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1. Scientific results 2015 
In 2015 the first three PhD students of the FOM programme 'The singular physics of 1D electrons' 
have completed their research projects. René Heimbuch (UT) successfully defended his thesis enti-
tled 'The Quantum Highway: electronic properties of metal-induced nanowires on semiconductor 
surfaces' on 11 September 2015. His thesis project has resulted in nine articles, including an article 
in Nature Physics. A joint publication on Au induced nanowires on Ge(001) with Nick de Jong 
(UvA/Golden) and Sebas Eliens (UvA/Caux) is in preparation. Ali Safaei (UT) followed a few 
weeks later (25 September 2015) with his thesis entitled 'An in-situ low-energy electron microscopy 
study of Pt- and Au-induced modifications of Ge(001)'. His thesis resulted in two publications that 
have already appeared in New Journal of Physics and Physical Review B, respectively, and two 
publications which are in preparation. Finally, Rodrigo Agundez (TUD/Blaauboer/Rogge) suc-
cessfully defended his thesis entitled 'Quantum transport in strongly interacting one-dimensional 
nanostructures' on 11 December 2015. Three articles have already appeared (two in Physical 
Review B and one in New Journal of Physics), whereas two manuscripts are in preparation. 
Rodrigo Agundez has developed a perturbative model for studying the effect of disorder in 
strongly interacting small atomic chains that predicts that disorder in the couplings comes from a 
local distribution of Kondo temperatures along the chain. He also started to work on so-called 
quantum state transfer across these spin chains by using the novel concept of a so-called superadi-
abatic protocol. He developed such a protocol which allows for fidelities above 99 percent and 
only requires minimal control of the chain parameters. A manuscript on this topic entitled 
'Superadiabatic quantum state transfer in spin chains' is in the pipeline. 
 
Johannes Jobst (UL) has obtained several very interesting LEEM (low-energy electron microscopy) 
results in 2015. He demonstrated LEEM-based potentiometry, i.e. low-energy electron potentiom-
etry (LEEP), for graphene devices contacted by electrodes. It enables one to measure voltage drops 
on the 10 nm scale, with ~ 10 mV resolution within a few minutes (Scientific Reports 2015). The 
new method was used to visualize local differences in conductance between single, double and 
triple layer graphene and to analyze the effect of steps in the underlying substrate. We intend to 
extend the method to also explore quasi-1D conductance channels (domain walls, edge channels) 
in the future. Jobst and colleague Jaap Kautz were awarded with the Dutch Vacuum Society prize 
for this breakthrough. Jobst also demonstrated the possibility to measure the dispersion relations 
of unoccupied electron bands in quasi-2D materials (Nature Comm. 2015). Such bands are notori-
ously hard to measure. This new method, coined angle-resolved electron spectroscopy (ARES), 
yields a cross-section that is five orders of magnitude higher than k-resolved inverted photoemis-
sion spectroscopy (KRIPES). Johannes Jobst has recently received a Veni-grant (UL) and (as a 
visiting scientist) at Columbia University, which can be seen as a direct outcome of this FOM pro-
gramme. The UL group has demonstrated lifting of a short atomic Au chain (3 atoms) off the sur-
face and confirmed the odd-even oscillations in the conductance, which had previously only been 
observed as a weak signal in the average over many chains. The UL group has explored the cur-
rent-induced breaking of Au and Pt atomic chains and found first evidence for the influence of 
non-conservative current-induced forces, as predicted by Dundas et al, (2010). 
 
In 2015 Davide Grossi (TU/e) has worked on: (1) The implementation of a new atomic manipula-
tion technique for Mn adatoms on the GaAs (110) surface by STM, (2) The creation and analysis of 
structures based on few dopants, namely pairs along different directions and trimers and (3) the 
study of the behavior of Mn adatoms in different doping environments (e.g. p- and n-doped 
GaAs). The deposition and manipulation of Mn on N-doped GaAs and II-VI substrate is still in 
progress. 
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2. Added value of the programme 
Within the framework of this 1D FOM programme there are several fruitful collaborations. The 
groups of the UvA (Golden/de Jong and Caux/Eliens) and the UT (Zandvliet/Heimbuch) have an 
intense and ongoing collaboration on the Au/Ge(001) system. Currently we work on a joint paper 
involving angle-resolved photoemission experiments, low-temperature scanning tunnelling 
microscopy and spectroscopy experiments and theoretical calculations. In the second half of 2015 
Nick de Jong (UT) went for six months to the Advanced Light Source in Berkeley. 
 
3. Personnel 
In 2015 three PhD students have successfully completed their research project (Heimbuch, Safaei 
and Agundez). Agundez, Heimbuch and Safaei have completed their PhD project within the 
allotted four years. Farmanbar (UT/Brocks), De Jong (UvA/Golden) and Eliens (UvA/Caux) have 
obtained an extension of several months. We envisage that all three PhD students will their defend 
their thesis in 2016. Finally, Grossi (TU/e) is on schedule and we expect that he will defend his 
thesis in the autumn of 2016. Jobst (PD, UL) has completed his PD project. 
 
4. Publications 
Below an overview of the most important publications per project is given. These were selected by 
the programme leader. 
 
Project 10ODE-01 (UT Heimbuch/Zandvliet) 
- R. Heimbuch, PhD Thesis, The Quantum Highway: electronic properties of metal-induced 

nanowires on semiconductor surfaces (11/9-2015). 
 
Project 10ODE-02 (UvA Eliens/Caux) 
-  
 
Project 10ODE-03 (UvA de Jong/Golden) 
- P. Ngabonziza, R. Heimbuch, N. de Jong, R.A. Klaassen, M.P. Stehno, M. Snelder, A. Solmaz, 

S.V. Ramankutty, E. Frantzeskakis, E. van Heumen, G. Koster, M.S. Golden, H.J.W. Zandvliet 
and A. Brinkman, In-situ spectroscopy of intrinsic Bi2Te3 topological insulator thin films and 
impact of extrinsic defects, Physical Review B 92, 035405 (2015).  

- N. de Jong, E. Frantzeskakis, B. Zwartsenberg, Y.K. Huang, D. Wu, P. Hlawenka, J. Sańchez-
Barriga, A. Varykhalov, E. van Heumen, and M.S. Golden, Angle-Resolved and Core-Level 
Photoemission Study of Interfacing the 1.5Sb0.5Te1.7Se1.3 with Ag, Nb, and Fe, Physical Review 
B 92, 075127 (2015).  

 
Project 10ODE-04 (UT Safaei/Poelsema) 
- Ali Safaei, PhD thesis, An in-situ low-energy electron microscopy study of Pt- and Au-induced 

modification of Ge(001) (25/9-2015). 
 
Project 10ODE-05 (UT Farmanbar Gelepordsari/Brocks) 
- M. Farmanbar and G. Brocks, Controlling the Schottky barrier at MoS2/metal contacts by inser-

ting a BN monolayer, Phys. Rev. B 91, 161304 (2015). 
 
Project 10ODE-06 (TUe Grossi/Koenraad) 
-  
 

http://dx.doi.org/10.1103/PhysRevB.92.035405
http://dx.doi.org/10.1103/PhysRevB.92.035405
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Project 10ODE-07 (TUD Agundez Mojarro/ Blaauboer/Rogge) 
- R.R. Agundez, PhD Thesis, Quantum transport in strongly interacting one-dimensional 

nanostructures (11/12-2015). 
- R.R. Agundez, J. Salfi, S. Rogge, and M. Blaauboer, Local Kondo temperatures in atomic chains, 

Phys. Rev. B 91, 041117(R) (2015). 
 
Project 10ODE-08-1 (UL Jobst/v.d Molen) 
- J. Jobst, J. Kautz, D. Geelen, R.M. Tromp and S.J. van der Molen, Nanoscale measurements of 

unoccupied band dispersion in few-layer graphene, Nature Communications 6, 8926 (2015). 
- J. Kautz, J. Jobst, C. Sorger, R.M. Tromp, H.B. Weber and S.J. van der Molen, Low-Energy 

Electron Potentiometry: Contactless Imaging of Charge Transport on the Nanoscale, Scientific 
Reports 5, 13604 (2015). 

 
5. Valorisation and outreach 
In 2015 Johannes Jobst (UL) (together with Jaap Kautz (UL)) obtained the NEVAC (Nederlandse 
Vacuümvereniging) price for their work on LEEM-based potentiometry. Johannes Jobst also 
obtained a VENI grant. 
An scanning tunnelling microscopy image of atomic Pt chains on a Ge(001) surface (UT) will 
appear on the cover of a book (Scientific Foundations of Engineering by Stephen McKnight and 
Christos Zahopoulos, ISBN 9781107035850, Cambridge Univ. Press (2015)). 
 
6. Vacancies 
None. 
 
  

http://www.cambridge.org/us/academic/subjects/engineering/engineering-general-interest/scientific-foundations-engineering?format=HB#bookPeople
http://www.cambridge.org/us/academic/subjects/engineering/engineering-general-interest/scientific-foundations-engineering?format=HB#bookPeople
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Fact sheet as of 1 January 2016 

 FOM - 10.1723/5 
 datum: 01-01-2016 
 
 
APPROVED FOM PROGRAMME 
 
 
Number 128. 
  
Title (code) The singular physics of 1D electrons (ODE) 
  
Executive organisational unit BUW 
  
Programme management Prof.dr.ir. H.J.W. Zandvliet 
  
Duration 2011-2016 
  
Cost estimate M€ 2.3 
  
Concise programme description 
a. Objectives 
The physics of one-dimensional electronic systems is fundamentally determined by interactions. 
Unlike in Fermi liquid systems, where interactions simply lead to the smooth deformation of 
electrons into electron-like quasiparticles, interactions in 1D induce remarkably strong 
correlations. These strong correlations translate into the disappearance of the electron as a 
fundamental unit, and its replacement by charge and spin collective modes with distinct 
experimental signatures. The main objective of this FOM programme is to realize, study, 
understand and ultimately tailor the physical properties of one-dimensional (electron) systems.  
 
b. Background, relevance and implementation 
The properties of electron systems become increasingly exotic as one progresses from the three-
dimensional (3D) case into lower dimensions. In 2D electron systems novel and intriguing physical 
phenomena, such as the integer and fractional quantum Hall effect, have been found. More 
recently, the realization of a single layer of graphite (graphene) has resulted in a wealth of 
unexpected and exciting physics. For instance, electron transport in graphene is governed by the 
relativistic Dirac equation rather than the Schrödinger equation. Similar excitement has been 
generated recently by the discovery of 2D topologically protected states displaying Dirac 
dispersion cones at the surface of bulk 3D insulators. 
The predictions for 1D electron gases lead to even more exotic properties. There, the Fermi liquid 
approach breaks down spectacularly. It has been predicted that the 1D electron gas is much better 
described by the Luttinger liquid formalism, leading to many intriguing properties, among which 
the view that the electron loses its identity and separates into two collective excitations of the 
quantum mechanical many body system: a spinon that carries spin without charge, and a holon 
that carries the positive charge of a hole without its spin.  
This programme will provide a concerted team effort between experiment and theory, combining 
complementary methods for the generation of 1D electron systems with a battery of nano-
manipulation and imaging techniques operating in real and reciprocal space, as well as various 
other characterization techniques, and geared towards making contact with recent theoretical 
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breakthroughs in our understanding and capabilities to compute measurable observables of 1D 
electron systems.  
 
Funding 
salarispeil cao per 01-01-2016 
 
bedragen in k€ ≤ 2015 2016 2017 2018 2019 2020 ≥ 2021 Totaal 

FOM-basisexploitatie 2.335 - - - - - - 2.335 

FOM-basisinvesteringen - - - - - - - - 

Doelsubsidies NWO - - - - - - - - 

Doelsubsidies derden - - - - - - - - 

Totaal 2.335 - - - - - - 2.335 
 
 
Source documents and progress control 
a) Original programme proposal: FOM-10.1235 
b) Ex ante evaluation: FOM-10.1346 
c) Decision Executive Board: FOM-10.1722 
 
 
Remarks 
The final evaluation of this programme will consist of a self-evaluation initiated by the programme 
leader and is foreseen for 2017. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 JM par. HOZB 
 
 
Subgebieden: 70% NANO, 30% COMOP  
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Historical overview of input and output 

 

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

2011 - - 2.0 - 94 

2012 - - 7.1 - 371 

2013 - 0.3 7.8 . 442 

2014 - 1.0 7.0 - 509 

2015 - 1.3 6.3 - 558 

 

Output PhD theses refereed publications other publications & 
presentations 

patents 

2011 - 3 17 - 

2012 - 2 20 - 

2013 - 14 43 - 

2014 - 9 18 - 

2015 3 17 67 - 

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

2012 
None. 

2012 
None. 

2014 
None. 

2015 
René Heimbuch, 11 September 2015, FOM-T-36. 
Ali Safaei, 25 September 2015, FOM-T-36. 
Ricardo Rodrigo Agundez Mojarro, 11 December 
2015, FOM-D-56. 

 

 
 
Patents (new/changes) 
2013 
None. 

2014 
None. 

2015 
None. 
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Overview of projects and personnel 

 
Workgroup FOM-A-11 

Leader Prof.dr. M.S. Golden 
Organisation University of Amsterdam 
Project (title + number) Physical properties of 1D electron systems 10ODE03 
 
FOM employees on this project 
Name  Position Start date End date 
N. de Jong PhD 1 March 2012 30 April 2016 
 
 
Workgroup FOM-A-25 

Leader Prof.dr. J.-S. Caux 
Organisation University of Amsterdam 
Project (title + number) Non linear Luttinger liquid response functions 10ODE02 
 
FOM employees on this project 
Name  Position Start date End date 
I.S. Eliens PhD 1 September 2011 31 March 2016 
 
 
Workgroup FOM-D-57 

Leader Dr. M. Blaauboer 
Organisation Delft University of Technology 
Project (title + number) Transport through 1D dopant chains 10ODE07-2 
 
FOM employees on this project 
Name  Position Start date End date 
R.R. Agundez Mojarro PhD 1 September 2011 30 November 2015 
 
 
Workgroup FOM-E-06 

Leader Prof.dr. A. Fiore 
Organisation Eindhoven University of Technology 
Project (title + number) STM analysis of doping wires at a semiconductor surface 10ODE06 
 
FOM employees on this project 
Name  Position Start date End date 
D. Grossi PhD 15 September 2012 14 September 2016 
 
 



 
 
 

 
 
 - 10 - 
 

Workgroup FOM-L-22 

Leader Prof.dr. J.M. van Ruitenbeek 
Organisation Leiden University 
Project (title + number) Freely suspended atomic wires 10ODE08 
 
FOM employees on this project 
Name  Position Start date End date 
C. Sabater Piqueres postdoc 15 June 2015 14 June 2016 
 
 
Workgroup FOM-L-39 

Leader Dr.ir. S.J. van der Molen 
Organisation Leiden University 
Project (title + number) Freely suspended atomic wires 10ODE08-1 
 
FOM employees on this project 
Name  Position Start date End date 
J. Jobst postdoc 1 October 2013 30 September 2015 
 
 
Workgroup FOM-T-09 

Leader Prof.dr. P.J. Kelly 
Organisation Twente University 
Project leader Dr. G.H.L.A. Brocks 
Project (title + number) DFT calculations of 1D electron systems 10ODE05 
 
FOM employees on this project 
Name  Position Start date End date 
M. Farmanbar Gelepordsari PhD 16 May 2011 15 May 2015 
 
 
Workgroup FOM-T-36 

Leader Prof.dr.ir. H.J.W. Zandvliet 
Organisation Twente University 
Project leader Dr. R. van Gastel 
Project (title + number) Ensembles of 1D electron systems 10ODE04 
 
  



 
 
 

 
 
 - 11 - 
 

 
FOM employees on this project 
Name  Position Start date End date 
A. Safaei PhD 1 October 2011 30 September 2015 
 
Leader Prof.dr.ir. H.J.W. Zandvliet 
Organisation Twente University 
Project leader Prof.dr.ir. H.J.W. Zandvliet 
Project (title + number) Electronic properties of 1D electron systems 10ODE01 
 
FOM employees on this project 
Name  Position Start date End date 
R.U. Heimbuch PhD 1 September 2011 31 August 2015 
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