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Four-dimensional spatio-temporal control of two-photon excitation in biological tissues

Thesis Summary

The invention of the temporal focusing (TF) technique, which provides cross-sectioned
multi-photon excitation, has led to the development of a variety of tools to investigate biological
phenomena, including scanless depth-resolved wide-field microscopy and patterned illumination
for optogenetics. However, the TF technique still has some problems. For example, it is difficult to
compensate a distorted TF pulse in biological tissues, the axial resolution of wide-field TF
microscopy is worse than that of point-scanning multi-photon excitation microscopy, and the
uniformity of pattern illumination is degraded by interference between the neighboring spots. In
this thesis, three techniques are developed to solve these problems. The first one is the
spatio-temporal lock-in detection technique for adaptive optics in wide-field TF microscopy. The
second one is time-multiplexed (TM) TF microscopy combined with multi-line (ML) focusing to
simultaneously achieve a wide field-of-view (FOV) and high axial resolution. The third one is
uniform pattern illumination by combining multifocal (MF) TF with TM-TF.

Chapter 1 describes the background and the objective of this thesis.

Chapter 2 describes theories and techniques related to this thesis.

Chapter 3 describes the configuration and the performance of the Yb-doped fiber laser for
wide-field TF microscopy generating a multi-photon excitation in a wide area. The laser produced
3.9 W, 1059 nm, 110 fs pulses at a repetition rate of 710 kHz.

Chapter 4 describes spatio-temporal lock-in detection for adaptive optics of wide-field TF
microscopy. Although a conventional technique is possible to optimize the temporal profile only in
a thin sample, the proposed technique achieved the optimization in a thick sample.

Chapter 5 describes TM-ML-TF microscopy, in which the FOV was expanded by a factor of 5
compared with that of TM-TF microscopy and the optical sectioning capability was enhanced by a
factor of 2.5 compared with that of TF microscopy.

Chapter 6 describes the MF-TM-TF technique to achieve uniform patterned illumination. The
technique enables us to demonstrate fringe- and speckle-free patterned illumination even though the
MF spots are close to each other. In addition, by applying the technique to expansion of the FOV of
TM-TF microscopy, the FOV became 12-times more than that of TM-TF microscopy.

Chapter 7 summarizes the findings obtained in this thesis and describes the outlook of the

application of the developed techniques to biological and medical research.




