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1 100
i C i Ci i C; i C: i C i C;
0 1.0x 1077 1 5.55x10°% 2 1.03x 10~ % 3 9.49x 1072 4 5.26x 107" 5 1.94x 107"
6 5.10x 1071 7 1.00x 1071 8 1.54x 1071 9 1.87x1071 10 1.87x10°" 11 1.54x 10710
12 1.08x10° 13 6.41x107° 14 3.30x 1078 15 1.48x 1077 16 5.83x 1077 17 2.03x10°¢
18 6.31x107¢ 19 1.76x 1073 20 4.39x10°° 21 9.94x 1073 22 2.04x107% 23 3.82x 1074
24 6.54x107* 25 1.03x10°* 26 1.48x1073 27 1.97x 1073 28 2.43x1073 29 2.77x1073
30 2.93x1073 31 2.88x1073 32 2.64x1073 33 2.26x 1073 34 1.80x1073 35 1.35x10°*
36 9.45x107* 37 6.22x 1074 38 3.84x107* 39 2.23x 1074 40 1.22x107* 41 6.28x 1073
2 3.05x 1073 43 1.40x 1073 44 6.05x107¢ 45 2.47x10°¢ 46 9.58x 1077 47 3.51x 1077
48 1.22x1077 49 4.00x 1077 50 1.24x 1078 51 3.66x 107° 52 1.02x107° 53 2.72x 10710
54 6.85x10°" 55 1.64x107" 56 3.73x107% 57 8.06x10°% 58  1.66x107° 59 3.23x 107"
60  6.01x1075 61 1.06x 10~ 62 1.79x 10716 63  2.87x107" 64 4.39x10°18 65 6.41x107"
66  8.95x10°% 67 1.19x 102 68 1.53x 102 69  1.89x10°% 70 2.24x10°3 71 2.58x 10"
72 2.89x107% 73 3.17x107% 74 3.42x1077 75 3.66x107% 76 3.90x107% 77 4.17x107%
78 4.47x107% 79 4.82x107% 80  5.22x10°® 8l  5.67x10~* 82  6.20x107F 83 6.76x 1073
84  7.36x10°% 85  8.13x10°%® 86  8.78x107%¥ 87 1.00x 10-% 88 1.06x 104 89 1.12x10°%
90 1.19x 1074 91 1.39x 10~ 92 1.75x10°% 93 1.68x10~% 94 1.40x 107 95 1.42x10°%
9%  2.67x10°%® 97  2.58x10°% 98  7.47x10°% 99 2.31x107% 100 3.76x 1072
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2 1=100
G100 vigo #/Hz Efy i/eV G100 vi #/Hz Efy i/eV
1 1110.1 6.68 x 10" 4.47x1073 14 188.6 2.31x 10" 1.55% 107!
2 1090.3 6.92 x 101 4.63x1073 15 170.2 2.84 % 10" 1.90x 107!
3 774.9 1.37 x 10" 9.17x 1073 16 152.2 3.55x 10" 2.38x 107!
4 460.0 3.89x 10" 2.60x 1072 17 134.6 4.54 % 10 3.04x 107!
5 343.7 6.96 x 10" 4.66x 1072 18 117.4 5.97x 10" 3.99x 107!
6 342.8 7.00 x 10" 4.68x 1072 19 100.7 8.11x 10" 5.43%x 107!
7 341.3 7.06 x 10" 4.73x 1072 20 84.5 1.15x 10" 7.72x 107!
8 304.5 8.88 x 10" 5.94x 1072 21 68.8 1.74 x 108 1.16
9 286.3 1.00x 10 6.72x 1072 22 53.7 2.86x 10° 1.91
10 265.7 1.17 x 10 7.80x 1072 23 39.2 5.36x 10" 3.59
11 246.0 1.36 x 102 9.10x 102 24 25.4 1.27 x 10" 8.52
12 226.5 1.60 x 10" 1.07x 107! 25 12.4 5.33x 10" 35.7
13 207.4 1.91x 102 1.28x10°!
3 1=80
050 vgo 4/Hz EQ leV o80 & vgo /Hz E& ileV
1 797.5 1.29 x 10" 6.95x 1073 17 231.5 1.53x 10" 8.25x 1072
2 767.4 1.39 x 10! 0.75x 1072 18 213.0 1.81 x 10" 9.75x 1072
3 615.2 2.17 x 10" 1.16x 1072 19 194.8 2.17x 10” 1.16x 107!
4 583.1 2.41 x 10" 1.30x 1072 20 177.0 2.63 x 10" 1.41x 107!
5 578.0 2.46 x 10" 1.32x 1072 21 159.6 3.23x 10" 1.71x 107!
6 556.5 2.66 x 10" 1.43x1072 22 142.6 4.05 x 102 2.17x 107!
7 520.8 3.03 x 10" 1.63x 1072 23 126.0 5.18 x 102 2.79%x 107!
8 390.2 5.40 x 10" 2.90% 1072 24 109.8 6.83 x 102 3.67x107!
9 387.0 5.49 x 10" 2.95x 1072 25 94.0 9.30 x 10" 5.00x 107!
10 382.2 5.63 x 10" 3.02x 1072 26 78.8 1.32x 10" 7.12x 107!
11 346.2 6.86 x 10" 3.69x 1072 27 64.1 2.01 x 10" 1.08
12 330.2 7.55%x 10" 4.06x 1072 28 49.9 3.30x 107 1.78
13 308.5 8.64 x 10" 4.65% 1072 29 36.4 6.22x 10" 3.34
14 289.1 9.84 x 10" 5.29% 1072 30 23.6 1.48 x 10" 7.97
15 269.5 1.13x 10" 6.09x 1072 31 11.5 6.24 x 10" 33.5
16 250.3 1.31x 10" 7.05x 1072
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4 1=50
k 050 & vso 1/Hz ES ileV k o050 k vso &/ Hz Eg 1/eV
1 392.2 5.35x 10" 1.82x 1072 13 172.6 2.76 x 102 9.38x 1072
2 372.2 5.94x 10" 2.02x 1072 14 156.4 3.36 x 10" 1.14x 107!
3 352.5 6.62x 10" 2.25%x 1072 15 110.5 6.73 x 10" 2.29%x 107!
4 333.1 7.42 x 10" 2.52%1072 16 9.1 8.91 x 10" 3.03x 107!
5 313.9 8.35x 10" 2.83x1072 17 82.1 1.22x 10" 4.15x 107!
6 295.1 9.45x 10" 3.21x1072 18 68.5 1.75x 10" 5.95x 107!
7 276.6 1.08 x 10 3.65x 1072 19 55.5 2.67x 10° 9.06x 107!
8 258.4 1.23x 10" 4.18x 1072 20 43.1 4.43x 108 1.50
9 240.6 1.42 x 102 4.83x1072 21 40.7 4.96 x 107 1.68
10 223.0 1.65 x 10" 5.62x 1072 22 31.3 8.41 x 10" 2.86
11 205.8 1.94x 10 6.59x 1072 23 20.1 2.02x 10" 6.87
12 189.0 2.30 x 10" 7.82x 1072 24 9.79 8.59 x 10" 29.2
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Energy band structure of two ions in a one-dimensional Paul trap *
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1 Department of Physics Hunan Normal University =~ Changsha 410081 China
2 Department of Physics  Jishou University — Jishou 416000 China
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Abstract
Making use of the well-known truncated-series method we give a numerical program to calculate the exact solutions of two
Coulomb-correlated ions confined in a linear Paul trap. The discrete motion state functions and energy spectra are obtained for the
trap frequencies approaching the experimentally realizable limiting values which correspond to a denumerable infinite point-set of
the frequencies. Continuously varying the trap frequency between two neighboring points of the denumerable infinite set from the
quantum perturbation technique we find the energy-band structure based on the exact discrete spectra in which the bands are
narrower and the gaps wider. The band structure can influence the laser cooling of Paul trapped ions and the quantum logic

operation based on the system that should be considered in the corresponding experiments thereby .

Keywords Paul trap two ions band structure quantum logic operation
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