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The cost, complexity, and trade-offs of existing spontaneous Brillouin spectroscopy instruments remain a major bottleneck to widespread access and clinical adoption of this powerful spectroscopy technique [1]. The two primary technologies are the tandem Fabry-Perot interferometer and virtually imaged phased array (VIPA) spectrometers. While grating monochromators for Brillouin have previously been reported, they were slow since they relied on scanning and a single-point detector to acquire the spectra point-by-point [2]. Today, it is often implied that grating spectrometers are unsuitable for rapid bio-Brillouin [3]. Departing from this notion, we demonstrate a simple, versatile, scan-free Brillouin spectrometer based on a single moderately sized grating in a multi-pass configuration and outline a path toward single-shot coarse 2D mapping.Toward Single-Shot Coarse 2D Brillouin Mapping Using a Multi-Pass Grating Spectrometer

Design and methods
Modelling was performed in Ansys OpticsStudio. As seen in Fig. 1(a), the input – single mode fiber or re-imaged excitation volume(s) – is collimated and directed at grazing incidence onto a grating in near-Littrow configuration. The diffracted beam is repeatedly reflected back to that same grating for additional passes using slightly different angles for clearance. The dispersed light is eventually focused on a camera. The theoretically achievable resolution as a function of the grating length and number of passes was estimated considering a minimally-truncated gaussian illumination [4]. The preliminary experiments were performed with a standard confocal setup and a 785 nm laser (IDS) set to 40 mW at the sample. A 96 mm long, 79 lines/mm echelle grating (Newport) in 31th order was employed and configured for 4-passes. A low-cost CMOS (PixeLINK) was used. The calibration was performed using the positions of acrylic Rayleigh and Brillouin peaks.
results and Discussion
As shown in Fig. 1(b), a resolution of ~0.76 GHz was achieved, approximately consistent with the theoretical estimate. This is comparable to a 30 GHz VIPA of finesse ~40. The contrast (not shown) is on the order of 40 dB at ±5 GHz, better than a single stage VIPA but lower than a multi-stage implementation. Fig. 1(c) shows reference Brillouin measurements (line-scanning and biological single-point measurements are underway). Contrary to VIPAs, the artifact-free simultaneous range is on the order of ~1 THz, making this scheme suitable for any Brillouin shift (from soft tissues to enamel) and even low-frequency Raman. Fig. 1(d) shows that the precision reaches <13 MHz in ~30 ms with detectable signal in <3ms, despite using a very low-cost sensor, confirming high throughput.
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Figure 1	 (a) OpticsStudio model (Co: collimator; M: mirror; G: grating; IL: imaging lens; Ca: camera). (b) Approximate theoretically achievable resolution. Inset: measured response function and gaussian fit. (c) Spectra of reference samples. Inset: raw sensor image for ethanol. (d) Brillouin shift precision vs. acquisition time. Inset: 10 successive ethanol spectra with 3 ms exposure. (e) Zoomed area of the simulated sensor image for a coarse 2D mapping mode. Inset: further zoomed area.
Taking advantage of the narrow bandwidth of Brillouin spectra, both axes can be used for imaging, as illustrated in Fig. 1(e). A diffractive optical element (or parallel line illuminations) could be used together with a pinhole (or slit) array and a gas cell for coarse single-shot 2D imaging. 
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