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Fig. 1. Schematic diagram of experimental setup and the geometry of the observation angles.
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Fig. 3. Labview program logical flow diagram.
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Fig. 6. (color online) The transmitted intensity of 1.5 keV electrons through glass capillaries as a function
(b) and (d) is a part of (a)

and (c), respectively. In the lower of the abscissa, the unit is time, and the upper of abscissa showed the

of time ((a), (b), the straight capillary; (c), (d), the taper glass capillary).

accumulation of charge (pC/capillary), corresponding to time.
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Fig. 7. (color online) The two dimensional angle distributions of 1.5 keV electrons transmitted through glass
capillaries for various time (left, the straight capillary; right, the taper glass capillary). The times are marked

by red circles in figure 6 (b) and (d) for the straight capillary and the taper glass capillary, respectively.
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Fig. 8. (color online) The transmitted angular distributions projected onto the ¢ plane for various

time (left, the straight capillary; right, the taper glass capillary).
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Abstract

It has been found that the transmission rate of the electrons through insulating capillaries as a function of
time/incident charge is not the same as that of the ions. The question arises that by using the electrons, if the negative
charge patches can be formed to facilitate the transmission of the following electrons, thereby substantiating that the
so-called guiding effect works also for electrons. This study aims to observe the time evolutions of the transmission of
electrons through a straight glass tube and a tapered glass capillary. This will reveal the details of how and (or) if the
negative charge patches can be formed when the electrons transport through them. In this work, a set of MCP /phosphor
two-dimensional detection system based on Labview platform is developed to obtain the time evolution of the angular
distribution of the transmitted electrons. The pulsed electron beams are obtained to test our detection system. The
time evolution of the angular profile of 1.5 keV electrons transmitting through the glass tube/capillary is observed. The
transmitted electrons are observed on the detector for a very short time and disappear for a time and then appear again
for both the glass tube and tapered glass capillary, leading to an oscillation. The positive charge patches are formed
in the insulating glass tube and tapered glass capillary since the secondary electron emission coefficient for the incident
energy is larger than 1. It is due to the fact that fast discharge of the deposited charge leads to the increase of the trans-
mission rate, while the fast blocking of the incident electrons due to the deposited positive charge leads to the decrease of
the transmission rate. The geometrical configuration of the taper glass capillary tends to make the secondary electrons
deposited at the exit part to form the negative patches that facilitate the transmission of electrons. This suggests that
if the stable transmission needs to be reached for producing the electron micro-beam by using tapered glass capillaries,
the steps must be taken to have the proper grounding and shielding of the glass capillaries and tubes. Our results show

a difference in transmission through the insulating capillary between electrons and highly charged ions.

Keywords: low energy electron, the full angular distribution of the transmitted electrons, glass capillar-
ies, highly charged ions
PACS: 41.85.Ja, 41.85.Lc, 41.75.Fr DOI: 10.7498/aps.65.204103
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