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Excitation from optically trapped particles are examined
through laser-induced breakdown spectroscopy follow-
ing interactions with mJ-level fs-pulses. The optical
emissions from sub-ng ablation of precisely positioned
cupric oxide microparticles are used as a method to spa-
tially resolve the laser-particle interactions resulting in
excitation. External focusing lenses are often used to
change the dynamics of nonlinear self-focusing of fs-
pulses to form laser filaments, or alternatively, to form
very intense air plasmas. Given the significant impli-
cations external focusing has on the laser propagation
and plasma conditions, single-particle emissions are
studied with focusing lenses ranging from 50-300 mm.
It is shown that, while single particles are less excited
at longer focal lengths due to limited energy transfer
through laser-particle interactions, the cooler plasma re-
sults in a lower thermal background to reveal resolved
single-shot emission peaks. By developing an under-
standing in the fundamental interaction that occurs be-
tween single-particles and fs-pulses and filaments, prac-
tical improvements can be made for atmospheric remote
sensing of low-concentration aerosols.
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Monitoring and characterizing aerosols using laser-induced
breakdown spectroscopy (LIBS) is a growing effort that aims
to achieve rapid analytical measurements from laser-produced
plasma (LPP) emissions, gaining particular attraction as a tool
for atmospheric sensing [1-3] and for nuclear treaty verifica-
tion [4]. However, measuring atmospheric aerosols presents
several challenges in LIBS owing to the complex spatiotempo-
ral plasma-particle and laser-particle interactions required to
yield emissions from particle analytes [5-7]. In a highly inho-
mogenous LPP, the rate of energy and mass transfer is highly
dependent on the position of the particle relative to the plasma,
giving rise to strong spatial dependencies in the emission sig-
nal [8, 9]. Furthermore, given the unrepeatable nature of any
single plasma-particle interaction in a bulk aerosol, experimen-
tally studying the mechanisms of the particle excitation process
remains a difficult research endeavor beyond computational
efforts [10].

Optical traps (OT) have become increasingly popular as a
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tool to facilitate precise manipulation of particles in air [11],
resulting in several studies that examine spatially-resolved inter-
action of particles in LPPs resulting from air breakdown using
ns-laser pulses [9, 12-16]. The excitation process is known to
dramatically change as the pulse duration approach ultrafast
limits (1 ps) in both solid and aerosol samples [17], yet analogous
studies that examine particle interactions with ultrafast pulses
are sparse. It has been recently shown through OT-LIBS, that us-
ing 100-ps pulses improves the signal-to-noise ratio compared to
6-ns pulses due to reduced thermal effects in the LPP, resulting
in attogram detection limits [18]. At shorter fs-pulse durations,
the ionization pathways in air begins to shift from multiphoton
ionization to tunnel ionization, affecting the subsequent plasma
characteristics [19, 20]; however, the exact consequence of this
action on plasma-particle and laser-particle interactions remains
unexplored. Furthermore, high-power fs-pulses will naturally
undergo nonlinear self-focusing after several meters of free-air
propagation to form laser filaments. In most cases, aerosols are
measured by loosely-focusing the pulse to form filaments prior
to the geometric focus [21] or by tightly-focusing the pulse to
form very intense plasmas [22]. Given filamentation is sustained
through the balance between focusing effects (e.g. external fo-
cusing and self-focusing) and defocusing effects (e.g. diffraction
and plasma defocusing), understanding the effects of external
focusing on the laser-propagation behavior and subsequent par-
ticle interaction is critical to improve standoff aerosol sensing.

In this Letter, we demonstrate the use of focused fs-pulses
to excite and perform spatiotemporally-resolved LIBS on single,
micron-sized cupric oxide particles in an OT. Using focusing
lenses ranging from 50-300 mm (f/1.97-11.8), it is shown that
both the single-particle emissions and the thermal background
are drastically reduced at longer focal lengths, corresponding
to a shift towards lower energy levels in the excited state popu-
lation of Cu. At the longest focal length, a thin plasma column
is formed from photoionzation that is estimated to be less than
100 um in diameter; thus, the OT system is designed to manipu-
late the particle position along the transverse plane of the beam
profile to be in the most intense region of the laser field to result
in laser-particle interactions.

The experimental setup used for OT-LIBS is shown in Fig. 1
with a reference coordinate system. A chirped pulse ampli-
fied Ti:Sapphire laser (Coherent Astrella) is used to generate
35 fs pulses at a center wavelength of 800 nm. The pulse en-
ergy is measured to be 5.3 m], resulting in a peak power of
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