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Vibrationally resolved electronic spectra pose a challenge to the theory of chemical dynamics
because an accurate description of such spectra depends both on the quality of the electronic
potential energy surfaces and on the inclusion of nuclear quantum effects. On-the-fly ab initio
implementation [1,2] of the semiclassical thawed Gaussian approximation [3] addresses both
issues simultaneously. Despite its simplicity, this semiclassical method goes far beyond the
standard  approaches  by  including  vibrational  mode  distortion,  Duschinsky  rotation,  and
anharmonicity. In this talk, I will describe three recent improvements of the method: (1) To
describe  electronic  spectra  beyond the Condon approximation,  we have implemented an
extension [4] that considers the Herzberg-Teller contribution due to the dependence of the
electronic  transition  dipole  moment  on  nuclear  coordinates;  the  electronically  forbidden
transition  in  benzene  provides  a  beautiful  extreme  example  because  the  Condon
approximation  yields  a  “zero”  spectrum  (see  figure).  (2)  To  speed  up  calculations,  we
implemented the single-Hessian approximation [5], which also conserves energy, and (3) to
include finite-temperature effects (at  zero additional  cost!),  we combined the method with
thermofield  dynamics  [6].  To  demonstrate  the  theory,  I  will  present  several  examples  of
absorption, emission, and photoelectron spectra of both floppy and large molecules. I will also
mention how the ab initio thawed Gaussian approximation can describe time-resolved [7] and
two-dimensional  [8]  spectroscopies  and help  understand the  ultrafast  decay of  electronic
coherence due to nuclear motion [9].
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