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1. Scientific results 2014 
The FOM programme 'The singular physics of 1D electrons' is in its fourth year and we expect that 
the first PhD students funded by this programme will graduate this year. 
 
The key research goal of this project was to reveal the peculiar physical properties of one-dimen-
sional electron systems. In a truly one-dimensional system the electrons are predicted to be 
described by the Luttinger liquid theory. Within the framework of the Luttinger liquid theory the 
electrons in the vicinity of the Fermi level separate in two quasiparticles. One quasiparticle is 
referred as spinon and carries the spin degree of freedom of the electron, whereas the other qua-
siparticle, the so-called holon, carries the charge degree of freedom of the electron. It is obvious 
that a truly one-dimensional system cannot be realized. However, we managed to realize various 
quasi one-dimensional systems via the deposition (and manipulation) of 5d transition metal atoms 
and dopant atoms on semiconductor surfaces. The one-dimensional systems (atom or dopant 
chains) have a width of only one or two atoms and aspect ratios exceeding 104. Due to the fact that 
the underlying substrate has a band gap the relevant electronic states of these atom/dopant chains, 
which are located near the Fermi level, are in principle decoupled from the substrate. The presence 
of surface and/or interfaces states in the band gap region can, however, destroy this decoupling. 
 
From the theory side we (Eliens, UvA/Caux) have continued our work on nonlinear Luttinger 
liquids in collaboration with R. Pereira (Sao Carlos). The emphasis is on the extension of the theory 
to the case of particle-hole symmetric systems, where higher-dimensional operators must be con-
trolled (and all field theory coefficients must be obtained from new phenomenological relations). 
In addition to this, we have also been considering Galilean invariant systems in which these rela-
tions are somewhat simpler. For both cases, comparison with results from integrability are being 
performed.  
 
Farmanbar (UT/Brocks) has used density functional theory calculations to the study the one-
dimensional edge states of MoS2. He found two Mo-terminated nonmagnetic metallic edge states 
with different symmetry and a ferromagnetic metallic S-terminated edge state.  
 
The work on dopant and single magnetic atom chains (Grossi, TUe/Koenraad) has progressed 
well in the last year. We are now able to build atom-by-atom small structures of Mn atoms 
including Mn-chains of several atoms long. The first studies of the electronic properties of Mn-
chains have been performed. Rodrigo Agundez (TUD/Blaauboer) has modelled disorder in short 
atomic chains in order to predict the local Kondo temperature in phosphorus doped silicon. Cur-
rently, his focus is on the 'superadiabatic' transfer of quantum information in spin chains. 
 
The quasi one-dimensional (5x2) structures of the Au/Si(111) system have studied with low 
energy electron microscopy (UL/vd Molen). A novel method to measure dispersion relations of 
unoccupied bands in layered systems has been developed. We plan to extend this method to 
(quasi) 1D systems, making use of the excellent spatial resolution of the technique. Experiments on 
current-induced forces in atomic chains have been completed, and a first publication is in prepara-
tion. We have found evidence in the current-induced breaking statistics for a mechanism that is 
different from regular thermal breaking as a result of Joule heating (UL/van Ruitenbeek). Several 
observations point at a possible role of non-conservative forces of the current on the atoms. In 
parallel, short atomic chains have been formed by atom manipulation in an STM.  
 
For several metal on semiconductor systems, i.e. Ir/Ge(001) and Pt/Ge(001), we have found clear 
evidence for the existence of electron standing waves in (Ir), or in between (Pt), the nanowires 
(Heimbuch/UT Zandvliet). Although we have not succeeded in finding any evidence for the sepa-
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ration of the spin-charge degrees of freedom of the electrons we observed a strong suppression of 
the density of states near the Fermi level (which is another hallmark of the Luttinger liquid theory) 
for the Au/Ge(001) system. Nick de Jong (UvA/Golden) has performed a detailed angle-resolved 
photoemission, low energy electron diffraction and scanning tunnelling microscopy study of vari-
ous Au-induced nanowires on Ge(001) and Ge(011) surfaces. De Jong and Heimbuch are currently 
in the process of writing a joint paper on the Au/Ge(001) system. Ali Safaei (UT/Zandvliet) has 
used low energy electron microscopy the study the formation of Pt nanowires on Ge(001) and 
Ge(110) surfaces. As a by-product he found Ge2Pt clusters which were coated with a germanene 
layer. Finally, in 2014 we also discovered a new class of self-organizing one-dimensional Pt and Au 
induced nanostructures on Ge(110) surfaces.  
 
2. Added value of the programme 
The collaboration between the various PhD students and research groups turns out to be very 
fruitful. It is noteworthy to mention that several collaborations go beyond the FOM programme 
and involve other research groups.  
 
Nick de Jong (UvA/Golden) and René Heimbuch (UT/Zandvliet) have jointly worked on the 
Au/Ge(001), Au/Ge(110) and Pt/Ge(110) systems. There have been several extended mutual 
research visits as well as a joint visit to the BESSY synchrotron facility in Berlin. Both PhD students 
are currently in the process of writing a joint paper on the Au/Ge(001) system involving angle-
resolved photoemission spectroscopy and low-temperature scanning tunnelling microscopy and 
spectroscopy. A few more joint papers on Au/Ge(110) and Pt/Ge(110) are in the pipeline. In June 
2015 beamtime at SOLEIL (nanoARPES) is scheduled (de Jong), whereas another beamtime pro-
posal for the Pt/Ge(110) has been submitted. In the second half of 2015 Nick de Jong will be 
seconded to the Advanced Light Source in Berkeley in order to do experiments on 1D and related 
systems in both lab-based (low photon energy) and synchrotron ARPES experiments. 
 
Sebas Eliens (Uva/Caux) is also involved in a collaboration with other PhD's in Amsterdam, 
aiming at a detailed theoretical description of Bragg spectroscopy experiments performed in cold 
atoms, to be published in summer 2015. Sebas Eliens and another PhD student (Rianne van den 
Berg) have been involved in a collaboration with experimentalists in Delft (S. Otte and his group), 
on incipient quantum phase transitions in short one-dimensional atomic spin chains, as observed 
with scanning tunneling spectroscopy. This collaboration has resulted in a preprint which was 
recently submitted to Science. 
 
Davide Grossi (TUe/Koenraad) has started, in collaboration with the university of Iowa, a density 
functional theory study of the properties of Mn in and on a GaAs surface in order understand its 
behavior during manipulation and embedding. 
 
Rodrigo Agundez (TUD/Blaauboer) has strengthened the collaboration with the group of Prof. 
Sven Rogge (UNSW, Sydney). They have modelled disorder in short atomic chains in order to 
predict the local Kondo temperature in phosphorus doped silicon and currently study the 
'superadiabatic' transfer of quantum information in spin chains. 
 
During our annual programme meeting in December 2014 all PhD students and post docs have 
given a presentation on their project. They not only discussed their achievements of last year, but 
also provided information on their plans for the remainder of their project.  
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3. Personnel 
All of the positions are currently filled. The first PhD students (Heimbuch and Safaei) will defend 
their thesis in September 2015. We envisage that four more PhD students, namely Farmanbar, 
Eliens, de Jong and Agundez will complete their PhD thesis in 2016, followed by Grossi in 2017. 
Unfortunately, Elena Tartaglini (UL) did not complete her PhD project and left in 2013. 
 
4. Publications 
Below an overview of the publications in 2014 per project is given. These were selected by the pro-
gramme leader. 
 
10ODE01 
- K. Sotthewes, V. Geskin, R. Heimbuch, A. Kumar and H.J.W. Zandvliet, Molecular Electronics: 

the single molecule switch and transistor, Appl. Phys. Lett. Mat. 2, 010701 (2014). 
 
10ODE02 
- T. Fokkema, I.S. Eliëns and J.-S. Caux, Split Fermi seas in one-dimensional Bose fluids, Phys. 

Rev. A 89, 033637 (2014). 
 
10ODE03 
- Y. Pan, D. Wu, J.R. Angevaare, H. Luigjes, E. Frantzeskakis, N. de Jong, E. van Heumen, 

T.V. Bay, B. Zwartsenberg, Y.-K. Huang, M. Snelder, A. Brinkman, M.S. Golden and 
A. de Visser, Low Carrier Concentration Crystals of the Topological Insulator Bi2−xSbxTe3-ySey: A 
Magnetotransport Study, New J. Phys. 16, 123035 (2014). 

- E. Frantzeskakis, N. de Jong, J.X. Zhang, X. Zhang, Z. Li, C.L. Liang, Y. Wang, A. Varykhalov, 
Y.K. Huang, and M.S. Golden, Insights from angle-resolved photoemission spectroscopy on the 
metallic states of YbB6(001): E(k) dispersion, temporal changes, and spatial variation, Phys. Rev. 
B 90, 235116 (2014). 

 
10ODE04 
- A. Safaei, B. Poelsema, H.J.W. Zandvliet and R. van Gastel, Spinodal decomposition driven 

formation of Pt-nanowires on Ge(001), New. J. Phys. 16, 113052 (2014). 
- P. Bampoulis, L. Zhang, A. Safaei, R. van Gastel, B. Poelsema, H.J.W. Zandvliet, Germanene 

termination of Ge2Pt crystals on Ge(110), J. Phys. Cond. Mat. 26, 442001 (2014). 
 
10ODE06 
- D.F. Grossi, P. Smereka, J.G. Keizer, J.M. Ulloa, and P.M. Koenraad, Height control of self-

assembled quantum dots by strain engineering during capping, Appl. Phys. Lett. 105, 143104 
(2014). 

 
10ODE08-1 
- J. Kautz, M.W. Copel, M.S. Gordon, R.M. Tromp, and S.J. van der Molen, Titration of 

submonolayer Au growth on Si, (111), Phys. Rev. B 89, 035426 (2014). 
- W. Dednam, C. Sabater, M.A. Fernandez, M.J. Caturla, C. Untiedt, J.J. Palacios: Modeling 

contact formation between atomic-sized gold tips via molecular dynamics, Journal of Physics: 
Conference Series (2014). 
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5. Valorisation and outreach 
W. Dednam, C. Sabater, M.A. Fernandez, M.J. Caturla, C. Untiedt, J.J. Palacios: Modeling contact 
formation between atomic-sized gold tips via molecular dynamics, Journal of Physics: Conference 
Series (2014). 
 
6. Vacancies 
None. 
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Fact sheet as of 1 January 2015 

 FOM - 10.1723/4 
 datum: 01-01-2015 
 
 
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 01-07-2012 
 
bedragen in k€ < 2014 2015 2016 2017 2018 2019 > 2020 Totaal 

FOM-basisexploitatie 2.045 290 - - - - - 2.335 

FOM-basisinvesteringen - - - - - - - - 

Doelsubsidies NWO - - - - - - - - 

Doelsubsidies derden - - - - - - - - 

Totaal 2.045 290 - - - - - 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. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 AW par. HOZB 
 
 
Subgebieden: 70% NANO, 30% COMOP  
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Historical overview of input en 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 

 

Output PhD theses refereed publications other publications & 
presentations 

patents 

2011 - 3 17 - 

2012 - 2 20 - 

2013 - 14 43 - 

2014 - 9 18 - 

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

2012 
None. 

2012 
None. 

2014 
None. 

 
 
Patents (new/changes) 
2013 
None. 

2014 
None. 
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Overview of projects and personnel 

 
Workgroup FOM-A-11 

Leader Prof.dr. M.S. Golden 
Organisation University of Amsterdam 
Programme The singular physics of 1D electrons 
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 01 March 2012 29 February 2016 
 
 
Workgroup FOM-A-25 

Leader Prof.dr. J.-S. Caux 
Organisation University of Amsterdam 
Programme The singular physics of 1D electrons 
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 01 September 2011 31 August 2015 
 
 
Workgroup FOM-D-57 

Leader Dr. M. Blaauboer 
Organisation Delft University of Technology 
Programme The singular physics of 1D electrons 
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 01 September 2011 31 August 2015 
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Workgroup FOM-E-06 

Leader Prof.dr. A. Fiore 
Organisation Eindhoven University of Technology 
Programme The singular physics of 1D electrons 
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 
 
 
Workgroup FOM-L-39 

Leader Dr.ir. S.J. van der Molen 
Organisation Leiden University 
Programme The singular physics of 1D electrons 
Project (title + number) Freely suspended atomic wires 10ODE08-1 
 
FOM employees on this project 
Name  Position Start date End date 
J. Jobst postdoc 01 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 
Programme The singular physics of 1D electrons 
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 
Programme The singular physics of 1D electrons 
Project (title + number) Ensembles of 1D electron systems 10ODE04 
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FOM employees on this project 
Name  Position Start date End date 
A. Safaei PhD 01 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 
Programme The singular physics of 1D electrons 
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 01 September 2011 31 August 2015 
 
 
 
 


	1. Scientific results 2014
	2. Added value of the programme
	3. Personnel
	4. Publications
	10ODE01
	10ODE02
	10ODE03
	10ODE04
	10ODE06
	10ODE08-1

	5. Valorisation and outreach
	6. Vacancies
	Fact sheet as of 1 January 2015
	Historical overview of input en output
	PhD defences
	Patents (new/changes)
	Overview of projects and personnel
	Workgroup FOM-A-11
	Workgroup FOM-A-25
	Workgroup FOM-D-57
	Workgroup FOM-E-06
	Workgroup FOM-L-39
	Workgroup FOM-T-09
	Workgroup FOM-T-36

