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KA. FNAE T AL —» X258+, B2yt - X220t
LS — at TR I 96 22 30 - B8 K. 2011 4%,
Nguyen % [ 3% fi] aug-cc-pV5Z 4 M1 7 FE 41, 7%
F % 225 41 345 A0 ELAE F B 00K 7 1% (MRCISD)
AI5E 4 M B AR J7 3% (FCI) /& #fidh it 52 7 BHT &
TR HETFEREEF L, A T A2ILER
RS A A

AR MRCL B VER G HER T BHY 51
BAR AN B FRBR A0 9 AN A—S 34 RE il 28 B 3
BRIEMERT. THEARR: BR T 2210 R A, H
fib B AN R AR, JEH 32T 42S S B A X
PSR, B LEVELS.OFE R IA 7 b 2% v -
BT AE KRS A GEER. B2 5 A2INER
e M 2R 70 96 =2 50 - JFE 8 XS AR AE 1 0, AL
1E7% 8 B g -PUE A N (SOC) Fitie 174
HL T A5 A 2SO A A BHT BT,

2 TE &

BH" B 91 A—S &K T 451 # H MOL-
PRO 20102 7 I i 548 3], B FREFRE, &
AT R Coy FH#. B %6 K FH Hartree-Fock J5
2 8RR A BHY 88 I WT A6 48 W 4 7 300E; AR5
K se 4Tt 18 F A 3% )77 (CASSCF) 419 %6}
WIGFITE FEAT AL, 15 313573 1) 2 225 0% ok 44
B J5 K Fl MRCI 1617} Davidson & IE (+Q) 15 2
AP RS, £ MRCI+Q i+ H I Em EHE T
SOC, SOC %M iE it Breit-Pauli 575 sz 18],

Co, BEA AN AT L3RR (a1, by, ba, az). 1E
CASSCF i+ 5w, B(1s) N0 7 4 i 1 5¢ )2 s,
H(1s2s2p3s3p) Fl B(2s2p) #IE NG HEHIE, AT LS
N CAS(5, 13); fEBE A MRCI+Q i+ 5558 T -
WrHLF (CV) KRN, B B(1s) FE 25 1 500k
IS, X T BIEF, ARCEH T %R CV BT
aug-cc-pCV5Z-DK (ACV5Z-DK) 4 Hi 1 FE 41 19,
H J5i 7% F aug-cc-pV5Z-DK (AV5Z-DK) 4 HL -+
FYL PO SR, X H AVSZ-DK 2415
ACV5Z-DK.

A3 K H Murrell-Sorbie (M-S) P sk 1 & %
MHETERIEREE . AR A RCR, R
T RAE (RMS). BhAh 22 5 - BE 5 R 7 g 5
R 5 %5 A 245% Fl LEVELS.0 2% 22 sl 4.

3 4Rk

AL MRCIH-Q/ACVSZ-DK K F R4 T
BH* B T (4 77 4 A B9 ff 38 38 FT 5 B 94 A—S
BHIB Rk BT A S T AR R RS
FR 1P, Hp RS Xt 0T R AR RS
B+ (1S,)+H(3S,), A%, B2S+, alTIMIbINT &4
LR BRI TE BT (Py)+ H(?Sg). BI PN & fif il
TE 2 (B AR & 2N 37523.6 cm ™!, EX Moore B 525
8 23 K 178.6 em™!, iR 2NN 0.48%. 5 = B i
WEFEHHE RS, BIBEP,)+ HT(1Sy), It
S fEIE X N T 2200, 328t 3, S - S pEE
[ BE B 25 N 43106.5 cm !, 5 S2I6fE 23 iR 2 N
0.83%. 4 VU @38 BT (1P, )+H(?S,) 55— &
PR TE [ RE B 25 M 74032.9 em Y, 5 SE6 (Y 23]
BN 0.87%. T LAE A SO H 45 R 5 SL T
FEEiy

#1 BHY ¥ Tra&5EFENBEMILR
Table 1. Dissociation relationships between molecular

states and atomic states of BHT.

AFE/cm~1!
JETE BT
ARILTAE 556 [23]
B+ (1Sg)+H(%Sg) X2yt 0 0

A%, B2t

+(3 2q ) )
BF(°Pu)+ H(*Sg) S 37523.6  37345.0
B(®Py)+ Ht(1S,) 2210, 322+ 43106.5  42750.7
Bt('Pu)+H(?S,) 3%, 42%+ 74032.9  73396.5

3.1 FEEHKEAEEH

O A—S ERIAREIZE I 1. 220
HL 2840, HAR TR A, FIH M-S i3
SRR ATIA T 2Lk WS o F R
B SR T EAE S T3 2 .

A B RS X0 P B AL H
AN 10220230, BHE K 94.48%. HVHT#4
[ BE Ro M 1.20485 A, IR w, AR I 4R 4 %
WeXe 7 )9 2518.36 cn !t M164.62 e, 5 H
38 52 58 48 3 23 B0 H 22 0.00156 A, 8.44 cm !
M2.64 ecm~t. ®ZE R H0.13%, 0.33% 1 4.26%.
Bauer %5 0] )\ Sz56 F15 3 BHT 551 328 1) 25 i it
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Fig. 1. (a) Potential energy curves for the A-S states of BHT; (b) potential energy curves for the A2II and

B22t states of BHT.

#2 BHT BT A—S SHDGEF
Table 2. Spectroscopic constants for the A-S states of BHT.

BT Re/A  we/ecm™!' wexe/cm™' Be/ecm~' Dg/eV De/eV Te/ecm~' RMS/cm~?!
X2%t AN TAME 1.20485 2518.36 64.62 12.5773  1.9870 2.1411 0 0.386
SCHR[1]  1.20484  2519.4 64.6 12.578 1.99
XHR (3] 1.208 2594.8 74.94 12.53 1.92
(8] 1.20329  2526.8 61.98 12.610  1.95[]
A2T1 ARIXTAE 1.24759  2245.15 52.95 11.730  3.3467 3.4842 26689.72 0.565
CHA[1]  1.24648  2251.6 53.6 11.751 3.35
XHR[3]  1.247  2351.8 71.38 11.76 3.19 27491.6
SEEG 6] 1.2565  2286.4 48.9 11.746 26368.18
U (7] 1.24397 11.7987 26375.90
B2xt  ARL/E 1.90198 1263.33 29.86 5.047  1.3546 1.432 43241.12 0.693
XHR[1]  1.90116  1264.3 29.9 5.051 1.35
XER[3] 1.910  1205.7 18.51 5.01 1.24 43198.7
atTl AXTAE  1.7269  896.50 44.17 6.1223  0.4736 0.5278 50539.17 0.030
CER (3] 1741 765.2 21.41 6.03 0.34
biTt  ARXTAE 3.82863  117.07 33.85 1.246  0.0096 0.0158 54670.37 0.045
32t ARTAE 3.90233 341.41 20.84 1.199  0.1915 0.2120 58713.59 0.200
2211 KRXTAE  HFE
3211 15t ACT/E 1.39819  2115.75 58.80 9.3394  0.6342 0.7635 85510.77 0.270
3211 274 ARCTAE  2.57597  509.23 55.68 2.7515  0.1302 0.1600 89996.22 0.063
42yt 15t KXTAE 1.46892  1613.80 153.76 8.4617  0.4569 0.5522 96354.70 3.407
425+ ond RYCTAE 2.89825  397.48 76.37 2.1747  0.0694 0.0917 90586.92 0.327
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5 — WO A APILAE T i A B AL 1) 32 B
HAE N10%20%1m,, W HE H86.23%. KEH T
HEN10220,3051, Fl10220,30, 115, B HE 5
W T7.06% f12.12%. X2nt — ACIIBRIE £ %
3o, — In,MWEKIE. HAAEMBMEKRET. N
26689.72 cm~!. i i LEVELS.0 % ¥ it 5 15 5
HEER ARG 007 KLt voo = 26533.14
em~'. SZ3 b, Almy !, Ottinger %], Ramsay
AN 53 545 B voo HOME N 26376.2, 26368.18 Al
26375.90 cm~t. ARG LIAM IR EL
H0.60%. ATLZS B AR IR B, 5 BHRE
D, N3.4842 eV. JEIT F 27 LA H AL & 1 3
fih eV H B 5 S s O R A R . il e
0Re/Re = 0.29%, dwe/we = 1.80%.

B WOR BT E P A B AL
WL 4L R A4 AL AR, B 102204,302(49.29%)
Al 10220%40,(37.88%), T 10220230, WKL E A
2.46%, FEAT] DL, HE A XS - B2t R
BRAE FEE L H 205 — 30, 130, — 4o, BRIT KIS
I e, AL T H RS R 4324112 em A, i AL
HEABIRBYE, D, = 1.432 eV. BT 5 A%
BB B A 7E 2.7 A B OL, B X 1
AT — X8 BT R o220 - RS XKLL, X
ANZSF e Ml 22 AH 2ROV EI IR R e AR 5 3.3
TRV, B HAT N IE, EEA X T B2 &
FR ' 1 3 B SR 36 4RI, A ST URIR F FCT 7 i
fiE S D AT . AR X2E, AT
B2X+ IS H 305 FCI/AVSZ KPR i 5
{8 U B KR ZE AR 1%,

atTL N DY 5 45 1) R 4, 76 °F i o B b 3L &
B 1A N 10220430411, B E N 97.29%.
X2yt = @IEKIE EE R H 20, — In, WEKIE
S, HA PR A8 N 50539.17 em L. 2 H |l
ik, R Kusunoki B8 7 DU 5 A5 1968 K,
3 20 R0 7 VA IR B 1), TS T 45 R
A S . Kusunoki A 45 B2 bAy+ Nk
FAL e is- NESKE —#MRE, AR
MEk B M EA T EER T bt S —1NABE
IR/NIR AR, HAPHRE D, A 0.0158 eV, &
TE B e b St AP ESE — RS, bist
19 A B R /N AT BE 2 T 2 Kusunoki 15 31 H: 4 HE
JFASHIE R, 32T 425 o 725 48 B X Bk 45
. B TESBE20 AM1.96 A LA KA

Tifdeg. TR DK 2 32T1 A 425+ W 1~ 25 FH 5 & 1) 211
2Ot BRI B R A T BB A XIS, 321
M 425+ 558 — A PR AL B (B BHA ) 2 )
N 1.39819 A(0.7635 eV) F11.46892 A(0.5522 eV);
BB AL E (B PFR ) 73 ) N 2.57597
A(0.1600 ¢V) F12.89825 A(0.0917 eV). HAhHI
W B ER 2. Kb bist, 328 T, 321N
425+ G HON E RARGE.

N T VAL A e R AL R R, AR SC IR N 4
HT RMSHH, FItEL 2 . A LUE HTE K RM S
EARAR /. e RKIRZEAN N 3.407 em ™, HAR IR 2
A 0.7 em™t. W] LAE AR SRS A5 R AT
FEI.

3.2 EREMR

A IHHE TBHY 4 T AL — X2nt,
B2yt — X2yt 329t — X2t B2Rt — A2,
3201 — X222t fIbAt — o*TTKRRIE(RARSE. BRT
AR BEAZ R PR AR Pl 2 LT 2. | T 2211 R HE
JRAS, MUSH 4 220 — X228t BRI IR AR

2.0
322t —» X2zt

1.5F
32I1 — X252+

1.0F

0.5

BRIT R /a.u.

2
O_BZJr

2 .
— A1l
Bt X2zt
—0.5

| biz+o atll

0 2 4 6 8 10
LALIHEVEN

K2 BHt & 7RISR ERE

Fig. 2. Transition dipole moments of BHt.

M 2 A DUE HE R IR BE S 10 AR, AT
— X2yt B2yt - X2t 32nt - X2%t, B2nt
— AZITRAIBAST — AT ERAE T 0, JEA
EXZET, A, B22t, 325, biut flatll 5456
KT BT B TR 2s — 2p FUERIERE, HIE 74t
FRE; 32 — X280t MFGEEWRE LT 5
—HEBR (1.2323 a.u.), JEPEZ 32IL 3 R IE T A [ 1)
JEFOR, BEFATRES HEFHEENHT &
F. Nguyen 2 ' 7 MRCI/AV5Z /K Fit 5 7 A%IT
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— X2xt, B2nt — X22t FIB2Et — A2MI HIEKIT
R AE, EAZ TR FE N 1.25 A B 235104 0.3383, 0.4493
A10.0295 a.u. AT BT 25 553 5108 0.3389,
0.4489 F10.0294 a.u., A 345 R A Nguyen 55 [ 45
RREAEIT 0.5%. FE AR H AT — B2XT
(R RAT TR FE AR

AW T AT — X28t, B2Et - X2ut
AB2St — AR ZRBE R A, 3622
VBB T foe LR AT MBSt 25 K4 5 5
frr, Foh oy My o R R AR RIS RS &
TR T A2 — X222+ ERE, A SO E Ay
M Agr 73 N 4.122 x 108 s~ F15.852 x 10* s,
Nguyen 25 U+ 5 A5 8 700 70, 23 518 241 ns F
17 ps, B Agg = 4.149 x 10% s71, Ap; = 5.88 x 10*

s~ AR foo N 0.9414, 1M Kusunoki ) it
HAEN0.947. XHF B2St — X222t ERiE, A
L2 1P 1 A R B AR 22 0K, 90 22 - JE 8 TR 7
ANAFAE X A 53 XoF L PR S T3 R W AN TE X £
76 b, HARS MR R ECRIEEE Y = 6F1v" =7,
Bl Agg = 8.383 x 10° 571, Agy = 1.142 x 106 571,
FIFER T B2ST — A2TLRRAE, LA SR A ok I
EAE V" = 3—5, W T I BRAT B AR 7 - i o7 B P
AR/, HERSHERMERR D, 0" = 35,
Agz = 44.8 571, Agy = 62.7 s7H Al Ags = 49.1 571,
A HFH T A2 — X220+ BRIE ) 96 24 50 - &
DR 70 5 DR A 3R A it 3R 8, AR 3. W LU H 3RATT
I EAE A Kusunoki HIH 848 B 75 SR 1.

#3 BHT BT A% — X2ST BRIEMZ FHHE ARG R (s—1) Mb=25 -FRBHF

Table 3. Einstein spontaneous emission coefficients A/, (in s~1) and Franck-Condon factors f,,» for

AZIl — X221 transition of BHT.

o' v 0 1 2 3 4 5
0 4.122(6) 5.852(4) 3.641(0) 1.148(1) 7.846(—2) 4.121(-3)
9.414(-1) 5.806(—2) 4.843(—4) 1.072(=5) 1.814(~7) 3.701(—8)
9.47(—1) 3! 5.2(—2) 3]
1 5.955(5) 3.191(6) 9.261(4) 2.327(2) 4.849(1) 1.998(0)
5.481(—2) 8.327(—1) 1.116(—1) 7.945(—4) 9.502(—5) 2.250(—8)
5.0(—2) (3! 8.44(—1) 3] 1.05(—1) 13
2 7.190(4) 9.598(5) 2.475(6) 1.006(5) 1.760(3) 7.718(1)
3.523(—3) 9.758(—2) 7.437(—1) 1.545(—1) 3.190(—4) 3.958(—4)
9.5(—2) 13 7.46(—1) 13! 1.54(—1) 13
3 8.009(3) 1.872(5 1.115(7) 1.965(6) 8.318(4) 6.970(3)
2.147(—4) 1.059(—2) 1.216(—1) 6.876(—1) 1.787(—1) 3.201(—4)
1.30(—1) 13 6.59(—1) [?] 2.00(—1) %!

#4 BHT B A% 1 B2St SORIIEE A (s71) FIE KBS 7 (ns)
Table 4. Total emission coefficients Agopa) (s™1) and radiative lifetime 7 (ns) for the AT and B2Xt states of BHT.

y AT — X2nt B2t — X2t B2yt — AT
Atotal T (A2H) T (AQH) [ Asotal Atotal T(B2Z+)
0 4.181(6) 239.2 238 2.319(6) 2.022(2) 431.2
1 3.879(6) 257.8 5.028(6) 8.143(2) 198.9
2 3.609(6) 277.1 7.519(6) 6.244(2) 133.0
3 3.365(6) 297.1 8.878(6) 7.791(2) 112.6
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Al — X2yt BZnt — X2ut IB2Et -
AZIERIE (V) = 0—4) 4R 55 26 DL S5 o 75
MAER A4S, ATLUEH Yy = O, ASCHHE
AT 25 H 58 5 75 6 9 239.2 ns, 5 Nguyen 2 1 [
HHEERRZERERE1%. BE AN SRS ET
g, LA a 2 inEH. B2t SMH
RARSS o N FIE L, B B2Et — X2nt AIB2Et
— A?IIERIE. MR 3H I LUE H B2ST — A2IIER
ERRESER KL R A B2t — X280t BRIEmM
SRS 1/10% £, FMRAVETTEB2YT &
(1) B R 5 G B e B AT DL B EE B2E Y - APITER
I 4R S T2, AR ST B2ST 2 B4R 9 A N
431.2 ns, fiFE B2ST ARSI E T HIIIG N, ARG
T3t R kN

3.3 SOCX N Xt # & 4 ZIBHT & F
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I3 REIIZE1E 5.0 A /2 4 A T U T es, 9~ rl
T ARSI 2L 50 -8 X4k, 5 F& SOC M i,
AZITZERI1/2 S EM B2YT 8510 1/2 4 Lok 2 ikt
P T W R IR A X e Oe v A BHT
B R B s e, FRATTE A [R] KSR 25 SOC 2K
R T X2Et, APIT A B2 74 (034 it il 28 K ik
AL, I 3R VR AL OGS 20 25 A
9 22 50 - RS DR 1 B A e

150000 9400
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Fig. 3. Potential energy curves for the Q states of BH.

BHT B THI XS] 5, AL o, A%IL3)0 MIB?ET,
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Abstract

BH' cation is one of the candidates for laser cooling. The potential energy curves (PECs) for nine electronic
states (X?XF, AT, B2ZT, a'l, b*2T, 32%T, 2211, 3211, 42%7) relating to the BT (*S,)+H(?Sy), BT (®Py)+H(%S,),
B(*Pu)+HT(*Sy), and BT (*P,)+H(%S,) dissociation channels of BH cation are obtained using highly accurate multi-
reference configuration interaction (MRCI) plus Davidson correction. All-electron basis sets AV5Z-DK for H and ACV5Z-
DK for B are used in PEC calculations for the A-i-S states of BH™ cation, respectively. In complete active space self-
consistent field (CASSCF) calculation, H(1s2s2p3s3p) and B(2s2p) are chosen as active orbitals, B(1s) is the closed shell;
in the MRCI calculation, the core-valence (CV) correction is considered, i.e., B(1s) shell is used for CV correlation. Spin-
orbit coupling effects are considered with Breit-Pauli operators. Spectroscopic constants are fitted using the Murrell-
Sorbie function. Spectroscopic constants for the X?S T A2II, and B2X" states are in excellent agreement with the
available experimental data; spectroscopic constants for the b*¥*, 32X+, 32II, and 42%% states are reported. Two
potential wells for the 32II and 42X Tstates are found. The maximum fitting error of all electronic states is only 3.407 cm™*.
In addition, PECs for the A%IT and B2X* states are crossed at about 2.7 A. Then, the transition dipole moments (TDMs)
for the A%TI — X2yt B2yt — X227t 322F - X222t B22t — A%, 321 — X23* and b*St — a*ll transitions are
also obtained. The strength for the BZS" — AZII transition is very weak. Based on the accurate PECs and TDMs, the
Franck-Condon factors and spontaneous radiative lifetimes are calculated. A strongly diagonal Franck-Condon factor
(foo) for the A’II — X2 transition is obtained, which equals 0.9414. Spontaneous radiative lifetime for the AZII
and B2XT states is also predicted. i.e., 7(A%TI) = 239.2 ns and 7(B*Z") = 431.2 ns. When SOC effect is considered,
the A2H1/2 and BQZIIF/2 states avoid crossing in the Franck-Condon region (R is about 2.7 A). Calculated foo for the
ATy 0 — XQET/Q transition is 0.9430; spontaneous radiative lifetime for the A®II; 5 is 239.0 ns. Our calculated results

indicate that the influence for laser cooling BH* cation via the crossing between B2X+ and A?IT states can be ignored.

Keywords: multi-reference configuration interaction, potential energy curves, spectroscopic constants,

spontaneous radiative lifetimes
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