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Fig. 1. The schematic view of the setup for the ion transmission experiments: (a) Scanning electron micro-

scope (SEM) image of the PC nanocapillary membrane;

with 30 keV incident energy and with a tilt angel of —1
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(b) the typical 2D spectrum of transmitted particles
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Fig. 2. The typical two-dimensional spectrum and the projections of HT and HO in the z-axis direction of the transmitted
particles after 30 keV H* transmitted through the nanocapillaries with a tilt angle of —1°: (a) 2D spectra were recorded at
the beginning stage; (b) 2D spectra were recorded at the build up stage; (¢) 2D spectra were recorded at the reached stage;
(d) the projections of the 2D spectra of HT along the x-axis direction; (e) the projections of the 2D spectra of HY along the
z-axis direction. The black, red, and blue solid lines present the projection data in (a), (b) and (c). The green dash dot

lines and orange dash dot lines present the beam direction and guiding direction, respectively.
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Fig. 3. The evolution of the relatively transmission rate and the charge purity of the transmitted Ht ions for 30 keV Ht+
transmitted through the PC nanocapillary at the tilt angle of —1°: (a) Relatively transmission rate; (b) charge purity.
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Fig. 4. The two-dimensional spectrum and the projections of HT and HO in the z-axis direction of the transmitted particles

after 30 keV HT transmitted through the nanocapillaries with a tilt angle of — 2°: (a) 2D spectra were recorded at the

beginning stage; (b) 2D spectra were recorded at the build up stage; (c) 2D spectra were recorded at the reached stage;

(d) the projections of the 2D spectra of HT along the z-axis direction; (e) the projections of the 2D spectra of H® along

the z-axis direction. The black, red, and blue solid line present the projection data in (a), (b) and (c). The green dash dot

lines and orange dash dot lines present the beam direction and guiding direction, respectively.
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Fig. 5. The evolution of the relatively transmission
rate and the charge purity of the transmitted HT ions
for 30 keV Ht transmitted through the PC nanocapil-
lary at the tilt angle of —2°: (a) Relatively transmis-
sion rate; (b) charge purity.
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Fig. 6. Simulated trajectories, potential distribution and
electric field intensity distribution in the capillary of trans-
mitted particles for 30 keV Ht transmitted through the
PC nanocapillary at the tilt angle of —1°: (a) Trajecto-
ries at the beginning stage; (b) trajectories at build up
stage; (c) trajectories at reached stage; (d) the simulated
potential distribution in the capillary; (e) electric field in-
tensity distribution in the capillary during the beginning
stage (the black line), build up stage (the red line) and
the reached stage (the blue line).
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Fig. 8. Simulated trajectories, potential distribution and elec-
tric field intensity distribution in the capillary of transmitted
particles for 30 keV HT transmitted through the PC nanocap-
illary at the tilt angle of —2°: (a) Trajectories at the begin-
ning stage; (b) trajectories at build up stage; (c) trajectories
at reached stage; (d) the simulated potential distribution in
the capillary; (e) electric field intensity distribution in the
capillary during the beginning stage (the black line), build
up stage (the red line) and the reached stage (the blue line).
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Abstract

The ions with different incident energies transmitting through insulating nanocapillaries are studied in various
configurations. For the low energy ions transmitting through nanocapillaries, Stolterfoht et al. [2002 Phys. Rev. Lett.
88 133201] have observed the guiding effect. Subsequent studies revealed that the self-organizing charge patches on the
capillary wall inhibit charge exchange and the ions are transmitted along the capillary axis direction. The high energies
of ions transmitting through nanocapillaries are measured, the main transmission mechanism is multiple random inelastic
collisions below the surface, and the charge patches will not affect the transmitted ions trajectories.

The transmission features of the intermediate energy ions are different from those of the low and high energy ions.
The ion beams with intermediate energies have many applications, so it is necessary to understand the transmission
features of the intermediate energy ions though nanocapillaries. Recent studies have focused on the transmission of the
intermediate energies ions through the nanocapillaries.

In the present work, we investigate thie transmission features, such as the two-dimensional transmitted angular
distributions, the charge states and position distributions, and the evolution of the relative transmission rate and the
charge purity of 30 keV H' transmitting through nanocapillaries in a polycarbonate membrane at the angles of —1° and
—2°. The experimental data clearly show that the transmitted H' ions consist of the transmitted scattering H' ions,
which are located around the direction of the incident beam, and the transmitted guiding H™ ions, which are located
around the direction of the capillary axis. With the charges depositing in the capillary, the proportion of the transmitted
scattering HT ions increases and the proportion of the transmitted guiding H' ion decreases, which directly demonstrates
the dynamical evolution of the scattering ions and the guiding ions.

To understand the competition between the transmitted scattering ions and the transmitted guiding ions and the
physical picture of the intermediate energy ions transmitting through the insulating nanocapillaries, the trajectories of
the HT ions in the capillary and the potential distribution and electric field intensity distribution in the capillary are
numerically simulated. The results show that the potential distributions and electric field intensitiesy are different for
HT ions transmitting through nanocapillaries at various tilt angles, and the simulation results are in good agreement
with the experimental data. The experimental and simulation results give us a further insight into the mechanisms of

guiding and scattering in intermediate energy ions transmitting through nanocapillaries.

Keywords: transmission feature, dynamical evolution, theoretical simulation
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