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1. Scientific results 2015 
Synced to the clock of the PhD hires, the Topological Insulator programme is in its fourth year and 
four of the six PhDs are due to graduate in 2016. It is therefore natural that 2015 has been a 
productive year, in which a number of important milestones have been reached spanning across 
all three of the main pillars of the research programme: 'create', 'measure' and 'control', and a 
number of further key results/milestones are in the pipeline. 
 
In the following, recent results from the different activities: experimental and theoretical, involving 
the different groups are described briefly.  
 
Thin films of 3D TI's grown in the UT lab [11T03] are true bulk insulators (create & control, see joint 
UT +UvAexp [11TI01] Phys. Rev. B in the publication list), and gate-tunable thin-film-
superconductor-thin film junctions (measure) are currently being fabricated and measured. 
 
The Delft group [TI1102] continued their successful work on potential 2D TI's InAs/GaSb 
quantum wells, using MBE-grown films grown by the specialist semiconductor-MBE group from 
ETH Zürich. The supercurrents the TUD team induced in the bulk 2D TI system (measure) look like 
involve helical edge states (see the Nature Nanotechnology paper in the publications list). Building 
on the ability to gate-tune the gap in these systems from trivial to topological (control, see PRL in 
the publication list), a collaboration involving (among others) groups in Stanford, Copenhagen and 
Delft [TI1102] has upped the ante in arxiv:1511.01728 (posted November 2015), delving into the 
origin of the edge-related conduction. They uncover that edge conduction persists in the trivially-
gapped regime, and possesses many similarities to the helical edge channels expected in the 
quantum spin Hall (QSHE) regime. Debate on this will undoubtedly reverberate throughout 2016. 
 
As an alternative to aiming for QSHE states using the intricate double QW structures grown by the 
ETH group, the Twente team [11TI03] have used their Bi2Te3 3D TI films (create), grown very thin 
such that the 2D surface states at the top and bottom surfaces hybridise, thus gapping out the 
Dirac cones (control). This cone-gapping is currently being double-checked using ARPES in 
Amsterdam [11TI01, measure]. Subsequent gate-tuning of the chemical potential to these gaps 
(control), means the UT group can generate a situation in which the side edges of the thin film are 
the only conduction channels, opening a different route to the QSHE physics being sought for. In 
this way the 3D and 2D TI tracks in the programme are now able to join forces to overcome 
possible limitations in quantum-well-based 2D TI systems. The maturity of the flip-chip set-up 
(now published by the Delft group in Nano Letters 15, 6883, 2015) also sets the scene for 
discussions between Delft and Twente on using this approach on their ultraflat, 3D TI thin films. 
 
Based on bulk insulating crystals [11TI01] of the stoichiometric 3D TI BiSbTeSe2 (create), the 
UT 11TI03 team has also shown that this material can be exfoliated and made into Hall bar devices 
with both top- and back-gates. Low-T, high-field transport experiments (partly in Twente, partly in 
Amsterdam; measure) have revealed that we can now tune the Fermi level throughout the Dirac 
cones of both top and bottom topological surfaces independently (control, see cover image of this 
report). These are now being used to fabricate Josephson devices via interfacing with 
superconducting electrodes, and also thee devices are also gate-tunable (via top and back gates) - a 
technologically important step. The Josephson properties are now the object of careful study, with 
the aim being to tune parameters (control) such that there are as few transport modes as possible, 
ultimately with a single Majorana mode as result. 
 
The behaviour of the electronic states and the chemical potential in the near-surface region of bulk, 
3D TI's has now been understood fully from detailed ARPES investigations ([11TI01 UvAexp] see 
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SciRep and PRB paper in the publication list, and the cover image of this report). These insights led 
to the development of effective algorithms for control, thus enabling the selective elimination of 
topologically-trivial electronic states at the surface.  
 
The first full theoretical classification of dislocations in 3D TIs [11TI05 (LEIZaanen) & 11TI06 
(UvAtheory)] has been carried out (create) and extended to grain boundaries of topological band 
insulators. Self-organised pseudo-graphene should be the result. The LEIZaanen + UvAtheory 
collaboration is now working on the signatures expected in grain boundaries of topological 
crystalline insulators, as these form the focus of the experimental searches carried out in the UvA 
labs [11TI01] using STM (measure) and overseas (Stanford [Z.-X. Shen] using scanning microwave 
techniques and in Tsukuba [Tokura] from the point of view of materials and transport aspects). 
Further in the theory pipeline of the [11TI05] (LEIZaanen) team is work on the relation between the 
topological order in free fermions with the sign structure of the vacuum wavefunction, and 
mathematically-oriented work on topological order in the context of group co-homology for the 
deconfining states associated with non-Abelian point groups as gauge fields. Schoutens of 
UvAtheory will also bring his recent insights to bear on these issues, building on the work he just co-
published (in 2016) with Xiao-Gang Wen on 2+1 dimensional topological orders (PRB93, 045109, 
2016).  
 
On the Majorana front, the LEIBeenakker theory group [11TI04] have examined experimental systems 
that may host Majorana zero modes - the Dirac point of a superconductor/topological insulator 
heterostructure or in a superconducting nanowire that is narrower than the spin-orbit scattering 
length. This symmetry prevents overlapping zero modes from splitting up, and in the PRL in the 
publication list it is shown that chiral symmetry strongly modifies the dynamical and spectral 
properties of a chaotic scatterer, even if it only binds a single zero mode. These data are relevant 
for the up-and-coming gate-controlled Josephson experiments of the UT group [11TI03] in flakes of 
the 3D TI BiSbTeSe2 described above. 
 
After Dirac fermions and Majorana zero modes, Weyl fermions are the next 'new kids on the block' 
and material systems that could host these objects are being grown in single crystalline form in 
Amsterdam [11TI01], and their characteristic magnetotransport signatures are making their 
appearance in collaborative experiments carried out in both the Amsterdam [11TI01] and Twente 
[11TI03] labs. The Leiden theory group of Beenakker is also working on the scattering theory for 
the chiral magnetic effect in Weyl systems, so expect some more 'Weyl' in the programme's 
reporting on 2016. 
 
All in all, the programme consortium and leadership are excited about the results achieved in 2015 
and the bright prospects for the coming, final period of the programme. 
 
The existing programme description still fits like a glove. 
 
2. Added value of the programme 
Many of the interactions between the teams are visible in the scientific results section above. There 
are strong and on-going links between experimentalists in Amsterdam & Twente, between Delft & 
Leiden (Beenakker) and between Leiden (Zaanen) & Amsterdam (Schoutens), and a number of 
joint publications from these duo's are in the offing for 2016. Now that the track involving gate-
tuned 3D TI materials (both crystal flakes and thin films) is entering the Majorana arena, great 
added value will result from links between Twente and Delft + Leiden (Beenakker). In a similar 
fashion, the maturity of the dislocation/grain boundary theory in Leiden (Zaanen) + Amsterdam 
(Schoutens) means the Amsterdam experimentalists' view of the target is becoming increasingly 
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clear. As an example, Leiden theoreticians are presently doing calculations on a potential 2D Dirac 
fermion material which early ARPES studies in Amsterdam have shown to possess Dirac cones at 
the edges of the Brillouin zone, key for 'translational activity' in topological band insulators 
possessing dislocations. 
 
The community building within the consortium continues, with one of the symposia at the EPS' 
CMD conference organised in Groningen in summer 2016 being co-chaired by 
Alexander Brinkman of the Twente team (encouraged by the TI programme leader from out of the 
CMD programme committee). This will be an ideal forum for our PhDs and PDs to shine on the 
international stage. 
 
Beyond those mentioned in section 1 such as the Delft-Copenhagen-Stanford effort on 2D TI edge 
states, the programme's groups have started/been involved in numerous external TI-inspired 
collaborations in the past programme period such as UT-Chernagolovka (shot noise in BSTS 
Josephson junctions); UT+UvA-Tjerk Oosterkamp on TI flakes for nanoprobe experiments and 
LEIZaanen- Jan de BVoer (UvA) on the gauge field work. 
 
3. Personnel 
As in 2014, in 2015 all the PhD positions were filled, and all PhD students are doing well. After 
Tran Van Bay [11TI01] last year, the next PhD graduation is timetabled for January 2015 (Robert-
Jan Slager of the Zaanen group [11TI05]), followed by Arjen Beukman of Delft [11TI02] on the flip 
chip and 2D TI edge states in February 2016. Later in 2016 follow Prosper Ngabonziza of Twente 
[11TI03] and Yu Pan from Amsterdam [11TI01]. Brian Tarasinski [11TI02] should graduate in 
Delft in early 2017, and Shyama Ramankutty [11TI01] who followed up on Tran Van Bay's 
position with the Amsterdam experimentalists brings up the rear early in 2018. 
 
Of the postdocs, there is still contact and collaboration with Dong Wu, who went from [11TI01] to 
Sun Yat-sen University in China to a permanent position. Fanming Qu has returned to Delft and is 
now working for QuTech and the Leiden [11TI05] and Amsterdam theoreticians are still actively 
collaborating with Ville Lahtinen who went from 11TI06 to a DRS-POINT Fellowship at the FU 
Berlin. Martin Stehno stayed on as postdoc in the Twente group with other funding, but continues 
to be actively involved with the research of the programme. Finally, to wrap up the reporting on 
the programme's 5 postdocs, a strong candidate is about to be interviewed for the postdoc position 
left on Dong Wu's departure to China. 
 
4. Publications 
The output of the programme continues to grow, year-on-year. 2015 saw 20 'first-line' programme 
papers published (6 of which in Nature titles/PRL/Nano Letters), plus an additional 7 'second 
line' papers (relevant to the work of the programme, but less directly connected to the FOM 
employees). 
Below an overview of the most important publications per project is given, selected by the 
programme leader + leader of each project. People employed by the FOM programme are 
signalled using boldface, PI's are underlined. 
 
11TI01 
- E. Frantzeskakis, N. De Jong, B. Zwartsenberg, Y.K. Huang, T.V. Bay, P. Pronk, 

E. Van Heumen, D. Wu, Y. Pan, M. Radovic, N.C. Plumb, N. Xu, M. Shi, A. De Visser & M. 
S. Golden, Micro-metric electronic patterning of a topological band structure using a photon beam, 
Scientific Reports 5, 16309, 2015 [doi: 10.1038/srep16309]. 
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- E. Frantzeskakis, N. de Jong, B. Zwartsenberg, T.V. Bay, Y.K. Huang, S.V. Ramankutty, 
A. Tytarenko, D. Wu, Y. Pan, S. Hollanders, M. Radovic, N.C. Plumb, N. Xu, M. Shi, 
C. Lupulescu, T. Arion, R. Ovsyannikov, A. Varykhalov, W. Eberhardt, A. de Visser, 
E. van Heumen, and M.S. Golden, Dirac states with knobs on: Interplay of external parameters 
and the surface electronic properties of three-dimensional topological insulators, Physical 
Review B91, 205134, 2015 [doi: 10.1103/PhysRevB.91.205134]. 

 
11TI02 
- Vlad S. Pribiag, Arjan J.A. Beukman, Fanming Qu, Maja C. Cassidy, Christophe Charpentier, 

Werner Wegscheider and Leo P. Kouwenhoven, Edge-Mode Superconductivity in a Two 
Dimensional Topological Insulator, Edge-mode superconductivity in a two-dimensional topological 
insulator, Nature Nanotechnology 10, 593, 2015 [doi: 10.1038/NNANO.2015.86]. 

- Fanming Qu, Arjan A. Beukman, Stevan Nadje-Perge, Michael Wimmer, Binh-Minh Nguyen, 
Wei Yi, Jacob Thorp. Marko Sokolich, Andrey A. Kiselev, Michael J. Manfra, Charles M. 
Marcus, Leo P. Kouwenhoven, Electric and Magnetic Tuning Between the Trivial and 
Topological Phases in InAs/GaSb Double Quantum Wells, Physical Review Letters 115, 
036803, 2015 [doi: 10.1103/PhysRevLett.115.036803]. 

 
11TI03 
- 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 B92, 035405, 2015 [doi: 10.1103/PhysRevB.92.035405] Joint 
UT + UvAexperiment publication. 

- M. Snelder, Y. Asano, A.A. Golubov, A. Brinkman, Observability of p-wave order parameter 
symmetry and Majorana bound states in 3D topological insulator devices, J. Phys.: Condens. 
Matter 27, 315701, 2015 [doi:10.1088/0953-8984/27/31/315701]. 

 
11TI04 
- P. Baireuther, T. Hyart, B. Tarasinski, and C.W.J. Beenakker, Andreev-Bragg reflection from an 

Amperian superconductor, Physical Review Letters 115, 097001, 2015 [doi: 
10.1103/PhysRevLett.115.097001]. 

- H. Schomerus, M. Marciani, and C.W.J. Beenakker, Effect of chiral symmetry on chaotic 
scattering from Majorana zero modes, Physical Review Letters 114, 166803, 2015 
[doi:10.1103/PhysRevLett.114.166803]. 

 
11TI05 
- R.J. Slager, L. Rademaker, J. Zaanen, L. Balents, Impurity bound states and Greens function 

zeroes as local signatures of topology, Phys. Rev. B92, 085126, 2015 
[doi:10.1103/PhysRevB.92.085126]. 

- R.J. Slager, V. Juricic, V. Lathinen, J. Zaanen, Self-organized pseudo-graphene on grain 
boundaries in topological band insulators, arXiv:1509.07705, under review: Nature 
Communications, 2015, Joint LEI + UvAtheory publication. 

 
11TI06 
- R.J. Slager, V. Juricic, V. Lathinen, J. Zaanen, Self-organized pseudo-graphene on grain 

boundaries in topological band insulators, arXiv:1509.07705, under review: Nature 
Communications, 2015, Joint LEI + UvAtheory publication (also listed above for 11TI05). 
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- Ville Lahtinen and Eddy Ardonne, Realizing All so(N)(1) Quantum Criticalities in Symmetry 
Protected Cluster Models, Physical Review Letters 115, 237203, 2015 
[doi:10.1103/PhysRevLett.115.237203]. 

 
5. Valorisation and outreach 
No patents were filed. 
The programme's consortia were involved in outreach activities. A small selection includes: 
Alexander Brinkman (UT): What makes quantum mechanics so interesting? at the Zwarte Cross 
festival, Lichtenvoorde 
Alexander Brinkman (UT): guest in Overijsel Vandaag (TV show) 
Mark Golden (UvA): Public lecture at the NEVACdag 2015 (Groningen) - Shining light on topological 
insulators and their surface states 
Mark Golden (UvA): Demonstration lecture at the SlimmerIQquiz for a few hundred primary school 
children who were in the final of a national quiz (www.slimmeriquiz.nl) 
Leo Kouwenhoven (TUD): TEDx lecture Amsterdam 'Can We Make Quantum Technology Work?' 
see http://tedx.amsterdam/2015/11/can-we-make-quantum-technology-an-interview-with-leo-
kouwenhoven 
 
6. Vacancies 
Postdoc position in 11TI01 is being interviewed for, based on a strong field of candidates. 
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Fact sheet as of 1 January 2016 

 FOM - 11.1833/4 
 datum: 01-01-2016 
 
 
APPROVED FOM PROGRAMME  
 
 
Number 134. 
  
Title (code) Topological insulators (TI) 
  
Executive organisational unit BUW 
  
Programme management Prof.dr. M.S. Golden 
  
Duration 2012-2017 
  
Cost estimate M€ 2.7 
  
Concise programme description 
a. Objectives 
The primary aims of FOM programme 134 are to create, investigate and control the novel electronic, 
magnetic and superconducting properties arising from topologically protected electronic states in 
2D and in particular 3D topological insulator (TI) systems. The programme consortium will make 
3D TI's in the form of high quality single crystals and thin films, mainly based on the Bi-based 
family of materials (Bi2Se3, Bi2Te3, Bi2Te2Se etc.). These samples will be extensively investigated 
using surface sensitive spectroscopies & transport probes. In addition, they will be studied 
regarding the interaction between topological crystalline defects and the topological electronic 
states, as well as regards interfacing to metals, magnets and superconductors. Mastery of the create 
- investigate - control cycle, in which experimental and theoretical insight go hand in hand, will 
enable the consortium to reach flagship goals ranging from a robust and convincing quantum 
(anomalous) Hall effect from the surface states of a 3D TI up to proof of the existence of Majorana 
fermions in TI devices. 
 
b. Background, relevance and implementation 
Topological insulators are a research theme at the forefront of global current physics as well as 
materials chemistry and materials science interest. Not only is this field of great impact as regards 
understanding novel electronic and magnetic properties, it is also spilling over into neighbouring 
areas, such as the ultracold quantum gases. 
The special significance of this field is that the basic mathematical concept of topology makes itself 
felt - even at room temperature - in the existence of conducting edge/surface states against the 
background, ideally, of an insulating bulk in 2D/3D TI materials. In addition, the peculiar 
scattering behaviour and hundred percent spin-polarisation of these edge states makes these 
materials of great interest as a possible future platform for low-power spintronic applications and 
even topological quantum information processing. 
The programme consortium, comprising groups from Amsterdam, Twente, Delft & Leiden, has 
been carefully selected to bring together high-level expertise in areas such as materials, 
nanoscience, surface studies, superconductivity and solid-state quantum information processing.  
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The programme is implemented around three central objectives covering the creation (single 
crystals, thin films, dislocations and strained systems), investigation (electronic structure, transport, 
magnetic & superconducting properties) and control (devices, surface-dominated transport, quantum 
[anomalous] Hall, Majorana fermions) of 2D & 3D TI-based systems. All three objectives involve an 
orchestrated interplay between experimentexperiment, experimenttheory and between the 
theory activities.  
 
 
Funding 
salarispeil cao per 01-01-2016 
 
bedragen in k€ ≤ 2016 2016 2017 2018 2019 2020 ≥ 2021 Totaal 

FOM-basisexploitatie 2.506 195 - - - - - 2.701 

FOM-basisinvesteringen - - - - - - - - 

Doelsubsidies NWO - - - - - - - - 

Doelsubsidies derden - - - - - - - - 

Totaal 2.506 195 - - - - - 2.701 
 
 
Source documents and progress control 
a) Original programme proposal: FOM-11.1200 
b) Ex ante evaluation: FOM-11.1358 
c) Decision Executive Board: FOM-11.1834 
 
 
Remarks 
The final evaluation of this programme will consist of a self-evaluation initiated by the programme 
leader and is foreseen for 2017. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 DK par. HOZB 
 
 
Subgebieden: 60% COMOP, 40% NANO  
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Historical overview of input and output 

 

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

2012 - 1.3 2.7 - 208 

2013 - 4.0 5.2 - 663 

2014 - 3.1 5.1 - 491 

2015 - 0.6 6.0 - 413 

 

Output PhD theses refereed publications other publications & 
presentations 

patents 

2012 - 7 16 - 

2013 - 9 35 - 

2014 1 13 57 - 

2015 - 18 30 - 

* After closing the financial year. 
 
 
PhD defences 
2012 
None. 

2013 
None. 

2014 
Tran Van BAY, 9 September 2014, FOM-A-11. 

2015 
None. 

 
 
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 leaders Dr. A. de Visser (UHD) 
 Dr. E. van Heumen (TT-UD) 

Project (title + number) Crystal growth and electronic structure of TI's and topological 
superconductors 11TI01 

 
FOM employees on this project 
Name  Position Start date End date 
Y. Pan PhD 1 September 2012 31 August 2016 
S.V. Ramankutty PhD 15 November 2014 31 January 2018 
 
 
Workgroup FOM-D-41 

Leader Prof.dr.ir. L.P. Kouwenhoven 
Organisation Delft University of Technology 
Project (title + number) Nanoscale electronic devices fot 2D and 3D TI's 11TI02 
 
FOM employees on this project 
Name  Position Start date End date 
D.J. van Woerkom PhD 1 December 2012 30 November 2016 
 
 
Workgroup FOM-L-05 

Leader Prof.dr. C.W.J. Beenakker 
Organisation Leiden University 
Project (title + number) Theory of the transport properties of TI's 11TI04 
 
FOM employees on this project 
Name  Position Start date End date 
B.M. Tarasinski PhD 7 January 2013 6 January 2017 
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Workgroup FOM-L-15 

Leader Prof.dr. J. Zaanen 
Organisation Leiden University 
Project (title + number) Theory of topological defects in 2D and 3D TI's 11TI05 
 
FOM employees on this project 
Name  Position Start date End date 
R.J. Slager PhD 1 January 2012 31 August 2016 
 
 
Workgroup FOM-T-40 

Leader Prof.dr.ir. A. Brinkman 
Organisation Twente University 
Project (title + number) Thin film growth & interfacing of TI's tosuperconductors 11TI03 
 
FOM employees on this project 
Name  Position Start date End date 
M.P. Stehno postdoc 1 August 2013 31 July 2015 
P. Ngabonziza PhD 1 September 2012 31 August 2016 
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