
VU Research Portal

A magic wavelength optical dipole trap for high-precision spectroscopy of utracold
metastable helium
Rengelink, R.J.

2018

document version
Publisher's PDF, also known as Version of record

Link to publication in VU Research Portal

citation for published version (APA)
Rengelink, R. J. (2018). A magic wavelength optical dipole trap for high-precision spectroscopy of utracold
metastable helium. [PhD-Thesis - Research and graduation internal, Vrije Universiteit Amsterdam].

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal ?

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.

E-mail address:
vuresearchportal.ub@vu.nl

Download date: 24. May. 2023

https://research.vu.nl/en/publications/658966f0-e231-4ec6-9815-400ac3d216aa


R.J. Rengelink
R.J. Rengelink

R.J. Rengelink
A

 m
agic w

avelength optical dipole trap for high-precision  spectroscopy of ultracold m
etastable helium

Precision spectroscopy of light atomic systems allows the sizes of nuclei to be 

probed with high accuracy. Surprisingly, different experiments of this type in the 

hydrogen atom have yielded conflicting results, a problem that has since 

become known as the proton radius puzzle.

The work described in this thesis seeks to probe the size of the helium nucleus 

instead, using helium atoms in the metastable state. To achieve this goal, small 

atomic ensembles are laser cooled to less than a microkelvin above absolute 

zero and trapped in the focus of an intense laser beam. By carefully tuning the 

wavelength of the trapping laser to a so-called magic wavelength, the 

distorting influence of the trap laser on the spectroscopy measurement can be 

canceled. By performing ab initio calculations of the atomic polarizability, a 

promising magic wavelength is found in the ultraviolet part of the spectrum and 

a powerful laser system is constructed to operate a trap at this wavelength. 

Using this trap, the frequency of radiation required to drive an exceedingly 

weak transition is measured with extreme accuracy. Thus the single most 

accurate spectroscopic measurement in the helium atom to date is realized, 

probing the size of its nucleus at sub-attometer precision.
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