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Fig. 1. PECs of 5 A-S states of the AIHT cation.

%1 icMRCI +Q/56 + CV + DK Hig /K E3R M
5> A-S A PN R AL AT X BE B

Table 1. Relative Energies of the 5 A-S states in the
dissociation limits at the level of icMRCI 4+Q/56 +
CV + DK.

feg/em ™!

S e A-S
AL sy [24]
AlF(18g)+H(3S,) X2yt 0 0
22%F, 1210
+(3 2 ’ ’ a
AlT(3Py)+H(2S,) st 141 37426.82 37474.91

a, MEIL T 3Po, 3P1 A1 3Po SHE T REHIRA.
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Fig. 2. The active molecular orbital energies of AIHT

along the internuclear separation.
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MM 75 2] ieMRCIH+Q/CVTZ ik /KF E QA
PECs. # SOC &5 57 iR (1 2 & (id ¥ SOC) hn |
icMRCI +Q/56 + CV + DK [ % e, #4153 2

icMRCI +Q/56 + CV + DK + SOC # it /K-¥ I
10 Q&K PECs.

FIH B3k 753, AT E T icMRCI+Q/56
+ CV + DKH i /K F E AT (*S,)+H(Sg) Al
AlT(®P,) + H(®Sy) WBEE ZMH, HER 1Al H, &
SCFT UE B IX P A AR R PR B RE B E N
37426.82 cm ™!, X5 AlJF T 2 HA 3P, BRI
B 0418 37474.91 em ™~ FF S 1HR LT

3 #£RET®
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FARE AR IE E X S iE RS0

R s FE 5, SR A U, 15
W, BT AT SRR AR BRI, T4 R PTHA E 1)
WL RWAKEZ. BT RS, AT
icMRCI+Q FEE IR X2Et & R., we F1 D, (U0
2 fa) A, fa B Ve JE A e S

K2 TEicMRCIH-Q Hg/K T, FEALICSE S 70 AR SRR AR XS IS IEXT X2 ST A6l # S

Table 2. Convergence observations of basis set as well as the effect of core-valence correlation and scalar relativistic

corrections on the spectroscopic parameters for the X2X 1 states at the icMRCI 4+Q level of theory.

Re/A we/cm*1 D¢ /eV Re/A we/cm’1 D¢ /eV
AVTZ 1.6147 1650.86 0.8394 AV6Z 1.6061 1691.99 0.8973
AVQZ 1.6083 1686.00 0.8831 AV6Z +DK 0.0005 —8.06 —0.0151
AV5Z 1.6066 1690.05 0.8938 AV6Z+CV —0.0003 —33.35 —0.0616
AV6Z 1.6061 1691.99 0.8973 AV6Z+CV+DK 0.0002 —41.40 —0.0767
56 1.6054 1695.32 0.9031

W o L 20 1 B B8 K (M AVTZ 2] AVQZ, M
AVQZ 3| AV5Z, i M AVSZ $ AV6Z), 7£ % H R.
b, FAEESY B AR 713,51, 207.40 A1 54.43 cm ™1, 34
HMIEAVXZ %2 AVooZ I, #HAEFEAL86.25 cm 1. &
W, X2ST A Re A3 BRARN T 20 BA R 47 Hk
Sk BT R AR, X2EH & Re Al w, {E A
St F AR AR R USRI, anER 2 B A, BEE B4 JE
K, R AEH 4 UK/ 0.0064, 0.0017 F10.0005 A,
we TH 2 W48 K 35.14, 4.05 f11.94 cm~t. HiE
M AVXZ A0 HE B AVooZ I, R A8 I8 /N A #8 i
0.0007 A, we EHMAKIE 4 cm=t. Kk, R, A
we TELAFXS T4 BLA SR e Sk

LT X202, A2 B2+ A a1 (G

HOEXT T A2 R IR G AW Sl bl T e i ) B
i, ASCH HAEEA . B2, ARSCHITHE M
Xf TR ARG St

T BL2E F ieMRCIH+-Q/AV6Z it 5 3k 13 11
X2 A6 E (2 2 B A Bl e s
i L7 SR A B A 818 TE X 45 s, i
T2 A, U E DK B IERY, R 3K T 0.0005 A,
we A D 43538 /0 7 8.06 cm ™! F10.0151 eV; X%
& CVAEIERS, Re, we 1 D 43 53K /> 7 0.0003 A,
33.35 cm !t f10.0616 eV; A ML, P& IE X w, F
D B I5Ema & B 1. RIS X B FE IER, R,
K7 0.0002 A, we 1D, 43 HYR-> T 41.40 cm—!
F10.0767 eV. BRI, AT moRE BEVHEE, 25
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1A &1, 54 A-SZAPECs /4% 1E 9:
1) X2xF, A%, B2S+ Aol R 4 S HEA 14

B 2) bint SAHFE.

i T icMRCI4+Q/56 + CV + DKil & 1)
PECs, | LEVEL 8.0 f2 5 P, A #k453 AIH
BT X328, AL B2SH A atTL 25 906 1 3 50 (T,
De, Re, We, WeTe, Be M ae) MG(v). RN TET
W, ORI X 4 A-S IR B0% [F) S2 3
B DOV RIEREE R =T DU R R, AR E B T4
BIINEKS.

#3 icMRCI+Q/56 + CV + DK Hig/KF E AIHT B1 4 4 A-S & K6 % 3
Table 3. Spectroscopic parameters of the 4 A-S states of AIHT cation at level of icMRCI4+Q/56 + CV + DK.

A-S T Te/em™'  Re/A  we/ecm™! weme/cm™' Be/em™! ae/cm™! De/eV  Re HEEFEMHET414E >
X2st A 0 1.6056  1658.25 60.12 6.71288  0.2848 0.8264 40250121°60°75° (0.9225)
iy (10] 0 1.605 1654 74 6.736 0.382
i 2 0 1.60543  1677.0 69.1 6.732 0.31  0.8318
Hig [131b 0 1.600  1694.6 75.5 6.77 0.380  0.7727
Hiig [14] 0 1.6098  1684.4 80.78 6.698 0.318  0.768
Hig 15]e 0 1.608 1680 71 6.71 0.317  0.8419
Hiig [16] 0 1.600  1600.47  81.7335 6.7779  0.3945  1.0139
Hig 1714 0 1.605  1675.12 59.39 6.7346  0.3046
A2l AL 27916.95 1.5965 1733.18 42.51 6.80740  0.2495 2.0118 40250°21160°70° (0.8426)
i (101 27719.84°  1.595 1747 43 6.817 0.243 401501211 650750 (0.0861)
Hig 12 — 1.59126  1759.3 42.8 6.853 0.23  2.0077
i 14 — 1.6047  1727.0 54.37 6.741 0.248  1.856
mig (15e 28511.69f  1.609 1683 42 6.70 0.251  1.8830
B2t AN 31211.93 2.0465 1310.86 12.22 4.10783  0.0388 1.5962 40'552219%65°75° (0.6117)
i (2 — 2.03038  1375.9 23 4.209 0.039  1.5146 40250°2n%65175° (0.1698)
i (14 — 2.0582  1321.5 19.48 4.097 0.046  1.480 4025012n%65°75° (0.1051)
mig (15]e 30657.12f  2.063 1326 21 4.08 0.043  1.4816
atTl AL 42799.31  2.4206  461.348 55.79 2.96897  0.3409 0.1670 40'5012m'60°700 (0.9684)

a, #i'5 RNERAS BB RBNFETT; b, CEPA 453; ¢, MCSCF 4% d, RIFMMNE LR, e, SCHR [8] ¥ To 1E; f, To 4.

AIHTE 7X?ST BRI FZE M 7 4H
B N40%50121%60°70°(0.9225), H Ah B 1 4 &
Fro5 AL E AR /. e B B VR 6663.47 em ™Y
HL0M IR 3 &, G(v) 4 7l 4 813.20, 2327.85,
3657.60, 4750.83, 5554.36, 6029.59, 6299.84,
6478.32, 6589.59 f16644.71 cm~!. AL AG s
9151465 em™', 5 Lien 2% B ) 45 2 1500 cm™!
FERIRE. R, KA EM R, we f1 B 5
LIGAE MO+ 55 A, e S R 1O A
23 51°40.0006 A (0.037%), 4.25 ecm—' (0.257%) Al
0.02312 eV (0.343%); HHZE 3 AJ %1, 1Y Nguyen % [2)
1 Ferrante 25 U7 R 38 () R A1 B, bbAS SC RSt 4

VTSI A 1O, BAR AR S wewe FH are 43 ) LL SE G
1 191/ 13.88 F10.0972 cm !, {H 55 Ferrante % [7]
U S S RBein. 24 ik, WA s iE
K1 D A8, AT TH5{H 0.8264 €V 5 Nguyen
25 211 0.8318 eV 154

AL B RBBMIRAES HPHERA
16223.56 cm~', 184 G(v) (856.07, 2507.01,
4080.66, 5532.17, 6930.38, 8247.86, 9479.90,
10630.15, 11690.76, 12655.53, 13517.50, 14271.57,
14909.49, 15421.17, 15796.32, 16031.16, 16150.17
A16203.72 ecm™h). HE I3 AT HI, APILE R, ik
FENBTFHE KA T X2ET 5o — 2l
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4o — 2 MERHLTIOR, RILIXANSBH Z 2%
fE. Balfour Al Lindgren * LA & Klein %5 ') 43 7
A% (v = 0) 5X22* (0" = 0) I Ty, R A SCHT
TR EH Te, we Mwere LKL AKX T, =Ty +
1/2 (Wl — wl) + 1/4(wery, — wery)), FAVFEN Ty H
N 27958.82 em ™!, X LS {E 1 K 238.98 em ™,
B iR 2 9 0.0862%. AL APTIA 1 Re, we M
B 5550 U0 B 5 AR ET, TA15 AR 25 556
18 11910.0015 A (0.094%), 13.82 cm~! (0.791%)
0.00141 ecm~! (0.141%). B3 3 7] %1, X Nguyen
&5 IR 38 1) we Al wewe, Guest Al Hirst 1) 4 1
ove FUEAR SORY e sz 110,

B2Et S EAA ZSHHHE, B R, Mt F %
W FAHES Bk A T X280t & do — 5o fl 5o —
6o B B TR, B B B IR 9 12874.60 em ™!,
A 154 G(v)(629.73, 1924.61, 3189.29, 4394.73,
5552.48, 6653.45, 7690.06, 8660.89, 9558.97,
10376.16, 11103.87, 11730.82, 12240.69, 12613.63
11283281 em™t). A 3AH IR BIAUIRE T
EABIEEE R 5ib5EE RSP, AR
(K] To F1 De B K, we, weze Ml ae AH/N, THE [2:14:15]
< Re < E LR IL0L < B« 35 B
FEE RN IR R RO R I
SR AL 45 S AE icMRCI4+-Q /56 4+ CV + DK #
W R, Rk, AR B2EY S04 RN 2R
BRI SEM.

X2t BT HEST T Nl — 2
R A a2, atll & PFA N 1341.65 cm ™1,
TTIMRINE, G(v) 439108 217.22, 579.69, 865.76,
1074.91, 1211.34, 1290.65 F11329.65 cm .

3.3 101N QSHIPECs fitig=

#RESOCH N G, AIHT 31 57 A-S &K 7
A10NQFE, BF11MQ = —1/28, 540 =
128, 3100 = 32801 A~Q = 5/2 &; AlT
%ﬁfﬁjijﬁ??’]?u ﬁ\%y‘jgpo, 3P1 *D 3P2 fﬁﬁj\, lHﬁ
B RRAIR ALT(1S)+ H(2S,) AT AIT (3P, )+ H(%S,)
Gy RN SRR 3 SRR IE 2. FATIERX 4N
figf A% B R AT BT 7 A 1 10 A Q0 25 8 A Bl B AL 11
X REE SN LKA, HERATH, A SCH A icM-
RCI +Q/56 + CV + DK + SOC 75 £ff AIH* &
F3Pg—1Sg, 3P1—"'So FI 3Py—1Sq 1 i % 18] b 43
L2 E (24 /N 43.48, 46.59 F154.19 cm ™, H4>

Eb A% 2245 1N 0.116%, 0.124% £10.144%. 10
A PECs E R BB R4 T K 3 .

—242.3
—242.8044 ()
4(1/2
—242.4f 2428015 (/2)
—242.5 L —242.8046 alll_y )
I —242.8047
§ —242.6| 5(1/2) 2.3 2.4 2.5
=
3 I 4(1/2)
T —242.7 Al*(3P3) + H(2S1)2)
0y
qm
AT (3Py) + H(2S,,.
R _op0s (*P1) (*S1/2)
L AlT(3Pg) + H(®Si1)2)
—242.9
| Al*+(Sg) + H(%S1)2)
—243.0 | | ) | ) |
6 8 10
ALV
—242.3
(b)
—242.4 —242.8040
—242.8041
$ —2425¢}
3 —242.8042
=
—242.8043
% —242.6 |
R bing,
—242.7} atlls)s
Al (3P2) + H(?S1)2)
—242.8}
AL+ (3Py) + H(2S1s
ety (*P1) (*81/2)
1 " 1 " 1 " 1
2 4 6 8 10
LA

K3 AIHTET10MQ&BMPECs (a) Q = —1/2
Q=1/20UK (b) Q=3/2F Q=5/2

Fig. 3. PECs of 10 Q states of the AIHt cation for the
(a) @ = —1/2 and Q = 1/2 along with (b) Q = 3/2
and Q =5/2.

F4  AIHT HTATHA MR AR 104 Q W
Table 4. Dissociation relationships of the 10 Q states
generated from the first two dissociation asymptotes
of the AIHt cation.

AE /em !

JEF#& (AT +H) Q&

Ara g 24
AT (1S0)+ H(%S1/2) 1/2 0 0
At (3Po)+ H(%S1,2) 1/2 37349.55 37393.03
AIT(3P1)+ H(%Sy/2) —1/2,1/2,3/2 37407.32 37453.91

1/2,1/2
AT (3P2)+ H(%Sy/2) /2172, 37523.60 37577.79
3/2,3/2,5/2

a, FIFH icMRCI +Q/56 +CV + DK + SOC i-H iS4 3.
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# T icMRCI+Q/56 + CV + DK + SOC it
¥ PECs, #If] LEVEL 8.0 #2/% B3 388 M Q &
(CEATAET X20t, A2, B2DT FlatTI25) H G i
WO G(v), ks Frsl. R TETFRHE, BATIE
A MEIBE RIS EH R A FEERA-STE

WEWIIAKS.

¥ SOCHUM G, X2ut AR H. B
IR B X8, X2, 5E 4ok A T XPRT A, D,
X28] ), MR (De, Re, we, wewe, Be M ae) Ml
G(v) JLPAERT X285+ 2540 .1 {A.

#5 FHicMRCI4+Q/56 + CV + DK + SOC B iHHIRIFHI 8 A Q A M Jailh 7 4L
Table 5. Spectroscopic parameters obtained by the icMRCI+Q/56 + CV + DK + SOC calculations for the
8 Q states generated from the X2X+, A2II, B2X+, and a*Il states.

QF Te/cm™!  Re/A  we/em™! weme/cm™' Be/em™! ae/ecm™! De/eV {E Re MEEFEEM A-SHE/%
X2z}, 0 1.6056  1658.22 60.09 6.71291  0.2848  0.8264 X2x+ (100.00)
2(1/2)% B¥ 27866.04 1.5964 1666.39° — — — 2.0014 AZIT (100.00)
i 3] 28000P
i [16] 27076.14 1.600 1702.50  46.9956 6.7779  0.2668  1.9640
2(1/2)%#B 31210.61 2.0462 — — — — 1.5868 B2t (99.88), A2II (0.12)
P 1 27968.31 1.5966 1732.89 42.56 6.80674  0.24970  1.9944 AZII (100.00)
i [16] 27280.46 1.600 1743.46  45.0761 6.7779  0.2489  1.9292
3(1/2) 31407.70 1.9644  2656.90 417.2 455942  0.00897 1.5677 B2t (91.80), A2II (8.20)
alll_y/p 42743.34 2.4205  461.598 55.12 296873  0.3410  0.1669 a’ll (99.98)
4(1/2)(a’ly ) 4278043 24204 461.374 56.02 2.97003  0.3444  0.1723 a’Tl (99.98)
atlly o 42817.75 2.4205 461.149 55.76 2.96978  0.3435  0.1690 aTl (100.00)
atlly )y 42855.28 2.4207  460.975 55.42 296864  0.3399  0.1670 a1l (100.00)

a, AGI/Q ’fﬂ, AGI/Q = We — 2WeTe EZ%L AGl/Q = G(].) - G(O); b, To.

mELA &, A’2ITE B2t &M TR =
1.9696 A. SOC %L i fi A% 5 B2S+ & PECs [
2 X AF G 2(1/2) 5 3(1/2) PECs 3 % 28 X (4
B3 (a) BT7R). XA EE R XFETF: 1) 2(1/2) &
HIAB 2 F2A BB (X 2B B 5 B s
HHBPEAE HBPERR); 2) 3(1/2) AR
X ME I ABPE T 2(1/2) %, B
ZHBAER = 1.9820 A, I H 35 2 T0 %6 (1) 34 R
16 T 55 R AR PR Ak R 35 R 2(1/2)% PP s £ ok
H A2, '€ W BFR N 344531 em™!, & 24
G(v), 855.88 H12498.60 ecm™'; 2(1/2)%~#M &
Bk HB2ETE, EMPHAN100.74 em™!, A A
FATMTRE A T 3(1/2) &, HEERA-SK
MR = 1.9220 A LI B2Et (99.92%) 25 1k #)
R = 2.0220 A 4L A%IT (99.78%), B MIBFIE N
12645.25 ecm ™!, % 14> G(v) (1229.76, 3198.14,
4736.15, 6136.28, 7370.45, 8474.05, 9457.94,
10313.90, 11040.63, 11635.78, 12093.25, 12408.54,

12577.21 A112641.00 cm™1).

ADA 5 R AL, Qfsr, BT 5
FoAth 1) QA Z 18] AN 7 1E 38 5 58 LR, BRI,
A5 7 1 PEC 5 A%ITA-S 75 (¥ PEC 19 IR AR
. & HIBFER N 16086.61 cm™t, & 17 MR 3
, G(v) 7518 855.91, 2506.49, 4079.75, 5530.93,
6928.77, 8245.77, 9477.20, 10626.74, 11686.49,
12650.32, 13511.25, 14264.10, 14900.50, 15409.92,
15780.46, 15996.35 f116072.34 cm~'. [ & 3 A0
ROM, A3 & M T, Re, wete Maer 7 L
ATLZS MM 9 B 38 K 7 51.36 em™!, 0.0001 A,
0.05 cm ™! F10.0002 cm™1; R we, Be Al De 43 %
P T 0.29 cm—1, 0.00066 cn ! #10.0174 V.

Balfour 1 Lindgren ¥ 3§ 13 i) A2T1 75 () Ag Al
A B AN 108.21 f1107.5 em ™!, 455 AR A, =
Ae — aa, (v+1/2), GV SOC HH Ae HIS 5
{5 108.57 ecm ™. AL Ao A L5256 181 /)
6.30 cm—*, ft T Li %% [0 45 5 204.32 cm~ . Li
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S DB T AP jp A1 A2 o 45 ) PECs Al
MBI EL R, we, wote, Be, oo M Do, HITR%
FE AL 55 BPE]), &5 PECs I 20 X, 15 ()
2(1/2) ZPECHIJEIR 5 A STHIA . m3& 5 v,
X 2(1/2)% B0 s ARSI Ty 9 27908.73 cm ™Y,
i B 92 348 ) 91.27 em—1(0.326%); A< L1 R, A
NT LS DTG R, AG, o FI Do #KT Li %5 10
45 R 3T A2y 0 &, A LM Re, we Mlweze T
NT L% U458, Be, ae F1 De fif KT Li %5 10
2R

SOCH i a*ll 73 A4 QF, % &
8 I B R N atll_y /o, (1/2)(34H1/2)7 a'lly s
5Fl]a4l_[5/2; R 5A A1, Matll_ 1/2 IJEL4H5/2jk
AN M A8 Q2 2 18] 1 A, 43 1 4 37.09, 37.32 Al
37.53 cm~t. W RIME5A A, SOC XL B X}
H—1NAE R, we, WeTe, Be, oo Ml D, 5 M
HARK, Bl 408 M Re, we, WeTe, B,
e M1 Do 5 a*TLZS A B AH B B K i 55 43 70 4
0.0002 A, 0.373 cm™?, 0.67 cm™ !, 0.00106 cm™!,
0.0035 cm~! A10.0053 eV. [A B, SOC XL M Xt
a'll_y 5, a'llyjy Mla'lls), &5 (1 G(v) 19 5 Wi 0
AR, AH X 4(1/2) (a1l j2) & B G(o) 72 4 T 5
m, B, 4(1/2)(a'lly ) & F 6 MRS, Gu) 5>
)~ 217.18, 579.51, 865.78, 1078.49, 1241.71 Fll
1361.65 cm ™!

% ESOCH M J5, bzt #H A
5(1/2)(b*E) ) MBS ) &5, KW A QA 52
JFAS.

3.4 2(1/2)X2xf

1/2° A2 H3/2(—>X 21
BRI RS ENTRIR

H 3.3 IR T, XP8] ), MAPTL ), Q&
) PECs 5418 A-S 7 PECs IR A, 2(1/2)Q
SPECHITER AL 7R, F, A%,
— X237, 9 TDM HiZk (TDMC) 5 A’IL — X*2+F
(¥ TDMC [ JE AR A8 6], 4R 700, fER > 1.9696 A
[ A% R B X880, 2(1/2) — X2, IITDMC
B IR KA T B AL, 4R 12
R = 1602 A, A’Il — X*T, 2(1/2) — X°%f,
FIAPIL 5 — XP%], B TDMs 43 Jill 9 0.62835,
0.62858 #10.62811 a.u., o] WA AERIT. 7
b, BB A AL HIZIAIEE R > 4.0 A, X =XERE

1] TDMs it T 2 i 28,

/2

SOC B AT AZIT A ) Ao~ 2(1/2) & 1 PECs
e 5 H L 2(1/2)— XPST , TDMC )50 /2%
L. R, FRATIN B A T SOC 2R 1) ATH T
%ﬂ%’?ﬁ;‘%%\iﬂﬁﬂ

T 2(1/2) 55 RS ATATHREN S, A2
W = QWK EE31/2) (W = OEHE
2 B AF FE 3 0 AH AR, BBE, S T AR
J6 ¥ H AIHT & 7 1 0] 47 1, 4 SCF| I LEVEL
8.0FE 7 B K18 T 2(1/2)% #Pr (v = 0,1) A0
AT pp(v" = 0,1) BIXPE] ) (V") &ERIEH foror,
Ayrir B R (Ruriyr = Aurirr | D7 Arrr), R

!’

2(1/2)% PP = 0,1) 1A 5(0" = 0,1) 1
o (T = 1/ZAU o) MDD, = (2mery) Y.

ROHIHT 2(1/2)5ﬁ B (0 = 0,1) B APILg o (v =
0,1) B X252, (0") BRILH) for o T Ry DL HE )
X35, (0" = 0-2) #2(1/2)% # (v = 0,1) A
A2y (v = 0, 1) BT IBOEEK (o).

0.8 < —
0365 9(1/2) > x2mt
> A —xex’
o6k a 0.564
Z 0.563| A2 oyt
J : A3/ — X?1/2
& 04F . . !
B 1734 1735 1736 L.737
BT
Jas ]
‘:ﬁ
0.2 2(1/2) — X257
0 1 \gg
1 2 3 4 5 6
HimgE/ A

4 AIHt BT 2(1/2) — X251
AT — X257+ ) TDMCs

Fig. 4. TDMCs of the 2(1/2) — X*S1 ), A%Tl3)5 —

X2Ef/2 and A2II — X2X T transitions of AIHT cation.

HIE 6 HIRL 2T 2(1/2)% PP () 2 XP5T, (")
BRIE, 2(1/2)% 3% (o' = 0,1) —» X2E], (v")
FESF AT foror (foo = 0.9939 A1 f1; = 0.9707),
IR Roo = 0.9803 A1 Ryy = 0.9467; 40" > 3
B, 43 AR A Rogy, 7 H Roz+ < 1.28 x 1075;
W3 X5, (0" = 0) = 2(1/2)% 7 (v = 0)
BR AT () 3 Al PR O B Moo A 358.74 nm, 5
Lien %% B ) 52561 360 nm 75 & B R 47, #R3h 2
F I Roy 0.0192, KUk, FATT 75 21 0 F iz
H (Ao = 379.27 nm) K IKF) X% 1/2( " =1) =

A2l — X28T

1/2° 1/2
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2(1/2)% P (v = 0) MEKIE; [N, AT &SR
o Ry AR ELER, BRI, 8 T 0% 7R
FRAEEH GO HIEH Rgh, FEE2HRE
HIZ PO (N\21 = 374.86 nm); X T 5 2 W iz
Bk, £ AIHY B TR G) I Z 8, A Neas =
1/Ros4 > 7.81 x 10* 6 FHEHUR; FI4h, X3 W
FAEPA (Moo = 358.74 nm, \jg = 379.27 nm FI
Ao1 = 374.86 nm) #7E 2 AP X8k, ALK IO
St T DUE I K A O A B A5 S AR SR
folith, A%Ilg0(0" = 0,1) — X°%,(v") BRIE A
1 BEXT ALY foron (foo = 0.9938 Fl f11 = 0.9609),
FIML T Rop = 0.9798 F1 Ry = 0.9266; 240" > 3
B, Rosy < 6.90 x 1076 7348, Roy Al Ry A K

*6  2(1/2)%
(fv’v”)1 (BZJLt( " /)ﬂ]ﬁ&xﬂﬁitt (R ’ //)

b (R, BK3) X252, (v) = A%Tl(v) BRIE R
FETR 3 A, WOB K5 3 Ao = 357.43 nm,
Ao = 377.80 nm Ml Ao = 373.26 nm.

e SR AL T AT foron R Ry Z 50,
M6 3R R % (105108 s~ &\ —MHEEA
HATETRFE @B BMRELEBHEN T,
(10791075 s) REPUE L IBEOGA ED. 2R, %
K 7 BRAE BRI, X T BB/ 1] #6E
B, NI 73 PR B BARRRE. Bk, AT
I FH R E R, 06 AT 40 S A 7, R
RTHIMT 2(1/2)% P = 0,1) - X25] ,(v")
il AT /5(v" = 0,1) — X25F ) (v") BRIEI 7,0 A1
I,.

B (L) X2D] ) (v), A%y (V) < X22], (0) MAPI(W') < X22H(u”) BRIT Y Franck-Condon [

Table 6. The calculated Franck-Condon factors (f, ), wavelength (A, /), and vibrational branching ratios (R, )of

the 2(1/2) st well(v/) 3 X251 (v"), ATy )5 (v") <> X28T

1/2

v'"), and A2TI(v') <+ X2 T (v'") transitions.

foo fo1 foz2
f1o f11 f12

BRIE

Aoo/nm Aip/nm  A2i/nm

2(1/2)% %P X251, 0.9939 0.0061 6.04 x 1076 3.75x 1076 358.74 379.27 374.86  0.9803  0.0192 0.0005

1/2

0.0060 0.9707 0.0213 0.0018

360 4.51 x 107% 0.9467 0.0386

A?Tl3/5 +» X258

Ir/2 0.9938 0.0062 5.92 x 1078 2.69 x 10~8 357.43 377.80 373.26 0.9798 0.0199 0.0002

0.0060 0.9609 0.0328 0.0003 2.50 x 1075 0.9266 0.0701
ATl X257+ 0.9937 0.0063 2.03 x 10~% 3.32x 10~% 357.91 378.41 373.87 0.9797 0.0200 0.0003
0.0061 0.9606 0.0330 0.0003 1.89 x 107° 0.9264 0.0703

a, JCHR [3] F ISR ME.

F7 201/2)% P =0,1) « X258, A% (0" =0,1) «

1/2

= X2oh FA2I (v =0,1) &

172 X2E+ Eﬁﬁﬁ‘] Ty’ Fr jFD Trccoil

Table 7. Spontaneous radiative lifetimes (7,), radiative width (I-) and recoil temperatures (Tiecoi1) for the 2(1/2)15t well(y/
0,1) < XQET/Q ("), A%lz/5(v' =0,1) ¢ XQZ}T/Q(U”) and A%II(v' = 0,1) +> X221 (v”) transitions.

2(1/2) —X2x], A2l — X28T, A%l - X2x+
v T,/ /ns I'r/em~1 Trecoil/PK T, /DS Trecoil /MK T, /08 Iy/em™1 Trecoil/HK
8.95 x 10~° . 59.1 .
0 59.3 5.31 58.8  9.03x 107° 5.35 8.98 x 1073 5.34
8.94 x 1052 59.16P
1 62.8 8.45 x 10~° 62.9 8.44 x 10~° 63.2 8.40 x 10~°

a, SCHR [3] FRHOSEBGAE; b, SOk 2] T IS0
F 2 7L, A SO B 2(1/2) % (o
0,1) i1 7 535128 59.3 F1 62.8 ns, AHNF T 5355 N
8.95 x 107 f18.45 x 1075 em™%; A2II; /(v = 0,
1) i 7 23 51 9 58.8 A1162.9 ns, AH LK I 73 5 A
9.03 x 107°F18.44 x 107° ecm™'. A Xit5 W
2(1/2)% P (v = 0) 1 I AL L S2 A 1P K 1.00
1077 em™!, B WRZEN0.112%. [Fik, XL

() 7o FIE [ I RE RO BOEE0A AIHT B 7. It
b, R TR A EIACR, BATHE T XPE] (v =
0) = 2(1/2)% ¥ (v = 0) XS], (v" = 0) =
A?TI3)9(v" = 0) # Trecoit [Trecoil = h?/(mksA?)], &
MIMEB S TR 7. BR 7R, B4 58 5.31

F15.35 K, AR, X2 NI R ¥ 2R FE
N T AF A SOC L B XF ¥ e ¥ #1 ATHT 1)
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M, ROMETH I H T A% = 0,1)
XESH(") [ foror, Rory Aoty Tory T A Tracoil.
K 2(1/2)% #P(0 = 0,1) #1 A3 5(0" = 0,1)
FERE T A2E, SOC RN A HOL A # AIHT
PRI K. Lh2(1/2) vel() o XPRT ), (u”)
BK A N B, W F2(1/2)% PP = 0,1) —
XQET/Q(U”)EJC\ﬁa B foo, fi1, Roo M Riy 73 )
EL A2TI(v" = 0,1) — X2X+(v”) BRI AH N E K
0.0002 (0.020%), 0.0101 (1.051%), 0.0006 (0.061%)
A10.0203 (2.191%), 2(1/2)% %@ = 0,1)1
T M 5 A2 (0 = 0,1) 41 N AE 19 W 25 5
#~0.2 ns (0.338%), 3 x 1077 em™! (0.334%),
0.2 ns (0.633%) A5 x 10~7 ecm™! (0.595%); *f T
X2z, ") — 2(1/2)% P BRIE, T =K
WO B K2 B X228t (v7) — AT (V) BRiE
AH . 4 K 0.83 nm (0.232%), 0.86 nm (0.227%)
F10.99 nm (0.265%), L4, X227, (v" = 0) —
2(1/2)% A (0 = 0) I Trecon LEX2ET (0 = 0)
— AT (v = 0) 1) Trecon /N 0.03 uK (0.562%).

4 % #®

7£1.002—10.802 A ff) #% ] BE 9, A% ¢ F
icMRCI+Q/56 + CV + DK M icMRCI+Q/56
+ CV + DK +SOCJ ¥ 4 5l i & T AlH*
BT 5 MNASE 10N Q& K PECs, #) A icM-
RCI/AV6Z+SOC T7 i1t 5 1 2(1/2) M1 A2T13 )5 F
X?¥], BRIE # TDMs. % T 13 FI 19 PECs, 313
T AT B 7R HE R A 14 DS A-SEH 8 A
QA& 161 5 BN G (v), HF B X2ST AL 1
kAL XS R AG ), MATIAI A 58
AR SIS RAT &, B IRIRIE 12, X8,
2(1/2)% 5 3(1/2), alll_y /o, a'lly /g, allls, A
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Abstract

In this paper, we calculate the potential energy curves of 5 A-S and 10 2, which arise from the first two dissociation
limits of the AIH™ cation. The calculations are done using the complete active space self-consistent field method, which
combines with the valence internally contracted multireference configuration interaction plus the Davidson modification
(icMRCI+Q) approach with the aug-cc-pV6Z basis set. To improve the reliability and accuracy of the potential energy
curves, the core-valence correlation and scalar relativistic correction, as well as the extrapolation of potential energy
to the complete basis set limit are taken into account. The spin-orbit coupling is computed using the state interaction
approach with the Breit-Pauli Hamiltonian. Employing the potential energy curves obtained in this study, we evaluate
the spectroscopic parameters and vibrational levels for the bound and quasi-bound 4 A-S and 8 (2 states. The computed
spectroscopic constants of X2 and A®II states are all in agreement with the available experimental data. Moreover,
the present theoretical energy separations between each higher channel (Al*(°Po) + H(*S;/2), AT (°P1) + H(*S12),
and AlT(°P2) + H(®S1/2) and the lowest one (AlT(*So) + H(*S;/2)) are in excellent agreement with the experimental
values. The transition dipole moments are calculated using the valence internally contracted multireference configuration
interaction approach with the aug-cc-pV6Z basis set for the 2(1/2) — XQET/Q and A2H3/2 — XQET/Q. Based on the
obtained potential energy curves and transition dipole moments, highly diagonally distributed Franck-Condon factors
(foo and f11) and large vibrational branching ratios are determined for the 2(1/2)'s* ¥ (v/ = 0,1) — X2, ()
and A’z (v =0,1) — X*5}
the 2(1/2)"* "' (v/ = 0,1) and A’TI3/» (v' = 0, 1) are also predicted in this study, which are suitable for the rapid
laser cooling of the AIHT cation. The three required laser cooling wavelengths are all in the ultraviolet region, that is,
1) for the XQET/Z
Ao = 379.27 nm and A2; = 374.86 nm; 2) for the X*%}

1/2

(v"") transitions; short spontaneous radiative lifetime and narrow radiative width for

(v") = 2(1/2)"* ¥l (/) transition: the main repumping laser Moo = 358.74 nm, two repumping lasers
(v") — A’Il3/5 (V') transition: the main repumping laser
Aoo = 357.43 nm, two repumping lasers Ao = 377.80 nm and A21 = 373.26 nm. In addition, the recoil temperature for
the XQET/Q (V" = 0) — 2(1/2)* ! (v = 0) and )(221"/2 (v" =0) — A’ll/ (v' = 0) transitions are obtained. The
results imply the feasibility of laser cooling of AIHT cation. In addition, the spin-orbit coupling effect on the spectroscopic

parameter, vibrational level, and laser cooling of AIH™ cation are evaluated.

Keywords: spectroscopic parameters, spin-orbit coupling, Franck-Condon factors and radiative lifetimes,

laser cooling
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