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High-Speed Spontaneous Raman Spectroscopy

Toshiki KuBo*P

aDepartment of Dermatology, The University of Osaka, 2-2, Yamadaoka, Suita, Osaka 565-0871, Japan
"Department of Applied Physics, The University of Osaka, 2-1, Yamadaoka, Suita, Osaka 565-0871, Japan

(Received December 14, 2025; Accepted January 10, 2026)

Spontaneous Raman spectroscopy provides rich chemical information without exogenous labels. However, the small
scattering cross-section yields intrinsically weak signal, which limits measurement throughput and hinders practical
applications in research and industry. This review focuses on biomedical applications of spontaneous Raman spectroscopy
and introduces two approaches developed by the author to improve throughput. The first is a programmable-illumination
Raman microscope combined with reinforcement learning, which adaptively selects measurement positions to detect
abnormal regions while ensuring allowance error rate in discrimination. Using polymer-bead phantoms composed of two
polymer species that mimic cancerous and non-cancerous regions in tissue, this approach improved the throughput of
discrimination analysis by approximately 6-21 times for abnormality-present samples and 1.2-1.3 times for abnormality-
absent samples, compared with conventional raster-scanning confocal Raman imaging. The second is a spontaneous
Raman flow cytometer using time-delay-integration, achieving broadband single-cell spectral measurements at
throughputs of 78 and 32 events/s for polystyrene micro beads and biological cells, respectively.

Keywords: Spontaneous Raman spectroscopy, Throughput, Discrimination analysis, Flow cytometry
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Weak Light Detectors

Hiroshi SATOZONO

Hamamatsu Photonics K. K., 5000, Hirakuchi, Hamakita-ku, Hamamatsu, Shizuoka 434-8601, Japan

(Received December 21, 2025; Accepted January 21, 2026)

Research on photodetectors for detecting weak light has been conducted for many years, and various products are
commercially available. In recent years, their importance has grown further alongside advances in new fields such as
quantum technology. This paper explains the characteristics of single-point weak light detectors from the perspective of
SNR, which characterizes weak light detectors. Then provides an overview of representative weak light detectors.

Keywords: Photomultiplier Tube (PMT), Avalanche Photodiode (APD), Single Photon Avalanche Diode (SPAD),
Silicon Photomultiplier (SiPM), Superconducting Single Photon Detector (SSPD), Single Photon Counting
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