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1 Introduction

The work ’Hot recoils from cold atoms’ is based on the research performed in the
KVI Atomic Physics group in Groningen from April 1997 to June 2001. During
this time I performed experiments on ions colliding with thermal and laser cooled
atoms and both types of research will feature in this work. In this chapter the
motivation for the research and the outline of the thesis will be given.
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10 Introduction

1.1 Introduction
Everyone who ever saw a laser trap in action cannot help but be amazed. And
indeed, one cannot appreciate enough the beauty and even more so the importance
of laser trapping and cooling. Laser cooling techniques caused a small revolution
in the …eld of atomic physics and even gave life to a new …eld: the quantum gases
better known as the Bose-Einstein condensate. It was therefore ”unavoidable”
that laser cooling was to be combined with the small revolution that took place
in the …eld of ion-atom interactions at the same time: COld Target Recoil Ion
Momentum Spectroscopy, better known as COLTRIMS. The marriage between
laser cooling and COLTRIMS is the main topic of this work and explains the title
of this thesis: ”Hot recoils from cold atoms”.

1.2 Motivation
Electron capture processes during keV collisions of highly charged ions with various
atomic and molecular targets play an important role in man-made and astrophys-
ical plasmas. These processes not only strongly in‡uence the charge state balance
but also give rise to light emission. An example that recently attracted a lot of
attention is the soft X-ray emission resulting from the interaction of multi-charged
solar wind ions with earth passing comets such as Hale-Bopp and Hyakutake (see
Lisse et al.1 , Häberli et al.2 , Krasnapolski et al.3 and Beiersdorfer et al.4).
The understanding and the theoretical modeling of one electron capture from one-
electron targets (alkalis and atomic hydrogen) is rather well established (see Fritsch
and Lin5), although for multi-charged ions experimental veri…cation as a function
of impact parameter are hardly existent. The knowledge of one, two and in par-
ticular many-electron transfer from multi-electron atoms and molecules, which are
for example the main constituents of the cometary tails, is basically lacking, not-
withstanding the fact that a whole arsenal of experimental methods have been
applied to study these processes.

Almost all methods are based on the detection of the charge changed projectile
ion or its emission of electrons and photons (Janev and Winter6). Since electrons
are most often quasi-resonantly captured into excited orbitals of highly charged
ions, radiative and auger processes follow the primary capture process. Therefore
photon and electron spectroscopy and charge-state measurements of the projectile
ions are generally just derivatives of the primary capture processes, see Cederquist
et al.7 and De Nijs et al.8

The great bene…t of COLTRIMS over conventional techniques is basically the
completeness of information about ”what is going on” in an ion-atom reaction.
The experimentalist can not only see the various reaction channels directly at
work (a reaction channel being a certain change in the electronic state of the
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collision partners), also available is information on the particular circumstances
causing this reaction channel, or to be more precise, what is the impact parameter
dependence of that reaction channel. Registering the various reaction channels at
work in an ion-atom collision can be done with various experimental techniques,
however making the link between the reaction channel and its impact parameter
dependence should be considered the exclusive domain of COLTRIMS. Theory
can now be tested in a more fundamental way since not only the strength of
the various reaction channels has to be modeled correctly but also the ion-atom
scattering corresponding to that channel has to be considered.

At the heart of a COLTRIMS set-up lies the cold atomic target and the conven-
tional method is to use an ”ultra cold supersonic gas jet ”. Excellent COLTRIMS
experiments can be performed with such a gas jet, but there is some motivation
for trying a laser cooled target instead. First of all, employing an ultra-cold gas
jet, the experimentalist are restricted to some of the noble gasses (He, Ne) and
with laser cooling many more target species (Li, Na, K, Cs, Rb, Mg, Ca, He*,
Ne*,..)1 become accessible. These target species have the advantage that they
can be manipulated with laser light (otherwise one could not laser cool them) and
that the …eld of collisions of ions with laser prepared targets is then open to COL-
TRIMS. Another advantage of laser cooling is that the target can in principle be
cooled down to much lower temperatures than with a super sonic jet. COLTRIMS
experiments with unprecedented resolution should in principle be possible.

COLTRIMS is however not the ultimate tool for all studies of all ion-atom in-
teractions and this is illustrated in this work with the experiments on Li excitation
by ion impact. First, the lithium target is neutral after the reaction which rules
out the recoil ion momentum spectrometry method. Second, we used the Photon
Emission Spectroscopy (PES) method for the study of Li target excitation and
this experimental method has a reaction channel selectivity which is beyond the
reach of COLTRIMS or for that matter any other experimental method.

Another motivation for performing experiments on Li excitation by ion impact
is the relevance of the data for the diagnostics of nuclear fusion plasmas. These
man made plasmas emulate the sun and are created in so-called Tokamaks. They
predominantly consist of deuterium and temperatures are so high that nuclear
fusion can occur. To heat and study these fusion plasmas, beams of neutral Li
are injected and the light coming from charge exchange and Lithium excitation is
used for modeling the plasma. The Li excitation data presented in this work is
part of ADAS (a diagnostics program) and used at the JET (Culham, England),
TEXTOR (Jülich, Germany), ASDEX upgrade (Garching).

1 In principle also H is accessible by employing magnetic trapping techniques.
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1.3 Outline of this work
The outline of this thesis is as follows:

² Chapter 2 introduces the three experimental methods of relevance to this
work: i) Photo Emission Spectroscopy (PES), used in the study of Lithium
excitation by ion impact, ii) COLTRIMS used to study electron capture from
Na and iii) Translational Energy Spectroscopy (TES), not used in this work,
but a method with a very long tradition and a great complementarity to
COLTRIMS.

² Chapter 3 introduces the three theoretical methods of relevance to this work:
i) Atomic Orbital Close Coupling (AO-CC), used for modeling Lithium excit-
ation by ion impact, ii) Over the Barrier, used mainly to obtain an intuitive
guide to the COLTRIMS results and iii) Classical Trajectory Monte Carlo
(CTMC) calculations, used for comparing with our COLTRIMS results.

² Chapter 4 presents the experimental and theoretical results on Lithium ex-
citation by slow H+ and He2+ impact.

² Chapter 5 discusses the basic principles of laser cooling, and the Magneto-
Optical Trap (MOT) is introduced.

² Chapter 6 discusses the Recoil Ion Momentum Spectrometer.

² Chapter 7 presents the …rst COLTRIMS results on Naq+(q=1-4) recoil ions
produced in collisions of Na with O6+ and C6+ ions at impact energies at
1.5, 3 and 4.5 keV/amu. the experimental results are compared to CTMC
and Over the Barrier predictions.

² Chapter 8 contains the summary.

² This thesis concludes with the Bibliography, the Nederlandse samenvatting
(Dutch summary) and the Dankwoord (acknowledgement).


