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[Abstract] We investigate laser-controlled mechanisms of isotope-selective rovibrational
excitations for diatomic molecules in relatively strong electric fields on the basis of the
Hamiltonian including both the one-photon and two-photon field-molecule interaction terms.
Optimal control theory (OCT) calculations are carried out for the fifty-fifty mixture of diatomic
isotopologues, 'Li*’Cl and ’Li®*Cl, and the electric fields that best realize isotope-selective
excitations are obtained. Three isotope-selective controls, i.e., pure vibrational, pure rotational,
and vibrational-rotational excitations, are considered and two total times (T’s), 1280000 and
2560000 a.u. (31.0, and 61.9 ps), are chosen for all the three excitations. We thus obtain optimal
fields that can successfully realize the isotope-selective rovibrational excitations in relatively
strong electric fields; the final yields for the three excitations are calculated to be 0.6 — 0.8 for
T =1280000 a.u. and 0.8 — 0.9 for T = 2560000 a.u.
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Table 1. Yields and properties of the resultant optimal electric fields

Max. field amp. /
a.u.

T/lau « olau?  anlaulb Fluence/a.u. Yield

Vibrational excitation: "Li*’CI (v=0, J = 0); 'Li**Cl (v=0, J = 0) — "Li*¥'Cl (v=1, J = 0); "Li**Cl (v
=0,J1=0)

1280000 0.75 0.001 0.05 7.784x107 13.546 0.781
2560000 10.0 0.001 0.05 3.123x10° 4.420 0.930

Rotational excitation: 'Li*’Cl (v =0, J = 0); Li®*Cl (v=0,J = 0) — "Li¥’Cl (v=0, J = 2); "Li**Cl (v
=0,J1=0)

1280000 0.5 1.0x10° 1.0x103 5.067x107 6.004 0.673
2560000 0.1 1.0x10% 1.0x10° 5.026x10° 12.004 0.925

Vibrational-rotational excitation: "Li*’Cl (v=0, J=0); "Li*Cl (v=0,J=0) — "Li¥Cl (v=1,J = 2);
7Li%Cl (v=0, J = 0)

1280000 1.0 7.5x10* 1.0 2.649x1073 1.559 0.603

2560000 50.0 7.5x10% 1.0 3.645x10°3 5.663 0.823
3L ower cutoff frequency. °Higher cutoff frequency
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