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Abstract.
A new technique for measuring electron impact ionisation cross-sections using an EBIT is
presented. The method involves determining the charge distribution of ions extracted from the trap
after well defined confinement times. Analysis of the onsets for the appearance of particular charge
states in the trap gives ionisation rates which may be converted, under appropriate conditions, to
relative cross-sections without theoretical input. The method has been used to make measurements
forArl5+,Arl6+andArl7+.

Introduction.
The process of electron impact ionisation is important in the field of atomic collision physics
from both pure and applied perspectives. Measurements of these cross-sections provide
important tests of our understanding of a range of fundamental physical processes and also
provide vital information for databases used by the plasma physics community. Although a
large number of high quality measurements have been performed for ions of low charge states
(Z < 10) [1], experimental data is much less abundant for highly charged ions where low
cross-sections make their measurement difficult. Electron Beam Ion Traps (EBITs) are one
class of device which are appropriate for such studies and ionisation cross-sections have
already been measured by utilising the equilibrium condition in an EBIT [2]. Here a different
method for determining cross-sections, which works at times shortly after the appearance of
ions of a particular charge state, will be described. The method provides relative cross-
sections without theoretical input. The principal of this "onset" method bears some
resemblance to work carried out at an Electron Beam Ion Source [3] the results from which
are in good agreement with subsequent cross-beam measurements [1].

Principal.
At a given time the charge distribution within an EBIT can be described by a series of coupled
rate equations which include the processes that are thought to be the most significant within
the trap [4]. However, at times shortly after the appearance of ions of charge state q+1 the rate
of increase of this species depends only on the number of ions of charge state q and the rate of
ionisation from this charge state (Rq1).

This relationship is valid in the time regime when the ions produced by ionisation have not
been in the trap long enough to undergo a subsequent reaction, for example ionisation or
charge exchange. A simultaneous measurement of the rate of increase dNq+)/dt and the
number of ions of the lower, feeder, charge state, Nq, will give the ionisation rate, provided
the efficiency for detecting ions of adjacent charge states is the same. These two quantities
can be determined by measuring the charge distribution within the trap as a function of the
confinement time. The rate of ionisation is related to the cross-section (oq');
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where I is the electron beam current, r the beam radius and fq represents the overlap of ions of
charge state q with the electron beam. If the ions are inside the electron beam fq = 1 [5] and
the beam radius does not change as a function of the electron impact energy, these rates can
be directly converted to relative cross-sections.
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Experimental.
The experimental arrangement is shown below. The potential applied to the central drift tube

is controlled such that the trap is
emptied after well defined,
increasing, confinement times.
A typical time cycle might
include confinement times
ranging from -10 ms to -100
ms. The ions leaving the trap
are forced, by assymetric
potentials applied to the outer
drift tubes, to travel into the ion
beam line. Ions arriving at a
position sensitive detector
placed after the charge
analysing magnet are recorded
as a function of their position on
the detector, the analysing
magnetic field and their position
in the time cycle. All ions
including those escaping from
the trap are detected so that
these experiments also provide
information about the physics of
the trap, such as the temperature

of the ions. After one time cycle has been completed the current in the magnet is altered and
the cycle repeated. In this manner all of the charge states of interest are covered. In order to
extract the ionisation rates from the data, spectra giving the charge state distribution as a
function of position in the time cycle are constructed. Onsets for the appearance of the
significant charge states and the ionisation rates are subsequently found from these spectra.
This experimental method has been implemented at the Tokyo EBIT and results for ionisation
cross-sections for Arl5+, Ar16+ and Ar are presented elsewhere in these proceedings [5].

Variable
Confinement
/ Time

TIME

DT2 Control
(Time Cycle)

EBIT
Trap Region

V~3kV

Conclusion.
A new technique for utilising EBITs for determining electron impact ionisation cross-sections
in highly charged ions has been implemented at the Tokyo EBIT. A body of experimental
results has bee obtained for highly charged Argon. The program is on going, the present goals
being to extend the relative cross-section measurements to higher Z systems and to attempt to
make absolute measurements.
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