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The temperature dependence of the optical line width in exciton systems results from a complicated interplay between the exciton bandwidth, disorder and interaction with vibrations. We theoretically study the thermal broadening of the J-bandwidth in linear molecular aggregates, which results from the temperature dependence of the exciton dephasing rates. The dephasing mechanism that we consider is the inelastic one-phonon scattering of excitons from one state to the others (energy-relaxation-induced dephasing). Coupling of excitons to vibrations of the host lattice is considered as the main source for the exciton scattering. The exciton scattering rates are calculated using Fermi's Golden Rule with a Debye-like model for the one-phonon spectral density. We find a power-law thermal growth of the homogeneous width, with the exponent depending on the shape of the phonon spectral density. Our method yields a perfect fit to the experimental data on thermal broadening of  J-aggregates of pseudoisocyanine with various counterions [1]. Our approach is also succesfully applied to explain hole-burning spectra [2].
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Furthermore, we propose a relation between the line width and the exciton coherence length imposed by the phonons. The results indicate that the much debated steep rise of the  fluorescence lifetime of pseudoisocyanine bromide aggregates above 40 K results from the fact that this coherence length drops below the localization length determined by the static disorder [1]. Finally we will comment on the influence of the coherences on the pump-probe spectrum of these molecular aggregates.
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Figure 1:  Line width: triangles (measured [3]) and solid (calculated); lifetime: squares (measured [4]) and dashed (calculated).�
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