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I. INTRODUCTION

Highly Charged Ions �HCIs� become more and more im-
portant for fundamental research and have a wide potential
for various applications. The DRESDEN EBIS �Refs. 1 and 2�
is a room-temperature electron beam ion source �EBIS� that
can produce a wide range of highly charged ions as demon-
strated in earlier publications.3–8 In order to understand the
operation principle of the EBIS in detail, information on the
evolution of individual ion charge states inside the high-
density electron beam is of importance. Therefore, we briefly
report on a technique to study the ion charge state distribu-
tion at different ionization �confinement� times. For this the
KLL-DR emission of iron ions as well as the x-ray outer-
shell satellites of krypton ions are used exemplarily. Addi-
tionally, for the case of KLL-DR emission experimental
spectra are compared with calculated values.

II. MEASUREMENT OF DIELECTRONIC KLL
RESONANCES IN IRON IONS

The DR process takes place in two steps. A free electron
recombines with an ion where a second bound electron is
excited simultaneously. Afterwards, the produced double-
excited ion relaxes by photon emission. The KLL emission
investigated here indicates that a free electron is captured
into the L shell and at the same time a second electron is
excited resonantly from the K into the L shell.

For the energy-dispersive measurement of KLL-DR tran-
sition lines in the DRESDEN EBIS, the electron beam energy
was increased and decreased stepwise, respectively. At each
energy step the registered x rays were detected and stored for
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subsequent analysis. The corresponding measurement
scheme is illustrated in Fig. 1. Summing up, we obtain a
three-dimensional data field where the corresponding elec-
tron beam energy and the ionization time is assigned to each
single x-ray event. Hence, we are able to provide a scatter
plot as well as the time-dependent occurrence of the x-ray
transitions. For the investigations a Si�Li� semiconductor de-
tector with an energy resolution of 133 eV at an x-ray energy
of 5.9 keV is used.

Figure 2 shows a scatter plot of the DR transitions of
iron ions in the region of KLL resonances. The measured plot
gives information about the ion charge states in the ion
source. However, the observed amplitudes do not necessarily
coincide with the relative amounts of individual charge states
in the ion trap. To get information on the actual charge state
distribution the individual resonance strengths of the differ-
ent ions must be considered also.

FIG. 1. Measurement scheme for x-ray spectroscopy of dielectronic recom-
bination. Thereby represents U2 and U3 the voltages at the second an third
drift tube, tdel the time delay between the start of an trap cycle and the x-ray
measurement and tD the time of the x-ray measurement.
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