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A Novel Controllable Six-Well Optical Trap for Cold Atoms or
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Abstract We propose a novel scheme to form a controllable six-well optical trap for cold atoms or molecules by using
an optical system of a binary =n-phase plate and a lens illuminated by a plane light wave. We calculate the intensity
distribution of the six-well optical trap and discuss the evolution process of the optical trap from six-well to double-
well or a single-well. The result shows that this six-well trap can be continuously changed into a double-well or

single-well one by changed the n-phase plate.
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Fig. 1 Schematic diagram of a controllabe six-well optical trap. (a) A binary n-phase plate, (b) side view of the

experimental scheme
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Fig. 2 Schematic diagram of a twelve-well optical trap. (a) A binary n-phase plate, (b) intensity contours of the

twelve-well optical trap on the focal plane of lens
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Fig. 3 Intensity distributions of the six-well optical trap on the focal plane (x,0,y,) for a=5 mm, f=250 mm,

A=1.06 pm, and I, =1.27X10° W/m’. Two-dimensional intensity contours (a), and intensity distributions (b)
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Table 1 Calculation results on geometric parameters and
optical intensity gradients and their curvatures of

each well in a six-well optical trap

Az, /mm 0.026272
Ayi/2/mm 0. 030527
Az, /mm 7.259
Axy)2 /mm 0.041251
Ay /mm 0.050861
Az,2 /mm 11. 74

AV, /mm’ 0.00305
AV,y2 /mm’ 0.01289
|91/ |/ (W/m*) 6. 410X 10"
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Fig. 4 The two-dimensional intensity contours and the 2D intensity distribution in the process of evolution from six-well
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Fig. 5

optical trap to double-well one by the two boundaries of phase distribution at the distance of =+ ¢ relative to z-axis

from ¢=m/3 to ¢=n/2 as shown in Fig. 1(a)
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The two-dimensional intensity contours and the 2D intensity distribution in the process of evolution from six-well

optical trap to single-well one by the three boundaries of phase distribution at the distance of n/3,% and 57/3 relative

to x-axis running ¢ counter-clockwise as shown in Fig. 1(a)
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Fig. 6 Schematic diagram of a 2D array of controllable six-well optical traps. (a) 2D six-well z-phase grating arrays, (b) 2D

lens array. the cycles are 5 X 7, (c¢) intensity distribution of the 2D array of six-wells optical traps on the focal

plane of the lens array when using single beam optical to illuminate
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Table 2 Calculation results on geometric parameters,
optical intensity gradients, and their curvatures of

each well in a six-well of optical lattice

Az /pm 2. 6256
Ayiz/pm 3. 05267
Az, /pm 70.5

Azy2 /pm 4.1222
Ayi? /pm 5. 0861

Az2 /pm 116. 8

AV, /pm? 295.9

AV,,2 /mm® 1282. 45

| 91/020 | e/ (W/m*) 7.78% 10"
|91/ 30 | e/ (W/m*) 6.58X 10"

| 91/92 | e/ (W/m*) 3.2325X 10"
| 921/92% | /(W /m") 7.82X10%
|92 /05" | e/ (W/m") 6.39X10%
|92 1/22* | o/ (W/m") 1.01621X10"
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