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We report on molecule fragmentation measurements of propane in high dense electron beams of a
room-temperature electron beam ion source, the so-called Dresden EBIS-A. After fragmentation of
propane molecules in the electron beam the fragments were continuously extracted and q /A
separated by a bifocal dipole magnet. Fragmentation spectra were measured at working gas
pressures of 10−9 mbar up to 10−8 mbar, electron currents of 29 mA up to 75 mA, and electron
energies of 11 keV up to 15 keV. Thereby all possible stoichiometric ratios of propane fragments
were detected. At low electron beam currents the ion current output of the CHx

+ �x=0–3� and the
C2Hx

+ �x=0–5� fragments is nearly identically. At higher electron currents the CHx
+ �x=0–3� peaks

dominate the spectra and the ratio between the C+ peak and CHx
+ �x=0–3� peaks increases from 2:1

to 3:1. It was shown that the working gas pressure has no significant influence on the fragment
distribution but on the total ion current. © 2008 American Institute of Physics.
�DOI: 10.1063/1.2804864�

I. INTRODUCTION

Room-temperature sources of highly charged ions �Dres-
den EBIT, Dresden EBIS, Dresden EBIS-A �Ref. 1�� were
designed to produce ions of nearly all chemical elements of
various ion charge states. But they can also be used produc-
ing low charged molecular fragments of complex molecules
as demonstrated in the present work. Characterizing this be-
havior exemplary measurements with propane �C3H8� are
reported.

The production of molecular fragments in an ion source
is of interest for various applications. This concerns issues
such as studies on electronic transitions in molecules by
spectroscopy of emitted electromagnetic radiation, protona-
tion studies on complex molecules, as well as investigations
on the interaction of molecule fragments with surfaces and
on free molecules or gases in a corresponding gas jet.

Up to now different and complex studies on molecular
fragmentation processes, predominantly in the low electron
energy range, are known. This concerns experimental as well
as theoretical work.2,3 In contrast to those studies our work
concerns to the process of high-energy fragmentation in high
dense electron beams. Fragmentation processes at higher
electron energies are known from ion extraction studies on
electron cyclotron resonance �ECR� ion sources4 with their
rather broad electron energy distribution compared to the
well-defined electron energy in an electron beam ion source

�EBIS�. In the present work the influence of the electron
energy, the working gas pressure, and the electron current
on the fragment production rate is measured and analyzed
systematically.

II. EXPERIMENTAL SETUP

The measurements were performed at the Dresden
EBIS-A using the so-called leaky mode. The axial ion trap
was realized asymmetrically, i.e., the trap potential in direc-
tion to the extraction is lower than on the other side, result-
ing in the production of a constant current of ions and mol-
ecules. It needs to be pointed out that the observation of
molecule fragments was only possible in the leaky mode
regime. Experiments have shown that in the case of a pulsed
mode operation, i.e., a regime at quite long effective ioniza-
tion times, the propane molecules are completely cracked
and only carbon ions in various ion charge states can be
observed.

The extracted particle beam was focused by an einzel
lens and charge separated by a dipole magnet. Downstream
the magnetic separator a Faraday cup is installed, which is
connected to a high-sensitive electrometer enabling the mea-
surements of ion currents in the range between subnanoam-
pere and milliampere. Details of the experimental setup can
be found in Ref. 5. Typical vacuum pressures in the beam
line were in the order of 10−9 mbar. Hence charge exchange
processes can be neglected.
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