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Fig. 1. Trajectory diagram of proton passing through the PC nanocapillary, where R presents the capillary

radius and Rexc presents the charge exchange distance.
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Fig. 2. The angular distribution of transmitted HT particles with proton incident energies of (a) 10 keV, (b) 100 keV

and (c) 1 MeV at —1° title angle into the PC nanocapillary.
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Fig. 3. The evolution of centroid angle of transmitted H* particles with proton incident energies of (a) 10 keV,
(b) 100 keV and (c) 1 MeV at —1° title angle into the PC nanocapillary.
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Fig. 4. Three-dimensional trajectories of HT particles passing through the PC nanocapillary with proton
incident energies of (a) 10 keV, (b) 100 keV and (c) 1 MeV at —1° title angle after equilibrium.
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Fig. 5. Statistics of the number of particles (a) entering into surface and (b) scattering above the surface at the
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beginning and after equilibrium with proton incident energy of 100 keV at —1° tilt angle into the PC nanocapillary.
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Fig. 6. The evolution of the relative transmission rate and relative proportion of protons (charge purity) of HY

particles with proton incident energy of 100 keV at —1° title angle into the PC nanocapillary.
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Fig. 7. Measured data (red solid line) and simulation
results (blue bar) of the angular distribution spectrum
of the transmitted Ht particles after equilibrium with
proton incident energy of 100 keV at —1° title angle
into the PC nanocapillary.
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Abstract

In order to clearly understand the physical images of incident ions passing through the insulating nanocapillary, in
this work we establish a theoretical model, in which the matlab program is combined with the Monte Carlo method,
to estimate the time evolution of transmission features, such as the angular and deposited charge distribution, three-
dimensional (3D) trajectories of H* particles with proton incident energies of 10 keV, 100 keV and 1 MeV at —1°
title angle. The simulation results show that the transmission mechanism of 100 keV protons is different from those of
10 keV and 1 MeV protons. After a sufficiently charging and discharging stage, 10 keV H™ particles are guided along
the direction of capillary axis, indicating that the guiding force from the surface charge patches is significant, and the
small-angle scattering of 1 MeV protons under the capillary inner wall is a physical process that determines the transport
of HT particles through the nanocapillary. However, for 100 keV HT particles, the centroid angle gradually shifts from
the guiding direction to the direction close to the incident beam, which is attributed to the fact that the stochastic
inelastic binary collision below the surface is the main transmission mechanism at the beginning. After the charging
and discharging reach an equilibrium state, the H' particles are likely to pass through the nanocapillary, and the main
transmission mechanism is the charge-patch-assisted specular scattering. This mechanism deepens the understanding of
the transport behavior of protons through the nanocapillary, which will contribute to the control and application of the
100 keV proton beam.

Keywords: proton, insulating nanocapillary, transmission mechanism, simulation
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