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Shot-noise represents a pernicious limit in scanning fluorescence microscopy, significantly
affecting and deteriorating the imaging capabilities[1,2]. Mainly adopting computational
simulation methods, a detailed analysis of its influence in typical two-photon excitation (2PE)
and confocal laser scanning microscope (CLSM) imaging conditions is here presented, both
in the spatial and in the frequency domain. This study reveals a remarkable shot-noise
influence in the high-frequency range with a relevant detriment of the high-frequencies
transmission capabilities and a substantial reduction of the optical transfer bandwidth.

In order to partially retrieve the high frequencies information loss, we propose to insert an
annular filter on the microscope objective lens in the illumination light pathway[3,4]. The
insertion of such a filter induces an electromagnetic interference effect, resulting in an
engineering of the point spread function and in a redistribution of the optical transfer function.
Especially, the filtered frequency spectrum displays an enhancement in the high frequencies
response, in particular along the optical axis direction [5].

The filter capability in boosting the signal to noise ratio in the high-frequency range has been
exploited to partially recover the high frequencies components hampered by shot-noise and
improve the imaging capability. Filter benefits in 2PE and CLSM imaging for different shot-
noise contributions are reported.

[1] J.B.Pawley, Handbook of biological confocal microscopy Chap.2 (J.B.Pawley Ed.,
Springer, 2006).

[2] E.H.K.Steltzer, “Contrast, resolution, pixilation, dynamic range and signal-to-noise ratio:
fundamental limits to resolution in fluorescence light microscopy”, Journal of Microscopy,
189, 15-24 (1998)

[3] G. Toraldo di Francia, “Nuovo pupille superrisolvente,” Atti Fond. Giorgio Ronchi, 7,
366-372 (1952)

[4] M.Martinez-Corral; M.T.Caballero; E.H.K.Stelzer and J.Swoger , “Tailoring the axial
shape of the point spread function using the Toraldo concept”, Optics Express, 10, 98-103
(2002)

[5] B.J.Davis; W.C.Karl; A.K.Swam; M.S.Unlu and B.B.Goldberg, “Capabilities and
limitations of pupil plane filters for superresolution and image enhancement,” Optics Express
12, 4150-4156 (2004).




