
In the Atomic-, Molecular- and Laser Physics group at LaserLaB Vrije Universiteit Amsterdam 
 

PhD and Post-doc positions 
 

are available in experimental AMO physics within the research program: 
 

The mysterious size of the proton 
- a search for new physics with the proton radius puzzle - 

 
The aim of the FOM/NWO-funded research program is to perform highly advanced precision 
spectroscopy in four different systems (H2, HD+, He+ and He) to investigate the Proton Radius 
Puzzle. This puzzle emerged in 2010 [1] from precision spectroscopy in normal (electronic) 
hydrogen and muonic hydrogen (where the electron is replaced with a muon). The finite size of 
the proton causes small energy shifts in the spectrum, so the proton size can be determined by 
precision spectroscopy. However, the proton size obtained from electronic and muonic 
hydrogen differ by 4% (> 6 standard deviations) which is still a mystery. With our research 
program we want to obtain new values for the nuclear sizes of the proton, deuteron, alpha and 
helion particle at the attometer (10-18 m) level. A comparison with results from muonic systems 
could unravel the puzzle, and also enable new tests of e.g. Quantum Electrodynamics. For this 
challenge we have a state of the art infrastructure, such as frequency comb lasers, an 
ultrastable laser (linewidth < 1 Hz), a Cs atomic clock, and e.g. different forms of particle traps 
(ion traps, neutral atom traps). The four projects for which we are hiring are: 
 
Project A1 (PhD/Postdoc): Femtosecond XUV laser spectroscopy of He+ (1S-2S) in an ion trap       
              A2 (PhD/Postdoc): Femtosecond UV laser spectroscopy of H2 (EF-X) in a beam  
              Contact: Kjeld Eikema, k.s.e.eikema@vu.nl 
 
Project B (Postdoc): Two-photon spectroscopy of HD+ in an ion trap  
              Contact: Jeroen Koelemeij, j.c.j.koelemeij@vu.nl 
 
Project C (PhD): VUV laser spectroscopy of H2 (GK-X) in a molecular beam  
              Contact: Wim Ubachs, w.m.g.ubachs@vu.nl 
 
Project D (PhD & Postdoc): Laser spectroscopy of ultracold He in an optical trap  
              Contact: Wim Vassen, w.vassen@vu.nl 
 
Admission as a PhD student (4-year position) is possible with a MSc Physics (or comparable) 
degree. Experience in experimental physics, preferentially atomic or molecular physics, is useful. 
For more info on the research group and the positions at LaserLaB Vrije Universiteit Amsterdam 
see www.nat.vu.nl/en/research/atoms_molecules_lasers  
You can send your application or questions by email to the PI’s of the projects. Please include a 
letter of motivation, a CV and two persons (email addresses) we can contact for a reference. 
 
[1] R. Pohl et al., Nature 466, 213 (2010); A. Antognini et al., Science 339, 417 (2013);  R. Pohl et al., Science 353, 669 (2016). 
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PhD/Postdoc positions A: 
 

A1: Femtosecond XUV spectroscopy of He+ ions (1S-2S) in a trap 
 

This project aims to measure the size of the nucleus of the 4He and 3He atom (the alpha particle 
and helion particle respectively) by performing high-resolution laser spectroscopy on the 1S-2S 
transition. We want to use ultrafast pulses at 790 nm combined with extreme ultraviolet (XUV) at 
32 nm from high-harmonic generation (HHG) to drive the transition. We intend to be the first to 
excite He+ on the 1S-2S transition, using the newly developed Ramsey-comb excitation method 
[1,2] based on two ultrafast but phase-coherent pulses. From this measurement an alpha particle 
radius accuracy of < 0.1% is expected, and this will be compared to measurements performed by 
the CREMA collaboration with muonic He+ ion to help solve the Proton Radius Puzzle [3]. The 
project involves many state-of-the-art methods and equipment, such as an ultra-stable CW laser, 
an ultra-stable frequency comb laser, multi-pulse ultrafast parametric amplification, He+ ion 
trapping and sympathetic laser cooling with a Be+ ion, and much more.  
 

A2: Femtosecond UV spectroscopy of H2 molecules (X-EF) in a beam 
 

This project aims to measure the size of the proton 
and deuteron from two-photon spectroscopy on  
the EF-X transition in molecular hydrogen. As with  
project A1, we intend to use the Ramsey-comb  
excitation method with ultrafast pulses from a  
frequency comb laser, but upconverted to 202 nm.  
Excitation will take place in LN2-cooled molecular  
beam. The idea is to dramatically improve the EF-X  
transition frequency accuracy for H2, HD and D2 by  
more than two orders of magnitude (to 10 kHz) to  
ultimately extract a proton and deuteron radius at  
the level of 1%. Also this project requires highly  
advanced equipment and techniques (picture: molecular beam system and Ramsey-comb laser). 
 
The positions are open starting January 1, 2017. One position (PhD) is funded by the foundation 
for Fundamental Research on Matter (FOM), with FOM PhD salary and benefits (see www.fom.nl 
for details). The other position (PhD or Postdoc) is funded by an ERC grant (see benefits of the VU 
http://www.vu.nl/en/employment/employment-conditions/index.aspx).  
For the PhD position (a 4 year appointment), experience in experimental physics, e.g. with lasers, 
spectroscopy or ion trapping is very useful but not necessary. For the postdoc position we are 
looking for someone with significant ion trapping, ultrafast parametric amplification, or precision 
spectroscopy experience. Most important: we are looking for highly motivated people! You can 
send your application or questions by email to Prof. dr. Kjeld Eikema (k.s.e.eikema@vu.nl). Please 
include a letter of motivation, a CV and two names/email of people that can serve as a reference. 
 
[1] J. Morgenweg, I. Barmes, K.S.E. Eikema, Nature Physics 10, 30-33 (2014) 
[2] R.K. Altmann et al., Phys. Rev. Lett. 117, 173201 (2016) 
[3] R. Pohl et al., Nature 466, 213-216 (2010) and R. Pohl et al., Science 353, 669-673 (2016) 
 



PhD position C: 
 

Precision spectroscopy of H2 and T2 
for a test of the Standard Model 

 

This project involves working on precision frequency metrology studies on hydrogen 
molecules using advanced lasers, combined with  atomic clock/frequency  comb 
calibrations. Comparison with advanced QED  calculations may reveal subtle effects of 
fifth forces beyond the Standard Model of Physics, and  the existence of extra 
dimensions. These results on H2 and various molecular hydrogen isotopologues (H2, 
HD, D2) will shed light on the proton size puzzle. 
Target is to improve the value of the dissociation energy of the hydrogen molecules and 
the fundamental vibrational splitting. The research program will be executed in a team 
with several students and PostDocs.  We will extend the studies on hydrogen to tritium 
isotopes (T2, DT, HT) for  which we collaborate with the Karlsruhe Institute of 
Technology, where part of the measurements will be performed. 
 
See also:  http://www.nat.vu.nl/~wimu/ 
Publications: http://www.nat.vu.nl/~wimu/PUBS.html  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The PhD position is open starting January 1, 2017. The position is funded by the foundation for 
Fundamental Research on Matter (FOM), with full FOM PhD salary and benefits (see 
www.fom.nl for details). Experience in experimental physics, laser physics, and molecular 
physics is useful. 
You can send your application or questions by email to Wim Ubachs (w.m.g.ubachs@vu.nl). 
Please include a letter of motivation as well as a CV. 
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PhD & Postdoc position D: 
 

Laser spectroscopy of ultracold helium 
in an optical trap 

 
 
The project aims to measure the size of the nucleus of the 4He and 3He atom (the alpha 
particle resp. helion) by performing high-resolution laser spectroscopy on the 2 3S – 2 1S 
transition at 1557 nm. To reach the highest accuracy the atoms are trapped at ultralow 
temperatures (T ≈ 0.2 µK) in the focus of a 320-nm laser beam. The challenge is to measure 
the absorption frequencies with an accuracy of 0.1 kHz, which corresponds to a 12 digits 
accuracy at the transition wavelength of 1557 nm.  
 
   The experimental setup is presently being built for 
   this project. In the experiment (see [1] for more 
   information) an atomic beam of helium atoms, in 
   the 1s2s triplet state, is decelerated in a Zeeman 
   slower and the slow atoms are laser-cooled and 
   trapped in a Magneto Optical Trap. Subsequently 
   the atoms, transferred to a magnetic trap, are 
   further cooled towards Bose-Einstein condensation 
   (4He) or Fermi degeneracy (3He) and loaded into a 
   320-nm crossed dipole trap, where the           
   spectroscopy takes place. The experiments are 
   performed at ultrahigh vacuum pressure (<10-10 
   mbar). The narrow linewidth spectroscopy laser is 
locked to an ultrastable laser (linewidth <2 Hz) using a femtosecond frequency comb laser and 
cesium atomic clock, allowing the required accuracy for wavelength measurements. 
 
The positions are open starting January 1, 2017 and are funded by the foundation for 
Fundamental Research on Matter (FOM), with full FOM salary and benefits (see www.fom.nl for 
details). Experience in experimental physics, preferentially cold-atoms physics, is useful. In the 
lab the appointed student will work together in the ‘cold atoms and quantum gases’ team.  
You can send your application or questions by email to Wim Vassen (w.vassen@vu.nl).  
 
 
[1] R. van Rooij et al., Science 333, 198 (2011); R.P.M.J.W. Notermans et al., Phys. Rev. Lett. 117, 213001 (2016);  
      R.J. Rengelink et al., Appl. Phys. B 122, 122 (2016). 
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