$32% %14 % F ik
20124 1 H ACTA OPTICA SINICA

H,O 1 HLi 2y -G T %

AER WA EARE EAH

(WUNRZRTF 50 FH BT, I R#H 610065)

WE JAeMXEE T s HO 1 HL RO TERECE . o xF Lok 0L ) i AR AR X 38 89 36 £ DG e 7 -
S EAR % (SAC-CD I H T8O . X T IEXFRH 089 Ho O F1 HLL 35 6 AR WA A9 0 R 28 2% J500 . 3
J6 T BRI TL A3 — M H HOE T BRIE 8/ 3~5 B0 G, 7R3 000 T8 AR Bk I, RER R [) if T 2S ) B ek R
A A IR 8] 5 5 o B 1) S ARG I

XgERE T E TS BOCT MK B TR0 0T HO M HL

hESES 0561.3 XEHRIRAD A doi: 10.3788/A0S201232.0130003

Two-Photon Excitation for H,O and HLi
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Abstract The two-photon excitation is studied by the full relativistic theory of H,O and HLi. The single-photon
excitation of H,O and HLi molecules is also studied using symmetry adapted cluster/configuration interaction (SAC-
CID method for comparison. The excitation probability of two-photon excitation is 3~5 orders of magnitude less than
that of single-photon excitation. It is better to use the full relativistic theory, which involves both space and time
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symmetry, for the calculation of two-photon excitation.
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Table 1 Dipole transition E; and its components for Csy

Transitions Components | Trsnsitions Components
Al SA E[2] A, =B, E[y]
A, =B, E[x] A, SB, E[x]
A SB, E [y] B =B E[2]
A SA, E [2] B, <B, E [z]
AiBA, B, %B,
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Table 2 Probability of single-photon and two-photon dipole excitations of H, O

Initial state «>final state Osc. strength for single-photon excitation Osc. strength for two-photon excitation
Al A 0.101964~0.23928X10° 0.1401~0. 1400 X 10 *
B <A, 0.86801X10 ' ~0.10026X10 " 0.2710X 10" ' ~0.200X10"*
B, Ay 0.27379X 10 ' ~0. 18456 X10° 0.3664~0.7460X 10"

# 3 H,0 47 DHF M ROL TR
Table 3 Two-photon excitations of DHF for H, O

IRREPS i E /eV Osc. strength DIPLEN/au IRREPS {
1A, 7.9735 0.11853X10°° E,[2]0.2463X10 * A,
2A, 10. 0536 0.23928X10°° E,[2]0.9856X107* A,
3A; 11. 4443 0.18847X10°* E [2]-0.2593X 10! A
1A, 11. 6048 0.101964 E, [2]0.5988 A,
1B, 7.9729 0.10026X107° E,[x]-0.2266X10"* A
2B, 9. 8883 0.10407X107° E, [2]0.2073X10* Ay
3B, 10. 0537 0.14919X10°° E,[x]-0.2461X10* A,
4B, 13. 3398 0.86801X 107" E, [x]0.5153 A
1B, 8.9935 0.27379X 107" E [y]0.3525 A,
2B, 9. 8884 0.37783X10°° E [ y]-0.3949X10* A,
3B, 10. 0536 0.21282X10°° E [y]-0.9295X107* A
4B, 11. 4447 0. 18456 X10°° E, [y]-0.8113X107* A,
1A, 7.9729 Forbidden A,
2A, 9. 8884 Forbidden Ay
3A, 10. 7400 Forbidden A,
4A, 11. 4447 Forbidden A,

* IRREPS i: initial state; IRREPS {; final state; E: excitation energy: DIPLEN: length component

# 4 H,O0 o FRHEE (SAC-Cl ) I HOE T ik
Table 4 Single-photon excitations of SAC-CI for H, O

IRREPS f{ E /eV Transition dipole moment/au Osc. strength
x y z

YA, 0. 0000 Excitations are from 'A,
1A, 10. 7995 0. 0000 0. 0000 —0.5998 0.9520X 107!
2A,; 18. 0087 0. 0000 0. 0000 —0.5242 0.1213
3A, 25.9472 0. 0000 0. 0000 —0. 0469 0.1400X10°*
1A, 29. 8848 0. 0000 0. 0000 —0.4374 0. 1401
1A, 10. 2439 0. 0000 0. 0000 0. 0000 0. 0000
2A, 21.7097 0. 0000 0. 0000 0. 0000 0. 0000
3A, 30. 5521 0. 0000 0. 0000 0. 0000 0. 0000
4A, 33.5297 0. 0000 0. 0000 0. 0000 0. 0000
1B, 8.1940 —0.3673 0. 0000 0. 0000 0.2710X107"
2B, 23.3967 —0.3527 0. 0000 0. 0000 0.7130X 10!
3B, 32.4420 0.0290 0. 0000 0. 0000 0.7000Xx107?
4B, 33.2986 0.0171 0. 0000 0. 0000 0.2000X 1077
1B, 12. 8935 0. 0000 —0.4861 0. 0000 0.7460X107"
2B, 14. 9514 0. 0000 —0. 8940 0. 0000 0.2928
3B, 25.1185 0. 0000 0. 4888 0. 0000 0.1470
4B, 31.0077 0. 0000 —0.6945 0. 0000 0. 3664
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Table 5 Single-photon excitations of SAC-CI for HLi

IRREPS { E /eV Transition dipole moment/au Osc. strength
X Y 4

LA, 0. 000 Excitations are from ' A,
1A, 3.4753 0. 0000 0. 0000 —0.9267 0.7310X107"
2A, 6.4940 0. 0000 0. 0000 0. 3488 0.1940X 107!
3A, 7.4635 0. 0000 0. 0000 0.1469 0.3900X10°*
4A, 10. 0065 0. 0000 0. 0000 —1.0893 0.2909
1A, 11.4675 0. 0000 0. 0000 0. 0000 0. 0000
2A, 15. 8608 0. 0000 0. 0000 0. 0000 0. 0000
1B, 4.4903 1. 4429 0. 0000 0. 0000 0.2290
2B, 7.3692 0.1240 0. 0000 0. 0000 0.2800X10 2
3B 11. 8594 0. 9826 0. 0000 0. 0000 0. 2806
4B, 16. 1315 0.1512 0. 0000 0. 0000 0.9000X 102
1B, 4.4903 0. 0000 1. 4429 0. 0000 0.2290
2B, 7.3692 0. 0000 0.1240 0. 0000 0.2800X107*
3B, 11. 8594 0. 0000 0. 9826 0. 0000 0. 2806
4B, 16. 1315 0. 0000 0.1512 0. 0000 0.9000X 102
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Table 6 Two-photon excitations of SAC-CI for HLi

IRREPS i E /eV Osc. strength DIPLEN /au IRREPS f
1A, () 5. 0501 0.2411 E,[2]1.3958 (ADST
2A, () 5.3857 0.1150X 10! E [2]—0.2951 (ADS!
3A(ZT) 5.4558 Forbidden E [£]0. 1417 X101 (3A, @ 3AA
1A, (1) 6.9221 0.3690X10"" E,[2]0. 4665 (AT
1B, 1.5184 0.1927X10"° E,[x]—0.2276X10* (1B, @ 1B,
2B, 5. 4120 0.4015X10° E,[2]0.5503X 107" (2B, @ 2B, 1T
3B, 6.2512 0.2476 E [2]—1.2716 (3B, @ 3B, 11
4B, 6.3538 0.3523X10"* E,[2]0.15045X 107! (4B, @ 4B,
1B, 1.5184 0.19276X10° E,[y]0.2276X10? (1B, @ 1B,
2B, 5. 4120 0.4015X107° E,[y]—0.5503X 10" (2B, @ 2B, I
3B, 6.2512 0.2476 E.[y]1.2716 (3B, @ 3B,)1I
4B, 6.3538 0.3523X10* E,[y]0.1505X 10" (4B, @ 4B,
1A, (7)) 1.5182 Forbidden (AHs*
2A,(37) 5.3717 Forbidden (ADS*
3A,(37) 5.4558 Forbidden (3A, @ 3A,)A
4A, (S 6.3538 Forbidden (A"
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