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Non-Degenerate Two-Photon Excitation for Deep Tissue Imaging

Abstract: In conventional 2-photon microscopy, a fluorophore is excited by the simultaneous
absorption of two photons of the same energy within the near infrared (NIR) spectrum, derived
from the same pulsed laser beam. This is called “degenerate” 2-photon excitation, D-2PE.
Alternatively, the same energy needed for the transition to the excited state can be delivered via
absorption of two photons of different energy (i.e., different color). In this “non-degenerate” 2-
photon excitation (ND-2PE) regime, the first laser beam can be tuned within the standard NIR
range of excitation wavelengths used in conventional 2-photon microscopy, placing the second
laser beam within the infrared (IR) wavelengths range for excitation of visible emission
fluorophores. Under ND-2PE, an increase in the IR power can be used to compensate for the
scattering losses of NIR power achieving deeper imaging in scattering medium. Another advantage
of ND-2PE is an increase in excitation cross section leading to more efficient fluorophore
excitation. The enhanced fluorescence brightness combined with a reduction in laser attenuation
positions ND-2PE microscopy as a competitive alternative to conventional 2-photon microscopy
and, possibly, 3-photon microscopy, for deep imaging applications.
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