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Near field refers to a non-propagating light
field. The interaction between the near-field
and molecules can overcome the diffraction
limit and can induce non-dipolar excitations,
offering a unique platform for nanoscale spec-
troscopy and microscopy [1], as well as photo-
chemistry [2]. Due to the localization of the
near-field, theoretical framework beyond the
dipole approximation is required. Thus, we
have developed a first principles method based
on the multipolar Hamiltonian, in which, the
interaction is described by coupling the elec-
tric field and the molecular polarization field
The method has

been used to study near-field electronic exci-

integrating over the space.

tations [3] and vibrational excitations, i.e., the
near-field IR combined with electrodynamics
computations [4].

In this fiscal year, we have developed a
method for near-field Raman [5]. The theoreti-
cal framework we established for near-field Ra-
man is as follows. First, the multipolar Hamil-
tonian is implemented into a real-time time-
dependent density functional code, namely,
Octopus 9.2 [6] and calculate the near-field ex-
cited electron dynamics to obtain the induced
dipole moment of a molecule in the time do-
main, which is later Fourier transformed into
the frequency domain. The induced dipole mo-
ments are calculated 6N times (N is the num-
ber of atom in a molecule) for distorted geome-
tries where one of the z, y, and z coordinates
of an atom is shifted slightly in either the pos-

itive and negative direction to obtain a deriva-
tive of the induced dipole moment with respect
to the atomic Cartesian coordinate, which is
then transformed into the normal coordinate
derivative using the transformation matrix ob-
tained by a normal mode analysis, performed
separately. Finally, the Raman spectrum is ob-
tained from the square of the absolute value of
the normal coordinate derivatives.

As a demonstration, on- and off-resonance
near-field Raman of benzene is studied. We
showed that the obtained Raman spectra are
well understood by considering both the spa-
tial structure of the near field and the molec-
ular vibration in the off-resonance condition.
For the on-resonance condition, the Raman
spectra are governed by the transition mo-
ment, in addition to the selection rule of off-
resonance Raman. Interestingly, on-resonance
Raman can be activated even when the near
field forbids the w—7* transition at equilibrium
geometry due to vibronic couplings originating
from structural distortions.
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