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In dielectronic recombination, the f i r s t step involves a
continuum electron which excites a previously bound elec-
tron and, in so doing, loses just enough energy to be
captured in a bound state (nJl). This results in a doubly
excited ion of a lower charge state which may either
autoionize or emit a photon resulting in a stab!1 zed re-
combination. For an ion A of charge state q in an
i n i t i a l ground state a being excited to a state p, the
process can be represented as

A<J+(a) + e- (M' ) t

-> A ^ " 1 ^ (a,nJt) + hv

The complete signature of the event is an ion of
reduced charge and an emitted photon. (It may be dif-
ferentiated from radiative recombination by the energy
dependence of the cross section and tne energy of the
emitted photon.) A measurement therefore involves the
detection of either the photo'n, the change in charge, or
both in coincidence. Measurements of photon production
from plasmas have proven quite valuable for An = 1 tran-
sitions in He-like ions1 where the second electron is
captured into, e.g., the n = 3 state and the lines are
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resolvable from simple ionic excitation. For An = 0
transitions where most of the DR cross section leads to
high n states, this approach is not suitable. The energy
dependence of photon production in highly charged ions
contained in an EBIS ion source has recently shown evi-
dence for DR, but thus far, no cross sections have been
obtained.2

Beam experiments have centered on either charge
state change in electron ion collisions as a function of
energy or on coincidences of charge state reductions with
photons.

The coincidence method using crossed beams has been
employed by the JILA group3 for Hg+ and by Williams1* for
Ca+. Moreover, Dunn5 has reported, in this volume, dif-
ferential field ionization studies on the recombined Mg°
that have revealed features of the n distribution
obtained in the process.

The coincidence experiments at Harvard-Smithsonian
on DR with C 3 + reported in this volume by Kohl6 have not
been successful thus far. This may be due to the much
larger noise level due to charge transfer to the multi-
charged ion from background gas to form C 2 +. The very
large charge transfer cross sections of multiply charged
ions at the relatively low velocities used will continue
to cause difficulties for any experiments on highly
charged species. From the results of the work reported
by Dittner et al.7 on C 3 + using another method, it
should be possible to detect signal in the Harvard-
Smithsonian experiments. A bona-fide difference in the
results of these two experiments might indicate an effect
of fields present in the collision region on the observed
cross sections.8
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A second approach using merged electron-ion-beams to

attain low center-of-mass collision energies has been

used by two groups. Mitchel and co-workers10*11 at

Western Ontario University used this method on C+. The

electron beam v/as emission limited and hence quite

tenuous, but it should give extremely high -er.argy reso-

lution — another intrinsic advantage of \'ne merged beam

method for low relative velocities. The prJjlems here

are that (1) the merged beam geometry makes photon coin-

cidences difficult to measure and (2) the low electron

currents used give very small signals and require

excessively long times to carry out measurements.

The approach of the Oak Ridge group7'11 was to use

high velocity multicharged ion beams merged with a high

density compressed space charge limited electron beam.

The advantages are that (1) multicharged ions are easily

produced at high velocities obtained from e.g., tandem

Van de Graaff accelerators, (2) charge transfer cross

sections on background gas for multicharged ions are

reduced by ~3 orders of magnitude at MeV/amu energies

compared to keV/amu energies, and (3) higher ion veloci-

ties require higher energy electron beams and hence

higher space charge limited currents and electron target

densities. This approach leads to ease of measurement

and results have been obtained for the Li-like ions

B 2 +, C3+, and 0 5 + and the Na-like ions of P1^, S 5 +, and

Cl 6 +. The problem here is that the collision energy

distribution obtained is much broader than anticipated

and precludes fine structure measurements.

What of the future? Several parallel approaches are

probable. The first would be to chose a few relatively

simple cases and carry out further elegant experiments on
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the n and £ distributions, especially imdar conditions

where the field in the collision region can be controlled

and varied. The second would be to continue with the

present high density merged beam system of measuring

gross cross sections for a number of multicharged ions so

that systematics can be explored. The third would be to

follow a modified merged beam approach which should lead

to improved resolution and permit the beginnings of

dielectronic-spectroscopy on multicharged ions. This

approach can give experimental information about auto-

ionizing rates of specific configurations.

The latter development is associated with the tech-

nology of "electron-beam cooling" which has been used in

ion accelerators to reduce the transverse and longitudi-

nal momentum spread of stored ion beams. In these

devices, the ion beam passes through a collinear space

charge limited electron beam at exactly matched

velocities. The ion beam is "cool?d" by passing off its

mismatched momentum (energy distribution) by Coulomb

scattering on the "cold" electrons. Such devices

strongly resemble the Oak Ridge experiment. They have

lower electron density but their design should give much

higher energy resolution. Several institutions are now

planning to use this approach on DR. They include: The

University of Aarhus, Denmark; Research Institute for

Physics, Stockholm, Sweden; Max Planck Instute fur

Kernforschung, Heidelberg, W. Germany; CERN, Geneva,

Switzerland; and Oak Ridge National Laboratory, USA.
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