
 

 

 University of Groningen

Hot recoils from cold atoms
Turkstra, Jan Willem

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2001

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Turkstra, J. W. (2001). Hot recoils from cold atoms. s.n.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 25-05-2023

https://research.rug.nl/en/publications/e9fc9366-0952-4afe-94a3-223df570a03b


8 Summary

In this thesis a novel experimental method is introduced to study, on an impact
parameter dependent basis, electron transfer processes in highly charged ion-atom
interactions. This technique combines a cold target of atoms, trapped and cooled
in a Magneto-Optical Trap (MOT), with Recoil Ion Momentum Spectroscopy. As a
proof of principle we have applied the method to study (multiple) electron capture
from sodium by O6+ and C6+ impact. Theoretical results were obtained with
the Classical Trajectory Monte Carlo (CTMC) and the Over-the-Barrier method.
Besides the presentation of the experimental and theoretical results this work
also contains a detailed discussion of the Magneto Optical Trap (MOT) and the
recoil ion momentum spectrometer, both as used in our COld Target Recoil Ion
Momentum Spectroscopy (COLTRIMS) experiments.

Also discussed in this work are results of lithium target excitation by slow
H+ and He2+ impact obtained with the Photon Emission Spectroscopy (PES) ex-
perimental and the Atomic Orbital Close Coupling (AO-CC) theoretical method
(Chapter 4). These data were taken with an existing set-up during the design and
construction phase of our COLTRIMS experiment. With the semi-quantummecha-
nical AO-CC theory we obtained excellent agreement with experiment and intric-
ate ion-atom collision dynamics were observed. We saw that the Li de-excitation
spectra after H+ and He2+ impact displayed a behaviour which can be ascribed to
the competition of electron excitation and capture channels i.e. the former loosing
‡ux to the latter.

In Chapter 5 we discuss the principles of laser cooling in general and our
Magneto-Optical Trap (MOT) in particular. Our MOT was found to be similar
to those described in literature albeit that our MOT operates at somewhat lower
laser powers. Temperatures were determined to be 300§100 ¹K, the number of
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122 Summary

trapped atoms in the order of 106§1 and the MOT size in the order of 0.5 mm.
These numbers correspond to a typical target density of about 1010 atoms/cm3:

The MOT cloud is located at the heart of our recoil ion momentum spectro-
meter. We show in Chapter 6 that our recoil spectrometer has spatial and time
focussing properties and moreover that it is ”self calibrating”, i.e. its character-
istics can be reconstructed completely from experimentally obtained information.
We can for example determine Naq+ recoil momenta from …rst principles by us-
ing Na+

2 MOT-ions as the zero-momentum marker. This eliminates to a large
extent the need for a ”benchmark collision experiment” to be part of the detector
calibration, as was common in the COLTRIMS experiments up to now.

In Chapter 7 we discuss the …rst results of COLTRIMS with a laser cooled Na
target. Na is an alkali metal with one very loosely bound outer electron and this is
directly re‡ected in the very small momenta of the Na+ recoils. The longitudinal
and transversal momenta were found to be typically …ve times smaller than those
quoted for singly charged noble gas recoils. The transversal momentum spectrum
of Na+ created by 3 keV/amu O6+ impact however agreed well with the CTMC
calculations, whereas the longitudinal momentum resolution needs some further
attention.

Multiple electron capture from Na by O6+ and C6+ involves the capture of one
or more core electrons and this implies much more ”violent” ion-atom collisions.
The typical longitudinal and transversal momenta are therefore much higher (up
to two orders of magnitude as compared to Na+ recoils). We compared the exper-
imentally found …nal state (or Q-value) distributions to those predicted by CTMC
and the Over-the-Barrier model. Both methods yield classical (continuous) …nal
state distributions. In the CTMC method procedures have been developed to pro-
ject these continuous distributions on the real (discrete) …nal state distribution.
Although proven to be successful for one-electron processes, the consecutive use of
the so-called binning procedures for many electron processes seems to lead to pe-
culiar, unrealistic distributions. The unbinned CTMC Q-value distributions agree
much better with our experiments, albeit that the mean Q-value of the CTMC
calculation is somewhat larger than the mean Q-value we found experimentally. A
possible cause for this larger Q-value was argued to be a reduction in the screen-
ing of the projecile charge by captured electrons in the CTMC calculations. The
Over-the-Barrier model predictions agreed well with the experimental Q-value dis-
tributions.

Besides the comparison of theoretical and experimental …nal state (Q-value)
distributions we also compared theoretical and experimental transverse momentum
distributions. By doing this, we compared the predicted impact parameter depend-
ence of the various Naq+ (q=2-4) reaction channels to experiment. We found that
CTMC (binned and unbinned) usually agreed very well with the experimentally
found transversal momentum distributions. There were basically only discrep-
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ancies between the theoretical Na3+ transversal momentum distribution and the
experimentally found Na3+ momenta. Explanations for these discrepancies were
obtained by using the concept of target electrons becoming active in the collision
successively at smaller and smaller impact parameters. Also the experimentally
found change in recoil yield when switching the projectile species from O6+ to C6+

is understandable in the context of active electrons. In collisions of O6+ with Na
more Na(2p) electrons were found to become active as compared to C6+ projectiles
and these extra active electrons than feed the Na3+ and Na4+ reaction channels.
The end result is that O6+ produce signi…cantly more Na4+ than C6+ projectiles.

For future developments we will be mainly looking for a higher experimental
resolution (especially for the momenta of the Na+ recoils) and an improvement
in theoretical methods. The former will be realized by for example increasing the
path length of the spectrometer and the latter mainly by improving the CTMC
binning procedure. Also considered for the future are collision experiments on
Na(3p) atoms, optically pumped into a non-isotropic m-state distribution. Even a
study on intense non-resonant light interacting with the ion-atom collision complex
may one day be within the grasp of the experimental physicist.




