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1. Troublesome in Bio-imaging 4. Closed-loop accumulation of single scattering (CLASS) microscopy
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v’ Biological tissues are an inhomogeneous medium that induces optical aberration 7 ‘ 7 Ps'(k) = P(k°) exp[—igo(k°)]

v’ Due to optical aberration, image information is severely distorted. Ecass(Ak) = Z Eo(k' + Ak) = VaO(Ak) - Z P (k)P (k" + Ak) + \/Ez ES (k' + Ak).

Il Ikl Ei
v We calibrate these optical aberrations through computational and physical methods z P (kD) PA(K! + Ak)| < z P(k)P(k! + Ak) S&)SS(AE)‘Z .
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). Imaging Setup v The input/output phase map is accumulated by repeating the above process several times.
/ ¥ \ v’ The accumulated phase map when the intensity of the whole image converges to a
e DG GMy
T constant value becomes the final input/output aberration map.
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5. Physical wave-front shaping combined with CLASS microscopy
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v’ Time-gated detection by using low-coherence light source (Ti:Sa ; pulse width ~ 50 fs ) RN

v Point spread function (PSF) detection by off-axis holographic microscopy T >tMon

v’ Wave front shaping to correct the aberration induced by sample
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v’ Reflection measurement

v The resolution and SBR of the reflected image have been improved because the PSF

3. Time-resolved reflection matrix | | | |
is sharpened after the physical aberration correction.

Time-gated reflection matrix k.
> in

rin

rrrrrrrrrrrr

6. Application to a two-photon microscopy
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v’ Time-gating was matched to the depth of target object.

v We used 10,000 illumination pattern within 1.0 NA to cover orthogonal basis
for 40 x 40 um* FOV.

v’ We measured reflected image as each input illumination positions.

v’ Time-gated reflection matrix was matrix multiplication,

T = AOx A, ) T = R AO AR v Two-photon image of nerve bundle of zebrafish stained with wtGFP.
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v’ After the aberration correction, the SBR of the two-photon image increased and the
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Au O A resolution also improved.



