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CHAPTER

SEVEN

Summary and outlook

In this thesis the MOTRIMS experimental method is used to study electron transfer
processes in highly charged ion-atom interactions. Not only state selective electron
capture probabilities can be investigated but also their dependence on impact pa-
rameter can be addressed.

The experimental technique of MOTRIMS combines a cold target of atoms
trapped in a magneto-optical trap (MOT) with recoil-ion momentum spectroscopy
(RIMS). This technique, based on measuring the very small recoil energies of the
target atoms after removal of one or more electrons, allows us to obtain detailed in-
formation about capture and ionization processes. Due to the cylindrical symmetry
of the scattering geometry the recoil momentum has only two components: transver-
sal and longitudinal to the ion beam. Both momentum components can be measured
with very high resolution. From these two components, the full kinematics of the col-
lision can be reconstructed. The transverse component is connected to the projectile
scattering angle (impact parameter) while the longitudinal component is a measure
of the energy balance of the reaction processes. Because the recoil momenta are very
small the target atoms need to have an even smaller initial momentum spread. This
is achieved by using a cold target obtained by means of laser cooling and trapping.
In our MOTRIMS experiment Na atoms are cooled down to temperatures around
200 µK and trapped to serve as a target.

During this thesis research the resolution of our setup was improved by modi-
fying the extraction and focusing voltages of the recoil-ion spectrometer. A Na+ re-
coil momentum resolution of 0.065 a.u., corresponding to 3 m/s, has been achieved
which allowed to resolve different final states and to observe differences in the scat-
tering angle distributions.

The electron transfer processes investigated in this thesis included one electron
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capture and ionization in He2+ collisions with ground state Na(3s) and excited
Na(3p), one electron capture in Xe18+ and Xe24+ collisions with ground state Na(3s),
and two-electron capture in O6+ collisions with ground state Na(3s). The collision
energy ranged from 1.5 to 14 keV/amu for the lightest ions.

One-electron capture and single ionization in He2++Na(3s) and He2++Na(3p)
collisions at energies around the matching velocity have been studied experimen-
tally in chapter 4. For He2+ impact on Na(3s) capture into n = 3 is the main channel
at low energy while capture into n = 4 starts to dominate for E>6 keV/amu, where
also ionization starts to contribute significantly. In the case of Na(3p) capture into
n = 4 is the main channel at low energies. The shift to the higher n shells is mainly
due to the fact that the active electron in Na(3p) is less bound than in Na(3s). In gen-
eral, a good agreement is found with previous MOTRIMS results [25, 36] and theo-
ries. By extrapolating the results obtained for ground state Na(3s) and excited Na(3p)
the absolute cross sections for metastable singlet He(1s2s 1S) and triplet He(1s2s 3S)
can be assessed, which is interesting in connection with plasma diagnostics.

Electron capture processes in Xe18++Na(3s) and Xe24++Na(3s) collisions at ener-
gies below the matching velocity have been investigated in chapter 5. For Xe18+

impact on Na(3s) capture occurs predominantly into the n = 16 shell i.e. one shell
below the n shell expected to be populated on basis of the over-the-barrier model.
In the case of Xe24+ capture into n = 21 is the main channel. In both cases capture
into higher n shells becomes more favorable with increasing collision energy. Our
collision energies are below the regime where the interactions change from being
strongly dominated by capture to ionization. This is due to the fact that the maxi-
mum voltage which can be used on our ECRIS ion-source is 24 kV corresponding to
4.45 keV/amu in the case of Xe24+.

Transverse momentum distributions show that electron capture occurs at larger
impact parameters and that the scattering angles are larger for Xe24+ than for Xe18+

mainly due to the difference in the charge state of the two types of ions.
Multi-electron capture from ground state Na(3s) has been addressed by measur-

ing the spectra of multiply charged Na ions. The cross sections for these processes are
small because the next electronic shell of Na is the 2p shell which contains strongly
bound electrons. Therefore the total amount of Na2+ recoils is one to two orders of
magnitude less than that of Na+ recoils.

Nevertheless we managed to investigate two-electron capture in O6++Na(3s) col-
lisions at impact energies from 6.75 to 8.65 keV/amu (chapter 6) by measuring the
Na2+ recoil momenta.

The Q-value spectra show two distinct groups of two-electron capture channels,
namely 3l3l′ and 3lnl′ (n ≥ 6). Capture into the asymmetric states 3lnl′ (n ≥ 6)
seems to be more favorable with increasing collision energy. The population of the
3lnl′ (n ≥ 6) states was explained by two successive monoelectronic exchange pro-
cesses occurring at large internuclear distances (R > 10 a.u.) driven via strong single-
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electron capture into n=6 or n=7 channels. Transfer to the 3l3l′ states occurs via a
single dielectronic transfer processes at small internuclear distances (R ≤ 5 a.u.).
The latter shows that correlated capture of two non-equivalent electrons is not only
possible, but is even of significant strength.

To get to a next level of investigations of charge exchange reactions, a next gen-
eration of experiments might concentrate on collisions with aligned and oriented
Na∗(3p) target atoms. As shown in this thesis contributions from Na(3s) and Na∗(3p)
can be separated. Using polarized excited target atoms the role of the “shape" of the
initial atomic state in charge transfer processes can be investigated [126,127]. Theory
predicts a strong influence of the alignment of the target on the final outcome of the
interaction. Even more so, the effects depend very strongly on the impact parameter.
The MOTRIMS technique holds the potential to tackle this problem.






