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We discovered a close analogy between the Rydberg blockade effect and the behavior of wireless 

networks. The Rydberg blockade prevents the excitation of Rydberg atoms close to another one. In 
a similar way, active nodes in a wireless network (black) can block network access to neighboring 

nodes (red), see the paper by Sanders et al. 
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1. Scientific results 2014 
The FOM programme 'Rydberg atoms on a lattice' is in its first year. While the new people on the 
programme were being recruited, both groups at UvA and TU/e have been moving forward to 
realize the goals of the programme.  
 
In Amsterdam we have made several technical additions to both setups, 'MagChips' and 'Celsius'. 
Both setups are now equipped with stable infrared (780 nm) and blue (480 nm) lasers, for Rydberg 
excitation via a two-photon process. The necessary frequency stability in the kHz range, for both 
lasers, has been achieved in the 'MagChips' setup using an ultrastable reference cavity. A home-
built reference cavity based on a ULE (ultralow expansion) glass spacer has been added to the 'Cel-
sius' setup. The stability of the cavity is already promising, and work to stabilize the temperature 
of the cavity for further stability is ongoing. In both setups we have observed first indications of 
two-photon Rydberg excitation.  
We are also in the process of developing spatial light modulator (SLM) technology to enable site-
resolved excitation in the two-dimensional lattices of the MagChips experiment. Here we profit 
from the expertise and software developed in Eindhoven.  
 
In Eindhoven we discovered a fascinating analogy between Rydberg atoms on a lattice and wire-
less networks. This allows us to explain how a Rydberg gas can be driven into crystal formations 
using the mathematical methodology of wireless networks. Experimentally, we demonstrated the 
excitation of atoms at well-defined, programmable locations in a magneto-optical trap, either to the 
continuum (ionisation), or to a Rydberg state. To this end, excitation laser light was shaped into 
arbitrary intensity patterns with a spatial light modulator. We also implemented Electromagneti-
cally-Induced Transparency as a tool for frequency stabilization of the Rydberg excitation laser. 
We are currently adding an ultrastable reference cavity to the setup, similar to the system in oper-
ation in Amsterdam, in which we profit from the expertise of our colleagues there. 
We also made progress in the theoretical study of trapped degenerate electrons, which can be 
extracted from a Rydberg crystal, and are of potential interest for next-generation particle acceler-
ators. 
 
 
2. Added value of the programme 
The programme is already generating added value in a very natural way. We started to have com-
bined group meetings (approximately bimonthly). During these meetings a sizeable delegation of 
one group visits the other, and one person gives a scientific presentation. This is combined with a 
lab visit by the junior researchers while the seniors have an opportunity to discuss matters at hand. 
In addition there have been several ad hoc visits each way by PhD and master students to learn 
specific details and techniques. Students from Amsterdam have visited Eindhoven to learn about 
details on the use of spatial light modulators. Software has also been exchanged in this context. 
Students from Eindhoven have also visited Amsterdam to get hands-on details about the ultrasta-
ble Fabry-Perot cavity for laser locking. We have also started a theory project in Amsterdam that is 
co-supervised by Servaas Kokkelmans (TU/e). This project should produce important insights 
about Rydberg atoms in tight magnetic traps, as they are being used in the UvA experiments. The 
newly appointed theory PhD student (Skannrup) at TU/e will also be involved in this.  
 
We will further intensify our collaboration as the programme positions are being filled up. We are 
preparing the organization of an international workshop in the Lorentz Center on topics centred 
around those of the FOM programme. We aim for 2016 so that the people hired on the programme 
are well started up and have some results to present at this workshop.  
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As of March 2015 both groups also participate in a EU-H2020 FET Proactive project on Rydberg 
Quantum Simulators (RySQ). It is an indirect benefit of the FOM project that both groups are now 
involved in this European project. 
 
 
3. Personnel 
During 2014 (and ongoing) we have been active recruiting people to fill the programme positions.  
In the TU/e group, two PhD students were appointed in September 2014: 
T. Johri will work on the experiments, R.U. Skannrup will work on theory side, and will also be 
involved in theory support of the UvA experiments.  
In the UvA group one PhD student and one postdoc were appointed early 2015: 
D. Davtyan (PhD student) and S. Machluf (postdoc) will both work on the atom chip experiments 
in the UvA project. 
 
 
4. Publications 
While not strictly a product by the new people hired on this programme, these papers mark 
important results on which part of the programme is based: 
 
13RYD01 
- V.Y.F. Leung, D.R.M. Pijn, H. Schlatter, L. Torralbo-Campo, A.L. La Rooij, G.B. Mulder, 

J. Naber, M.L. Soudijn, A. Tauschinsky, C. Abarbanel, B. Hadad, E. Golan, R. Folman, and 
R.J.C. Spreeuw, Magnetic-film atom chip with 10 μm period lattices of microtraps for quantum 
information science with Rydberg atoms, Rev. Sci. Instrum. 85, 053102 (2014); doi: 
10.1063/1.4874005. 

 
13RYD02 
- J. Sanders, R. van Bijnen, E. Vredenbregt, and S. Kokkelmans, Wireless network control of 

interacting Rydberg atoms, Phys. Rev. Lett. 112, 163001 (2014). 
- W.J. Engelen, E.J.D. Vredenbregt, and O.J. Luiten, Analytical model of an isolated single-atom 

electron source, Ultramicroscopy 147, 61 (2014). 
- M.W. van Mourik, W.J. Engelen, E.J.D. Vredenbregt, and O.J. Luiten, Ultrafast electron diffraction 

using an ultracold source, Structural Dynamics 1, 034302 (2014). 
 
 
5. Valorisation and outreach 
- A contribution appeared in a special issue of 'Nederlands Tijdschrift voor Natuurkunde' on 

Quantum Information, explaining to the non-specialist some of the quantum simulation ideas 
that are being pursued in the UvA group in the context of the FOM programme: A.L. La Rooij 
and R.J.C. Spreeuw, Magnetische roosters van koude atomen als quantumsimulatoren, 
Nederlands Tijdschrift voor Natuurkunde, 162-164 (June 2014).  

- Our PRL paper (Sanders et al.) attracted interest from the media. Hamish Johnston (editor 
physicsworld.com of The Institute of Physics) wrote an article about it. FOM also came with a 
Press release 'Wireless networks show the same patterns as interacting Rydberg atoms ', and 
our own university devoted a news item 'Draadloze netwerken verbonden aan atomaire 
gassen' to it. 

- S.J.J.M.F. Kokkelmans was invited to a talk-show and interviewed on 'de revolutie van de 
quantum computer', Rotterdamse Schouwburg: Seminar 2.0: The Making of The New Forest, 
Wunderbaum, 29 April 2014. 

http://physicsworld.com/cws/article/news/2014/apr/28/why-an-ultracold-gas-is-like-a-wireless-network
http://www.fom.nl/live/english/news/archives/pressreleases2014/artikel.pag?objectnumber=261946
http://www.tue.nl/universiteit/faculteiten/faculteit-tn/nieuws/20140424netwerken-en-gassen/
http://www.tue.nl/universiteit/faculteiten/faculteit-tn/nieuws/20140424netwerken-en-gassen/
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6. Vacancies 
Having filled up four positions in 2014 and early 2015, both groups have one remaining vacancy, 
for a PhD student (UvA) and a postdoc (TU/e). We plan to fill these positions shortly. The TU/e 
postdoc was originally planned to start mid-2015. Currently we are interviewing possible candi-
dates that would qualify for this position. 
Finding excellent PhD candidates is taking longer than expected, even though we are interviewing 
candidates on a regular basis. However we feel that it is crucial for the success of the programme 
to maintain a high standard and select excellent people who are really up to the job.  
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Fact sheet as of 1 January 2015 

 FOM - 13.1990/2 
 datum: 01-01-2015 
 
 
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 con-
densed 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 quan-
tum 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 plat-
form 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 
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by providing overarching support and guidance to all experiments, as well as explore opportuni-
ties for future experiments.  
  
 
Funding 
salarispeil cao tot 01-07-2012 
bedragen in k€ ≤ 2014 2015 2016 2017 2018 2019 ≥ 2020 Totaal 

FOM-basisexploitatie 70 209 278 278 278 277 - 1.390 

FOM-basisinvesteringen 6 17 23 23 23 24 - 116 

Doelsubsidies NWO - - - - - - - - 

Doelsubsidies derden - - - - - - - - 

Totaal 76 226 301 301 301 301 - 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. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 DK par. HOZB 
 
 
Subgebied: 100% COMOP 
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Historical overview of input en output 

 

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

2014 - - 0.6 - 35 

 

Output PhD theses refereed publications other publications & pre-
sentations 

patents 

2014 - - - - 

* After closing the financial year. 
 
 
PhD defences 
2014 
None. 

 

 
 
Patents (new/changes) 
2014 
None. 
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Overview of projects and personnel 

 
 
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 

Programme Rydberg atoms on a lattice 

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 
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