ARTICLE

Multiphoton Microscopy II: Brighter Images
with Shorter Excitation Pulses

In previous weeks, we showed how an NIR laser such as FYLA´s
SCH with a pulse duration of 15fs, offers over a 7-fold of photon flux
when compared with a standard 100fs laser, for similar repetition
rates and average power.

But what is the real impact on the image brightness of such
enormous improvement of the number of photons available per time
and area?

Theoretically, in two-photon microscopy the image brightness is
directly related to the excitation efficiency which is quadratically
dependent on the photon-flux and the fluorophore´s second order
nonlinear excitation cross-section (GM).

As an example, we can calculate the excitation efficiency of the
fluorescent protein mRFP when illuminated at 1050nm by a 15fs
laser (such as the SCH), compared to a 100fs laser. With a wider
200nm bandwidth, the 15fs laser excites mRFP across 900 to
1200nm, a much broader spectral region compared to the 11nm of
the 100fs laser.

Blue Curve: Peak power of SCH 15fs all-fiber fiber laser centered at
1050nm
Orange Curve: Peak power of 100fs fiber laser centered at 1050nm
Grey Curve: Second-order nonlinear excitation cross Section (GM) of
mRFP

Considering the peak power and the excitation cross-section at each
wavelength, the excitation efficiency of mRFP can be calculated.
The result is that a 50% improvement in efficiency is obtained with a
15fs laser such as the SCH compared to the traditional 100fs lasers.

Blue Curve: Peak Power of SCH 15fs all-fiber fiber laser
Orange Curve: Peak Power of 100fs laser
Grey Curve: Second-Order Nonlinear Excitation Cross Section (GM) of
mRFP

2P fluorescence microscopy images of a mouse intestine section stained
with SYTOX Green labelling the nuclei (yellow) and Alexa Fluor 568
phalloidin labelling the actin filaments (blue).
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