
As an alternative to interactions of atoms or molecules with intense laser fields, strong light-matter coupling can also be achieved, both for atoms and 
molecules, by their confinement in microscale optical or plasmonic cavities. A theoretical framework is formulated for investigating the rovibronic spectra of 
molecules coupled to one mode of the radiation field in an optical cavity. The approach involves the computation of cavity-field-dressed rovibronic states, 
which are hybrid light-matter eigenstates of the “molecule + cavity radiation field” system, and the computation of transition amplitudes between these field-
dressed states with respect to a weak probe pulse. The cavity-field-dressed rovibronic spectrum of Na2 demonstrates undoubtedly the presence of a “light-

induced conical intersection” induced by the quantized radiation field. Dependence of the cavity-field-dressed spectrum on the cavity-mode wavelength as 
well as on the light-matter coupling strength is investigated [1]. 
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Abstract

(1) Hamiltonian of a molecule interacting with quantized light of the 
cavity mode [2]

(2) For a homonuclear diatomic molecule, the Hamiltonian represented in 
the basis of two electronic states and the photon number states is

(3) The field-dressed (FD) states, i.e., the eigenstates of the “molecule + 

light field” system are obtained by diagonalizing        in the basis of field-

free rovibrational states
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I. Field-dressed states

II. Transitions between field-dressed states

(4) Let us now compute the absorption spectrum with respect to a weak 
probe pulse, whose photon number is represented by the letter M. Using 
first-order time-dependent perturbation theory, the transition amplitude 
of one-photon processes between two field-dressed states is proportional 
to [2]

I. Intensity dependence of the FD spectrum

III. Frequency dependence of the FD spectrum

|N> is a Fock state with photon 

number N, and |jvJ> is a field-

free rovibronic state.

Figure 2. Field-dressed spectra obtained with different values of the light-matter 
coupling strengths for a cavity mode wavelength of 653 nm. Coupling strength values 
are indicated by the intensity of a classical light field giving a coupling strength equal 
to the one-photon coupling of the cavity.

Figure 4. Absorption spectra as a function of the Edressing cavity-mode wavenumber for 
two cavity one-photon field strengths corresponding to classical field intensities of
1 GWcm-2 (left panel) and 16 GWcm-2 (right panel).

where

and

Figure 1. PECs of Na2 in the 

cavity, dressed with diferent 
number of photons of the cavity 
field, dressing-light wavelength is 
653 nm. Vibrational probability 
densities are drawn for states of |
100>|m> type and |261>|m> 
type. Couplings induced by the 
cavity radiation field are indicated 
by the double-headed arrows. The 
vertical brown wavy arrow 
indicates transitions between the 
two manifolds of field-dressed 
states, resulting form the 
absorption of a photon of the 
weak probe pulse.

where

Figure 3. Left column: same as Figure 2, solid and dashed lines correspond to 
calculations including or excluding the nonresonant couplings in the Hamiltonian, 
respectively, i.e., the solid and dashed lines refer to using the upper left three-by-
three or six-by-six block of        respectively. Right column: diabatic and adiabatic 
PECs at different light-matter coupling strength values.
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