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Optical traps have emerged as powerful tools for immobilizing and manipulating small particles in three dimensions. Fiber-based
optical traps (FOTs) significantly simplify optical setup by creating trapping centers with single or multiple pieces of optical fibers. In
addition, they inherit the flexibility and robustness of fiber-optic systems. However, trapping 10-nm-diameter nanoparticles [NPs)
using FOTs remains challenging. In this study, we model a coaxial waveguide that works in the optical regime and supports a
transverse electromagnetic (TEM}-like mode for NP trapping. Single NPs at waveguide front-end break the symmetry of TEM-like
guided mede and lead to high transmission efficiency at far-field, thereby strongly altering light momentum and inducing a large-scale
back-action on the particle. We demonstrate, via finite-difference time-domain (FDTD) simulations, that this FOT allows for trapping
single 10-nm-diameter NPs at low power.
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Optical force—arising from momentum exchange in light-matter interaction—was first harnessed for optical trapping by Ashkin in
1870 [1]. Optical traps were then developed by realizing a restoring optical force field. Optical traps have emerged as powerful toals
with applications in numerous areas, such as force transducer [2,3], spectroscopy [4-6], optical sorting [7-10], and assembly [11,12].
Conventional optical setups require bulky optical elements, such as objectives, mirrors, and lenses, to form a tight focus [13,14], or to
couple the laser beam to micro-/nano-optical structures [15], Fiber-based optical traps (FOTs) use optical fibers to guide the trapping
beam and create the trapping center. In addition, they benefit from the compact structure and compatibility with fiber-optic systems.
Since their first demonstration in 193 [16], FOTs have rapidly attracted substantial research attention [17].

FOTs can be realized at the end-face of a single piece of fiber [18], between the tips of two pieces of fiber with the end-faces facing
each other [16], or even inside a hollow photonic crystal fiber [19,20], potentially ready for different applications [20-22]. FOT at a
single fiber tip may suit the most basic and straightforward demand because it is directly analogous to tweezers or pipettes, and is References
potentially compatible with fiber-based endoscopes. Various solutions have been proposed to realize a high-numerical-aperture
focusing and subsequent gradient trapping at a single fiber tip. Microsphere lens [23-25], etched notches [26,27], tapered fiber fips
[28-30], and graded-index fibers [31-33] have been used to achieve tight focus, central to the working principle of a single beam
tweezer. Despite these advances, stable trapping of nanoparticles (NPs) is still challenging due to optical fiber’s small entrance pupil is
unsuitable for lensing, Another approach is to use plasmonic metal nanostructures [34-39] at a fiber end-face to achieve sub-
diffraction-limit focusing and a larger optical force in an FOT. Several studies have transferred the nanoapertures from the glass
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substrate to the facet of fibers and realized single sub-100 nm NP trapping [40-43]. However, these studies seem only to use fibers as
light carriers and hardly considered mode property in fibers.

In this study, we propose an FOT setup with nanoobject trapping capability that relies on a metallic nanocoaxial optical waveguide and
supports a transverse electromagnetic (TEM)-like mode similar to its macro-compartment coaxial cable, which supports a
fundamental TEM mode in radiofrequency. The radially symmetric electric field inside the waveguide severely mismatches with the
outside homogenous space, and such mismatching condition distorts as the mode symmetry gets broken by a particle at the
waveguide front-end. We modeled, via finite-difference time-domain (FDTD) simulations, magnificent back-action optical force
exerted on a particle induced during the perturbation of light momentum in the symmetry-breaking process and demonstrated stable
trapping of a 10-nm-diameter particle. In addition, we proposed a scheme for excitation of the TEM-like mode using a tapered fiber
tip that can routinely be fabricated from an ordinary dielectric fiber. Optical trapping has been used to isolate single quantum dots
(QDs) [35,36], showing significant potential in revealing heterogeneity of emitters [44] and fabricating non-classical optical sources
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