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Fig.1 Photoacoustic pump—probe imaging system

(a) System schematic diagram; (b) schematic diagram of photoacoustic pump-probe imaging and energy level diagram of methylene blue molecule.
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Fig. 2 Fitting numerical simulation results of photoacoustic pump—probe imaging
(a) TTD signals under different time delay, (b) TTD signal at the first time delay (0.05 ps), (c) TTD data used in exponential fitting, (d) TTD
amplitude fitting results, (e) coefficient of determination results, (f) triplet lifetime fitting results, (g) fitting result of a point in the target region, (h)

fitting result of a point in the background region.
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Fig.3 Phantom experiment results of photoacoustic pump—probe imaging

(a) Photoacoustic images in the presence of both pump and probe light (7,,,.,...); (b) photoacoustic images in the presence of pump light alone
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Abstract Objective Photoacoustic pump-probe imaging can effectively eliminate the interference of blood
background signal in traditional photoacoustic imaging, and realize the imaging of weak phosphorescence
molecules and their triplet lifetimes in deep tissues. However, background differential noise in photoacoustic
pump-probe imaging often leads to large fitting results of phosphorescent molecule concentration and triplet
lifetime. Therefore, this paper proposes a novel triplet lifetime fitting method for photoacoustic pump-probe
imaging. By extracting the phase of the triplet differential signal and the background noise, the fitting bias caused
by the background noise can be effectively corrected. Methods The advantages and feasibility of the proposed
algorithm are verified by numerical simulation, phantom and in vivo experiments, respectively. Results In the
numerical simulation, under the condition of noise intensity being 10% of the signal amplitude, the new method
can optimize the fitting deviation from 48.5% to about 5%, and has a higher exclusion coefficient (0.88>0.79),
which greatly improves the fitting accuracy. The high specificity imaging ability of photoacoustic pump imaging
for phosphorescent molecules has been demonstrated by phantom experiments. /n vivo experiments have verified
the feasibility of the new fitting method proposed in this paper for fitting phosphoometric lifetime to monitor
oxygen partial pressure content during photodynamic therapy of tumors in nude mice. Conclusion This work
will play an important role in promoting the application of photoacoustic pump-probe imaging in biomedicine.
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