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ABSTRACT
Optical dipole traps (ODT) with far-off-resonance laser are important tools in more and more present cold-atom
experiments, which allow confinement of laser-cooled atoms with a long storage time. Particularly, the magic
wavelength ODT can cancel the position-dependent spatially inhomogeneous light shift of desired atomic transition,
which is introduced by the ODT laser beam. Now it plays an important role in the state-insensitive quantum engineering
and the atomic optical clock. To verify the magic wavelength or the magic wavelength combination for D2 line transition
of cesium (Cs) and rubidium (Rb) atoms, we calculated and analyzed the light shift of the 133Cs 6S1/2 - 6P3/2 transition for
a monochromatic ODT, and also the 87Rb 5S1/2 - 5P3/2 transition for a dichromatic ODT with a laser frequency ratio of
2:1. Also a dichromatic magic-wavelength ODT laser system for 87Rb atoms is proposed and experimentally realized by
employing the quasi-phase-matched frequency doubling technique with telecom laser and fiber amplifier.
Keywords: optical dipole trap, dichromatic optical dipole trap, magic wavelength, light shift, cesium atoms, rubidium
atoms

1. INTRODUCTION
Optical dipole traps (ODT) with a far-off-resonance laser become a basic tool in more and more present cold-atom
experiments and allow confinement of laser-cooled neutral atoms for a long storage time but with a very low photon
scattering rate 1-3. The essence of ODT is the position-dependent spatially inhomogeneous light shift of atomic ground
state coming from the interaction between the light-induced dipole moment of the neutral atoms and the trapping laser
field with a gradient intensity profile.
ODT now is frequently utilized for trapping cold atoms which are prepared in well-defined quantum state for both
internal and external degrees of freedom. To realize the atomic initial state preparation and atomic internal state coherent
manipulation people need to calculate the exact light shift of ground state (connected with trap depth of ODT) and
excited state for accurate adjustment of laser’s detuning related to atoms confined in ODT. If the desired atomic
transition frequency of atoms in ODT can be kept the same as in the case of free space with zero field 4-7, in the other
words, ODT only traps atoms at certain spatial position but it does not perturb the specific transition frequency, it will be
very helpful for much more precisely measuring desired atomic transition or stabilizing laser’s frequency to desired
ultra-narrow atomic transition as well as coherently controlling atomic internal state but independent of the atomic
residual thermal motion. Actually to make light shift of the ground state and the upper state equal, people can tailor the
light shift of atomic state by using trapping laser with a proper wavelength, which is the so-called magic wavelength 4-7.
Since the concept of magic wavelength was considered firstly by Katori group for strontium (Sr) atoms 4, later by
Kimble group 5 and Cho group 6 for cesium (Cs) atoms, now it plays an important role in the state-insensitive quantum
engineering and the Sr and ytterbium (Yb) atomic optical clock 8.
To verify the magic wavelength or the magic wavelength combination for D2 line transition of 133Cs and rubidium87 ( Rb) atoms, we calculated and analyzed the light shift of the 133Cs 6S1/2 |F=4> - 6P3/2 |F’=5> transition for a
monochromatic ODT, and also the 87Rb 5S1/2 |F=2> - 5P3/2 |F’=3> transition for a dichromatic ODT with a laser
frequency ratio of 2:1. Especially the dichromatic ODT with magic wavelength combination actually expands the magic
wavelength concept, and we hope it may find more applications to coherently control the atomic internal state
independent of the atomic residual thermal motion. We aim at employing magic wavelength microscopic ODT to
confine single atom (single 133Cs atom 9, 10 or single 87Rb atom 11) to explore triggered single-photon source based on
87
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fluorescence radiation from a two-level single emitter (here single atom) with the periodical coherent excitations 11, and
magic wavelength ODT will improve the efficiency of coherent excitation of atom to the upper state as well as the
distinguishability degree of single photons.
Also a dichromatic magic-wavelength laser system for a ODT of 87Rb atoms was proposed and experimentally
realized by employing the quasi-phase-matched (QPM) efficient laser frequency doubling technique with telecom laser
and fiber amplifier.

2. CALCULATION METHOD OF LIGHT SHIFT
Usually calculation of light shift, especially for atomic ground state, can be approximately simplified into a two-level
model from the classical oscillator model, in which the ODT potential for atoms can be expressed as follows 3 :

U dip (r ) =

3π c 2
Γ
⋅
⋅ I (r )
3
2ω0 ω − ω0

(1)

here ω0 is the angular transition frequency between atomic ground state and excited state, ω is the angular frequency of
light field, Г is the spontaneous decay rate, and I(r) is the distribution of light intensity. Main physical feature of ODT is
clear according to this simple two-level model. When the detuning (ω - ω0) < 0 (red detuning), ODT potential for atomic
ground state (Udip) is negative, and it attracts atoms to the point with maximum intensity. In contrast, when the detuning
(ω - ω0) > 0 (blue detuning), Udip is positive, and it repulses atoms to the point with minimum intensity.
But actually this simple two-level model is not so accurate for calculation of light shift of ground state and
especially for excited state, because of the multi-levels of real atoms. Taking Cs atoms as an example, we calculate the
light shift of cesium atoms in an ODT formed by focusing TEM00-mode 1064-nm laser, considering |a> state (one
hyperfine fold of Cs 6S1/2 state), |b> state (one hyperfine fold of Cs 6P3/2 state) and |c> state (one hyperfine fold of Cs
8S1/2 state, for example), as shown in Figure 1. The 1064-nm ODT laser is far red-detuned from |a> - |b> transition (852
nm) and |b> - |c> transition (794 nm). According to the two-level model, if we do not consider |c> state, the light shift of
|a> state is negative while that of |b> state is positive (as shown in the left column in Figure 1). If we do not consider |a>
state, the light shift of |b> state is negative while that of |c> state is positive (as shown in the middle column in Figure 1).
So one question should be raised, what is the actual sign of light shift of |b> state (negative or positive, even not
perturbed, see the right column in Figure 1)? To address this question, one have to carefully analyze and calculate the
light shift by using of the multi-level model in which many dipole-allowed transitions connected to |b> state should be
included. In fact, to calculate the light shift of any atomic state more precisely, many dipole-allowed transitions
connected to this state should be considered (the multi-level model), instead of the simplified two-level model. If light
shift of |b> state equals to that of |a> state, then the wavelength of ODT laser is the above-mentioned magic wavelength
for |a> - |b> transition, with which the |a> - |b> transition frequency will be kept the same as in the case of zero field. As
discussed in the introduction the magic-wavelength ODT plays a more and more important role in precise measurement
and quantum engineering with cold atoms due to its “magic” feature.

Figure 1. Schematic diagram of the light shift of multi-level atom based on the simple two-level model. The ODT laser is
red detuned to |a> - |b> and |b> - |c> transitions. Based on the two-level model only |a> and |b> states are considered in the
left column, and only |b> and |c> states are considered in the middle column. To more precisely calculate the light shift of
each state (especially state |b>) the multi-level model is needed, in which one should include many dipole-allowed
transitions connected with the desired state.
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According to the second-order perturbation theory, the light shift Udip of atomic state in ODT laser field can be
expressed as follows: 3

1 r r
1
P⋅E = −
Re (α ) I ( r )
2
2ε 0 c

U dip = −

r

r

(2)

here P is the induced dipole moment, E is the electric filed of the ODT laser, α is the polarizability of the atomic state,
and I(r) is the distribution of light intensity. It is straightforward to calculate the polarizability α by integration of the
equation of motion &&
x + Γ ω x& + ω 0 2 x = − e E ( t ) m e in Lorentz’s model of a classical oscillator. Here Γω =
e2ω2/6πε0mec3 is the classical damping rate due to the radiative loss. Substituting e2/me = 6πε0c3Γω/ω2 and introducing the
on-resonance damping rate Γ ≡ Γω0 = Γω(ω0/ω)2, the polarizability can be expressed as follows:

α = 6πε 0c3
Γ=

Γ ω0 2
ω0 2 − ω 2 − i (ω 3 ω0 2 ) Γ

ω03
IJ ′F ′m′ D IJFm
3πε 0 hc3

(3)

2

(4)

here I is the nuclear spin, J is the angular momentum, F is the total angular momentum of atomic state, m is the magnetic
quantum number of atomic Zeeman state, D is the dipole operator, <IJ’F’m’|D|IJFm> is the dipole matrix element.
The real part of the polatizability of desired atomic state, Re(α), can be calculated by summing up the contributions
from as many dipole-allowed transitions connected with this state as possible 3:

Re (α ) =

∑

J ′F ′m′

6πε 0 c 3

ω0 3
IJ ′F ′m′ D IJFm
ω0 2 (ω0 2 − ω 2 ) 3πε 0 hc3
1

2

(5)

The next task is the reduction of the dipole matrix element.

IJ ′F ′m′ μ IJFm

2

= ( 2 F + 1) ( J ′ D J )

2

2

⎧ J J ′ 1 ⎫ F ′ , m′ 2
×⎨
⎬ cF , m
⎩F ′ F I ⎭

here the quantity in curly brackets is the Wigner 6-j symbol, the shorthand notation

(6)

cFF,′m,m′ for the Clebsch-Gordan

coefficients is explicitly given as follows:

cFF,′m,m′ = Fm p F ′m′ = ( −1)

m + F −1

⎛F
2F ′ + 1 ⎜
⎝m

1 F′ ⎞
⎟
p −m′ ⎠

(7)

here the quantity in round brackets is the Wigner 3-j symbol, and p = 0, ±1 stands for π and σ± transitions between the
related states (the selection rule is m’ = m + p). We choose the following normalization for the reduced matrix element,
expressed in terms of the Einstein coefficients AJ ’→J of state J’ in the case of one decay channel J’→J:

( J ′ D J ) = AJ ′→J ( 2 J ′ + 1)
2

3πε 0 hc3

ω 3 JJ ′

(8)

3. LIGHT SHIFT OF CESIUM-133 6S1/2 AND 6P3/2 STATES
We calculated the light shift of 133Cs 6S1/2 and 6P3/2 states. Figure 2 shows the light shift of all hyperfine folds and related
all Zeeman sublevels of 6S1/2 and 6P3/2 states of 133Cs atoms in an ODT formed by a strongly-focused linearly-polarized
Gaussian laser beam with power of 30 mW and a waist radius of 2.3 μm (here these values are typical numbers in our
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ODT experiment 9, 10, corresponding to intensity of I0 =3.6×105 W/cm2), while the ODT laser wavelength changes from
600 nm to 1100 nm.
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Figure 2. (Color online) Calculation results of the light shift of 133Cs 6S1/2 F = 4 state (a) and 6P3/2 F’ = 5 state (b) versus the
wavelength of ODT laser. ODT is formed by a linearly-polarized strongly-focused TEM00-mode Gaussian laser beam with
intensity of I0 = 3.6×105 W/cm2. The two vertical dashed lines in (a) and (b) indicate magic wavelength of ~ 935nm at the
red-detuning side and ~ 683nm at the blue-detuning side respectively. (c) shows the red-detuned magic wavelengths around
~ 935nm for 6S1/2 F = 4 - 6P3/2 F’ = 5 transition included all Zeeman sublevels. (d) shows light shift of Zeeman sublevels for
each 6P3/2 excited hyperfine fold in the case of ~ 935 nm (magic wavelength) ODT laser with intensity of I0 = 3.6×105
W/cm2.The scaling in (d) is relative to light shift of 6S1/2 ground state (Ug). The connection lines between data points in (d)
are just for guiding eyes.

Our calculations included nP states up to 10P for 133Cs 6S1/2 state, and nS states up to 10S and nD states up to
10D for 133Cs 6P3/2 state. The Einstein A coefficients and vacuum wavelengths for the dipole-allowed transitions we
considered here come from atomic line data on website (see [12]). The line which represents the light shift of all Zeeman
sublevels of 133Cs 6S1/2 F = 4 state in Figure 2(a), 2(c) and 2(d) is degenerate for P=0 (a linearly-polarized ODT laser),
however the light shifts of all Zeeman sublevels of 133Cs 6P3/2 F’=5 state split, as shown in Figure 2(b), 2(c) and 2(d). It
is expected by equation (1) or (5) that the Dipole-allowed transition lines correspond to singular points. In Figure 2(a)
two singular points for 6S1/2 F = 4 state are indicated: 852.3 nm for the 6S1/2 - 6P3/2 transition (D2 line), and 894.6 nm for
the 6S1/2 - 6P1/2 transition (D1 line). In Figure 2(b) ten singular points for 6P3/2 F’=5 state are indicated: 603.6 nm for 6P3/2
- 10S1/2 transition, 658.8 nm for 6P3/2 - 9S1/2 transition, 794.6 nm for 6P3/2 - 8S1/2 transition, 852.3 nm for 6P3/2 - 6S1/2
transition, 621.93 nm and 621.48 nm for 6P3/2 - 8D3/2 and 6P3/2 - 8D5/2 transitions (too close to distinguish), 698.54 nm
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and 697.52 nm for 6P3/2 - 7D3/2 and 6P3/2 - 7D5/2 transitions (too close to distinguish), 921.47 nm and 917.47 nm for 6P3/2
- 6D3/2 and 6P3/2 - 6D5/2 transitions (too close to distinguish). The two vertical dashed lines in Figure 2(a) and 2(b)
indicate magic wavelength of ~ 935 nm at the red detuning side and ~ 683 nm at the blue detuning side respectively.
Especially the magic wavelength of ~ 683nm at the blue-detuning side is much more interesting, because it allows to
implement the optical bottle-beam ODT with this blue-detuning magic wavelength to trap 133Cs atoms inside the optical
“bottle” (the laser intensity is close to zero) with much lower photon scattering rate than the normally used red-detuning
ODT. Figure 2(c) shows that the red-detuning magic wavelength for 133Cs 6S1/2 F = 4 - 6P3/2 F’ = 5 transition is around ~
935 nm, and our calculation results are in good agreement with previous calculations 5, 6, 13, 14. Kimble group
experimentally implemented 1D standing-wave ODT inside a high-finesse micro-cavity by using ~ 935nm magic
wavelength to trap single 133Cs atoms 5. Figure 2(d) shows that the light shift for all Zeeman sublevels of each hyperfine
fold of 133Cs 6P3/2 states under the condition of the ODT laser wavelength is set to 935nm (magic wavelength for 133Cs
6S 1/2 - 6P 3/2 transition). Zeeman sublevels split by as much as about ± 9% relative to the ground state shift.

4. LIGHT SHIFT OF RUBIDIUM-87 5S1/2 AND 5P3/2 STATES
We also calculated the light shift of 87Rb 5S1/2 and 5P3/2 states by considering nS states up to 10S, nP states up to 10P
and nD states up to 8D 15. For 87Rb 5S1/2 F = 2 - 5P3/2 F’ = 3 transition, we find magic wavelength of ~ 625.3nm and
~789.9nm, but the corresponding polarizability is too small for convenient laser intensity for ODT (in another word the
trap depth is too shallow).
Here we try to explore the dichromatic ODT which will have more parameters to be controlled. If we pay motr
attentions to the energy level of 87Rb atoms (as shown in Figure 3), ~1.5 μm transitions from 5P3/2 to 4D states can be
used to control the light shift of 5P3/2 state by using convenient ~ 1.5 μm telecom laser and fiber amplifier. Recently
Bouyer group used 1560 nm laser to form ODT to trap 87Rb 16, 17. Also people calculated dichromatic ODT for Rb atoms
18
. We consider the dichromatic ODT formed by two laser beams with frequency ratio of 2:1 (λ2=2λ1). If the ODT laser
λ2 locates at telecom wavelength range (~ 1.5 μm) which is close to the ~1529 nm transitions, it can be employed to
efficiently tailor the light shift of 5P3/2 state and the λ1 laser can be conveniently achieved via laser frequency doubling
technique.

λ2
ODT laser
(λ2 = 2λ1)

λ1
ODT laser

Figure 3. (Color online) The transitions and relevant fine levels of 78Rb atoms which mainly make dominant contributions
to the light shift of 5S1/2 |F = 2> and 5P3/2 |F’ = 3> states when a dichromatic ODT is adopted with an ODT laser beams of λ1
and λ2=2λ1. If the ODT laser λ2 locates at telecom wavelength range (~ 1.5μm) which is close to the ~1529nm transitions, it
can be employed to efficiently tailor the light shift of 5P3/2 state.

Proc. of SPIE Vol. 8440 84400Q-5
Downloaded from SPIE Digital Library on 04 May 2012 to 218.26.243.165. Terms of Use: http://spiedl.org/terms

For this linearly-polarized dichromatic ODT, we calculated the light shift of 87Rb 5S1/2 F = 2 and 5P3/2 F’ = 3 states
by considering nS states up to 10S, nP states up to 10P and nD states up to 8D. Again the Einstein A coefficients and
vacuum wavelengths for the dipole-allowed transitions we considered here come from [12]. Calculation results are
shown in Figure 4. We find the magic wavelength combinations for 5S1/2 |F = 2, m = ±2> - 5P3/2 |F’ = 3, m = ±3>
transitions at (784.3nm and 1568.6nm) and (806.4nm and 1612.8nm) for both laser beams with the same linear
polarization. These dichromatic magic wavelength combinations indeed expand the magic wavelength concept.

Figure 4. (Color online) The calculated light shift for 87Rb 5S1/2 F = 2 (dashed blue lines) and 5P3/2 F’ = 3 states (the red
solid line is for |F’ = 3, m = ±3> states, the other three black solid lines are for |F’ = 3, m = 0>, |F’ = 3, m = ±1> and |F’ =
3, m = ±2> states) when a dichromatic ODT is adopted with same linearly polarized ODT laser beams of λ1 and λ2=2λ1.
4
2
The optical intensity of both lasers is fixed to 3.6×10 W/cm reasonably. Two circles locate the dichromatic
magic-wavelength combinations for |F = 2, m = ±2> and |F’ = 3, m = ±3> states.

Table 1. Effect of variation in the laser wavelength around dichromatic magic-wavelength combinations upon the light shift
of 87Rb 5S1/2 |F = 2, m = ±2> and 5P3/2 |F’ = 3, m = ±3> states. The data are given under an experimental parameters with an
intensity of I1 = 2.94×104 W/cm2 for 784.3nm laser (I1 = 6.17×104 W/cm2 for 806.4 nm laser), which forms an ODT
potential with a trap depth of ~ 1 mK.

λ1

Δλ1

λ2=2λ1

U(ground)

U’(excited)

nm

nm

nm

mK

mK

784.2

-0.1

1568.4

-1.03036

-1.00477

784.3
784.4

0.0
+0.1

1568.6
1568.8

-1.00000
-0.96885

-1.00062
-0.99446

806.3

-0.1

1612.6

-1.00662

-1.00351

806.4
806.5

0.0
+0.1

1612.8
1613.0

-1.00000
-0.99473

-1.00055
-0.99889

Difference
%
2.48
0.06
2.64
0.31
0.06
0.42
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We analyzed the effect of variation in the laser wavelength (but the frequency ratio is kept at 2:1) of the dichromatic
laser beams around the magic wavelength combination upon the light shift of the ground and excited states. The results
are tabulated in Table 1. The wavelength variations of ± 0.1 nm only make a very little difference in the light shift of the
ground and excited states.
We also analyzed the effect of variation in the intensity ratio of the dichromatic laser beams on the light shift of the
ground and excited states at magic wavelength combination by varying the intensity ratio ±1% and ±5%. The results are
tabulated in Table 2. The small fluctuation in the intensity ratio does not make a substantial effect.
Table 2. Effect of variation in the intensity ratio of 784.3nm and 1568.6nm (806.4nm and 1612.8nm) laser beams at magicwavelength combination upon the light shift of 87Rb 5S1/2 |F = 2, m = ±2> and 5P3/2 |F’ = 3, m = ±3> states. The data are
given under an experimental parameters with an intensity of I1 = 2.94×104 W/cm2 for 784.3nm laser (I1 = 6.17×104 W/cm2
for 806.4 nm laser), which forms an ODT potential with a trap depth of ~ 1 mK.

λ1

λ2

nm

nm

784.3

806.4

1568.6

1612.8

I2/I1

U (ground) U’(excited) Difference
mK

mK

%

0.95

-0.99865

-0.95145

4.73

0.99

-0.99973

-0.99079

0.89

1.00

-1.00000

-1.00062

0.06

1.01

-1.00027

-1.01045

1.02

1.05

-1.00135

-1.04979

4.84

0.95

-0.99721

-0.94971

4.76

0.99

-0.99944

-0.99039

0.91

1.00

-1.00000

-1.00055

0.06

1.01

-1.00055

-1.01073

1.02

1.05

-1.00279

-1.05141

4.85

5. LASER SYSTEM FOR MAGIC-WAVELENGTH
DICHROMATIC ODT FOR RUBIDIUM-87 ATOMS
For implementing the dichromatic magic wavelength ODT to trap 87Rb atoms, we proposed and experimentally realized
a dichromatic laser system based on the quasi-phase-matched (QPM) high-efficiency laser frequency doubling technique
with telecom laser and fiber amplifier 19, 20.
In our previous work, 239 mW of 780 nm laser beam was obtained using single-pass frequency doubling from ~ 4.6
W of 1560 nm fundamental-wave laser with a 20-mm-long PPLN bulk crystal (the poled period Λ = 18.8 μm, Deltronics
Inc) at ~ 158.2 oC (doubling efficiency of ~ 5.2%) 20. Here we use a 1568.6 nm extended-cavity diode laser as the seed
laser, and employ an Er-doped fiber amplifier (EDFA) to boost laser power to ~ 4W (see Figure 5). Then a PPMgO:LN
bulk crystal (size: 1 mm x 3.4 mm x 25 mm, the poled period is Λ = 19.48 μm, HC Photonics Corp) is used for laser
frequency doubling from 1568.6nm to 784.3nm. The optimized temperature for phase matching of frequency doubling in
the PPMgO:LN bulk crystal is found to be ~ 126.7 oC. The oven housing the PPMgO:LN bulk crystal is stabilized at
±0.01 oC by a temperature controller (not shown in Figure 5).
After frequency doubling, we use dichromatic mirror (DM) to separate the 1568.6 nm fundamental-wave laser beam
and the 784.3 nm second-harmonic laser beam, as shown in Figure 5. Then we can conveniently control the power of
1568.6nm laser by using half-wave plate and polarization beam splitter (PBS) cube to reach intensity ratio of 1:1. Finally
these dichromatic laser beams are combined by another DM for building the dichromatic magic wavelength ODT for
87
Rb atoms. Achromatic doublet lens can be utilized to tightly focus the dichromatic laser beams into a vacuum chamber
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where 87Rb atoms are laser cooled and trapped via a magneto-optical trap. Here achromatic doublet lens can make the
foci for both of 1568.6 nm and 784.3 nm laser beams at the same position.

5

Output Power of 784.3nm (mW)
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Figure 5. (Color online) Schematic diagram of our laser system based on the quasi-phase-matched (QPM) laser frequency
doubling technique with telecom laser and Er-doped fiber amplifier (EDFA) for 87Rb magic-wavelength dichromatic ODT
with laser frequency ratio 2:1. Here is an example for the magic wavelength combination of 784.3nm and 1568.6nm with
linearly polarized laser beams for 87Rb 5S1/2 |F = 2, m = +2> - 5P3/2 |F’ = 3, m = +3> (or |F = 2, m = -2> - 5P3/2 |F’ = 3, m = 3>) cycling transition. In principal, the magic wavelength combination of 806.4nm and 1612.8nm with linearly polarized
laser beams also can be implemented experimental along the same technique. Key to figure: OI: optical isolator; PBS:
polarization beam splitter cube; PM fiber: polarization-maintained optical fiber; EDFA: Er-doped fiber amplifier; DM:
dichromatic mirror.

4000

Input Power of 1568.6nm Laser Beam (mW)

Figure 6. (Color online) This plot shows the 784.3 nm laser’s output power (empty black squares) and the doubling
efficiency (red dots) from the single-pass QPM frequency doubling via PPMgO:LN bulk crystal versus the 1568.6nm
fundamental-wave laser’s input power. The solid lines are fitting based on the frequency doubling theoretical model. When
the input power of 1568.6nm laser beam is 3.6W, the output power of 784.3nm laser beam is ~ 158mW, which corresponds
a maximum single-pass doubling efficiency of 4.4%.

Output power of 784.3 nm second-harmonic laser after single-pass frequency doubling is measured by a laser power
meter (Coherent FieldMate + PS-10Q sensor). Measured output power of 784.3 nm second-harmonic laser and the
corresponding single-pass doubling efficiency versus the input power of 1568.6 nm fundamental-wave laser beam are
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plotted in Figure 6. The 784.3 nm output power of ~ 158 mW is achieved when the 1568.6 nm input power is 3.6 W, and
the corresponding single-pass doubling efficiency is 4.4%. From our calculation we know that the trap depth of 784.3
nm/1568.6 nm dichromatic magic wavelength ODT for 87Rb atom can reach 1 ~ 2 mK with a focused waist radius of 10
~ 15 μm and ~ 100 mW of each component in the dichromatic laser beams. 1 ~ 2 mK of the trap depth is deep enough to
trap the laser-cooled atoms.

6. CONCLUSION
We calculated and analyzed the light shift of the 133Cs 6S1/2 - 6P3/2 transition for a monochromatic ODT. The
monochromatic red-detuning magic wavelength for the 133Cs 6S1/2 - 6P3/2 transition at ~ 935 nm is verified, and also a
monochromatic blue-detuning magic wavelength at ~ 683 nm is analyzed. Hope we can implement a optical bottle beam
ODT with this ~ 683 nm blue-detuning magic wavelength to trap single 133Cs atom to remarkably decrease the photon
scattering rate due to ODT laser.
Also we calculated and analyzed the light shift of the 87Rb 5S1/2 - 5P3/2 transition for a dichromatic ODT with laser
frequency ratio of 2:1. We find that there are dichromatic magic wavelength combinations for 5S1/2 |F = 2, m = ±2> 5P3/2 |F’ = 3, m = ±3> transitions at (784.3 nm and 1568.6 nm) and (806.4 nm and 1612.8 nm) for both laser beams with
the same linear polarization. We also proposed and experimentally realized a dichromatic magic-wavelength ODT laser
system for 87Rb atoms by employing the high-efficient QPM frequency doubling technique with PPMgO:LN or PPLN
bulk crystal and telecom laser as well as EDFA. The dichromatic magic wavelength combination actually expands the
magic wavelength concept, and we hope it may find more applications to coherently control the atomic internal state
independent of the atomic residual thermal motion and to precisely measure atomic transition frequency.
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