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Fig. 1. (color online) Potential energy curves of five
A—S electronic states of BDT.

#1 BHT &7 X2SH R AL &6 5
Table 1. Spectroscopic parameters of X251 and AZ2II states of BHt.

Ro/A Be De Qe We We Xe Dg/eV
X2e+ This work 1.202798 12.6296 1240 0.5967 2519.2 66.5 1.94
Exp. 311 1.20292 12.6177 1225 0.4928 2526.8 61.98 1.9540.09
Cal. (23] 1.20498 12.574 1250 0.47 2518.4 64.7 1.99
Cal. 32] 1.21 12.48 0.475 2492 64 1.78
A2II This work 1.24761 11.73865 1073 0.46 2247.3 53.5 3.36
Exp. 31 1.24397 11.7987 0.4543
Cal. [23] 1.2477 11.728 1280 0.46 2245 53.4 3.35
Cal. [32] 1.253 11.62 0.467 2212 52 3.2
#2 BDTET 40 A—S BRI AL
Table 2. Spectroscopic parameters of four A—S electronic states of BDT.
State Re /A Be De Qe We We Xe Dg/eV (0]
X225+ 1.2107 6.77 1240 0.15 1855.6 36.3 1.94
A211 1.254 6.31 1073 0.15 1683.7 34.5 3.36 12.99
B2x+ 1.9171 2.7 637 0.02 959.2 24.5 1.31
atll 1.73 3.3 0.156 667.6 25
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#3 A2M(v)—X22t(v") BT F-C 7
Table 3. F-C factors of A2TI(v')-X25+ (v").

v =0 v =1 v =2 v =3 v =4 v =5

v’ =0 9.23 x 10~! 7.18 x 1072 5.00 x 10~3 3.16 x 10~ 4 1.89 x 10—5 1.06 x 106

v =1 7.57 x 10~2 7.80 x 10~1 1.28 x 101 1.46 x 102 1.34 x 103 1.11 x 104

v’ =2 1.44 x 103 1.44 x 101 6.58 x 10~1 1.65 x 10~ 1 2.71 x 10~2 3.35 x 10~3

v’ =3 1.86 x 107 3.58 x 103 2.03 x 10~1 5.64 x 10~1 1.82 x 1071 4.04 x 102

v’ =4 6.17 x 107 1.32 x 105 5.25 x 10~3 2.51 x 10~1 5.01 x 10~1 1.79 x 10~1

v’ =5 1.99 x 10—9 3.48 x 10~6 1.20 x 104 5.13 x 10~3 2.85 x 10~1 4.74 x 1071
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Fig. 2.  Transition dipole moments (TDMs) of
A2IT-X2-+system.
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Fig. 4. (color online) Radiative lifetimes of vibrational
levels for A2TI and X2%+ states.
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Fig. 5. (color online) Energy level schematic diagram
showing transitions of A?II; /(v = 0)-X?*SF (v = 0).
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Fig. 6. (color online) Energy level schematic diagram showing transitions of A2H1/2(v’ =

0)-X2=t (v’ =0, 1).
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HE|5 mK 75 ZHUR 40000 6T, SIF I3 FEN
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Fa BLTHE AT 5 R R AL
Table 4. The Einstein coefficients used in the simula-

tion calculation

A71 2767417  Ag11 39079.94 A1 4.852998
Ag2 2763224 A7.12  38956.7 Aj1.4  0.906622
Ag3 1381612 Ag.o 4.641204 Ajis 8.1596

A7y 1377425 Ag.z 9.066222 Ajao  4.956443
A7g 7828331 A1 4.852998 Ajaz  0.991289
Ag.1o T78159.88 Ajp.a  6.069705 Ajz  7.96271
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Abstract

Based on consistent basis set aug-cc-pV5Z, five low-lying potential energy curves and transition dipole moments
X235t AZI, B2ST, all and b*ST of BDY are calculated by using internally contracted multi-reference configuration
interaction approach. According to the calculation results, ro-vibrational levels of theses electronic states are derived
through solving the radial Schrédinger equation ro-vibrational equation, and then the molecular parameters, Franck-
Condon factors (FCFs) and radiation life are obtained by fitting and calculations. The FCFs (foo = 0.923) and radiation
life for v” = 0 (7 = 235 ns) of A’TI-X?S 7T are suitable for achieving rapid laser cooling. Therefore, an optical-cycle for
Doppler laser cooling scheme is proposed: the system includes the A2H1/2(v' = 0)-X?2T (v = 0, 1), where the case
of v = 0 contains 2 rotational levels, the cases of v = 0 and v"" = 1 contain 6 and 4 rotational levels, respectively.
According to the proposal, we simulate the dynamic process of the molecular population in laser cooling. The BD' can

be decelerated from initial velocity of 100 m/s to 4.6 m/s (13 mK) after scattering 1150 photons during 5.4 ms.
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