
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FIG. 5. The average nonadiabatic potential of a bound-state
atom (open squares), the maximum potential of the double barriers
(circles), and the lifetime of the bound states (triangles), versus the
mean interatomic distance with the same set of ε in Fig. 4(a) for
lT = 0.1

√
ελ (see text for details).

very small, which is given by
∫

V±D(x1)|ψ (x1, x2)|2dx1dx2 �∫ √
U0(x1)U1(x2)/(2h̄)ψ (x1, x2)|2dx1dx2 ≡ Ūoff/h̄. In Fig. 5

(empty squares), we plot this upper bound of the aver-
age off-diagonal coupling potential Ūoff versus the mean
interatomic distance as ε varies. The results show that
Ūoff ∼ ER, which is two orders of magnitude smaller than
the peak nonadiabatic potential U0(xmax) in Fig. 5 (cir-
cles). The small off-diagonal coupling potential can sup-
port very long lifetimes of the bound states. We estimate
the lifetime of the bound states as τ = 1/γ̄d , where γ̄d =
γ

∫
U0(x1)U1(x2)/(2h̄�(x1))2|ψ (x1, x2)|2dx1dx2. Using the

parameters in Sec. V, we show that lifetimes on the order
of seconds can be realized at tens of nanometers interatomic
distances.

Moreover, the double-barrier potential can lead to bound
states of three atoms known as trimers. Our trimer has one
atom inside the well and two outside on each side of the
barrier. Similarly, bound states can be formed in the case of
the triple potential barriers. The atoms attract each other if
they are separated by the center barrier such that the dipoles
are opposite and the magnitude is about μm (Fig. 3). With
periodic potentials, our multiple barriers can be interesting for
the study of many-body physics in band structures, which is
out of the scope of this paper.

V. EXPERIMENTAL IMPLEMENTATIONS

The nonadiabatic potential multiple barriers require the �

atomic configuration and spatial control on the Rabi frequen-
cies. The � atomic configurations have been frequently used
in electromagnetic-induced transparency [45] and coherent
population transfer [52]. The first experiment on nonadiabatic

potentials has been performed using an ultracold 171Yb gas
[37] with hyperfine-split ground states.

The spatial dependence on the Rabi frequencies �c(x) and
�p(x) is of the form a + b cos(kx), which can be realized
by superposing a standing wave and a propagating wave
derived from the same laser. Thus, the spatial function f (x)
is insensitive to the laser intensity fluctuation. As the perfect
spatial function may be a challenge in experiment, a double
barrier can be more easily demonstrated with an approximated
function f (x) = (x − xmin)2/ε by shaping the coupling and
the probe lasers.

We can determine the minimum barrier spacing from
U0(x) � h̄|�(x)|. The minimum value of the Rabi frequency
is �(x) =

√
�2

c (x) + �2
p(x) ≈ �0ε(1 − d ) for the double-

barrier potentials, and �(x) ≈ �0[1 − cos2(φ)] ≈ �0φ
2/2

for the triple-barrier potentials. Considering �0 = 2π ×
100 MHz, λ = 532 nm, and U0(x) � h̄|�(x)|/5 for 171Yb
atoms, we obtain the minimum barrier spacing to be 13 nm
and 24 nm for the double-barrier potentials and the triple-
barrier potentials, respectively. The corresponding minimum
energy inside the double barriers is Emin/h̄ ≈ 2π × 280 kHz.
We estimate the maximum excitation probability is PB ≈ 4%.
Taking γ = 2π × 182 kHz [37], we find the scattering rate on
the dark states through the open channel is about 2π × 7 kHz.
In the above analysis, we assumed |�| � |�(x)|, however,
for larger single-photon detunings, the laser intensities need
to be stronger to get the same subwavelength feature without
breaking the BO approximations.

VI. CONCLUSION

In this paper, we presented a method of creating nona-
diabatic potentials of multiple barriers separated at tens of
nanometers via spatial engineering of the laser intensities. The
ability of spatial control could potentially open a direction to
engineer interesting subwavelength potential landscapes. We
studied several concrete examples on realizing subwavelength
multiple barriers and their application for bound states. Inter-
estingly, we show that double-barrier potentials can support
bound states of very long lifetimes.

The multiple barriers can be a platform for the study
of many-body interactions in cold atoms enhanced by the
subwavelength features. This scheme may also allow further
studies on trapping atoms without the conventional optical
dipole potentials and super-resolution quantum microscopy
[53,54].
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