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On 10 June 2014 the FOM Executive Board decided to award funding to five research 
proposals in the FOM-Projectruimte. A total of 2.1 million Euros will be awarded to the 
projects. In this document, you will find a short summary of each research project.  
 
Awarded research proposals  
 

• Room temperature ferromagnetism in hydrogenated epitaxial graphene: a new 
paradigm for two-dimensional carbon based magnetism and spintronics  
Dr. C.F.J. Flipse (Eindhoven University of Technology) and prof.dr.ir. B.J. van Wees 
(University of Groningen) 

• The emergence and (sub)picosecond dynamics of electron-spin correlations in 
spintronics materials 
Dr. A.V. Kimel (Radboud University Nijmegen) 

• From Newton's cradle to Gibbs's grave 
Prof.dr. J.-S. Caux (University of Amsterdam)  

• Unraveling the spin dynamics in 1D molecular wires  
Prof.dr.ir. W.G. van der Wiel (University of Twente)  

• Holography in the de Sitter static patch  
Dr. D.M. Hofman (University of Amsterdam)  

 
  



Room temperature ferromagnetism in hydrogenated epitaxial graphene: a new paradigm 
for two-dimensional carbon based magnetism and spintronics  
Dr. C.F.J. Flipse (TU/e) and prof.dr.ir. B.J. van Wees (RUG) 
 
The research project is inspired by the applicants' recent discovery of room temperature 
ferromagnetism (the physical phenomenon that allows materials to form permanent 
magnets) in hydrogenated graphene. The graphene, a single layer of carbon atoms, was 
grown on a silicon carbide substrate. A thin buffer layer is in between the two layers.  
 
The researchers obtained clear experimental evidence that the origin of the ferromagnetism, 
as well as the (independently) observed anomalous electron spin transport that occurs at 
room temperature, is governed by the presence of electron states in the buffer layer. So-
called dangling bond states in silicon, which occur when an silicon atom hasn't formed all its 
covalent bonds, play a significant part.  
 
The role of the electronic and magnetic properties of the interfacial interactions is the key 
research issue in the proposed project. In combination with electronic charge and spin 
transport studies in dedicated devices, the research will reveal crucial information about the 
(local) magnetization structure and the underlying mechanism that causes the magnetism 
and the anomalous spin transport.  
 
The researchers will also explore the unique possibilities of the system to realize 'all-
graphene' spintronic devices where the entire spin valve architecture is made in a single 
graphene layer, which is (locally) made ferromagnetic by hydrogenation. This creates an 
entirely new platform for both fundamental as well as application driven research of two-
dimensional carbon based magnetism and spintronics. 
 

The emergence and (sub)picosecond dynamics of electron-spin correlations in spintronics 
materials 
Dr. A.V. Kimel (RU) 
 
Directionally dependent magnetoresistance, which is the phenomenon that the electrical 
resistance of a material changes when it experiences an external magnetic field, was 
discovered more than a hundred years ago. Today, the concept is widely used for processing 
and saving information in computers. The phenomenon is actually a macroscopic 
manifestation of the fact that the mobility of an electron in a magnetic metal or 
semiconductor depends on its intrinsic magnetic moment (i.e. spin). This research project 
aims to study the physics of electron-spin correlations at very fast time-scales, so even faster 
ways of information processing can be realized in the future.  
 
The researchers will investigate ultrafast changes in electronic conductivity in magnetic 
metals, after the magnetization of those has been suddenly changed by an ultrashort laser 
pulse. The project will greatly profit from the latest developments of free-electron-lasers for 
the mid- and far-infrared spectral range, the FELIX facility, in Nijmegen. Using the proposed 
technique of ultrafast measurements of spin-dependent transport phenomena, the phycisists 
can study potential materials for tomorrow’s ultrafast magnetic recording and information 
processing technologies today. 
 
 
  



From Newton's cradle to Gibbs's grave 
Prof.dr. J.-S. Caux (UvA)  
 
In the now famous quantum Newton’s cradle experiment, a cloud of cold atoms is split in 
two parts with opposite momentum which thereafter periodically oscillate in a trap and 
collide with each other like billiard balls. This experiment demonstrated that many-body 
quantum systems in isolation from the environment can surprisingly fail to reach thermal 
equilibrium even after long time scales involving many collisions. The textbook way of 
thinking about ergodicity (namely that all possible microstates are explored under time 
evolution), equilibration and thermalization, synthesized in Gibbs's equilibrium 
thermodynamics, must thus be abandoned as far as many experimentally realizable, low-
dimensional situations are concerned. 

The aim of this research project is to improve our understanding of quantum many-body 
out-of-equilibrium dynamics, by exploiting a new approach for strongly-correlated systems 
in one dimension. Dubbed the ‘quench action’ method, this approach allows to obtain 
explicit results including but not limited to steady-state properties. This method has the 
potential to reveal the nature of the link between quantum dephasing and many-body 
relaxation processes. The researcher's intention is to turn this emerging method into a deeper 
theoretical understanding of the mechanisms behind many-body relaxation, open the way to 
their classification, and to translate theoretical findings into concrete experimental 
phenomenology. 
 
Unraveling the spin dynamics in 1D molecular wires  
Prof.dr.ir. W.G. van der Wiel (UT)  
 
This project aims to unravel the spin dynamics underlying the ultrahigh magnetoresistance 
(MR) in one dimensional molecular chains, recently discovered by the applicant. This 
exceptionally large, room-temperature MR-effect is ascribed to the dramatic impact of Pauli 
spin blockade in one dimensional electron transport.  
 
Well-defined chains of a few identical and perfectly aligned molecules in which electron 
spins interact with only a limited amount of nuclear spins offer a unique test bed for 
studying spin dynamics in a low-dimensional system. These chains allow for a direct 
comparison with quantum theory. Proposed electrically detected magnetic resonance 
(EDMR) experiments are particularly interesting in this respect, as they will provide 
unprecedented spectroscopic information in the spin blockade regime. The novel device 
geometry in this project will further allow for a series of characterizations in which the spin 
dynamics can be carefully mapped as function of temperature, magnetic field (both in 
magnitude and direction) and bias voltage (static and time-dependent).  
 
The expected outcome of this project will be a detailed understanding of the spin dynamics 
in our one dimensional wires, in particular knowledge on the spin relaxation times, the role 
of electrons and holes and the directional dependence of the hyperfine interactions. The 
fundamental knowledge obtained will also contribute to investigating the applicability of 
this MR effect in a new generation of ultrasensitive magnetic field sensors. 
 

 
 
 



Holography in the de Sitter static patch  
Dr. D.M. Hofman (UvA)  
 
In recent years, holography has become an important tool to understanding the meaning of a 
quantum theory of gravity. This approach is based in the unexpected duality between 
gravitational theories and simpler quantum mechanical models formulated in lower 
dimensional holographic screens. 
 
Holography in Anti-de Sitter spacetime, the mathematical description of a universe with a 
negative cosmological constant, is rather well understood. However, we currently lack a 
basic picture of holography in non-Anti-de Sitter spacetimes. This is a crucial question in 
quantum gravity for cosmological setups, as we seem to live in a universe with a positive 
cosmological constant, which is asymptotically de Sitter in the far future and in the 
inflationary past.  
 
Some universal properties of black hole horizons point towards the existence of a more 
general holographic principle. This fact is particularly relevant in the case of de Sitter 
spacetime. We, as local observers, can only observe the region called the static patch, which 
is surrounded by a cosmological horizon. The properties of this horizon are very similar to 
those of black holes and have been successfully attacked through the use of holographic 
techniques. 
 
In this project physicists will investigate a concrete proposal to extend the holographic 
principle to the static patch of de Sitter spacetime. The recent results by the BICEP2 
collaboration underline the importance of better understanding gravity in the quantum 
regime, as for instance during the inflationary period. 


