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1. Scientific results 2013 

The programme 'The singular physics of 1D electrons' is about half way now. Last November the 
programme was evaluated by the Nanophysics/-technology committee. The committee was very 
positive about the achievements so far and found that we properly coped with the departure of 
Prof. Sven Rogge from TUD to UNSW in Sydney. The programme develops as expected. At some 
points we are a bit ahead of schedule, whereas at other points we at the verge of harvesting results. 
 
The programme can be divided into three subprojects: an experimental project on dopant chains 
(TU/e, TUD), an experimental project on metallic atom chains (UvA, UL, UT) and a theory project 
(UvA, UT). The theory project (UvA Caux & UT Brocks) is tightly connected to the two experi-
mental projects. Despite the fact that we have not found any experimental evidence for the separa-
tion of spin and charge degrees of freedom in 1D electron systems yet we have observed several 
other hallmarks of 1D systems such as the suppression of the density of states near the Fermi Level 
(Au/Ge(001)), (decaying) oscillatory behavior of the density of states near defects and at the ends 
of nanowires (Ir/Ge(001)) and Pt/Ge(001)). 
 
The project on dopant chains has completed two subprojects. The first project deals with the 
development of a phenomenological model for the conductance and the Kondo effect in a Si 
nanostructure containing two dopant atoms. The agreement between model (TUD Blaauboer) and 
experiments (UNSW, Rogge) is excellent. The second project is on the microscopic validation of the 
aforementioned model. In the near future the model (TUD Blaauboer) and experiments (TU/e 
Koenraad, UNSW Rogge) will be extended to finite 1D chains of atoms. Special attention will be 
paid to finite size effects. Additional (complementary) theoretical support will be provided by the 
group of Jean-Sebastien Caux (UvA). Davide Grossi (TU/e) managed to manipulation a single Mn 
adatom on (and in) a GaAs(110) surface. Quite unexpectedly he also managed to transfer a single 
Mn atom to the apex of the apex of the STM offering exciting possibility to perform spin polarized 
scanning tunneling microscopy experiments. 
 
Nick de Jong has grown Au atomic wires on Ge(001) and Ge(110) surfaces (UvA Golden). Scanning 
tunneling microscopy and spectroscopy experiments are performed and detailed angle-resolved 
photoemission experiments are underway (FaMoS, Amsterdam and BESSY, Berlin as well as nano-
ARPES, Soleil). The PhD students from UvA and UT have performed a detailed study of the tem-
perature and energy dependence of the electronic structure of Au induced nanowires on Ge(001). 
The project on metallic atom chains has resulted in some unexpected results. Early 2013 a joint 
paper (UT Zandvliet & UT Brocks) was published dealing with interfering Bloch waves in a 1D 
electron system (Ge(001)/Pt). Although we did not observe the predicted spin/charge separation 
in the proximity of defects in the chains, we found clear evidence for an oscillatory decaying 
standing wave pattern of the electron density at low temperatures. Another system, Ir chains on 
Ge(001), displayed quantum effects at room temperature. The nanowire length distribution 
revealed a strong preference for nanowire lengths there are an integer multiple of half of the Fermi 
wave length, i.e. 4.8 nm. We observed standing wave patterns in the Ir nanowires that are caused 
by conduction electrons which are scattered at the ends of the nanowire (Friedel oscillations). The 
low temperature scanning tunneling microscope at Leiden (UL, Van Ruitenbeek) is now fully up 
and running. A 3D controller to manipulate atoms has been built and will be used soon to pick up 
individual atomic nanowires from surfaces. M. Farmanbar PhD (UT, Brocks) has studied the elec-
tronic and magnetic properties of various edge states of MoS2 sheets. During 2013, Sebas Eliens 
and Jean-Sebastein Caux have been written up two manuscripts on Luttinger liquids. The first is a 
set of Lecture Notes covering all fundamental aspects of the technique of bosonization (Springer's 
Lectures Notes in Physics series). The second one is a topical review for Journal of Physics Con-
densed Matter on nonlinear Luttinger liquids (in collaboration with R. Pereira). 
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2. Added value of the programme 

The collaboration among the various team members of this FOM programme is very solid. The 
two theoretical groups (Caux UvA & Brocks UT) interact intensely with a number of experimental 
groups (UT, TUD/TU/e, UL). In addition, strong interaction between members within the 
experimental subprojects exists. The UvA research team has strongly benefited from the 
knowledge of the UT group to grow atomic chains of metal (Au, Pt) atoms on various semicon-
ductor substrates, whereas the UT group strongly benefits form the photoemission knowledge and 
experiments that are, and will be, conducted at a variety of locations (UvA, Bessy & Soleil). 
 
Shortly after the start of our FOM programme we have teamed up with two comparable programs 
from Germany (FOR1162 en FOR1700). Early 2013 we jointly organized a workshop in Bad Honnef 
entitled 'Physics at the Borderline between 1D and 2D'. This successful meeting had more than 100 
participants, including several internationally renowned invited speakers. The organizers (German 
and Dutch programme leaders) have in mind to organize a second workshop at the end of the 
programmes (end of 2015). We envisage that the vast majority of lectures will be given by the PhD 
students of the three programmes. 
 
3. Personnel 

At this moment all PhD positions and postdoc positions are filled. In 2013 the last person, 
Johannes Jobst a postdoc, has been appointed (project S.J. van der Molen, UL). In 2013 
Elena Tartaglini has decided to quit with her PhD project (UL). She was approximately half way 
her PhD and had already obtained quite some results. We regret her decision, but respect her 
choice. The remaining budget will be used to appoint Christian Wagner (postdoc). 
The first five PhD students are expected to graduate in the second half of 2015 (Mostafa 
Farmanbar, Sebas Eliens, Rodrigo Agundez, René Heimbuch and Ali Safaei). All five PhD students 
are on schedule and at this stage we do not envisage any delays. On 21 June 2013 Prof. Jean-
Sébastien Caux has held his inaugural lecture entitled 'The pursuit of exactness in quantum 
physics' at the University of Amsterdam. 
 
4. Publications 

Below an overview of the most important publications per project is given. These publications 
were selected by the programme leader. 
 
10ODE01 
- R. Heimbuch, A. van Houselt, M. Farmanbar, G. Brocks and H.J.W. Zandvliet, Interfering Bloch 

waves in a 1D electron system, Journal of Physics Condensed Matter 25, 014014 (2013). 
- T.F. Mocking, P. Bampoulis, N. Oncel, B. Poelsema and H.J.W. Zandvliet, Electronically stabi-

lized nanowire growth, Nature Communications 4, 2387 (2013). 
 
10ODE02 
- B. Lake, D. A. Tennant, J.-S. Caux, T. Barthel, U. Schollwck, S.E. Nagler, C.D. Frost, Multispinon 

continua at zero and finite temperature in a near-ideal Heisenberg chain, Phys. Rev. Lett. 111, 
137205 (2013). 

- M. Mourigal, M. Enderle, A. Klöpperpieper, J.-S. Caux, A. Stunault and H. M. Ronnow, Frac-
tional spinon excitations in the quantum Heisenberg antiferromagnetic chain, Nature Physics 9, 
435- 441 (2013). 
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10ODE04 
- A. Safaei, A. van Houselt, B. Poelsema, H.J.W. Zandvliet and R. van Gastel, Reversible Wetting-

Induced Nanowire Reconstruction of Au covered Ge(001), Phys. Rev. B 88, 085415 (2013). 
 
10ODE05 
- R. Heimbuch, A. van Houselt, M. Farmanbar, G. Brocks and H.J.W. Zandvliet, Interfering Bloch 

waves in a 1D electron system, Journal of Physics Condensed Matter 25, 014014 (2013). 
 
10ODE07-2 
- J. Verduijn, R.R. Agundez, M. Blaauboer, S. Rogge, Non-local coupling of two donor-bound elec-

trons, New J. of Phys. 15, 033020 (2013). 
- R.R. Agundez, J. Verduijn, S. Rogge en M. Blaauboer, Magnetic flux tuning of Fano-Kondo inter-

play in a parallel double quantum dot system, Phys. Rev. B 87, 235407 (2013) . 
 
10ODE08-1 
- J. Kautz, M.W. Copel, M.S. Gordon, R.M. Tromp, S.J. van der Molen: Titration of submonolayer 

Au growth on Si(111), Phys. Rev. B., 89, 035416 (2013). 
 
10ODE08-2 
- E. Tartaglini, T.G.A. Verhagen, F. Galli, M.L. Trouwborst, R. Müller, T. Shiota, J. Aarts, and 

J.M. van Ruitenbeek, New Directions in Point Contact Spectroscopy based on Scanning Tun-
neling Microscopy techniques, Low Temperature Physics 39, 249-260 (2013). 

 
5. Valorisation and outreach 

In 2013 there were no activities related to valorization. 
 
T.F. Mocking, P. Bampoulis, N. Oncel, B. Poelsema and H.J.W. Zandvliet, Electronically stabilized 
nanowire growth, Nature Communications 4, 2387 (2013). 
- Featured in Phys. Org.: http://phys.org/news/2013-08-quantum-effects-nanowires-room-

temperature.html 'Quantum effects in nanowires at room temperature'. 
- Featured in Nanowerk: http://www.nanowerk.com/news2/newsid=31952.php 'Quantum 

effects in nanowires at room temperature'. 
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Fact sheet as of 1 January 2014 

 FOM - 10.1723/3 
 datum: 01-01-2014 
 
 
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 
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other characterization techniques, and geared towards making contact with recent theoretical 
breakthroughs in our understanding and capabilities to compute measurable observables of 1D 
electron systems.  
 
Funding 

salarispeil cao per 01-07-2012 

 

bedragen in k€ < 2013 2014 2015 2016 2017 2018 > 2019 Totaal 

FOM-basisexploitatie 1.481 564 290 - - - - 2.335 

FOM-basisinvesteringen - - - - - - - - 

Doelsubsidies NWO - - - - - - - - 

Doelsubsidies derden - - - - - - - - 

Totaal 1.481 564 290 - - - - 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. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 PT 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 

 

Output 
PhD theses refereed publications other publications & 

presentations 
patents 

2011 - 3 17 - 

2012 - 2 20 - 

2013 - 14 43 - 

* After closing the financial year. 
 
 
PhD defences 

2011 
None. 

2012 
None. 

2012 
None. 

 

 
 
Patents (new/changes) 

2013 
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-22 

Leader Prof.dr. J.M. van Ruitenbeek 

Organisation Leiden University 

Programme The singular physics of 1D electrons 

Project (title + number) Freely suspended atomic wires 10ODE08 

 

FOM employees on this project 

Name  Position Start date End date 

E. Tartaglini PhD 07 November 2011 15 October 2013 

 
 
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 

 
 
  



 
 
 

 
 
 - 11 - 
 

Workgroup FOM-T-09 

Leader Prof.dr. P.J. Kelly 

Organisation Twente University 

Project leader Dr. G. 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 

 

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 Dr. E.S. Kooij 

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 

 
 


