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1. Scientific results 2014 
The programme is now running at full speed. Results are being produced in a number of projects, 
while some other projects are still in the stage of improving instrumentation. We note that our 
programme on precision experiments is science of advanced instrumentation, where measure-
ments do not from the start lead to easy and immediate results. All students are highly active and 
the first results are harvested.  
 
This is exemplified by the project on HD+ ion trapping (VU) that started first and has a leap ahead 
with respect to the other projects. This molecular hydrogen ion (HD+) spectroscopy experiment 
took long to develop, but now produced a frequency measurement of a vibrating molecular with 
an unprecedented 1 part-per-billion (ppb), in excellent agreement with theory. This has several 
important implications: (1) it verifies the validity of high-order QED for molecules, which was 
unclear after a recent discrepancy found by a competing group; (2) for the first time, vibrational 
spectroscopy has been used to find an accurate value of the proton-electron mass ratio; (3) the 
result puts an improved bound on the presence of fifth forces and compactified higher dimensions 
at the Angstrom scale. This project has delivered its results at the very end, and in line with the 
goals laid out in the programme proposal.  
 
The He-experiment (VU) has delivered a result already, although the final goal is to perform a 
much enhanced precision experiment to be produced in the near future. The cold molecule 
experiment (VU) is now delivering results, although still much work is devoted to refining the 
apparatus. Similarly the frequency comb Ramsey experiment (VU) is now in a stage where actual 
measurements on two-photon UV atomic excitation are performed, that should lead to a publica-
tion in 2015. 
 
The setup for the spin clock measurements on He/Xe noble gas mixtures has almost been com-
pleted. Some parts of the implemented instrumentation perform better than their design values. 
The construction period was shorter than anticipated and first experimental results are expected 
within one year. Further, the systematics of lifetime measurements of long lived metastable states 
in single trapped ions have been studied. In addition, the good control of experimental parameters 
was demonstrated by precision frequency measurements in the ion system. These were important 
steps towards ac competitive atomic parity violation measurements with single ions.  
 
Associated activities connected to the FOM programme are searches for Lorentz invariance in the 
weak interaction. They are coming to a conclusion and a world leading result of the measurements 
are presently prepared for publication.  
 
The reorganization of the KVI, Groningen resulted in the founding of the new Van Swinderen 
Institute for Particle Physics and Gravity (VSI, http://www.rug.nl/research/vsi/) at the Univer-
sity of Groningen, where the participants in this FOM programme play a major role. The institute 
was established together with high energy physics experimentalists and theorists from the former 
Center for Theoretical Physics of the University of Groningen. The official opening symposium 
took place on March 6, 2015. In connection with this new institute, the University is pursuing the 
membership in the Nikhef consortium. The Nikhef collaboration invited in particular the high pre-
cision atomic physics experiments, such as the ones pursued in the framework of this FOM pro-
gramme, as a complementary approach to testing the Standard Model. 
 
The direct optical fiber connection between optical tables at VU-LaserLaB and KVI-Groningen is 
now fully operational and was employed for a first scientific experiment that was published. This 
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connection is the first of its kind in the Netherlands. Work is in progress to further divert the con-
nections, e.g. with VSL at Delft.  
 
 
2. Added value of the programme 
There is a close collaboration between the VU and RUG research groups. The advanced laser and 
optical instrumentation is in common for the research projects, as is the ion trapping technology. 
Most direct joint work is carried out on the fiber connection and the Stark deceleration project. 
Both are leading to joint publications. 
 
The performance of the SURFnet fiber-optic connection between Amsterdam and Groningen 
(2×300 km) was an initial target of the FOM- programme. Now it has received independent fun-
ding. A scientific result was obtained in measuring the influence of soil-temperature variations 
over the Amsterdam-Groningen link. With the help of the KNMI institute a soil temperature 
model was developed, and good qualitative agreement with the observations was found. The 
work helps in understanding the limitations of ultra-stable frequency transfer over long distances 
through telecommunications optical fiber. Currently preparations are being made for an upgrade 
to the fiber-optic link. 
 
Additional developments 
The Amsterdam activities on HD+ spectroscopy within the programme have led to a fruitful col-
laboration with French colleagues (Hilico, Karr) at Laboratoire Kastler Brossel in Paris. In 2014, EP-
Nuffic and its French counterpart awarded a Van Gogh travel grant to bolster this collaboration.  
 
The FOM programme as a seed for further funding 
While the FOM programme focusses on precision measurements in atoms and molecules, the 
groups have attracted additional funding for connected lines of research. These include: 
- FOM-Projectruimte 12PR2972: Methanol in the early Universe (Ubachs, Bethlem) 
- FOM-Projectruimte 12PR2967: The size of the helium nucleus (Vassen) 
- FOM-Projectruimte 13PR097: Time will tell (Koelemeij) 
- FOM-Projectruimte 13PR3071: Ultracold helium elevator (Vassen) 
- FOM-Projectruimte Eikema: Exploring the boundaries of QED with He+ 
- VIDI awards for J.C.J. Koelemeij and S. Hoekstra 
- STW Perspectief grant (Koelemeij and others) 
- Templeton Grant 'New Frontiers in Astronomy and Cosmology' (Ubachs) 
- ERC Advanced grant 'Physics beyond the Standard Model from Molecules' (Ubachs) 
- NWO visitor grant for Dr. Subhadeep De (National Physical Laboratory, New Delhi, India) 
 
 
3. Personnel 
All eight PhD-positions are filled, the money for the postdoc position at VU has been fully spent. 
As for long-term guest in the programme at the Amsterdam node Dr. E. Salumbides (University of 
San Carlos, Cebu, Philippines) will stay for a period of six months (April – September 2015). In 
Groningen was Dr. Andrew Grier for the period of six month (February-July 2014). As for short 
term guest VU has invited Dr. Ph. Bunker (NRC Canada) for a two week visit (August 2014) to 
deliver a lecture series on Molecular Symmetry that was well attended by PhD and Masters stu-
dents. Further Prof. K. Pachucki (University of Warsaw), Prof. S.M. Hu (University of Science and 
Technology, Hefei, China), Prof. M.T. Murphy (Swinburne University of Technology, Melbourne 
Australia), Dr. P. Molaro (Observatory of Trieste), Dr. M. Zeppenfeld (Max Planck Institut für 
Quantenoptik, München) and Prof. C. Martins (University of Porto). Dr. S. Meek, MPI Biophysical 
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Chemistry, Göttingen, Germany), Dr. M. Tarbutt and Prof. E. Hinds (Imperial College, London, 
UK), Prof. C.L. Cesar (Universidade Federal do Rio de Janeiro, Brazil), Dr. A. Borschevsky (HIM, 
Mainz, Germany), Prof. R. Mawhorter (Pomona College Clarewater, Ca, USA), J.-U. Grabow (Uni 
Hannover, Germany) visited.  
 
None of the students have finished their PhD yet. Jurriaan Biesheuvel will be the first to defend his 
thesis in 2015. 
 
Progress with PhD students and their projects: 
 
Jurriaan Biesheuvel (VU): Start date 1 April 2011. He had finished two publications on lasers and 
optical instrumentation before, and has now finished the analysis of the HD+, v=0-8 spectroscopy 
which will be the main subject of his thesis. We plan the write one publication in the form of a let-
ter, and then add a more detailed publication on this subject. In view of experimental problems 
encountered Biesheuvel received a contract extension for a few months, but will finish his manu-
script in summer 2015. 
 
Aernout van der Poel (VU): Start date 1 October 2012. His research in this period has focused on 
three topics (i) design of a magnetic synchrotron that can be used to store hydrogen atoms. (ii) 
Femtosecond laser detection of trapped CH3F molecules in a vertical molecular beam machine. 
This study opens up the study of cold large polyatomic molecules . (iii) further optimization of the 
electric synchrotron and using the synchrotron to do collision studies. Recently, he has observed 
clear evidence for collisions between ammonia molecules and hydrogen molecules at low energy. 
The first two subjects have led to manuscripts that will appear in press in 2015. 
 
Remy Notermans (VU): During 2014 a precision measurement in helium was carried out with an 
analysis of the frequency-comb referenced measurements of the 2 3S – 2 1P transition in helium-4 
at 887 nm. Results show a 3 standard deviation difference with the best theoretical calculation from 
Krzysztof Pachucki. Simultaneously calculations were performed to find the optimum wavelength 
for a new dipole trap for helium at 320 nm. These results will form the basis of the future mea-
surements on the 2 3S – 2 1S transition at 1557 nm. Starting in 2014 work was done to improve the 
locking of the 1557-nm spectroscopy laser to the frequency comb in order to realize a better fre-
quency stability as well as frequency measurement that should allow a measurement below the 1 
kHz accuracy in 2015. Progress in the project is steady and as planned. 
 
Robert Altmann (VU): Altman is in the process of extending the Ramsey-comb spectroscopy setup 
into the deep-UV (202-212 nm). After initial tests with H2, the system was converted for two-pho-
ton spectroscopy at 212 nm on Kr with colliding pulses to perform the first Ramsey-comb spectros-
copy in an atomic beam. High contrast Doppler-reduced signal was observed, and single scans 
already provide a spectroscopic accuracy of 100 kHz, 35 times better than achieved before. No 
publications yet but Robert Altmann presented a posters at Physics@FOM Veldhoven and at the 
NNV AMO meeting in Lunteren 7-8 October. Work is in steady progress. 
 
Amita Mohanty: Start date 1 March 2012. She has installed a precision ion trap for single, laser 
cooled Ba+ ions for measurements of the lifetime of the metastable 52D3/2 state which is of order 30 
seconds. In 2014 she has performed extended measurement series using individual quantum 
jumps for the lifetime determination. This lifetime is an essential ingredient for testing the validity 
of present state-of-the-art coupled cluster calculations of relevance for the extraction of a precise 
value of the Weinberg angle from atomic parity violation measurements in this system. At the 2-3 
standard deviations level the lifetime appears to be shorter than reported from previous experi-
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ments (and theoretical values) which had shown already a similar trend. The setup has been 
upgraded concerning precise ion localization. Precision light shift measurements are presently 
underway. The achieved results have been reported on 4 conferences and 2 articles were 
published. 
 
Sreekanth Chirayath Mathavan: Start date 1 April 2012. Sreekanth has continued his work on the 
testing of improved ways to produce SrF molecular beams. He has optimised the geometry of the 
laser ablation setup, and he is systematically researching the optimum conditions for the creation 
of intense SrF beams. He has succeeded in creating intense beams using two different precursors: 
pressed SrF2 and Sr in metallic form with SF6 added to the expanding gas, and work is in progress 
to quantitatively compare the procedures. He has furthermore been involved in optical pumping 
experiments using our 4 meter long electrostatic decelerator in guiding mode, which is a step 
towards laser cooling and optimal detection of SrF. He has presented his work at three scientific 
meetings in the past year. 
 
Olivier J. Grasdijk: Start date 1 June 2013. The experimental setup for the dual noble gas 
(129Xe/3He) spin-clock is being set up in in collaboration with the University of Mainz (W. Heil et 
al.) and the University of Heidelberg (U. Schmidt et al.). The SQUID gradiometer measurement 
system has been commissioned, with a noise floor of less than 1fT/sqrt(Hz) which is an order of 
magnitude better than the design goal. A magnetically shielded room at the Forschungszentrum 
Jülich has been identified as the best location for the setup. The magnetic noise at that location was 
evaluated with the SQUID system. O. Grasdijk worked in 2014 mainly in Mainz in order to 
implement his design for the magnetic shielding and the magnetic bias and gradient coils. The 
hardware was completed in February 2015 and is shipped to Jülich. The first measurement of spin 
precession of polarized noble gases is scheduled for the summer of 2015 and a first evaluation 
towards an electric dipole moment of Xe is expected by the end of the year. The scientific progress 
is documented in internal and in conference reports. 
 
Nivedya Valappol: tart date 22 November 2013. Her work is focused on the setup and exploitation 
of highly frequency stabilized laser systems by optical spectroscopy of clock transitions in mole-
cular systems such as iodine and trapped single ions. The single trapped barium ion in connection 
with the other activities have been exploited for measurements of absolute frequencies in the 
barium ion system which improves the accuracy by two orders of magnitude compared to previ-
ous results. Essential in these measurements was control of optical frequencies with the frequency 
comb. Further improvements were the linewidth narrowing of diode lasers by locking to high 
finesse cavities, which will be exploited in. e.g. the measurements of the 2S1/2-2D5/2 clock transition 
in the barium ion. She performed saturation spectroscopy on relevant reference transitions in 
molecular iodine, which show a potential for a higher frequency stability than a GPS stabilized Rb-
clock. The absolute frequency measurement in the iodine system is delayed by failure of the optical 
frequency comb. The system is currently in the startup phase. It is planned to be confirmed by 
measurements in the iodine molecule with the Groningen-LaserLab VU fiber network connection.  
 
 
4. Publications 
10FSC01 
- Notermans, R.P.M.J.W. & Vassen, W. High-Precision Spectroscopy of the Forbidden 2 3S1 - 2 

1P1 Transition in Quantum Degenerate Metastable Helium, Physical Review Letters 112, 
253002 (2014). 
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10FSC02 
- J. van den Berg, S. Chirayath Mathavan, C. Meinema, J. Nauta, T.H. Nijbroek, K. Jungmann, 

H.L. Bethlem, S. Hoekstra, 'Traveling-wave deceleration of SrF molecules', Journal of Molecular 
Spectroscopy, 300 , 22-25 (2014). 

 
Important joint FOM programme publication on fiber connection 
- T.J. Pinkert, O. Böll, L. Willmann, G.S.M. Jansen, E.A. Dijck, B.G.H.M. Groeneveld, R. Smets, 

F.C. Bosveld, W. Ubachs, K. Jungmann, K.S.E. Eikema, and J.C.J. Koelemeij, 'Effect of soil tem-
perature on optical frequency transfer through unidirectional dense-wavelength-division-mul-
tiplexing fiber-optic links,' Applied Optics 54(4), 728-738 (2015). 

 
Publications by FOM programme postdocs 
(Dr. E.J. Salumbides was first employed as a postdoc on the programme, now as a senior guest for 
six months) 
- J. Bagdonaite, E.J. Salumbides, S.P. Preval, M.A. Barstow, J.D. Barrow, M.T. Murphy, 

W. Ubachs, Limits on a Gravitational Field Dependence of the Proton-Electron Mass Ratio from 
H2 in White Dwarf Stars, Phys. Rev. Lett. 113, 123002 (2014). 

- E.J. Salumbides, A.N. Schellekens, B. Gato-Rivera, W. Ubachs, Constraints on extra dimensions 
from molecular spectroscopy, New. J. Phys. 17, 033015 (2015). 

 
 
5. Valorisation and outreach 
The publication by Pinkert et al. about the fiber link was accompanied by a press release by 
SURFnet, which led to seven additional publications in the media: 
- https://www.surf.nl/persberichten/2015/02/grondtemperatuur-beinvloedt-nauwkeurigheid-

netwerktijd.html 
- http://www.telecompaper.com/nieuws/surfnet-rug-en-vu-meten-lichtsnelheid-over-

glasvezel-na--1067747 
- http://www.scienceguide.nl/201502/grondtemperatuur-van-invloed-op-glasvezel.aspx 
- http://www.automatiseringgids.nl/nieuws/2015/09/hogere-grondtemperatuur-vertraagt-

glasvezel 
- http://www.engineersonline.nl/nieuws/id24890-virtuele-atoomklokken-beter-begrepen-

dankzij-nieuw-model.html 
- http://datacenterworks.nl/2015/02/26/grondtemperatuur-blijkt-van-invloed-op-

glasvezelkabels/#more-4980  
- http://www.ispam.nl/bedrijfsnieuws/46656/grondtemperatuur-beinvloedt-nauwkeurigheid-

netwerktijd/ 
- 'Stijgende grondtemperatuur, tragere atoomklok.' Land + Water Nr. 3 – Maart 2015.  
 
Ubachs gave an invited lecture at the Italian Opening of the Year of Light (Torino, Jan 2015), and 
was interviewed by La Stampa on that occasion: http://www.nat.vu.nl/~wimu/Press/LaStampa-
28jan2015.html 
 
Koelemeij appeared three times in local and national media: 
- April 2014:News article about SuperGPS in Eindhovens Dagblad 
- May 2014: Live radio item in De Nationale Autoshow at BNR Nieuwsradio about self-driving cars 

and the SuperGPS project 
- September 2014: About accurate clocks and SuperGPS positioning: Door meten tot weten (item in 

VPRO Gids) 
 

https://www.surf.nl/persberichten/2015/02/grondtemperatuur-beinvloedt-nauwkeurigheid-netwerktijd.html
https://www.surf.nl/persberichten/2015/02/grondtemperatuur-beinvloedt-nauwkeurigheid-netwerktijd.html
http://www.telecompaper.com/nieuws/surfnet-rug-en-vu-meten-lichtsnelheid-over-glasvezel-na--1067747
http://www.telecompaper.com/nieuws/surfnet-rug-en-vu-meten-lichtsnelheid-over-glasvezel-na--1067747
http://www.scienceguide.nl/201502/grondtemperatuur-van-invloed-op-glasvezel.aspx
http://www.automatiseringgids.nl/nieuws/2015/09/hogere-grondtemperatuur-vertraagt-glasvezel
http://www.automatiseringgids.nl/nieuws/2015/09/hogere-grondtemperatuur-vertraagt-glasvezel
http://www.engineersonline.nl/nieuws/id24890-virtuele-atoomklokken-beter-begrepen-dankzij-nieuw-model.html
http://www.engineersonline.nl/nieuws/id24890-virtuele-atoomklokken-beter-begrepen-dankzij-nieuw-model.html
http://datacenterworks.nl/2015/02/26/grondtemperatuur-blijkt-van-invloed-op-glasvezelkabels/%23more-4980
http://datacenterworks.nl/2015/02/26/grondtemperatuur-blijkt-van-invloed-op-glasvezelkabels/%23more-4980
http://www.ispam.nl/bedrijfsnieuws/46656/grondtemperatuur-beinvloedt-nauwkeurigheid-netwerktijd/
http://www.ispam.nl/bedrijfsnieuws/46656/grondtemperatuur-beinvloedt-nauwkeurigheid-netwerktijd/
http://www.nat.vu.nl/%7Ewimu/Press/LaStampa-28jan2015.html
http://www.nat.vu.nl/%7Ewimu/Press/LaStampa-28jan2015.html
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Radio Swammerdam; Ubachs and Bethlem were interviewed jointly for local Amsterdam Radio on 
16 Feb. 2014. 
 
After Ubachs organised a Symposium on 'Spectroscopy Tests of Fundamental Physics' at the 
Columbus spectroscopy meeting in June 2013 he was asked to act as Guest Editor for a Special 
Issue of the Journal of Molecular Spectroscopy which appeared in June 2014 with 22 papers on the 
subject, including manuscripts from Amsterdam and Groningen. 
 
Willmann presented the observation of the sun with a telescope at the occasion of the solar eclipse 
20. March 2015 at the school Groningse Schoolvereniging, 20 March 2015 and 3 April 2015. 
  
S. Hoekstra was a panel-member of the CAmpusQuiz/NTR Wetenschapscircus during the 'Night 
of Arts and Science' on 24 May 2014.  
 
In the newspaper Dagblad van het Noorden appeared on 28 March 2015 an interview with 
Hoekstra under the title 'Met koude moleculen op zoek naar donkere materie'. 
 
Hoekstra co-organized the event Lab @ My Place, on the interaction of radiation in the home envi-
ronment, for and with high-school students and Science LinX, 14-19 May, 2014. 
 
 
6. Vacancies 
No vacancies for this FOM programme. 
 
 
7. FOM programme symposium 
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On 16 May 2014 the FOM programme organised an internal symposium where all young scientists 
presented their work. 
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Fact sheet as of 1 January 2015 

 FOM - 10.1717/4 
 datum: 01-01-2015 
 
 
APPROVED FOM PROGRAMME 
 
 
Number 125. 
  
Title (code) Broken mirrors and drifting constants - Ultra-precise 

investigations of fundamental symmetries and constants at 
the atomic scale (FSC) 

  
Executive organisational unit BUW 
  
Programme management Prof.dr. W.M.G. Ubachs 
  
Duration 2011-2016 
  
Cost estimate M€ 2.9 
  
Concise programme description 
a. Objectives 
The prime goal of this programme is to test fundamental physics theories and to search for new 
physics beyond the Standard model through precision measurements on atoms and molecules. 
 
b. Background, relevance and implementation 
The universe as we see it now, differs from how we saw it ten years ago. There exists generally 
accepted evidence for unknown forms of 'dark matter' and 'dark energy' in abundance larger than 
the known forms of baryonic matter. There exist, less widely accepted, indications for variations of 
fundamental constants (α and µ) on a cosmological time scale. These findings suggest that current 
theories of physics are insufficient to describe nature, and there exists something hidden beyond 
the horizon to search for. Such new phenomena will have influences at the atomic level, however 
tiny those may be, and such phenomena can be detected by precise measurements in systems at 
the atomic scale. 
 
Ultrastable lasers will be developed to perform precision measurements on cold and controlled 
samples of atoms and molecules, employing techniques of laser cooling, Stark deceleration and ion 
trapping. Frequency comb lasers, locked to atomic clocks, will be used for determining transition 
frequencies at the highest accuracies. Besides performing tests of quantum electrodynamics in 
atoms, we will search for hitherto not observed aspects of parity violation and variation of the 
fundamental constants α and µ. 
 
A further challenge of the project is to disseminate ultrastable optical signals through existing fiber 
networks between laboratories in the Netherlands as part of a network on a European scale. This 
has the dual goal of achieving the scientific goals of the programme, as well as providing novel 
enabling technologies for future telecom applications. 
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Funding 
salarispeil cao per 01-07-2012 
 
bedragen in k€ < 2014 2015 2016 2017 2018 2019 > 2020 Totaal 

FOM-basisexploitatie 1.692 375 156 - - - - 2.223 

FOM-basisinvesteringen 615 35 - - - - - 650 

Doelsubsidies NWO - - - - - - - - 

Doelsubsidies derden - - - - - - - - 

Totaal 2.307 410 156 - - - - 2.873 
 
 
Source documents and progress control 
a) Original programme proposal: FOM-10.1236 
b) Ex ante evaluation: FOM-10.1326 
c) Decision Executive Board: FOM-10.1716 
 
 
Remarks 
The final evaluation of this programme will consist of a self-evaluation initiated by the programme 
leader and is foreseen for 2016. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 DK par. HOZB 
 
 
Subgebieden: 50% COMOP, 35% FeF, 15% SAF 
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Historical overview of input en output 

 

Input personnel (in fte)  finances* (in k€ ) 
WP/V WP/T PhD NWP 

2011 - 0.3 0.8 - 121 

2012 - 0.7 3.4 - 332 

2013 - 0.5 6.7 - 384 

2014 - - 0.8 - 559 

 

Output PhD theses refereed publications other publications & 
presentations 

patents 

2011 - 4 4 - 

2012 - 7 29 1 

2013 - 13 64 - 

2014 - 15 41 - 

* After closing the financial year. 
 
 
PhD defences 
2011 
None. 

2012 
None. 

2013 
None. 

2014 
None. 

 
 
Patents (new/changes) 
2013 
None. 

2014 
None. 
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Overview of projects and personnel 

 
Workgroup FOM-G-26 

Leader Prof.dr. K.H.K.J. Jungmann 
Organisation Groningen University 

Project leaders 
Prof.dr. R. Hoekstra 
Dr. S. Hoekstra 
Dr. L. Willmann 

Programme Broken mirrors and drifting constants - Ultra-precise investigations 
of fundamental symmetries and constants at the atomic scale 

Project (title + number) Broken mirrors & drifting constants - KVI 10FSC02 
 
FOM employees on this project 
Name  Position Start date End date 
N. Valappol PhD 22 November 2013 31 November 2017 
J.O. Grasdijk PhD 01 June 2013 31 May 2017 
S. Chirayath Mathavan PhD 01 April 2012 31 March 2016 
A. Mohanty PhD 08 March 2012 07 March 2016 
 
 
Workgroup FOM-V-15 

Leader Prof.dr. W.M.G. Ubachs 
Organisation Vrije Universiteit Amsterdam 

Project leaders 
Prof.dr. K.S.E. Eikema 
Dr. W. Vassen  
Dr. H.L. Bethlem 

Programme Broken mirrors and drifting constants - Ultra-precise investigations 
of fundamental symmetries and constants at the atomic scale 

Project (title + number) Broken mirrors & drifting constants - VU 10FSC01 
 
FOM employees on this project 
Name  Position Start date End date 
R.K. Altmann PhD 13 December 2012 12 December 2016 
A.P.P. van der Poel PhD 01 October 2012 30 September 2016 
R.P.M.J.W. Notermans PhD 01 July 2012 30 June 2016 
J. Biesheuvel PhD 01 April 2011 30 June 2015 
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