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MAZE EAS 3T NaCl f1 KC1 4 F 5 50 15 5.
Seth &% I — ¥k 40 35 A0 B AE H 77 7% (QCISD)
IHEARE T KCLarFr#iaem <, P68 T
FEASCIE R, FEBfRRE R 4.028 eV, 55L5R{H 1)
PIFIXT IR 228 E] T 7.2%, ULRH-RIHE X KO A& &R
S B BT S B T8 i 2 A R k. 3 H
FIoM IR, 25 EAIES EXF KCLBHES T i
JEABRAT P #GE . A A RZE A
A OB Y A, BeCl, MgCIWY, CaCli20,
AIC12U F1 TICIP2EE, A SCHE KO BH B 11 $4RE
M2k, JEHeTE A TE-HUEER G A0 (SOC) Tk
RH KCL BB 1y ml gk,

2 EmY

¥ H MOLPRO 2010 #2 /7 2 i+5. 7 KCI [f]
BT X2, AS M BRSO AS HL T4 7R AR
2.0—50.0 A_LXF KCUFH & 74T T 5 S s ny it
B AR M Hartree-Fock (HF) J7%3EAE I
R HITE iG] A 15 )% (CASSCEF) 24 774k
252 W R KL, LA CASSCF I bR BV N SE b AL 1
THSMHEAEA (CI) Ik pR%L, 1% & Davidson &
IE#1T MRCI + Q I 13155, 5 KBe KRB H
T AW —F P AR SR KT def2-
AQZVPP-JKFI 4 Hi F 5 20 7 X%f Clik Ht 1
AV5Z-DK 4= Hi F-FE2] 28],

TR BRI, 76 KO B 2 1 H T 454 1
TR RH Gy B Gy BEA A DMAT R
/N Ay, By, By il A, £ CASSCF 15 A, % B
8 N FHUEAE MIEEPIE, 45 K (4s4p) Fl Cl
(3s3p) BLiE, 9 LT A 8 (4, 2, 2, 0) TR PEASTH],
ATLAG S CAS (9, 8), 1 K (3p) HLiE A X5 4 1
P72 2 HIE, FIAHY K (1s2s2p3s) Fl CL (1s2s2p)
I MRS A £ MRCI + QB2 IE T #%-
Hri T (CV) KBERN, K(3p) iS5 CV &Ik
E. WEPURULA 15 M 25 T A
A TE MRCI + Q 7K°F T il Breit-Pauli 547 2
FET SOC &z, 158 Q Gz

i if LEVEL 8.0 # J¥ PUE L & A-S & A
Q BHOEIEEE, X (2)1/2, (3)1/2 Fi1 (1)3/2 H
TAME 2B (), B KM EE
(A,) R SRS A (7) #6471 0.

3 #RE5ih
3.1 SRR

K 1 Cl 265 RERY SE IR {8 4351 R 0.50158Y
1 3.6127 eV i KCU [ B 5 1 14 79 1 22 i A
BRAM310 K(3S,) + CL('S,) F1K(*P,) + CL('S,),
KT KT 4s—4p HLIE W BRIE . A SR
MRCI + Q FiEITHHE T KCU B F el w4~ B it
e BR XL G 3 A LT 25 B L2854 . XA X
T B AR B 3 K(°S,) + CL('S,), AXIAN
B0 T4 B il K(°P,) + CL(1S,).

%18 SOC HUN 5, A2 2843240 1/2 F1 3/2
A, KCP)JR T 45 50 20 K(Py) I K(Pyy).
KCI BB+ Q AR BRI 1, aTLIA
oy LI W A% B AR R BR K(?Py ) + CL(1S,) A
K(*P3/5) + CI('Sy) 5 B AR i A FR K (38 ) +
Cl1(1Sy) HYRERZE/3910 12997.94 F113046.23 cm L,
5 K R 2P,y 2Py 1 5250 B AH X 52 221X
4 0.1% 1 0.03%, ASCIHH LR S Moore 1Y 5E 5
18 B3 FFSARGF

%1 KCUPIET Q mF AR

Table 1. The dissociation relationship for the
states of KCI™ anion.

AE/cm!
TR SRER
K(*S;5) + CI1(*Sp) (1)1/2 0 0
12997.94 12985.17

K(*Pyjp) + CI ('Sp) (2)1/2
K(2Py5) + CI ('Sy)  (3)1/2, (1)3/2 13046.23 13042.89

3.2 BEEHZLMAIEEL

£ MRCI + Q /K- Fil% T KCI & 7 i
Y 34 A-S 75 (X220, AT Al B22+) [ #fig
2, %18 SOC RN &, JE Ay 34~ A-S A 4r 24
APNOBBET3INQ=1/2H14Q = 3/2.
A-S Z5H1 Q BryFaEhZ 2 T# 1(a) FIE 1(b)
TRV H 4 Q AR AR, 1 H 4 ik
EZEE S

A QS HEIE W B 2. (1)1/2 0
N X2, i KO BB 7 i 2. (2)1/2 0
(1)3/2 ¥R A2 25, (3)1/2 MR B2A4S. A0
FARE] (1)1/2, (2)1/2, (1)3/2 Fil (3)1/2 AT
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Fig. 1. Potential energy curves of KCl anion: (a) A-S states; (b)  states.
# 2  KCI BT Q &meils 4
Table 2. Spectroscopic parameters for the €2 states of KCI™ anion.

(F X A-SZS R,/A we/cm't B./em™ D,/eV T,/cm™
(1)1/2 X2+ 2.8290 212.34 0.1143 1.3483 0
(2)1/2 AT 2.7839 229.64 0.1180 1.7976 9375.30
(1)3/2 ATl 2.7836 229.65 0.1180 1.8018 9388.68
(3)1/2 B2+ 2.7550 235.48 0.1205 1.3865 12746.21

ARG R, 48900 2.8290, 2.7839, 2.7836 F12.7550 A.
AT LA O AR A I FEAR 22 AN HA
Iy S (2)1/2 F1 (1)3/2 0 6% B A A TA] -
AR, = 0.0003 A, Aw, = 0.0l cm !, AB, = 0 cm *
PIK AD, = 0.0042 eV. [FETI T A2 5095
ZUHB ASO = 13.38 cm !, 45 BRI SOC &%
Wi KCL B8+ 16T 5 B AN K. i T4 3C
HY BT A FR AE B 22 R THRAE S SR AT S AR L,
TAEME KO BB 1tk i A 4 R L2 nT S ).

3.3 (BREMERTIERE
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PERT; RN E RS 07 B TR EE R PR
REZLHINEF, BRI ot H1se s
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I, YRR RIEINZE 10 ARE, 44 Q S HE K
FHARHE L T 20 deb. X T KCI N FIAR,
AHFENE AR E X K + CL. AES
(1)1/2 76 V-5 o7 & R, AL BB Fi 24 3.079 deb,
FEZAS BAT B TR . KCL BB TS R i
I StF 737 EASHYEIER% /I (SrF: = 3.5 debl);

HIL AR ZE 0 KT OH B & 1 3L 5 M A 4R
(OH : pu = 2.859 debl)). 0] DL & H IO % 4
KCL B B HA RS R A AR
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Fig. 2. Dipole moments (DMs) of KCI" anion.

T WU KCL B B 9k 22 v - R R
(FCFs) Fil H R ARG (A, ), AGEHRET
(2)1/2e>(1)1/2, (1)3/2«=>(1)1/2, (3)1/2—>(1)
1/2, (3)1/2«—>(2)1/2 Fl (3)1/2<—>(1)3/2 BKiE 1Y
BRAE AR, &l 3 fras. i (3)/1/2 1 (1)3/2
AU T A — B B, EA% R) i T I8 55 i A
AR TS 2Z BB BRAE; 10 (2)/1/2 F1 (3)1/2 &%
T K(CPyjp) + CL('Sp) M K(*P3p) + CL('Sp),
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(3)1/2«—>(2)1/2 TETC 55 Ak WY BRI I8 A K JF
P AP RS HERIT (PP 0) <> (*Py)0), K AR
5, 2P I3 RS R T LA 20 . #CPE IR 3 Hh]
DIE L, TERZIEIREZ)R 10 ALVE, (3)1/2<>(1)3/2
il (3)/1/2«>(2)1/2 BRAE BRI AR fa i T
37T, MIZAME R = 50 AR, (2)1/2<—>(1)1/2,
(1)3/2«>(1)1/2, (3)1/2«>(1)1/2 BRIF A K 1F 1
BAEARE T 7.85 D, A T K BT2S, <Py )0 500
BRAE.

12
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Fig. 3. Transition dipole moments (TDMs) of KCI™ anion.

3.4 HHRHFER

TESLHEHOEA H KCL BB F Ry, aT LA
IR (2)1/2<>(1)1/2 71 (1)3/2«>(1)1/2 &
FERRIT A I (3)1/2<—>(1)1/2 = Hy, T-RELRBRIT W
T RARMERRR RS e T TR EE GH0L
BH FEHT FCFs 20 HA X Atk mn. &
BRI T (2)1/2<>(1)1/2, (1)3/2«>(1)1/2,
(3)1/2«>(1)1/2, (3)1/2«>(2)1/2 1 (3)1/2«>
(1)3/2 BRIE W BRI T, 3% 3 FEk 4 thail iy 1 L
b 5 RERITHY FCFs (f ), A RRS R A,
A LR 75 7.

341 HAEKE

M 3 HIRE], (2)1/2<>(1)1/2 1 (1)3/2<—
(1)1/2 BK iF #% H A & % 5r A 10 £, 20 510k
0.8816 F1 0.8808, [t NHES T 12[1<«—> 125 HR T 1)

FCF 2K (f, = 0.821)13, HXF THAERIT £,
Jor B foo ZRFEASET 1, LRAE T P ERAE A9 HE A

BAEFR, W T HOLR AR — A & A
(2)1/2<—>(1)1/2 Fl (1)3/2<>(1)1/2 BKiE 1 &L 58

B 5k 2.1880 x 107 Fil 2.1974 x 107 s,

#3 (2)1/2«>(1)1/2 Fil (1)3/2<—>(1)1/2 BRIiT0 FCFs, A, 1 T

Table 3. FCFs, spontaneous emission rates A, -
(1)3/2<—>(1)1/2 transitions.

and spontaneous radiative lifetime 7 for the (2)1/2<«—>(1)1/2 and

BRiE v 0 1 2 3
Ayr/s 1.9384(7)® 2.3044(6) 1.7867(5) 1.1906(4)
V=0 Fowr 0.8816 0.1090 0.0088 0.0006
7/ns 45.7
Ayy/s! 2.5793(6) 1.4757(7) 4.0633(6) 5.0295(5)
(2)1/2>(1)1/2 V=1 For 0.1128 0.6687 0.1914 0.0246
7/ns 45.5
Ayyr/s 1.3368(5) 4.7122(6) 1.0816(7) 5.3057(6)
V=2 Jowr 0.0056 0.2052 0.4883 0.2490
7/ns 45.4
Ayr/st 1.9451(7) 2.3276(6) 1.8184(5) 1.2242(4)
V=0 For 0.8808 0.1096 0.0089 0.0006
7/ns 45.5
Ayyr/s 2.6063(6) 1.4777(7) 5.1089(5) 4.7631(4)
(1)3/2<—>(1)1/2 V=1 o 0.1134 0.6668 0.1924 0.0249
7/ns 45.4
Ayy/s 1.3578(5) 4.7578(6) 1.0803(7) 5.3483(6)
V=2 Jowr 0.0057 0.2063 0.4857 0.2499
T/n8 45.2

T #1.9384(7)F7R1.9384 x 107.
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Fig. 4. Proposed laser cooling scheme of KCI™ anion: (a) Using (2)1/2<«—(1)1/2 transition; (b) using (1)3/2<—>(1)1/2 transition.

BRI (2)1/2 F (1)3/2 ¥ &AW A K48 9 75 v A
45.7 F1 45.5 ns, A LARIEIEFRERIE () PR 7.
TR FREE T (2)1/2<>(1)1/2 F1(1)3/2<—
(1)1/2 HEH SR ERAT R Gk X KCEH & 547
BOGR . BRI ILE 4(a) FIE] 4(b), FIHREE
LB POL, BE TR A KW . WK
(2)1/2<—(1)1 /21 F-5 6 PR BRI 5 22 18 H] 06
Wk Ao = 1065.77 num, S HIT SR A3 SO Sk Htr o
FOER HBIROR, K510 Ay = 1090.13 nm
Fl Ay = 1087.76 nm; [FIAELKF) (1)3/2«—(1)1/2
HEPA G A6 A BRAT R 223k F — o O R i fihiz
WG, WK A Ay = 1064.24 nm, A\, =
1088.54 nm Fll Ay, = 1086.17 nm. Kz KCI [ 5
TP ERAT Il =5 O G AR ARLEIREL AP X Sk, [F]
TN T IO IR S (2)1/2<>(1)1/2 F1 (1)3/2<—>
(1)1/2 RERERIT RIS FECE , S T PR
I Moo 1 Apg B, FRIE EHEBUFOE TR N Ny =
1/fys = 1500, FH_E Ny AT LA B 2 50H 1Y
T
3.4.2 =W FREAKIT

MW A IFEF], (3)1/2«>(1)1/2 BRiT R
HABKE FCF (fyo = 0.7122) FIR/NEY A K5
B (7 = 0.377 ps), LGB HAFELEHA]
A (2)1/2 F (1)3/2, BB IE A WOLR T 2%
JEH RIS B A AE A 75 S MG FRERIT A A 5. A S
TR BN 53 SR TR A BT BRI A P S RBh o3
SCAA R L AT LR R = 71/72ﬁ 2 = 72/7&
TEARSCHY ~p, 9 Bl s 43 313R7R (3)1/2«(2)1/2,
(3)1/2<—>(1)3/2 F (3)1/2«—>(1)1/2 BRiT A9 & A
KSR W R A IR g = 8.94 x
1073 Fl gy = 8.83 x 103, L& FSEH T YO /01

AIEOEIEN B YO 05l 25 B 70 S A 2k /T
4 x 1074, ARSCHHEAF R 43 SR LY H YO 53
THY 20 F5. i THOLHRS (3)1/2<>(1)1/2 RESLER
IERHURDETECE RAZ 150 A, i RIZS AL
AR IR HURDGC T BT ATRN A AN 2275 1
P = L T RESR BRI ROV A KCI TR 7

* 4 (3)1/2«>(1)1/2, (3)1/2<>(2)1/2 F

(3)1/2«>(1)3/2 BRiF M FCF, M4mGTHER A, Fifa

Eipai

Table 4. FCFs, total emission rates A, and 7 for

the (3)1/2«—>(1)1/2, (3)1/2<>(2)1/2 and (3)1/2«—>

(1)3/2 transitions.

BRiE Joo Ay/s! To/$
(3)1/2<>(1)1/2 07122 2.6535(7)  3.77(-8)
(3)1/2<>(2)1/2 09484  2.3716(5) 4.22(-6)
(3)1/2<>(1)3/2 09490  2.3435(5)  4.27(-6)

1 #1.9384(7)F7R1.9384 x 107.

343 WARMWRE, RAOMRER, FLH
e RO IR

(2)1/2«>(1)1/2 Al (1)3/2<—>(1)1/2 Bk iF =
AR RIEREERT LA @ = Rk I/ (42m) HEAS5) B4,
Horb n R A A 58 W, kg N IUR 222 W8
A HEOCIRSNIRIT I FHOGES, I'=1/(2n7), &
INERE, T RS A R RS A . TR R P
it BR AT ¥ A1 KCL BH B - 119 I8 K 38 B2 43 531 Ay
4379.3 1 4404.9 m/s%. 1T KCI FHE Tt OH H
HI3L [ FOFs g/ B KCL BB ik B0 A &4
At b OH [ Hh B B s 1), LA n] LA
OH H HIFEEML. BRI G = UAR A H AL 2]
BRI W B . 23 1 3 IR SR ) 1 K
A O A4 W AR SCH T R PP AR ER AT
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B KCIIE 2 1 K i i e/ MeGH IR 25 7 %)
4 0.0368 F1 0.0365 m, A LI H EA TR /MR IEHE
PRET, (TSR i4RAE; M KCILIE iz 1 K
Ja, A (2)1/2<>(1)1/2 701 (1)3/2>(1)1/2 i#fE
BRI A= 1 R 5 6T B8 RO

F T VARV JIRCR, A SCIR T OER AD
KO FHES 1) 2385 i LR s il . 235
JERT LA P A I Tooppler = I/ (4kgnr) ), H:
H o TR (2)1/2 A1 (1)3/2 R BRI A
KA F Ao BN 45.7 F1 45.5 ns, AT LATHE R
1 (2)1/2«—>(1)1/2 F1 (1)3/2<—(1)1/2 G ER T
HEAT OGS ) KO B & 19 22385 808 B2 43 51
83.57 Fl 83.93 K. 175z rhiid B vl LAl R T A 28 2
T Trecont = h?/(mEkp\?) L TTEF5EERH (2)1 /2«
(1)1/2 F1 (1)3/2«—(1)1/2 BK 1T 3k 17 3O % 2
KCI B8 1% S5 v il B2 43 3 AT 56 226 A1 227 nK.
PRI TN Sz il 2 24 Z2 8 iR EE Y 2.7 % 1073 4.

4 % #

KA MRCI + Q F k3158 T KCL B F i
PR R 3 4 A-S SR FE5, 7eitEad
PR T - i 7 ORERAUN. 7E MRCI + Q 7K
FTRHEIE T SOC R, AT Q A&ry#Hae L
BRAT M. A SCHRIE T KCLFHE 7 Q SH6iE
AR PR o

THEASE] (2)1/2<>(1)1/2 il (1)3/2<>(1)1/2
BRI A HHERAT, BA x5 iy FCF, 73 %
“h 0.8816 F1 0.8808; [RIAT (2)1/2 Fil (1)3/2 A7
AARKL A K 5R S A4, 7394 45.7 Fl 45.5 ns.
ARICH T (2)1/2«>(1)1/2 F1 (1)3/2<—>(1)1/2
HEP & REZAE PRERIT HEA T IOV 2 KCL B B 11
TrgE. 43 3 REEIR SN (2)1/2«>(1)1/2
(2)1/2«—>(1)1/2 B, EBOGHAL 3510 1065.77
F11064.24 nm. 5 J5 W T PR T REATHOGE
A KCL BB 10 2238 4 B A B o I B v
JEL R Z2 B IR 2.7 x 102 4.
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Abstract

The potential energy curves and transition dipole moments (TDMs) for three A-S states (X*2+, A?II, and
B2X*) of potassium chloride anion (KCIl') are investigated by using multi-reference configuration interaction
(MRCI) method. The def2-AQZVPP-JKFI of K atom and AV5Z-DK all-electron basis set of Cl atom are used
in all calculations. The Davidson correction, core-valence (CV) correction, and spin-orbit coupling effect (SOC)
are also considered. In the complete active self-consistent field (CASSCF) calculations, eight molecular orbitals
are selected as active orbitals, which includ K 4s4p and Cl 3s3p shells; K 3p shell is closed orbital, and the
remaining shells (K 1s2s3s and Cl 1s2s2p) are frozen orbitals. In the MRCI+ @ calculations, K 3p shell is used
for the CV correction. There are 15 electrons in the correlation energy calculations. Then, their spectroscopic
parameters, Einstein coefficients, Franck-Condon factors, and radiative lifetimes are obtained by solving the
radial Schrodinger equation. The spectroscopic properties and transition properties for the 2 states are
predicted. Highly diagonally distributed Franck-Condon factor fy, values for the (2)1/2«—>(1)1/2 and
(1)3/2<—>(1)1/2 transition are 0.8816 and 0.8808, respectively. And the short radiative lifetimes for the (2)1/2
and (1)3/2 excited states are also obtained, i.e. 7[(2)1/2] = 45.7 ns and 7[(1)3/2] = 45.5 ns, which can ensure
laser cooling of KCI™ anion rapidly. The results indicate that the (2)1/2«—>(1)1/2 and (1)3/2<—>(1)1/2
quasicycling transitions are suitable to the building of laser cooling projects. For driving the (2)1/2<—(1)1/2
transition, a main pump laser (N\o) and two repumping lasers (\;q and \,;) are required. Their wavelengths are
Xoo = 1065.77 nm, Ny = 1090.13 nm and Xy = 1087.76 nm. For driving the (1)3/2<«—>(1)1/2 transition, the
wavelengths are gy = 1064.24 nm, Ny = 1088.54 nm, and X\y; = 1086.17 nm. The cooling wavelengths of KCI-
anion for two transitions are both deep in the infrared range. Finally, the Doppler temperature and recoil
temperature for two transitions are also calculated, respectively. The Doppler temperatures for (2)1/2<—(1)1/2
and (1)3/2(1)1/2 transitions are 83.57 pK and 83.93 pK, and the recoil temperatures for two transitions are 226 nK
and 227 nK, respectively. for two transitions are 226 nK and 227 nK, respectively.
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