
Journal of Physical Chemistry Letters, 2014, vol.5, N21, pages 3708-3715

Quantum nonlinear optics with polar J-aggregates in
microcavities
Herrera F., Peropadre B., Pachon L., Saikin S., Aspuru-Guzik A.
Kazan Federal University, 420008, Kremlevskaya 18, Kazan, Russia

Abstract

© 2014 American Chemical Society. We predict that an ensemble of organic dye molecules with
permanent electric  dipole moments embedded in a microcavity can lead to strong optical
nonlinearities at the single-photon level. The strong long-range electrostatic interaction between
chromophores due to their permanent dipoles introduces the desired nonlinearity of the light-
matter coupling in the microcavity. We develop a semiclassical model to obtain the absorption
spectra of a weak probe field under the influence of strong exciton-photon coupling with the
cavity field. Using realistic parameters, we demonstrate that a cavity field with an average
photon number near unity can significantly modify the absorptive and dispersive response of
the medium to a weak probe field at a different frequency. Finally, we show that the system is in
the regime of cavity-induced transparency with a broad transparency window for dye dimers.
We  illustrate  our  findings  using  pseudoisocyanine  chloride  (PIC)  J-aggregates  in  currently
available optical microcavities. (Figure Presented).
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