UC Berkeley
UC Berkeley Previously Published Works

Title
Free space laser plasmas as scattering and reflection elements for standoff IR
spectroscopy

Permalink
https://escholarship.org/uc/item/3dh0p5gp

Journal
Frontiers in Ultrafast Optics: Biomedical, Scientific, and Industrial Applications XXVI

Authors

Meehan, Kristofer C
Zhang, Boyu
Chirinos, José

Publication Date
2026-03-05

DOI
10.1117/12.3082879

Copyright Information
This work is made available under the terms of a Creative Commons Attribution-
NonCommercial-ShareAlike License, available at https://creativecommons.org/licenses/b

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/3dh0p5gp
https://escholarship.org/uc/item/3dh0p5gp#author
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://escholarship.org
http://www.cdlib.org/

Free Space Laser Plasmas as Scattering and Reflection
Elements for Standoff Infrared Spectroscopy:

Kristofer C. Meehan?®, Boyu Zhang®, Jose Chirinos?, Xianglei Mao?®, and Vassilia Zorba®®

2Lawrence Berkeley National Laboratory, 1 Cyclotron Rd, Berkeley, CA 94720, USA
bUniversity of California, Berkeley, 110 Sproul Hall, Berkeley, CA 94720, USA

ABSTRACT

Femtosecond laser filamentation can serve as an enabling technology for remote sensing in the analysis of re-
mote materials and atmospheric trace species with techniques such as LIBS for atomic species determination,
LAMIS for isotopic ratio analysis, and supercontinuum-based DIAL for atmospheric trace species analysis. In
addition, femtosecond filaments can be selectively generated in space and time at distances of ;100m, allowing
for controllable dynamic placement of laser plasmas in free space. We propose the use of free space laser plasmas
produced in atmosphere as controllable standoff scattering and reflection elements for the dynamic redirection
and collection of spectroscopic signatures. In this study, we characterize the scattering properties of femtosec-
ond filaments and nanosecond laser breakdown plasmas to infrared laser light in the range 1.9” to 4.4”m and
at 10.6"m, including the dynamic evolution of angular scattering profiles. Results are reported as functions of
incident wavelength, pump-probe delay, and pump-probe spatial overlap. For the first time, a spectroscopic
measurement is conducted by measuring backscattered light from a free space laser plasma. Plasma-reflected
gas phase tunable laser absorption spectroscopy for quantitative measurement of CO2 concentration is reported.
Implications to optical sensing technologies are discussed.
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