36 6 Vol.36 No.6
2012 11 LLASER TECHNOLOGY November 2012

1001-3806( 2012) 06-0788-05

( 541004)

: 0439 A doi: 10. 3969 /j. issn. 1001-3806. 2012. 06. 019
3-D analysis of laser-cooling Cr atoms

LI Yan-qun XIONG Xian-ming ZHANG Wen-tao
( Department of Electrical Engineering and Automation Guilin University of Electronic Technology ~Guilin 541004  China)

Abstract: In order to study the 3-D features of Cr atoms in laser cooling field the interaction process of Cr atom and laser
cooling field was analyzed. Based on the semi-elassical theory of Doppler and polarization gradient force the fourth-erder Runge—
Kutta algorithm was adopted to simulate 3-D trajectory of Cr atoms at the same time three-dimension distribution of them was
also obtained. After passing through laser cooling field the divergence angle of Cr atomic beam becomes smaller and the
corresponding velocity also decreases. The results show that the three-dimension features of Cr atoms agree with the two-
dimension cases and can provide more comprehensive richer cooling information.
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Table 1 Distribution of Cr atoms before cooling
x/mm -6.5 -5.5 -4.5 -3.5 -2.5 -1.5 -0.5 0.5 1.5 2.5 3.5 4.5 5.5

y/mm -5.5 -45 -35 25 -15 -05 05 15 25 35 45 55 65
-3.5 -2.5 9 27 45 60 60 60 60 60 60 60 45 27 9 582
-2.5 -1.5 42 126 210 280 280 280 280 280 280 280 210 126 42 2716
-1.5 -0.5 81 243 405 540 540 540 540 540 540 540 405 243 81 5238
-0.50.5 126 378 630 840 840 840 840 840 840 840 630 378 126 8148
0.5 1.5 81 243 405 540 540 540 540 540 540 540 405 243 81 5238
1.5 2.5 42 126 210 280 280 280 280 280 280 280 210 126 42 2716
2.5 3.5 9 27 45 60 60 60 60 60 60 60 45 27 9 582
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Table 2 Distribution of Cr atoms after Doppler cooling

x/mm ~6.5 -55 45 -3.5 -25 1.5 -0.5 0.5 L5 25 35 45 5.5

y/mm _5.5 45 -35 -25 -15 -0.5 0.5 1.5 2.5 3.5 4.5 5.5 65 ™
~3.5 —2.5 3 15 15 2 48 114 144 114 48 24 15 15 3 582
~2.5 -1.5 14 70 70 112 24 532 6712 532 224 12 70 70 14 2716
“L5 -0.5 27 135 135 216 432 1026 1296 1026 432 216 135 135 27 5238
~0.50.5 4 200 210 336 672 1596 2016 1596 672 336 210 210 2 8148
0.5 1.5 27 135 135 216 432 1026 1296 1026 432 216 135 135 27 5238
1.52.5 14 70 70 112 24 532 612 52 24 112 70 70 14 2716
2.5 3.5 3 15 15 2 48 114 144 114 48 24 15 15 3 s

Table 3 Distribution after Doppler and polarization gradient cooling

x/mm -6.5 -5.5 -4.5 -3.5 -2.5 -1.5 -0.5 0.5 1.5 2.5 3.5 4.5 5.5 wm
y/mm -5.5 -4.5 -3.5 -2.5 -1.5 -0.5 0.5 1.5 2.5 3.5 4.5 5.5 6.5
-3.5 -2.5 0 15 12 21 36 132 150 132 36 21 12 15 0 582
-2.5 -1.5 0 70 56 98 168 616 700 616 168 98 56 70 0 2716
-1.5 -0.5 0 135 108 189 324 1188 1350 1188 324 189 108 135 0 5238
-0.50.5 0 210 168 294 504 1848 2100 1848 504 294 168 108 135 8148
0.5 1.5 0 135 108 189 324 1188 1350 1188 324 189 108 135 0 5238
1.5 2.5 0 70 56 98 168 616 700 616 168 98 56 70 0 2716
2.5 3.5 0 15 12 21 36 132 150 132 36 21 12 15 0 582
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Fig.5 3-D distribution of Cr atoms

a—before cooling b—after Doppler cooling c—after polarization gradient cooling
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Fig.6 Transverse distribution of Cr atoms
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