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1. Scientific results 2015 
The programme has now well passed mid-term and most students are finalizing their investiga-
tions.  
 
The project on HD+ ion trapping (VU) that started first has produced its major result with a mea-
surement of the v=0 – v=8 vibrational transitions frequency, also resulting in a first determination 
of the proton-electron mass ratio via frequency metrology. This ground-breaking result, probing 
molecular ions in a sympathetically cooled trap, fulfils one of the challenging targets defined at the 
start of the programme. The work is published in Nature Communication and student Jurriaan 
Biesheuvel has finished the first thesis connected to the Programme, which will be defended in 
spring 2016. 
The Ramsey-Comb spectroscopy technique developed at the VU, based on pairs of amplified fre-
quency comb pulses, has been successfully extended to enable two-photon excitation in the deep-
UV. Krypton in an atomic beam was excited this way with 2x212 nm, in a Doppler-free configura-
tion using coherent-control. Together with improved phase measurements of 1 mrad, this resulted 
in a 35 times improved accuracy for the measured transition (two papers in preparation). A subse-
quent study in molecular hydrogen at 202 nm is now underway.  
For the precision study of metastable Helium now an optical dipole trap at the magic wavelength 
has been implemented (VU) and frequency measurements of the 3S – 1S metrology transition at 
1557 nm are being explored at improved precision.  
The operation of the ammonia molecular synchrotron has been optimized such that collisional 
processes of NH3-H2 and NH3-Ar systems can be investigated under controlled collisional energy 
conditions. 
 
The study of the interaction of a single Ba+ ion in a Paul trap with laser light from the two cooling 
transitions has led to a detailed understanding of effects due to polarization with respect to a mag-
netic field, intensity and detuning of the laser fields (E.A. Dijck et al.). The excellent agreement 
with the description by optical Bloch equations is crucial for the extraction of atomic parity viola-
tion amplitudes in this system. 
The determination of the metastable D-state lifetime in trapped Ba+ can provide improved values 
for matrix elements in the Ba+ system. A full compilation of measurements under a great variety of 
different condition is in upcoming thesis Amita Mohanty (summer 2016) which emphasises the 
control of experimental parameters in precision measurements. 
The stability and systematic effects on frequency modulation saturation spectroscopy of iodine at 
650nm has led to an improved understanding of the observed lineshape (paper in preparation). 
This leads to an improved performance of such stabilized laser systems as they are employed in 
optical clock setups.  
After the recent completion of the HeXe EDM apparatus (MIXED Collaboration) first measure-
ments have shown world leading spin coherence times in such experiments. This was passible due 
to strongly supressed gradients of the magnetic holding field over the volume of the gas cell of 
about 1l. This has led immediately to about one order of magnitude improvement over the previ-
ous best limit on the Xe EDM in the first EDM measurement cycle. A significant further gain can be 
expected this year.  
The molecule decelerator has been extended to a length of 4 meter and has been taken into opera-
tion. Efforts in 2015 have been aimed at optimizing its performance in order to successfully bring 
SrF molecules to a standstill. To increase the number of molecules further, a modified molecular 
beam source with improved performance has been taken into operation. 
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2. Added value of the programme 
The LaserLaB-VU and RUG research groups closely collaborate. The advanced laser and optical 
instrumentation is in common for the research projects, as is the ion trapping technology. Direct 
joint work with a similar aim is carried out on the Stark deceleration projects. Developments at 
both sides have led to joint publications. These fruitful activities in molecular control form the 
basis of a novel joint proposal for a FOM programme (submitted in before 1 March 2016) on a 
measurement of the electric dipole moment of the electron via a precision measurement in a mole-
cule, for which the BaF was identified as the best candidate. The activities on precision measure-
ments on molecular hydrogen, the molecular hydrogen ion (HD+), and the He atomic and ionic 
systems, all pursued within the realm of the running FOM programme at VU-LaserLaB, have 
generated the idea of proposing a collaborative effort to assess the physics connected to the 'pro-
ton-size puzzle'.  
 
The visibility of the FOM programme on precision physics at the atomic scale within the 
Groningen context has stimulated Dr. A. Borschevsky to apply for and successfully obtain a 
Rosalind Franklin fellowship focusing on theoretical atomic/molecular physics calculations in 
connection to problems targeted in the FOM programme. This will strengthen our joint acitivities. 
 
The optical fiber connection between optical tables at VU-LaserLaB and KVI-Groningen was 
applied to a study of soil temperature fluctuations over the Amsterdam-Groningen path in com-
parison with KNMI data. This connection, the first of its kind in the Netherlands, is now being 
extended to connections with VSL at Delft and Science Park Amsterdam. These activities, initiated 
from the FOM programme are now being accelerated through a variety of funding sources and 
have led to a start-up company OPNT (www.opnt.nl).  
 
3. Personnel 
Jurriaan Biesheuvel (VU): He has finished his investigations, has finished his thesis which will be 
defended in spring 2016. The work has led to two small publications on instrumentation, on a 
diode laser in the visible wavelength range and on a scheme to scan a dye laser (used for laser-
cooling), while kept locked to successive fringes of a stabilized etalon. The major outcome of the 
study, a precision measurement on the v=0 – v=8 vibrational transition, involving a first determi-
nation of the proton-electron mass ratio from a frequency metrology experiment, has been 
published in Nature Communication in early 2016. A full description of all methodologies will 
appear as a chapter in the thesis, but will also be submitted for publication as a full length article in 
2016. 
 
Aernout van der Poel (VU): start date 1-10-2012, VU. After observing clear evidence for collisions 
between beams of hydrogen molecules and ammonia molecules stored in an electric synchrotron, 
demonstrating that the cross-section increases spectacularly by letting the ammonia molecules 
revolve for many round trips, the setup was modified and further optimized to allow for a system-
atic measurement of the cross section as function of collision energy. A second detector was added 
to accurately determine the velocity of the beam and characterize beams of hydrogen molecules 
and mixtures of hydrogen argon. A paper is being prepared on the proof-of-principle measure-
ment. Furthermore two papers appeared on the design of a magnetic synchrotron that can be used 
to store hydrogen atoms and on femtosecond laser detection of trapped CH3F molecules.  
 
Remy Notermans (VU): During 2014 a precision measurement in helium-4 was carried out (using 
the frequency-comb) of the 2 3S – 2 1P transition in helium-4 at 887 nm. Results, published in 
Physical Review Letters, show a 3 standard deviation difference with the best theoretical calcula-
tion from Krzysztof Pachucki. Simultaneously calculations were performed to find the optimum 
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(magic) wavelength for a new dipole trap for helium at 320 nm. These results will form the basis of 
future measurements on the 2 3S – 2 1S transition at 1557 nm. Locking of the 1557-nm spectroscopy 
laser to the frequency comb, in order to realize a better frequency stability, was realized in 2015. 
The 2 3S – 2 1S transition in helium-4 was observed end of 2015 with a factor 6 narrower and 
asymmetric line profile due to mean-field effects. To finalize the thesis fitting of this line profile 
will allow the first determination of the 2 3S – 2 1S scattering length. November 1 2016, after a 4 
months (already granted) extension, the thesis should be ready. 
 
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 to investigate all the properties of the Ramsey-comb method in 
the deep-UV. A vacuum system was built up, so that krypton could be excited with colliding ultra-
fast pulses to perform the first Ramsey-comb spectroscopy in an atomic beam. High contrast 
Doppler-reduced signal was observed, and after characterization of all systematic effects a spectro-
scopic accuracy of ~100 kHz was demonstrated, 35 times better than achieved before. The phase 
characterization of the amplified frequency comb pulses was improved to 1 mrad (a 5-fold 
improvement), thereby enabling sub-kHz accuracy for future experiments. Work is in steady pro-
gress and on track to finish the PhD in december 2016. 
 
Amita Mohanty; start date 1-3-2012. She has exploited the precision ion trap for single, laser 
cooled Ba+ ion toward detailed understanding of the response of the ion to the two laser fields for 
the laser cooling. The detailed analysis in the framework of optical Bloch equations have shown a 
connection between light induced frequency shifts and the polarization of the laser fields (Dijck et 
al.). This insight is crucial for the understanding of upcoming measurements of atomic parity vio-
lation in such a system. The experiment has suffered significant down time in 2015 due to the fai-
lure of the frequency comb. This has delayed the measurements on the off resonant light shift. The 
lifetime measurement of the metastable 52D3/2 state which is of order 30 seconds has been investi-
gated for a wide range of parameters and number of ions in the trap. She currently prepares the 
final analysis which will be presented in her upcoming thesis (summer 2016). This lifetime is a cru-
cial 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. The ion trap has been upgraded in terms of controlling stray fields 
which is required for precise ion localization. A first implementation showed allowed her to proof 
the principle of operation and an improved version is currently being installed in collaboration 
with N. Valappol. The achieved results have been reported on several conferences and 2 articles 
were published. The contract was extended until Sept 2016. 
 
Sreekanth Chirayath Mathavan; The main topic in 2015 has been the guiding and deceleration of 
molecules using the 4 meter long decelerator. Since the efficiency of this process is important for 
future precision measurements of cold beams of molecules, a dedicated study of the deceleration 
efficiency as a function of various experimental parameters has been made. Evidence of unex-
pected losses at the highest operating voltages has been found, and by comparing the systematic 
experimental results with numerical simulations work is underway to quantify this important loss 
process. A paper on this topic is in preparation. Furthermore, the investigation of the production of 
intense SrF beams has been completed, resulting in an improved source. The contract was 
extended until 1st of august 2016, and the thesis is on track to be defended before that. 
 
Olivier J. Grasdijk: start date 1-6-2013. The experimental setup for the dual noble gas (129Xe/3He) 
spin-clock in collaboration with the University of Mainz (W. Heil et al.) and the University of 
Heidelberg (U. Schmidt et al.) has been completed. It was installed in the magnetically shielded 
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room at the Forschungszentrum Jülich. The magnetic bias and gradient coils designed by O. 
Grasdijk are implemented and tested in fall 2015. A new gradient minimization procedure has 
been developed and is prepared for publication. Spin coherence times of <25h for He and <6h for 
Xe have been achieved. A first measurement of spin precession of polarized noble gas mixture 
with an electric field has recently been performed. The estimated sensitivity of this first run was an 
order of magnitude improvement on the limit on the EDM of Xe over the previous world record in 
less than one day of measurement. The scientific progress is documented in internal, conference 
reports and a publication on the long distance transport of hyperpolarized Xe (Repetto et al.). 
Great progress was achieved and the doctoral thesis is expected to be defended in spring 2017. 
 
Nivedya Valappol: start date 22-11-2013. She investigated the stability of a laser locked to a hyper-
fine transition in molecular iodine. The performance of the lock was characterized with the help of 
a frequency comb. The experimentally recorded lineshape of the saturated frequency modulation 
signal was studied in detail. She presented a lineshape model which includes the effects of experi-
mental parameters like modulation depth, residual amplitude modulation and density dependent 
shifts and broadening (publication in preparation). The analysis shows that the stability of the 
realized iodine reference is comparable to the GPS-stabilized Rb-clock. In particular the iodine 
reference revealed a malfunction of one Rb-clock in our lab. The developed techniques for laser 
stabilization are currently implemented in laser systems for the clock transitions in Ba+ ions. The 
observation and the characterization of this transition will be performed with a modified and 
improved ion trap (build in collaboration with A. Mohanty) this year. The anticipated results will 
make a thesis defense in possible in fall 2017 
 
4. Publications 
Publications by the eight PhD-students employed by the FOM programme 
 
10FSC01 
- A.P.P. van der Poel, K. Dulitz, T.P. Softley, and H.L. Bethlem, A compact design for a magnetic 

synchrotron to store beams of hydrogen atoms, New. J. Phys. 17, 055012 (2015). 
- C. Meng, A.P.P. van der Poel, C. Cheng, and H.L. Bethlem, Femtosecond laser detection of Stark 

decelerated and trapped methylfluoride molecules, Phys. Rev. A92, 023404 (2015). 
- R.J. Rengelink, R.P.M.J.W. Notermans, W. Vassen, A simple 2 W continuous-wave laser system 

for trapping ultracold metastable helium atoms at the 319.8 nm magic wavelength, 
arXiv:1511.00443 2 Nov 2015. 

 
10FSC02 
- Amita Mohanty, Elwin A Dijck, Mayerlin Nuñez Portela, Nivedya Valappol, Andrew T Grier, 

Thomas Meijknecht, Lorenz Willmann, Klaus Jungmann, 'Lifetime measurement of the 5d 
2D5/2 state in Ba+ ', Hyperfine Interactions, DOI 10.1007/s10751-015-1161-9 (2015). 

- E.A. Dijck, M. Nuñez Portela, A. T. Grier, K. Jungmann, A. Mohanty, N. Valappol, L. Willmann, 
Determination of transition frequencies in a single 138Ba+ ion, Phys. Rev. A 91, 060501(R). 

 
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). 
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Publications by FOM programme Guest 
Dr. E.J. Salumbides acted as a senior Guest for 6 months in the programme in 2015: 
- E.J. Salumbides, A.N. Schellekens, B. Gato-Rivera, W. Ubachs, Constraints on extra dimensions 

from molecular spectroscopy, New. J. Phys. 17, 033015 (2015). 
- M.L. Niu, E.J. Salumbides, W. Ubachs Test of quantum chemistry in vibrationally-hot hydro-

gen molecules, J. Chem. Phys. (Comm) 143, 081102 (2015). 
- E.J. Salumbides, J. Bagdonaite, H. Abgrall, E. Roueff, W. Ubachs, H2 Lyman and Werner band 

lines and their sensitivity for a variation of the proton-electron mass ratio in the gravitational 
potential of white dwarfs, Month. Not. Roy. Astron. Soc. 450, 1237-1245 (2015). 

 
Papers connected to the FOM programme: 
There are some projects at VU and RUG that are subject connected to the FOM programme. These 
have led to publications of direct relevance for the science of the FOM project: 
- S. De, U. Dammalapati, L. Willmann, Lifetime determination of the 5d2 3F2 state in barium using 

trapped atoms, Phys. Rev. A 91, 032517 (2015) 
- J. Bagdonaite, W. Ubachs, M.T. Murphy, J.B. Whitmore, A constraint on a varying proton-elec-

tron mass ratio 1.5 billion years after the Big Bang, Phys. Rev. Lett. 114, 071301 (2015). 
- A.S. Flores, H. Prasad Mishra, W. Vassen, S. Knoop, Simple method for producing Bose-

Einstein condensates of metastable helium using a single-beam optical dipole trap, Appl. Phys. 
B 121, 391-399 (2015). 
 

Papers by senior members of the FOM programme: 
- K.S.E. Eikema, News and Views: Twisted high-harmonic generation, Nat. Photon. 9, 710-712 

(2015). 
- N. Kanekar, W. Ubachs, K.M. Menten, J. Bagdonaite, A. Brunthaler, C. Henkel, S. Muller, 

H.L. Bethlem, M. Dapra, Constraint on changes in the proton-electron mass ratio using metha-
nol lines, Month. Not. Royal Astron. Soc. Letters 448 , L104-L108 (2015). 

- L. Willmann, K. Jungmann, Matter-antimatter asymmetry: aspects at low energy, Annalen der 
Physik, DOI: 10.1002/andp.201500008 (2015). 

- Jungmann, K. P., Fundamental symmetries and interactions - selected topics. Physica Scripta, 
2015 (T166), 014033. 

- Jungmann, K. P. , Particle physics: Matter and antimatter scrutinized. Nature, 524 (7564), 168-
169 [doi:10.1038/524168a].  

- I. Logashenko et al. . The Measurement of the Anomalous Magnetic Moment of the Muon at 
Fermilab. Journal of Physical and Chemical Reference Data, 44(3), 031211 (2015). 

- Peter A. Butler, Lorenz Willmann, Developments in the Studies of Pear-Shaped Nuclei and 
Their Impact on Searches for CP-Violation in Atoms, Nuclear Physics News, Volume 25, Issue 1, 
12 (2015) . 

- -Reitsma, G., Boschman, L., Deuzeman, M. J., Hoekstra, S., Hoekstra, R., & Schlatholter, T. Near 
edge X-ray absorption mass spectrometry on coronene. Journal of Chemical Physics, 142, 024308 
(2015). 

 
Workshop  
On 13 November 2015 a FOM programme workshop was organised on VU-campus: 
The scientific programme was as follows: 

http://www.rug.nl/staff/l.m.p.v.boschman/research
http://www.rug.nl/staff/l.m.p.v.boschman/research
http://www.rug.nl/staff/s.hoekstra/research
http://www.rug.nl/staff/s.hoekstra/research
http://www.rug.nl/staff/t.a.schlatholter/research
http://www.rug.nl/research/portal/publications/near-edge-xray-absorption-mass-spectrometry-on-coronene(9910f592-0aa8-4bd9-b7e5-f2b250a3f928).html
http://www.rug.nl/research/portal/publications/near-edge-xray-absorption-mass-spectrometry-on-coronene(9910f592-0aa8-4bd9-b7e5-f2b250a3f928).html
http://www.rug.nl/research/portal/journals/journal-of-chemical-physics(f0c85542-90db-4ca6-84e5-1778f3013e24).html
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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 

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
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• 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 

- Remy Notermans, Zicht op een atoomkern, in: N!, tijdschrift TU/e Technische Natuurkunde, 
December (2015). 

- 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. 

- 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'. 

- Steven Hoekstra gave an interactive presentation at primary school for group 3 and 4 at De 
Petteflet in Groningen about Light, on 10/2/2015. 

- Steven Hoekstra created and performed in a combination of science, modern dance, music and 
video projection for the 'Night of Art and Science' (6/6/2015), together with WERC collective, 
Jan Klug, and dance group 'Club Guy & Roni'. The show, called 'Dancing Particles', has been 
performed three times, for about 450 people in total. It was highlighted in the Dagblad van het 
Noorden (08/06/2015) as 'Sublieme versmelting van kunst en wetenschap'. 

- Steven Hoekstra gave a lecture for the Kid's Science festival at the annual Noorderzon festival 
in Groningen (20/8/2015). The title of the lecture was 'Elektriciteit, magnetisme en ijskoude 
moleculen'. 

- Steven Hoekstra was 'pop-up scientist' at the Universiteitsmuseum in Groningen on 3/10/2015, 
giving a lecture with the title 'Elektriciteit, magnetisme and een theorie van alles'. 

 
 
6. Vacancies 
No vacancies for FOM programme.  

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/#more-4980
http://datacenterworks.nl/2015/02/26/grondtemperatuur-blijkt-van-invloed-op-glasvezelkabels/#more-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
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Fact sheet as of 1 January 2016 

 FOM - 10.1717/5 
 datum: 01-01-2016 
 
 
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 01-01-2016 
 
bedragen in k€ ≤ 2015 2016 2017 2018 2019 > 2020 Totaal 

FOM-basisexploitatie 2.067 156 - - - - 2.223 

FOM-basisinvesteringen 650 - - - - - 650 

Doelsubsidies NWO - - - - - - - 

Doelsubsidies derden - - - - - - - 

Totaal 2.717 156 - - - - 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 and 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 - - 8.0 - 559 

2015 - - 7.6 - 452 

 

Output PhD theses refereed publications other publications & 
presentations 

patents 

2011 - 4 4 - 

2012 - 7 29 1 

2013 - 13 64 - 

2014 - 15 41 - 

2015 - 18 48 - 

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

2012 
None. 

2013 
None. 

2014 
None. 

2015 
None. 

 

 
 
Patents (new/changes) 
2013 
None. 

2014 
None. 

2015 
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 

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 21 November 2017 
J.O. Grasdijk PhD 1 June 2013 31 May 2017 
S. Chirayath Mathavan PhD 1 April 2012 30 September 2016 
A. Mohanty PhD 8 March 2012 31 August 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 

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 1 October 2012 30 September 2016 
R.P.M.J.W. Notermans PhD 1 July 2012 30 June 2016 
J. Biesheuvel PhD 1 April 2011 31 July 2015 
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