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Fig. 1. The potential energy curves of 5 lowest electronic
states of %8Sr™Br.
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Table 1.  The spectroscopic constants of the 5 lowest electronic states.
A-S & T,/cm ! R,/nm  w./em!  wy/em!  B/em'! a,/(10*cm ) D,/eV R FEHFHE/%
1162120°130%m*712(80.2)
2%+
X225 0.0 0.2740  216.17 0.499 0.0538 1.731 3.310 110212071 30°62722(6.9)
Ll 0.0 0.2746  212.78 0.509 0.0535 — —
FiE ) 0.0 0.2799 205.6 0.53 0.051 1.742 —
S 301 0.0 0.2735 216 0.51 0.0541 — —
Al 14679.348  0.2701  222.38 0.5346 0.0549 1.213 1.334 110212613066 n*71%(86.1)
Ll 14657 0.272 220 0.57 0.0544 — —
FiE ) 14269.9 0.275 215.1 0.54 0.052 1.241 —
S 301 14850 0.2717 222 0.53 0.0545 — —
. 116%120°130°6n7n2(79.2)
23+
B2Y 15376.803  0.2702  223.03 0.5272 0.0552 1.799 1.597 1107120130 967772(6.1)
g 15208 0.2710 220.5 0.52 0.0547
g 15222.8 0.2749 214.5 0.56 0.053 1.831 —
S0 15352 0.2701 222 0.53 0.0552
110%12021306%6n371%(80.0)
2
ca1 24947.818  0.3373  201.07 0.5012 0.0515 2.369 1.500 11012091 30067172%(2.2)
116%120"130%m°7n*(2.8)
116°120°130%747n3(2.7)
Fip 8] 25491 0.2810 197 0.49 0.0509 — —
pLib 25323.2 0.285 191.2 0.46 0.049 2.477 —
SRR 24665 — 205 0.49 — — —
1102120°130%6n*7n2(1.3)
110%120%130%mn!7r2(69.4)
320+ 29079.756  0.3548  238.98 0.4556 0.0542 1.653 1.109 1102126%130°6n'7n%(5.3)
1102120°130°6m3713(2.9)
116%126°130°6n*7x!(.9)
Hipks 28117 0.266 242 0.54 0.0567 — —
Ll 27228.9 0.27 235.8 0.54 0.055 1.660
SRR 28958 — 247 0.55 — — —

(AR ARARFAE , XA TT LA A SCHLA B AH DG S 500
ZIE A EERY.
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R, HAM AT B RS SCHR [29] B THE DA L
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WOERS (A, XSS RSB T —A i 2
B Sr(1S,)+Br(2P,), B f#AE R 1.334 eV, /N T
A 3.310 eV, X ULHHFSAH M, FEEB 5 Bt
a7 VLG N A v o 9 e S SR E B
H 1162126°136% i 7re, FHAE — LTI X288
KT R] AT, Bl 120(130)—7r. A2 ()48 G %
AEH 14679.348 cm!, FZER{H 14850 cm 1BV A Lk
22, HAR2ER 1.15%, XATRERS C =4 T
WG AE UG SRR 2 R AR AR R A g
W R, we Fl w, yo AR A EEIS T S5 R, R
SCHSEME RS, 255390 0.0017 nm, 0.38 cm !
#10.0046 cm !, B, 58455 B WAH2E AR K, (H
SR AT P EERR, W22 0.0005 cm .

AE = T AR — IR RN R Es (B2,
B2 ARE IR SRS — R S AR K—FE,
AL T XA, RSB X S (2S,)+
Br (S,). B4k & BE N 15376.803 cm !, 5
SHRME 15352 cm PO BHER, W2E(R 24.803 cm !,
XATAERE T T B2o S 320 T A U4
JEIA. A B SR we, Re, woge M B, 5525645
R B WG, A2 1.03 cm !, 0.0001 nm,
0.0028 F10 cm ', & B2 SR =0k AS (C),
BIf#AE N 1.500 eV, 7E R = 0.356 nm 4b5 A2 =
AT RIS, 5 A fEBCH 242.01 cm ™, R
[l CIL X1 5 — M B R Sr(°P)+Br(?P,).

ARSCFFEL T C2L AN 3PS & A MG 4L,
S BREE R S fE M SR AT B BEIR {EAH L At
FUHL AR ZE BT LY S AT RERE TR AR Z A A
HAFRRI. 25 b R B, A SRS RS
B SR AT R A IR TR ) 5 AR, A7 4k
ZRCHAB R P TH (B S R SR (E. X 2 g
JE BETE B RO BE— 28 7 W i U A5 6T R
BRI E R L S AR .

RETSHIRTBERF S FEEH
FIH LEVELS.0 #7429 L&k 1545 2]
PIREA R HSEE, T T J = 0 BF S RS 4
ERIRBIAS. A T T LA ST, AR TR T $5Sr
™Br A1 8Sr¥1Br 43 R SIBEGL, % 2 h RSN T
$8Sr™Br 4 T4 AR AT 10 MRS 3R 3 BE
9K G, WM E R B, MES.ORAREE D, 115
IR, SSr™Br 43 X2S W 0-0 B ) 0+
WE G, R0, B, #1 D, 7354 0.054093 1 1.355 x
10% cm™, *8Sr®'Br 143 # 0405124 0, 0.053517
F11.324 x 10°° e, 53CHR [11] g {EAHLL, 35St
"Br 53T ACEHR SCE, B, 1 D, BAHXT R
R 0.1% 1 4.1%, 88Sr™Br 43 T A0 [ 0-
0 BR 1T 1 73 5 £ 53 0l o 14970.08, 0.054979
F11.395 x 108 cm'!, $Sr81Br B4 15 500 3
14786.59, 0.054583 F11.363 x 108 cm !, 53¢k [11]

3.2

# 2 SSMBr 41 5 NRESW G, B, Al D, {H
Table 2. The values of G,, B, and D, of 5 lowest electronic states for $Sr™Br molecule.
v 0 1 2 3 4 5 6 7 8 9

G,/emt 0 217.21 422.31 648.92 863.52 1077.13  1289.84 1501.60  1712.39 1922.24

X2y B,/cm 0.054170 0.054003 0.053836 0.053663 0.053494 0.053330 0.053165 0.052997 0.052827 0.052659
D,/(10%cm™) 1.299301 1.303053 1.284638 1.297713 1.299115 1.295311 1.296435 1.298790 1.296092 1.292529
G,/em! 14691.87 14934.23 15175.25 15415.96 15656.46 15896.12 16134.07 16369.73 16603.1 16834.89

AT B,/cm™! 0.055780 0.055620 0.055462 0.055295 0.055124 0.054976 0.054861  0.054772 0.054687 0.054578
D,/(10%cm™) 1.347703 1.355108 1.331605 1.313371 1.331860 1.390480 1.454430 1.476056 1.452901 1.372534
G,/em! 15376.52 15507.84 15738.33 15967.89 16196.74 16425.06 16652.61 16878.97 17103.8 17327.04

B2L+ B,/cm 0.055152 0.054998 0.054842 0.054679 0.054501 0.054326 0.054170 0.054020 0.053860 0.053722
D,/(10%cm™) 1.383536 1.380925 1.382206 1.370045 1.352258 1.361286 1.370500 1.430538 1.454700 1.453644
G,/em! 25067.11 25478.29 25768.5 25995.01 26202.12 26394.03 26575.33 26748.69 26915.65 27077.76

C2I1 B,/cm™! 0.051613 0.051929 0.052694 0.053118 0.0536173 0.053991 0.054389  0.054762 0.055104 0.055412
D,/(10%cm ™) 7.342555 2.052993 4.137982 4.629906 5.880088 6.862856 7.6697626 8.6153136 9.298999 9.430722
G,/em! 31178.79 31534.74 31825.03 32085.24 32324.03 32546.51 32756.77  32958.15 33153 33342.76

320+ B,/cm 0.052457 0.052986 0.053498 0.053999 0.054484 0.054959 0.055414 0.055843 0.056246 0.056634
D,/(10%cm™) 8487942 1.681584 2.237826 2.904620 3.611947 4.250499 4.782100 5.233730 5.676720 6.069434
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H, FIXHRZE 5 4.8%, 1.5% F1 3.4%. 55Sr™Br
43 F B2 0-0 BRAE A 19 40 T 5 4k 15376.52,
0.055152 F1 1.384 x 10°® cm*, 88Sr8'Br f) 434
Hoor 51k 15198.68, 0.054972 F11.371 x 10 cm'L,
35T 4 B 88Sr™Br 43143 4 5 SCHR [16)]
HSEERE 15355.79, 0.055206 F11.410 x 10 8 cm !
W) & AT, FHXTIR 22 0.1%, 0.1% F1 1.9%. 5
A 43T S8SrTBr il $8Sr81Br Y 43T i X, 156 BH 88Sr
MBr 43 TR O B SR (E, PEAR SR 45
T8Sr™Br 1Y 41 H AL, T ELRCHE V%S T SE Y
FTPBRG T HEZ A ME SR T
WAL

3.3 RADSHHEMERE

ARG T A S, 735 FL A AR R ] LU ik
Or TR IR TR 2 A5 R AT A Y L AR R B
Sy FAZIAIEE R AL A

Permanent dipole moment/a.u.

R/(0.1 nm)

2 BSrMBr 43T 5 AN REE IS 1 LR AR E
Fig. 2. The permanent dipole moments of 5 lowest electron-
ic states of %Sr™Br.

ST 2 AREOCR LI, SRR RE] 0.60 nm
B, B2 A H A AR A 38 31 e KA 6.104 au., XUk
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XSRS B e R R O e R . S A R
0.354 nm T, A2 A C2IT A (BB 20 B 1 e e
FUfE B2 32 HFE 0.366 num BRI IR AR -t H
TR IS, B R T R T T
WEARAS IG5 Y, X e S S aE RN AR Tk
IR, 5 A AR 2R A 53 MgBri2)
TR R WE—FE.

3.4 REAGHIKITHE

R T oA o BRI AR, DT T A Rl
A RBRIE A, &1 3 Ay R A A % 268 T {18 i
KA. K 3 B, 7 Franck-Condon
X, CAHI-X2E+ B AR A 4 W A KT
AT XU R BRITAE. A A BB AR RS, 45 0R
GRS BRI B e AR i T 0. Jl i G R
TR A4S RS Franck-Condon R, 4%
R B2 X229 0-0 BRAT Y Franck-Condon
XA LA 2, B BROR(E Y 0.825605, 1%
LA RAT A IR0 2000 IR R A, AT LIME
HOGCTR EI R RIE 7> TR R . HAMERIT Y K - #R %
A W BT AL, T CAI-X2S+ il 325+ X221 A
FHAEE /N, LT 0 GRISIAI), X AT HEZ
R NUEA R A LN ) S

2+ B2S+-X2n+

1 2N+_X25+ h
\W)J/‘ N[>
A

C2I-X28+

Transition dipole moment/a.u.
o

ATI-X?E+
2 3 4 5 6
R/(0.1 nm)

&l 3 SSrBr 43 5 A WA A 1 BRI AR AE
Fig. 3. The transition dipole moments of 5 bound states of
88Sr™Br.

MG AL T 575 2 59 BR AT M A 4H . Franck-
Condon N1~ £ W4T 251 B BEFIIR S REZR,
AT T AR R A IS BRIT RO AR T A7
HHAL AT 949,

Ty = (Ay) 7t
B 3h
- 64n|ag - e - W\Q ZUN Qo o (A By yr)?

B 4.936 x 10°
(TOM)° " oo (ABy )

Horpr 7 R BOR AR SIE N v RS F iy A
AE, ,J3ilhZ R R EORE R 25 (PN em ),
TDM N-FBIERIT A ; g, oA Franck-Condon
K7, A BT T 880 S SIS I BT R
Fif. BRI CHI-X2E A 328+ X2 B A
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3 8SrBr /T AAI-X2EHHI B2E - X2EHERIF Y Franck-Condon R
Table 3. The Franck-Condon factors of the transitions A?2II-X?Z il B2L+-X22* of %Sr™Br.
v'=0 1 2 3 4 5 6 7 8 9
AT-X20*
v'=0 0.645022  0.336688 0.098008 0.017772 0.002264 0.000225  0.000019  0.000001  0.000000 0.000000
1 0.436688 0.083076 0.303189 0.190372 0.661533 0.165378  0.003316  0.000568 0.000087  0.000011
2 0.098008  0.434973 0.000835 0.180970 0.223953 0.113214  0.036827  0.009054 0.001812 0.000305
3 0.017772  0.293991 0.318827 0.055875 0.070256 0.256239  0.170741  0.062531 0.018499 0.004301
4 0.002263 0.053921 0.247678 0.100225 0.125148 0.010981  0.177146  0.190350 0.089728 0.031718
5 0.000225 0.009392 0.099735 0.271659 0.024898 0.160484  0.001473  0.098532 0.170079 0.114744
6 0.000019  0.001159 0.022742 0.145408 0.236122 0.000076  0.155129  0.024834 0.046417 0.151117
7 0.000000  0.000110 0.003473 0.042832 0.181875 0.178132  0.014614  0.150355 0.062132 0.011646
8 0.000000  0.000008 0.000391 0.008050 0.068736 0.202633  0.095379  0.050504 0.073401 0.096387
9 0.000000  0.000000 0.000034 0.001075 0.015763 0.098088  0.204697  0.042685 0.089124 0.031198
B2 -X28+
v'=0 0.825605 0.238234 0.033347 0.002666 0.000142 0.000006  0.000000  0.000000 0.000000 0.000000
1 0.388234 0.634880 0.110814 0.094271 0.088490 0.062873  0.040384  0.000047  0.000006  0.000000
2 0.033347  0.414395 0.520552 0.090304 0.084878 0.077853  0.067309  0.051175 0.000165 0.000020
3 0.002666  0.083449 0.366773 0.423286 0.082800 0.072301  0.061320  0.014268 0.002657 0.000419
4 0.000142  0.009678 0.107691 0.317402 0.350042 0.097638  0.0602219 0.055584 0.023573  0.005001
5 0.000006  0.000654 0.052162 0.087692 0.280018 0.317641  0.083112 0.07925  0.068340 0.044978
6 0.000000  0.000000 0.000117 0.006341 0.098918 0.277382  0.309402  0.081296 0.063711 0.051334
7 0.000000  0.000000 0.000093 0.003861 0.057313 0.055610  0.245025  0.292709 0.036511 0.075513
8 0.000000  0.000000 0.000004 0.000245 0.007248 0.080579  0.069675  0.186559 0.227752 0.010265
9 0.000000  0.000000 0.000000 0.000012 0.000552 0.012263  0.036322  0.069989 0.121499 0.152774
4 BSrBr 43T ANI-X2L M B XS HBRAE 4R S
Table 4.  The radiative lifetimes of the transitions A?2II-X?3* and B2X X232+ of *Sr™Br.
Radiative lifetimes/ns
Transition
V=0 V=1 V=2
AMT-X20+ 32.23 32.35 32.56
B2E+-X2y+ 40.93 40.95 41.22
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Spectral characteristics of low excited state of strontium
monobromide molecule’
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Zeng Xue-Feng  Xie An-Dong

(College of Mathematic and Physical, Jinggangshan University, Ji’an 343009, China)
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Abstract

The electronic structures and single point energy of 14 lowest electronic states of %Sr™Br molecule are
optimized by using the internal contraction multi-reference configuration interaction method and relativistic
effective core pseudo-potential basis. Because ¥Sr™Br molecule belongs to heavy element system, the single
point energy must be corrected to obtain more accurate spectral parameters. Therefore, Davidson is introduced
to correct the energy inconsistency, nuclear valence correlation is used to correct the electron correlation effect
of inner shell and valence shell, and the relativistic scalar effect is corrected by calculating the third-order
Douglas-Kroll-Hess Hamilton single electron integral. According to the single point energy calculated by the
modified optimization, the potential energy curves, electric dipole moments, and transition dipole moments of
14 lowest electronic states are obtained. Using the latest LEVEL8.0 program to fit the modified potential energy
curve, the spectral constants, molecular constants and vibration energy levels of 5 lowest bound states of 83Sr"Br
molecule are given. In order to explain the changing trend of spectral constants of homologous compounds, the
spectral parameters of each compound are compared and analyzed in this paper. At the same time, the
vibration energy levels and molecular constants of 8Sr®'Br molecule are also fitted and calculated for analyzing
the influence of isotopes. The comparative analysis shows that the results of #Sr"Br molecule are in better
agreement with the experimental values. Finally, the Franck-Condon factors are gained by fitting the optimized
single point energy and transition dipole moment of ®Sr"Br molecule. The transition band with the largest
factor and obvious diagonalization is selected by analyzing the Franck-Condon factor of each transition band,
and whether it meets the conditions for selecting laser cooling molecular system is judged. The radiation
lifetimes of the transitions from the lowest two excited states to the ground state are calculated by combining
the transition dipole moment, Franck-Condon factor, single point energy and vibration energy level of each
electronic state. The results of this paper are in good agreement with the experimental values, which shows that
the method in this paper is reliable. These spectral characteristic parameters provide theoretical support for

further experimental measurement and construction of molecular laser cooling scheme of 8¥Sr™Br molecule.
Keywords: ¥Sr"Br molecule, ic-MRCI, spectroscopic and molecular constant, vibration levels
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