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Angular dependence of the resistance of crystals of Sr0.10Bi2Se3 signaling the special type of electronic pairing 

predicted for long-sought-after, bulk topological superconductors. Published by FOM OIO Yu Pan (UvA) in 

Scientific Reports 6, 28632, 2016. The radial direction (red arrow) shows the electrical resistance: zero in the 

centre (superconducting) and up to 20 mW on the outside (normal state), the latter caused by the applied 

magnetic field of 0.4 Tesla. The superconductivity shows clear two-fold symmetry: being strong along the 

north-south axis and weakest along the east-west line. The crystal itself has sixth-fold rotational symmetry, 

and this discrepancy is a perfect match with theoretical predictions for the behaviour of the odd-parity spin-

triplet Cooper pairs of a topological superconductor. 
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1. Scientific results 2016 

The Topological Insulator programme is in its fifth year and is running very well indeed. Though in the final PhD 

year of 4/6th of the programme's PhD researchers, the collaborating groups have been able to maintain the 

momentum achieved in 2015. In particular, the collaboration between TI materials development (UvA, 11TI01) 

and device physics (UT, 11TI03) has entered a very fruitful phase, benefiting from important theory advice 

(LEI, 11TI04, LEI, 11TI05). Most of the papers coming from this work are submitted in 2017 and will appear in 

the reporting next year. 

On one materials track, bulk-insulating, Bi-based 3D topological insulators (UvA, 11TI01) have been success-

fully incorporated into flake-based devices (UT, 11FOM03) for experiments involving supercurrents in TI-super-

conductor junctions (PRL, 2016) and for demonstrating quantum Hall edge states (UT, 11TI03) in 3D TI's 

(UT+UvA, submitted 2017). Thus, after achievement of the challenges 1 (materials) and 2 (making edge states 

count) in 2015, the consortium now cracked challenge 3 (quantum Hall) using tailor-made BSTS crystals, and 

laid ground work for the achievement of challenges 5 (topological superconductivity) and 6 (Majorana zero 

modes). 

The consortium's expertise with quaternary 3D TI's now reaches far enough to see the end of the line, in terms 

of the possibilities for the extreme control required for water-tight demonstrations of topological super-conduc-

tivity and Majorana's. Consequently, for challenges 5 & 6, flakes were used from single crystals of Sb-doped Bi. 

Theory insights (LEI, 11TI04) were important in tuning both the material composition (3D Dirac semimetal, 

UvA 11TI01), and for the optimisation of the device geometries (UT, 11TI03). The upshot was the demonstra-

tion of topological superconductivity in proximity devices, with unmistakable signals of Majorana zero modes in 

microwave irradiated Josephson junctions (UT+UvA, submitted 2017). These are the first Majorana's discovered 

in 3D Dirac semimetals, and thus this is an important step, adding this material class to the small family of 

Majorana host systems which comprises nanowires, ferromagnetic atom chains, and TI's. This success means 

that half of all Majorana's realised in solid states systems worldwide have been 'Made in the Netherlands' by 

groups involved in this FOM programme. 

The hunt for bulk topological superconductors got a boost with the demonstration of rotational symmetry 

breaking in the superconducting state of Sr-doped Bi2Se3 (UvA, 11TI01), which points to triplet superconductiv-

ity (SciRep., 2016). Great efforts are being made to generate superconducting flakes from these crystals to 

allow phase-sensitive devices to be built (UT, 11TI03; UvA, 11TI01).  

In the area of 2D TI's, the complexity of the edge states in InAs/GaSb structures (reported on here in 2015) 

was further investigated by the Delft group (2xPRL, 2016, one featured in APS's 'Physics' rubric) as were 

InSb/InAlSb quantum wells (NanoLetters, 2016). The Leiden theory PhD Tarasinski examined how the existence 

of topological zero modes and non-linearities can be combined in quantum random walks, such that the zero 

modes become the attractor and repeller of the nonlinear dynamics (LEI, 11TI04; PRL, 2106). 

As the global field also shifted to take up Weyl fermion systems and states protected by non-symmorphic crys-

tal symmetries, the FOM consortium moved, too. For example, theory delivered a valuable topological classifi-

cation scheme (LEI, 11TI05 + van Wezel's UvA group; arXiv, 2016), and is an on-going sparring partner for 

ARPES work in Amsterdam (11TI01) on the potential non-symmorphic 2D Dirac semi metal SrMnSb2. 

Further theory on the Dirac states at grain boundaries of TI's (LEI, 11TI05 + UvA, 11TI06; PRB, 2016) shows 

the continued promise here, and the first experimental paper dealing with dislocations in Sb-doped Bi is now on 

the arXiv server (from a Japanese group), setting the scene for a 'last-programme-year' effort to win over the 

last remaining programme challenge of demonstrating zero modes at dislocations in 3D TI's. 

All in all, great progress has been made, with 5 of the 6 challenges stated in the original proposal having been 

achieved by the end of 2016.  

 

2. Added value of the programme 

It is only in the form of a multi-group consortium with a clear set of objectives and challenges to be tackled 

together can the progress seen in 2015 and 2016 be achieved. The grappling with and achievement of more 

than 80% of the original challenges before the programme closes, challenges whose complexity increased as 

the programme matured, may look to have been an inexorable process, but was in fact the result of frequent 

contact at different levels between changing sets of the programme's groups. In 2016, the Twente-Amsterdam 

axis in particular has come to fruition, but the connections, discussions and sparring sessions with Delft nano-

experts and Leiden and Amsterdam theoreticians also formed an important part of the recipe for this success. 
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The collaborations with parties outside the programme consortium continues such as that with Oosterkamp 

[LEI]. New collaborations include with the Moscow Institute of Physics and Technology (UT, UvA) and with 

van Wezel & de Boer [both UvA]  UvA, LEI (Zaanen), and discussions are currently underway for crystal 

provision to Banerjee [RUG].  

The EPS' CMD conference organised in Groningen in the summer of 2016 (TI session co-chaired by Alexander 

Brinkman of the Twente team) was an informal, effective connection event for the programme. 

The team spirit is such that collaborations are continuing into 2017 (year 6 of the programme), often driven by 

consortium group members funded elsewhere: such community-building would never be achievable with a 

handful of Projectruimte projects.  

 

3. Personnel 

The destinations of the programme's young people have been: 

PhD's 

Slager [LEI]  postdoc @MPI PKS Moessner [Dresden]  

Beukman [TUD]  postdoc @QuTech 

Ngabonziza [UT] postdoc @MPI-FKF Mannhart [Stuttgart]  

Tarasinski [LEI]  postdoc @QuTech  

de Jong [UvA]  trainee clinical physicist @LUMC 

Yu Pan [UvA]  job hunting in Dresden (2-body situation with researcher partner). 

Postdocs 

Fanming Qu [TUD]  postdoc @QuTech 

Martin Stehno [UT]  postdoc @UT 

Ville Lahtinen [UvA]  DRS-POINT Fellowship @ FU Berlin 

Dong Wu [UvA]  faculty position @Sun Yat-sen University, China 

It is clear that the FOM programme has been an inspiring training ground and a very sound basis for these 

young people from which to move forward, confident in their future careers. 

 

4. Publications 

11TI01 

a. Scientific (refereed) publications 

- Y. Pan, A.M. Nikitin, G.K. Araizi, Y.K. Huang, Y. Matsushita, T. Naka, A. de Visser, Rotational symmetry 

breaking in the topological superconductor SrxBi2Se3 probed by upper-critical field experiments, Scientific 

Reports, 6 , 28632-1:7, 2016. 

- A. M. Nikitin, Y. Pan, Y. K. Huang, T. Naka, A. de Visser, High-pressure study of the basal-plane anisotropy 

of the upper critical field of the topological superconductor SrxBi2Se3, Phys. Rev. B 94, 144516 (2016). 
- Y. Pan, A.M. Nikitin, D. Wu, Y.K. Huang, A. Puri, S. Wiedmann, U. Zeitler, E. Frantzeskakis, E. van Heumen, 

M.S. Golden, A. de Visser, Quantum oscillations of the topological surface states in low carrier 

concentration crystals of Bi2-xSbxTe3-ySey, Solid State Communications, 227 , 13-18, 2016. 

- A. Sterzi, A. Crepaldi, F. Cilento, G. Manzoni, E. Frantzeskakis, M. Zacchigna, E. van Heumen, Y.K. Huang, 

M. S. Golden, and F. Parmigiani, SmB6 electron-phonon coupling constant from time- and angle-resolved 

photoelectron spectroscopy, Phys. Rev. B 94, 081111(R), 2016. 

- Shyama V Ramankutty, Nick de Jong, Ying-Kai Huang, Berend Zwartsenberg, Freek Massee, Tran V Bay, 

Mark S Golden, Emmanouil Frantzeskakis, Comparative study of rare earth hexaborides using high resolu-

tion angle-resolved photoemission, Journal of Electron Spectroscopy and Related Phenomena 208, 43-50, 

2016. 

- E.S. Tikhonov, D.V. Shovkun, M. Snelder, M.P. Stehno, Y. Huang, M.S. Golden, A.A. Golubov, A. Brinkman, 

V.S. Khrapai, Andreev reection in s-type superconductor proximized 3D topological insulator, Phys. Rev. 

Lett. 117, 147001, 2016  [joint UT + UvA paper, also listed in the UT, 11TI03 list]. 

 

b. Presentations at (inter)national scientific conferences 

- Shyama Ramankutty, ARPES investigations of quasi-2D Dirac fermions in SrMnSb2 (contributed talk), 

Engineering Quantum Matter 2016, St. Andrews, 8-10 June, 2016. 
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- Mark Golden, Latest developments in Dirac materials - from 3D topological insulators to 2D Dirac 

semimetals, Plenary talk at the Third International Conference on Advanced Materials and Nanotechnology 

(ICAMN 2016), 2-5 October 2nd - 5th, 2016, Hanoi, Vietnam. 

 

 

11TI02 

a. Scientific (refereed) publications 

- Fanming Qu, Jasper van Veen, Folkert K. de Vries, Arjan J.A. Beukman, Michael Wimmer, Wei Yi, 

Andrey A. Kiselev, Binh-Minh Nguyen, Marko Sokolich, Michael J. Manfra, Fabrizio Nichele, 

Charles M. Marcus, Leo P. Kouwenhoven, Quantized conductance and large g-factor anisotropy in InSb 

quantum point contact, Nano Letters, 16, 7509, 2016 

- Binh-Minh Nguyen, Andrey A. Kiselev, Ramsey Noah, Wei Yi, Fanming Qu, Arjan J. A. Beukman, 

Folkert K. de Vries, Jasper van Veen, Stevan Nadj-Perge, Leo P. Kouwenhoven, Morten Kjaergaard, 

Henri J. Suominen, Fabrizio Nichele, Charles M. Marcus, Michael J. Manfra, and Marko Sokolich, Decoupling 

Edge Versus Bulk Conductance in the Trivial Regime of an InAs / GaSb Double Quantum Well Using Corbino 

Ring Geometry, Phys. Rev. Lett. 117, 07770, 2016. 

- Fabrizio Nichele, Morten Kjaergaard, Henri J. Suominen, Rafal Skolasinski, Michael Wimmer, Binh-Minh 

Nguyen, Andrey A. Kiselev, Wei Yi, Marko Sokolich, Michael J. Manfra, Fanming Qu, Arjan J. A. Beukman, 

Leo P. Kouwenhoven, and Charles M. Marcus, Giant Spin-Orbit Splitting in Inverted InAs / GaSb Double 

Quantum Wells, Phys. Rev. Lett. 118, 016801, 2016 (featured in 'Physics'). 

 

b. Presentations at (inter)national scientific conferences 

- D. J. Woerkom, Microwave spectroscopy of Andreev bound states in nanowire junctions, QDev Seminar, 

January 2016, Copenhagen, Denmark. 

- D. J. Woerkom, On-chip microwave spectroscopy of semiconductor nanowire Josephson junctions, 

contributed talk, APS March Meeting, March 2016, Baltimore USA 

- D. J. Woerkom, Dynamics of Superconductor-Semiconductor Josephson Junctions, QSIT Seminar, June 

2016, Zürich, Switzerland 

- D. J. Woerkom, Dynamics of Superconductor-Semiconductor Josephson Junctions, CM Seminar, June 2016, 

Princeton USA 

 

11TI03 

a. Scientific (refereed) publications 

- E.S. Tikhonov, D.V. Shovkun, M. Snelder, M.P. Stehno, Y. Huang, M.S. Golden, A.A. Golubov, A. Brinkman, 

V.S. Khrapai, Andreev reection in s-type superconductor proximized 3D topological insulator, Phys. Rev. 

Lett. 117, 147001, 2016  [joint UT + UvA paper, also listed in the UvA, 11TI01 list]. 

- P. Ngabonziza, M.P. Stehno, H. Myoren, V.A. Neumann, G. Koster, A. Brinkman, Gate-tunable transport 

properties of in-situ capped Bi2Te3 topological insulator thin films, Adv. Electr. Mater., 1600157, 2016. 

 

b. Presentations at (inter)national scientific conferences 

– Brinkman, C. Li, J. de Boer, P. Ngabonziza, B. de Ronde, M. Stehno, Y. Huang, A. de Visser, M. Golden, A. 

Brinkman, “Proximity induced topological superconductivity in bismuth based three-dimensional topological 

insulators and Dirac semimetals”, Würzburg, Germany, TOCOtronics conference, 5-7/10/2016, Invited 

presentation. 

– M. Stehno, P. Ngabonziza, A. Brinkman, “The superconducting proximity effect in topological 

insulator/superconductor hybrid systems” European Physical Society, CMD2016, Groningen, the 

Netherlands, 5-9/9/2016, Contributed oral presentation. 

  

 

11TI04 

a. Scientific (refereed) publications 

- Y. Gerasimenko, B. Tarasinski, and C.W.J. Beenakker, Attractor-repeller pair of topological zero-modes in a 

nonlinear quantum walk, Physical Review A 93, 022329, 2016. 
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- P. Baireuther, J.A. Hutasoit, J. Tworzydło, C.W.J. Beenakker, Scattering theory of the chiral magnetic effect 

in a Weyl semimetal: Interplay of bulk Weyl cones and surface Fermi arcs, New Journal of Physics 18, 

045009, 2016. 

- N.V. Gnezdilov, M. Diez, M.J. Pacholski, and C.W.J. Beenakker, Wiedemann-Franz-type relation between 

shot noise and thermal conduction of Majorana surface states in a three-dimensional topological 

superconductor, Phys. Rev. B 94, 115415, 2016. 

- V.P. Ostroukh, B. Baxevanis, A.R. Akhmerov, and C.W.J. Beenakker, Two-dimensional Josephson vortex 

lattice and anomalously slow decay of the Fraunhofer oscillations in a ballistic SNS junction with a warped 

Fermi surface, Phys. Rev. B 94, 094514, 2016. 

 

 

11TI05 

a. Scientific (refereed) publications 

- R.J. Slager, V. Juricic, V. Lahtinen, J. Zaanen, Self-organized pseudo-graphene on grain boundaries in 

topological band insulators, Physical Review B 93, 245406, 2016 [joint paper with 11TI06, UvA, also listed 

there]. 

 

 

11TI06 

a. Scientific (refereed) publications 

- R.J. Slager, V. Juricic, V. Lahtinen, J. Zaanen, Self-organized pseudo-graphene on grain boundaries in 

topological band insulators, Physical Review B 93, 245406, 2016 [joint paper with 11TI05, LEI, also listed 

there]. 

b. Presentations at (inter)national scientific conferences 

- Robert Jan Slager, Self-organized semi-metals on grain boundaries in topological band insulators, (invited 

talk), Workshop: 'From From Quantum Field Theories to Numerical Methods', NORDITA, Stockholm, May 

2016. 

 

5. PhD defences 

The 2016 thesis graduation collection is: 

 Robert Jan Slager, Leiden [Zaanen] (12 January 2016, Golden in committee) 

 Arjan Beukman, TUD (19 February, 2016, Golden in committee. Beukman was funded from elsewhere, but 

was a member of the consortium) 

 Prosper Ngabonziza, UT (2 September, 2016, Golden in committee) 

 Brian Tarasinski, Leiden [Beenakker] (20 September, 2016) 

 Yu Pan, UvA (2 November 2016, Brinkman in committee) 

 Nick de Jong, UvA (7 December 2016. 50% of de Jong's thesis was on TI work, thus though funded from 

other sources, he was a member of the consortium.)  

Coming up:  

David van Woerkom's (TUD) thesis defence is scheduled for the 10 March 2017, and Shyama Ramankutty's 

(UvA) thesis will be written in late 2017 and defended on time, in the New Year of 2018. 

 

6. Valorisation, outreach and patents 

The research conducted here is still at an exploratory, pre-valorisation stage. 

Mark Golden (UvA): Quantum doughnuts en Möbiusbanden, Public lecture for Terugkomdag UvA alumnikring 

natuurkunde, 23 April 2016 (Amsterdam) 

No patents were filed.  

 

7. Vacancies 

None. 

 

  



 

 

 

 

 

 - 7 - 

 

Fact sheet as of 1 January 2017 

 FOM - 11.1833/5 

 datum: 01-01-2017 

 

 

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.  

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.  
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Funding 

salarispeil cao per 01-01-2016 

 

bedragen in k€  2016 2017 2018 2019 2020  2021 Totaal 

FOM-basisexploitatie 2.701 - - - - - 2.701 

FOM-basisinvesteringen - - - - - - - 

Doelsubsidies NWO - - - - - - - 

Doelsubsidies derden - - - - - - - 

Totaal 2.701 - - - - - 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. 
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Subgebieden: 60% COMOP, 40% NANO  
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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 

D. Cherian WP/T 15 June 2016 14 June 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 

 

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 
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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 

P. Ngabonziza PhD 1 September 2012 31 August 2016 

 


