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Abstract— This paper presents an ultrafast laser-based detection system for high-sensitivity biomedical diagnostics. The approach leverages nonlinear optical interactions to enhance signal contrast and improve detection accuracy. A compact experimental configuration is designed and validated through laboratory testing. Results demonstrate improved signal intensity and signal-to-noise ratio compared to conventional techniques. The findings confirm the feasibility of ultrafast photonic sensing for rapid, noninvasive diagnostic applications.
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	I. INTRODUCTION
Ultrafast laser systems enable high temporal resolution and nonlinear interactions, providing enhanced sensitivity for biomedical detection applications. Recent advances in femtosecond laser technology have opened new possibilities for precision diagnostics.
Traditional diagnostic methods often lack the sensitivity required for early disease detection. Optical techniques offer noninvasive alternatives but typically suffer from limited penetration depth and poor contrast. Ultrafast lasers overcome these limitations through nonlinear interactions that provide intrinsic sectioning capability.
II. METHODOLOGY
The system integrates a femtosecond laser source, biological sample interface, and photodetection module to optimize nonlinear absorption-based signal enhancement.
A. Experimental Setup
The experimental configuration consists of a mode-locked Ti:sapphire laser producing 100 fs pulses at 800 nm with 80 MHz repetition rate. The laser beam is focused onto the sample through a microscope objective, and the generated signal is collected in the transmission geometry.
B. Signal Processing
The photodetector output is processed using lock-in amplification to extract the nonlinear signal component. This approach effectively rejects linear background contributions and improves the overall detection sensitivity.
III. RESULTS AND DISCUSSION
Experimental evaluation confirms improved signal strength and reduced noise levels compared to conventional methods. The proposed system achieved a 40% improvement in signal-to-noise ratio under controlled laboratory conditions.
Table 1 summarizes the performance metrics comparing the conventional method with our proposed ultrafast laser-based detection system. The proposed method demonstrates significant improvements across all parameters.
	
	Table 1. Performance comparison
	Parameter
	Conventional
	Proposed
	Improvement

	Signal Intensity (a.u.)
	0.32
	1.28
	300%

	SNR (dB)
	15.6
	21.8
	40%

	Detection Limit (μM)
	5.2
	1.8
	65%

	Response Time (ms)
	120
	45
	62%

	Specificity (%)
	82.5
	94.2
	14%
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Figure 1. Signal intensity comparison between conventional and proposed methods.
Figure 1 shows the comparative signal intensity measurements. The ultrafast laser-based system demonstrates approximately 3x higher signal intensity compared to conventional continuous-wave excitation.
IV. CONCLUSION
The proposed ultrafast laser detection system demonstrates enhanced sensitivity and diagnostic potential for advanced biomedical applications. The nonlinear excitation scheme provides inherent background rejection and improved contrast. Future work will focus on miniaturization of the laser source and clinical validation of the system with patient samples.
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