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Schematic of the Celsius chip experiment (UvA), showing the pattern of current-carrying wires used for atom 
trapping and as electric field electrodes. The laser beams used for Rydberg excitation are shown under the chip 
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1. Scientific results 2016 

The general status of all projects within this programme is that solid progress has been made, and that some of 
the initial results are now being written up. 

In a joint project between Eindhoven and Amsterdam, we have studied the influence of dimensionality on 
Rydberg dressing of a Bose-Einstein condensate (BEC). While dressing effects are thought to be weak in 3D 
BEC’s, 1D systems have the key advantage of having fewer atoms within a blockade sphere, so that the two-
body dressing is less easily obscured by many-body blockade effects. The paper shows that a 1D geometry is 
more favorable for the observation of Rydberg dressing of BECs, and a specific 1D realization was proposed and 
calculated, presenting a realistic scenario for observing these effects. A joint paper has just been accepted for 
publication in Phys. Rev. A.  

In the magnetic chip experiment (UvA) we found a method to lower the stray electric fields emanating from 
adsorbates on the chip surface. Controlled local heating by one of the Rydberg excitation lasers leads to a local 
change of adsorbate coverage, and with it also a change in the electric field emanating from the surface. Curi-
ously, this field nulling has not led to a reduction of the large linewidth of the Rydberg transition close to the 
surface. A rapid increase of this linewidth upon approach to the surface is observed, preventing Rydberg exci-
tation close to the chip. With this problem still under analysis, at the same time a new chip with a Pt top surface 
has been fabricated and mounted in a newly completed vacuum system. A crucial test will be if this new surface 
is indeed more benign for Rydberg excitation.  

In the Celsius experiment (UvA), we have completed the characterization of the optical cavity used for the fre-
quency-stabilization of the Rydberg excitation lasers in this setup. The design, implementation and characteri-
zation of this system are now being written up, aiming for a paper in Applied Optics. Also in this experiment we 
found it necessary to invest a significant amount of time in characterizing the electric fields present near the 
atom chip. This is important because the stray fields near the chip can dominate the Rydberg properties. 
Knowledge of the electric field is necessary to study any Rydberg-mediated interactions.  We find that the stray 
fields are modest (<~2 V/cm) under typical operating conditions. Remarkably, by a careful analysis of the 
Rydberg Stark spectra resulting from varying the voltage on a single electrode on the chip, we can characterize 
all three vector components of the stray electric field. These results are now being analyzed and written up, and 
will be submitted for publication as well.  

In the Eindhoven experiment we added the ability to scan the Rydberg excitation laser while locked to the 
reference cavity. This now enables us to achieve excitation of very high-lying Rydberg states near n = 100. 
Optimizing the atomic density using a transient dark-spot MOT was experimentally studied; a modest density 
increase to 7×1010 atom/cm3 was achieved, which however fell short of expectations. After these and other 
instrumental improvements, the focus has shifted to studying Rydberg blockade and disorder-induced heating 
through measurements of pair-correlation functions. The effects are clearly visible in experimental results but 
need further systematic study. Hints of spatial ordering as well as of facilitated excitation are seen in the data 
but the reproducibility should still be improved. Nevertheless, the experiment has matured to the point where 
these physical phenomena can be studied, which is a major step. Work in this direction will continue in the first 
half of 2017 with the aim of achieving a solid set of results. 

In a joint theory project between Eindhoven and Amsterdam, we explored the possibility to magnetically trap 
Rydberg atoms. If the same trapping conditions can be achieved for both ground state and Rydberg atoms, this 
is very relevant for the operation of the UvA microchip-trap quantum simulator. The character of Rydberg 
atoms in a microtrap is very different from ground-state atoms due to their large spatial extent: the magnetic 
field is no longer uniform across the atom. Our work shows that Rydberg atoms can be magnetically trapped 
and we calculated energy deviations due to the extended nature of Rydberg atoms. A publication is currently 
being prepared. 

In Eindhoven, we also investigated the transition from a one-dimensional Rydberg crystal to a quantum plasma. 
We model the system as a few mobile electrons in a static lattice of positive ions. The lattice potential felt by 
electrons in such a setup includes a number of barriers localizing the electrons near the ions. For large principal 
quantum numbers n, however, the electron energies surpass the barrier and the electron becomes shared 
between two or more ions. We denote the quasi continuum states quantum plasma states. We show crossover 
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behaviour towards a conductor starting at just a few ions in a regular lattice and we find scaling relations that 
relate low energetic excitations at short range to the highly-excited Rydberg states. A publication is currently 
being prepared. 

Finally, we investigated the feasibility of quantum simulation of biological excitation transport in dressed 
Rydberg atom chains. This project is exemplary for using Rydberg quantum simulators to study transport 
problems in biophysical systems. We consider a scenario that allows for direct experimental observation of 
soliton-assisted energy transport processes, which are believed to take place in biological systems such as α-
helix proteins. A publication is currently being prepared. 

 
2. Added value of the programme 

The collaboration between the Amsterdam and Eindhoven groups keeps growing stronger. The collaboration 
within the programme is maintained by regular meetings where the Amsterdam partners visit Eindhoven and 
vice versa. This is also used as a platform for the junior researchers to present their work. 

A joint paper on Rydberg dressing in 1D geometries has just been accepted for publication. Another joint paper 
on magnetic trapping of Rydberg atoms is being written. This originally started as a master thesis project by an 
UvA student (A. Boetes) who was co-supervised by dr. R. Spreeuw (UvA) and dr. S. Kokkelmans (TU/e). We 
are also starting a new joint project to investigate the re-implementation of quantum gates known in a trapped 
ion context in Rydberg atoms.  

The PI’s of the programme organized a very successful five-day workshop at the Lorentz Center (Leiden), under 
the title 'Correlation and order in Rydberg gases' (30 May – 3 June 2016). We had many high-level speakers 
and received many positive comments from our international colleagues who visited the workshop.  

 
3. Personnel 

The contract of dr. S. Machluf (postdoc, UvA) has been extended thru 30 June 2017.  
The contract of L.S. Negarommula (PhD student, UvA) has been discontinued. A new PhD student has been 
recruited, S. Charpignon, who started Oct. 1, 2016.  
All positions of the programme are now filled. 
 
4. Publications 

13RYD01 
a. Scientific (refereed) publications 
- J.B. Naber, L. Torralbo-Campo, T. Hubert, and R.J.C. Spreeuw, Raman transitions between hyperfine clock 

states in a magnetic trap, Phys. Rev. A 94, 013427, 2016. 
- J. Naber, S. Machluf, L. Torralbo-Campo, M.L. Soudijn, N. J. van Druten, H. B. van Linden van den Heuvell, 

and R. J. C. Spreeuw, Adsorbate dynamics on a silica-coated gold surface measured by Rydberg Stark 
spectroscopy, J. Phys. B: At., Mol., Opt. Phys. 49, 094005, 2016. 

- Sandrine Idlas, Luis Domenzain, Robert Spreeuw, and Tim Byrnes, Entanglement generation between spinor 
Bose-Einstein condensates using Rydberg excitations, Phys. Rev. A 93, 022319, 2016. 
 

b. Presentations at (inter)national scientific conferences 
- D. Davtyan, 'A quantum platform using Rydberg atoms in magnetic lattice' (oral), 22nd Young Atom 

Opticians Conference, 21-26 Feb. 2016, Max-Planck Institute for Quantum Optics, Garching, Germany 
- S. Machluf, 'Adsorbate dynamics on a silica-coated gold surface, measured by Rydberg Stark spectroscopy' 

(oral), OIST Mini Symposium 'Rydberg Atoms for Quantum Technologies', 3-5 March 2016, Okinawa, Japan  
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13RYD02 
a. Scientific (refereed) publications (both joint with 13RYD01) 
- Marcin Płodzień, Graham Lochead, Julius de Hond, N.J. van Druten, and Servaas Kokkelmans, Rydberg 

dressing of a one-dimensional Bose-Einstein condensate, arXiv:1605.04440 (2016), accepted for publication 
in Phys. Rev. A. 

- Arthur Boetes, Rasmus Skannrup, Julian Naber, Servaas Kokkelmans, and Robert Spreeuw, Magnetic 
Trapping of Rydberg Atoms in Tight Magnetic Microtraps, in preparation. 

 
b. Presentations at (inter)national scientific conferences 
- M. Płodzień, 'Rydberg dressing of a one-dimensional Bose-Einstein condensate' (oral), Correlation and Order 

in Rydberg Gases, Lorentz Center workshop, Leiden, May 2016. 
- Tarun Johri, Yuri van der Werf, Bart Hoekstra, Servaas Kokkelmans, Edgar Vredenbregt, 'Optically imprinted 

Rydberg lattice', NNV-AMO conference, Lunteren, October 2016. 
 
5. PhD defences 

As yet, there have been no PhD defences by PhD students employed by the programme. 
 
6. Valorisation, outreach and patents 

- Together with prof. A. Browaeys (Palaiseau) and prof. K. Mølmer (Aarhus) we organised a very successful 
five-day workshop at the Lorentz Center (Leiden), entitled 'Correlation and order in Rydberg gases' (30 May 
– 3 June 2016), with many international speakers and participants. 

- N.J. van Druten: Lezing Picasso Lyceum, Zoetermeer, 11 maart 2016, '3D, deeltjes en golven; alles is 
natuurkunde, maar natuurkunde is niet alles'  

 
7. Vacancies 

All vacancies have been filled. 
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Fact sheet as of 1 January 2017 

 FOM - 13.1990/4 
 datum: 01-01-2017 
 
 
APPROVED FOM PROGRAMME 
 
 
Number 153. 
  
Title (code) Rydberg atoms on a lattice (RYD) 
  
Executive organisational unit BUW 
  
Programme management Dr. R.J.C. Spreeuw 
  
Duration 2014 – 2019 
  
Cost estimate M€ 1.5 
  
Concise programme description 

a. Objectives 

In this programme we combine ultra-cold Rydberg atoms with ordered (lattice) structures. The main objective 
is to develop this powerful combination into a scalable platform for quantum information science and quantum 
simulation, and to create and study many-particle entanglement and strongly interacting many-body quantum 
states.  
 
b. Background, relevance and implementation 

This programme combines two hot topics in modern atomic physics: lattices of ultra-cold atoms and interacting 
Rydberg atoms. Lattices of ultra-cold ground-state atoms have already been used successfully as quantum 
simulators to realize model Hamiltonians underlying fundamental condensed matter phenomena. A limitation of 
ground-state atoms however, is that they interact only weakly at optically resolved distances. By contrast, 
Rydberg atoms interact much more strongly by many orders of magnitude. Furthermore, the interaction can be 
controlled and tuned to such an extent that they become an ideal model system to study many-body physics 
and collective quantum phenomena. Rydberg atoms have attracted attention as flexible physical systems upon 
which quantum simulators can be based. While theoretical ideas abound, experimental work is quickly picking 
up momentum. Experimental work on the powerful combination of Rydberg atoms with lattices has been very 
limited so far.  
 
By combining lattices with Rydberg atoms, in this programme we aim to develop a scalable platform for 
quantum simulation and quantum information science.  
This programme brings together the complementary expertise of two research groups, at the University of 
Amsterdam (UvA) and the Technical University of Eindhoven (TU/e).  
 
Rydberg atoms will be excited in one- and two-dimensional lattices of neutral atoms trapped on atom chips. 
Thus we aim to generate and study entanglement and strongly correlated many-body states. Rydberg lattices 
will also be imprinted optically by patterned excitation lasers, yielding quantum simulators of effective spin 
models. In addition, the theory effort will play a unifying role by providing overarching support and guidance to 
all experiments, as well as explore opportunities for future experiments.  
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Funding 

salarispeil cao tot 01-01-2016 

bedragen in k€ ≤ 2016 2017 2018 2019 2020 ≥ 2021 Totaal 

FOM-basisexploitatie 557 278 278 277 - - 1.390 

FOM-basisinvesteringen 46 23 23 24 - - 116 

Doelsubsidies NWO - - - - - - - 

Doelsubsidies derden - - - - - - - 

Totaal 603 301 301 301 - - 1.506 

 
 
Source documents and progress control 

a) Original programme proposal: FOM-13.1456 
b) Ex ante evaluation: FOM-13.1630 
c) Decision Executive Board: FOM-13.2054 
 
 
Remarks 

The final evaluation will be based on the self-evaluation report initiated by the programme leader and is 
foreseen for 2019. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 AH par. HOZB 
 
 
Subgebied: 100% COMOP 
  



 
 
 

 
 
 - 8 - 
 

Overview of projects and personnel 

 
Workgroup FOM-A-02 

Leader Dr. R.J.C. Spreeuw 
Organisation University of Amsterdam 

Project leaders  

Project (title + number) Rydberg atoms in lattices on atom chips (13RYD01) 
 
FOM employees on this project 
Name  Position Start date End date 
S. Machluf WP/T 1 January 2015 31 June 2017 

D. Davtyan PhD 1 March 2015 28 February 2019 

L.S. Nemarugommula PhD 15 October 2015 30 April 2016 
S.L.P. Charpignon PhD 1 October 2016 30 September 2020 
 
 
Workgroup FOM-E-04 

Leader Prof.dr.ir. O.J. Luiten 

Organisation Eindhoven University of Technology 

Project leaders 
Dr.ir. S.J.J.M.F. Kokkelmans 
Dr.ir. E.J.D. Vredenbregt 

Project (title + number) Optically imprinted Rydberg crystals, theory and experiment (13RYD02) 
 
FOM employees on this project 
Name  Position Start date End date 
T. Johri PhD 23 September 2014 22 September 2018 

R.U. Skannrup PhD 1 September 2014 31 August 2018 
M. Plodzien WP/T 1 October 2015 31 October 2016 
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