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Abstract: The potential energy curves of eight states (X'X", a1, A'Tl, ’Y", p’L’, 2°’I1, 1°Y and 1°11)
corresponding to the two lowest dissociation limits B(*P,) +X(ZSg) and B(*P,) +X(ZSg) of BX (X = H, D)
molecules are calculated based on the correlation consistent basis sets aug-cc-pV6Z using the high-
precision multi-reference configuration interaction (MRCI) method. The radial Schrodinger equation is
solved and the spectral constants of molecular A-S bound states are fitted using LEVELS.0 program.
Furthermore, the transition dipole moments, Franck-Condon factor and vibrational level radiation

lifetimes of A'TI-X'E" are calculated. Finally, according to the calculation results, the laser cooling scheme
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of the electronic transition system is developed, which lays a theoretical foundation for further study of

BX (X = H, D) molecular spectral characteristics.

Key words: spectroscopy; radiative lifetimes; multiconfiguration-reference configuration interaction

method; laser cooling
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(‘P,) + H(CS) AR 84 A-S & (XS, 211, A'IL 'Y, 'S, 2°10, SR PID), T3 A-S A 3 R 26 an /=1 1 By
e DR XSHERNBGER A, HER XS, 2. AT, p3. 200 S 56 W ERPEARES, IS
0.126 nm &b — AR I3 BE N 14.86 cm!, HGATATIRBNBE, IR A . A'TIZASTE0.21 nm fHEH — A3
22, F AT RE & & T il B9 AL RE &, 7E 0.36 nm [T 5 BS AbXf Eb A — N BHA R 26.10 em (7R HBE, 0.36 nm
JE TP . 2 TIESTE 0.122 nm B A — MR AP, ABPHARE A 11532 em™ o THEFTS I #F RS AR IRAE 5 5256
EPRF e 1, R WA EE SRR AR A - b2 5 Y HLE0.165 nm [T 2 X, b’ B R3HE
PN TG B P2 S MIRSIBEH b, W AT Ber= R ZRE I T s o 5 Al B AR BR 1 2 T 25 52 31 '3 13k
), 7£.0.19 nm P 5 H = A58 3.

H A, %t BD 2> F A EE 5L s2 36 iRE 50 . BH A BD S [FIf 3R 20 1, HoA A FAZ A i AR, DR
HEAGMFEMAGERE. STHEBIMAEEILE, £2FE3HHA T BHA THIBD 4 T A-S 061
o N TET R, RAPEHIH AT AB AR R OGS, BT PILAS RHERS, TAETIR3IREH,
PR PRI GRS, BHA TEE XS EMR. 0. ox. o 53CHk [4] 52 H1ERE 5 R Z AU
0.00001 nm+ 0.09 cm™. 1.052 cm™ #10.017 cm™; 2T &1 B, o, 5 3CHK [29] 15 2 PMEIE AT ; ATIS T wx.
Al o, 5 SCHR[4] 15 2 BN BT, R ZEZ 87407 e 0.009 ecm™; B f wx,« B o, 5 3CHR [29] Fifs 3
52 8 IR 2N 1,027 0.11. 0.002 ecm™; 2° I, PSR 1S 5528k (18] 43I ME JEH 820k . % 37 W, BD
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Table 1 Eight dissociation relation of BX (X = H, D) molecules in A—S states

Energy/cm’
Atomic state A-S states
This work Exp
B(CP,) + H(ZSg) X' 211 AT 1°3 0 0
B(*P,) + H(’S,) by, 1°3, 2°10, 11T 29052.97 28644.99 + x

F£2 BHAFTPMA-S SRMIEEE

Table 2 Spectral constants of BH molecule in seven A—S states

State T./cm R,/nm w,/em’ w.x,/cm’! B,/cm’ a,/em’ D,/eV Reference
X '3 0 0.12321 2366.67 50.3906 12.0013 0.4385 3.6546 This work
0 — 2364.66 47.7098 12.0257 0.4216 Exp."
0 0.12322 2366.73 49.3384 12.0255 0.4215 3.6436 +0.0037 Exp."
0 0.12295 2367.28 48.7782 12.0395 0.371 3.7137 Cal.l™
0 0.12301 2379 46.79 12.07 — 3.70 Cal.”"
0 0.12327 2368.48 50.6957 12.11 0.4305 3.658 Cal.™™
a’ll 10665.64 0.11924 2607.06 66.5017 12.8349 0.4424 2.3333 This work
X 0.119 2625.14 55.784 12.8931 0.4156 2.3867 Exp.””
10944.32 0.11899 2625.97 59.4177 12.8919 0.4164 2.3507 Cal.l™
0.11913 2653 62.70 12.87 — 2.38 Cal.”"
9557.67 0.11925 2598.98 46.63 12.94 0.4253 2.3135 Cal.™
A'll 23279.21 0.12250 2312.59 120.354 12.0403 0.5463 0.7704 This work
23135.44 0.12195 2251.46 56.5725 12.20035 0.5377 0.697 Exp."”
23105.1 — 2342.41 127.7618 12.19986 0.5367 0.7786=0.0037 Exp.™
23203.52 0.12223 2253.28 36.831 11.8343 0.1163 0.8368 Cal.™
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Continued
State T /em’ R /nm o, /cm’” . /cm’! B, /cm’ a,/cm’ D,/eV Reference
22260.89 0.12267 2280.26 93.6233 12.229 0.61 0.7536 Cal.™™
b3 38008.34 0.12205 2409.58 56.5892 12.2346 0.4281 2.5465 This work
x+27152.75 0.12163 2438.1 55.562 12.3426 0.4309 2.5987 Exp.””
38238.63 0.12164 2440.89 54.4477 12.2508 0.3367 2.5959 Cal.™
0.12256 2345 48.45 12.16 — 2.54 Cal.””
36859.52 0.12199 2428.33 55.409 12.284 0.4431 2.5403 Cal.”
2°I1 50264.31 0.19307 1276.56 19.2397 4.89611 0.031 1.0269 This work
50730.46 0.19215 1273.89 20.7896 4.94471 0.031 1.0467 Cal.l™
0.19338 1425 57.04 4.88 — 1.04 Cal.””
1% 51501.42 0.12593 S — — — 0.0030 This work
51738.07 0.12592 — — — E— 0.0031 Cal."™
1% 57728.09 0.17118 605.238 166.874 6.38705 1.9330 0.1018 This work
58395.54 0.16981 634.868 167.676 6.51936 1.9264 0.1093 Cal."™
%3 BDAFTMNA-SEHRIEEH
Table 3 Spectral constants of BD molecule in seven A-S states
State T /cm” R./nm w,/em’! wx./cm” B,/cm’ a,/cm’ D,/eV Reference
X'z 0 0.12360 1742.8677 28.4861 6.54 0.201 3.6546 This work
0 — 1759 28 6.54 0.17 — Exp."
0 0.12302 1703.26 28 6.542 0.171 3.5647 Exp.!
0 0.12339 1728.5373 25.8089 6.503 0.1648 3.6265 Cal.”™"
0 — 1743.8160 26.7566 6.5351 0.1683 E— Cal."™
A'll 23279.21 0.12397 1627.76 41.03 6.50 0.26 0.7704 This work
23098.7 1680 43 6.653 0.28 Exp.!
a’ll 10665.64 0.12041 1925.64 41.1623 6.8906 0.101 2.3533 This work
173" 51501.42 0.12593 — — — S 0.0020 This work
2°I1 50264.31 0.19386 934.36 19.201 2.6584 0.016 1.0269 This work
b3 38008.34 0.12310 1790.48 42.411 6.5923 0.153 2.5465 This work
1°% 57728.09 0.17950 371.83 74.3063 3.1010 1.073 0.1018 This work

2.2 HFSEKITHMN

F T aug-ce-pVOZ F 4, K H MRCI J5 71+ 5 7 BH 43 1 #H [A] 2 5 & 19 A-S 25 1] {0 2R A8 A 4 (A'TT
X3, b2 B3 -2°T1 2°T1-210, 2°T0-1°8, 1PS-1°10) BEAX A BE AR 4, Wil 2 s . BRIE SR (TDMs) 5
I T HIAEZS AN B 2825 2 8] () HLT 49 AT 22 53 0%, W HAAE 0.36 nm AR B & T 0, BB 2 5 J L R kad ™=
Az, SRR AR 2R Oy BB AP RS TP E . 2T R — AR BB, 2°T-2T1 BRIETE
0.128 nm AL HUAF — MM, BT Z S EAER, 23] P2 0S8R, HAE0.13~0.19 nm &b 5 %2k
=R X, SRR e AR A B . R4 T ATI-X'S BR3E 1 FCFs 152 R T E R 8080, Bk
Al W, BH } BD % T B 15 & & %} /1 £ FCFs (BH: f,, = 0.9991, £, = 0.9891, £,, = 0.9088; BD: f,,= 0.9987, f, =
0.9950, £,,= 0.9664), 5 i (1) 318 FoHs A LI i A L, b2 R B A RGF I — 80t . BH 2 FRIRSI & 4R
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WA N = 124.23 ns\ 7,,= 145.03 ns. 7,= 177.92 ns, 1X 5 Douglass T & [ 7, {8 (127 £ 10). (146 * 12)
(172 £ 14) ns 73 HIAHZE 2.77. 0.07+ 5.92 ns, Wik | AH 70 80408 5 SLI0H0H () — B0tk . A 705545 H i BD
I TR BES AR I v Ny, = 121.66 ns. 7,,= 135.81 ns. 7,,= 153.29 ns. 7,,= 180.79 ns.
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Fig. 2 Variation of transition dipole moments between A-S states with the distance between nuclei

%4 BHRERNMNZBD 5 FATI-X'S BT ZFEHE R, F- CEF

Table 4 BH and its isotope BD molecule A'TI-X'Y" transition Einstein coefficients and F- C factors

(ATI-X'S")
v"=0 v'=1 v"=2 v'=3 v'=4 v'=5
BH v=0 A 7.93x10° 7.11x10° 4.67x10° 69.79 2.61 0.27
fo 0.9991 7.13x10° 8.81x10" 1.69x10° 4.76x10° 3.75x10°
v=l A 8.48x10* 6.75x10° 4.12x10* 1.30x10* 14.80 1.40
£ 3.64x10° 0.9891 5.83x10° 4.90x10° 9.97x10* 1.98x10°
v=2 A 2.88x10° 4.52x10° 5.05%10° 1.62x10° 2.65%10* 3.53
£ 8.70x10* 8.33x10° 0.9088 5.43x10? 2.43x10? 2.01x10°
V=3 A 2.00x10° 1.33x10° 1.34x10° 2.52x10° 6.65%10° 4.56x10°
£ 1.56x10* 2.51x10* 8.72x10° 0.5783 0.1881 0.0979
BD v=0 A 8.10x10° 7.78x10* 5.10x10° 66.48 478 0.92
£ 0.9986 5.96x10* 7.25%10* 5.80x107 6.90%107 1.64x107
v=l A 3.44x10° 7.28x10° 6.02x10* 1.48x10* 1.58x10? 11.23
£ 5.50x10* 0.9950 1.04x10° 3.37x10° 2.41x10° 5.53x10°
v=2 A 4.90x10° 2.20x10° 6.22x10° 1.14x10° 2.79x10° 32.55
£ 7.65x10* 1.59x10° 0.9664 1.90x10? 1.16x10? 5.44x10*
v=3 A 2.82x10° 4.95x10° 7.26%10° 4.66x10° 1.15%10* 5.41x10°
£ 5.84x10° 2.49x10° 2.80x10* 0.8398 8.25x10? 3.99x10°

2.3 AENENHERRI
ORI, O AL 2T AR EA BAT KR 5 L I T BRAE, DU R AT A2 0B I T
S FRBEAT PG J0; AR T 7 R ARG I A O AR KR E PT B T AS IR B RE LR 1B BRI R A
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JE X6} 1 Franck-Condon [K 7 AN 7T 5, ATI-X'S" R 48 5 AT 8K (R B AR BT /5 06 i KA 7
A LG R, T LR 2 SR BOG AR AT X L8O, BT ak £ 1 T B AT S X A Franck-Condon Rl 1. ¥
I ERWE 3 s, BT AT-XY BT B A = B RSN 75 S R, (BH:Ry, = 0.9971, R, = 0.9798, R, =
0.9016; BD:R,,= 0.9975, R, = 0.9795, R,,= 0.9323), 75X} H b AT O A EIE, %8 B — 3R 8Ot Sk IRl AT fRE R
AR IR R A, 0 I AR 2 O I K20 391 9 432.48 nm AT 431.65 nm. 7E MG AR, P24 1 [ R R S AT B
XFFE) . IRB) I B AR 73 T RIE SR IS S0k . XL FAR B W] T BH A HRUR A7 2 BD AJ
VE N PR BOEA E % IE 5 F

(b)

K3 ATl =0)-X'S" (v"=0-3) REH (a) BHZr T (b) BD 70 T IO HIT7 58 (SLE O I BN ERIT,
RN B REESHREN 73 3CEE R, )
Fig. 3 A'll (v'=0)-X"Y" (v"=0-3) system of (a) BH and (b) BD molecular laser cooling scheme (The solid line is the

laser driven transition, and the dashed line is the branch ratio of spontaneous radiation vibration R .,.)

3 4

FIH 2 225 HAS M T AEH MRCI 1%, 456 08— aug-cc-pVOZ F: AW 5t 1 BH 71 M H i [Al 47 5 BD
I3 1 A-S A FREMN B A HE H B, I S5 S SCIRIEAT 7R L, 45 R BRI G 8. ERLEEAE it 5 T AL
XISV AR A B T m X AL FCRs B . (RIRBNBE R I FE S F oo BJGIRAE A'TL (v = 0)-X'3"
(" = 0-3) WBRIEHRFE, fill T — N EOE K (BH: 432.48 nm, BD: 431.65 nm) x5} A'TI (v’ = 0)-X'S" (v"
=0) MEOEA R TT %, B T BEBOGA AR 77 T R ATHE, 1ESE T BX (X = H, D) BRI R i
(B4 7, JSei ESeBint BX (X = H, D) 70 FHIA H$R4E T i 3%,
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