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F 1 BRI DL 5 MES6 ) ) 6 R

Sl DL
20 ms ~ 103
200 ms ~10?

4%

B axi T AR s I R > B CARS i FE, A
SCEER R P BUE 70 HF CARS 4K S A
GBIk, IR MR BRBEAT 70 A 4 7 BR )
B ANDCRT LA 255 9 B IK 5K, 1y HL T LA 2135
Gy A P e SO B Jr M R W, 2 22 S A
W 7 SR 1T 2L 2% EE FSORE IR 75 S ), — 2k 70 AR
JLZ170 40 nm i [ Y, SRR PR -5 BRI TR B I L,
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Abstract

We provide an approach to breaking the diffraction limit in coherent anti-Stokes Raman scattering (CARS) microscopy and report
a theoretical analysis of detection limit (DL) forit. The additional probe beam, whose profile is doughnut shaped and wavelength
is different from the size of Gaussian probe beam, interacts with the coherent phonons at the rim of the diffraction-limited spot to
increase theresolution by re-engineering the point spreadfunction of the system. The signal strength reduces with the size of focal
volume decreasing, besides, when CARS is used in biology, the molecules of interest are usually in low concentration, which makes
the signal detection more difficult. Accordingly, a remaining crucial problem is whether the reduced signal generated in the suppressed
focal volume can be detected from the noise background and the analysis of DL, so it is an important precise in implementation of
CARS nanoscopy. We describe T-CARS process with full quantum theory and estimate the extreme power density levels of the pump
and Stokes beams determined by saturation behavior of coherent phonons. When the pump and Stokes intensities reach such extreme
values and total intensity of the excitation beams arrives at a maximum tolerable by most biological samples in acertain suppressed
focal volume, the DL of T-CARS nanoscopy correspondingly varies with the exposure time. For an attainable spatial resolution of
~40 nm in three dimension and areasonable exposure time of 20 ms, the DL in the suppressed focal volume is approximately ~10°.

The signal can be well detected from the noise fluctuation only if the number of molecules of interest exceeds this limit.

Keywords: break through the diffraction limit, coherent anti-Stokes Raman scattering, nonlinear optics, detection
limit
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