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Illustration of long-distance spin transport through the magnetic insulator Yttrium Iron Garnet (YIG). The 
illustration is a cartoon of our set-up; two platinum leads are connected to the magnetic insulator. Electronic 
spin currents (blue spins in figure) in the Pt are (detected) generated by the (inverse) spin Hall effect and 
converted into magnonic spin current (pink spins) at the interface between metal and magnetic insulator. 
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1. Scientific results 2016 

This is the first report for the programme Magnon Spintronics, which started in September 2015. It involves 
three groups (Bauer, Duine, and Van Wees) and 6 junior researchers (3 PhD’s, 3 postdocs) have been 
appointed on the programme. The ultimate goal of the programme is to obtain electrical control over magnon 
spin currents and, ultimately, magnon Bose-Einstein condensation and the resulting spin superfluidity. 
The first step towards this goal is to demonstrate electrical control over spin transport through a magnetic 
insulator. In a collaboration between the groups of Duine and Van Wees this was indeed demonstrated in the 
magnetic insulator Yttrium Iron Garnet (YIG) at room temperature. In this experiment it was found that the 
spin relaxation length of magnons in this material is very long (10 µm). This result is rather promising for 
achieving the goals of the programme, as it demonstrates that spin relaxation is relatively weak which is 
beneficial for achieving condensation. These experimental findings also motivated the development of a new 
theoretical framework in a collaboration between the groups of Bauer, Duine and Van Wees. In a closely-related 
development, we developed a two-fluid theory for spin transport in magnetic insulators. Moreover, the groups 
of Bauer and Duine collaborated with the group of Saitoh to develop a theory for the influence of strong 
magnon-phonon coupling on spin transport in magnetic insulators. 
While the above-mentioned results did not yet involve junior researchers appointed on the programme, 
subsequently there have been many results involving them: The influence of YIG thickness on non-local 
transport was studied extensively (collaboration groups Duine and Van Wees), while the magnon planar Hall 
effect was demonstrated. Furthermore, experiments were started to investigate spin transport through 
antiferromagnetic insulators. Theoretically, we developed the description for spin transport through these latter 
materials, as well as the description of the coupling of mechanical and magnetic resonance modes in 
nanoparticles. Several of these results have already been submitted and are at present under review1. 
Given these results, the programme is well on schedule. For the coming year we expect many new results, in 
particular on antiferromagnets, and on the magnon Hall effect. 
 
2. Added value of the programme 

The added value of the programme is clear from the scientific results: as mentioned there are and have been 
many collaborations between the groups involved, that have already led to results and publications. These 
collaborations are maintained by frequent programme meetings (twice per year) of which the first was 
organized in Utrecht (March, 2016) and the second in Groningen (November, 2016). The next one will be 
organized in Delft in March 2017. More informally, the junior researchers on the programme frequently visit 
each other to discuss their results, while several of the programme researchers (both junior and senior) have 
frequent informal meetings at conferences. 
 
Further points that demonstrate the programme’s added value: 
- Appointment of G.E.W. Bauer as visiting professor (Donders chair) in Utrecht, April-June 2015. While this 

appointment was before the programme had started, it was a result of the collaborations that were forged 
while writing the programme application and kick-started collaborations between the groups of Bauer and 
Duine. 

- Organization of the conference Spin Caloritronics 7, July 11-15, 2016, in Utrecht. This conference is the 
main conference in the field and holding it successfully in Utrecht made the FOM programme internationally 
visible. 

- Appointment of G.E.W. Bauer as visiting professor (Zernike chair) in Groningen, Fall 2016. 
 
3. Personnel 

All junior positions on the programme have been filled. Palstra has been appointed as Rector Magnificus of 
Twente University per November 2016 and is no longer part of the programme consortium. The programme PhD 
student formerly under supervision of Palstra is now supervised by Van Wees. While this student has had some 
delay, first results – on magnon spin transport in antiferromagnets – are now being generated. More generally, 

                                                 
1 See arXiv:1701.02041, arXiv:1612.08233, arXiv:1610.01072, arXiv:1702.00975, arXiv:1611.04402, 
arXiv:1701.03285, and arXiv:1702.05384. 
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all PhD students appointed on the programme are in the stage of writing their first or second publication, and 
are therefore well on schedule towards obtaining their PhD degree. 
In Spring 2017, two guests that will contribute to the programme are visiting Utrecht. These are Prof. 
Tserkovnyak (UCLA), who will spend part of his sabbatical in Utrecht, and Dr. Rameshti (IPM, Teheran). 
 
4. Publications 

Publications that involve junior researchers appointed on the programme are detailed below per group. We first 
list publications that are a result of collaborations within the programme but that do not involve the 
programme’s junior researchers: 
- L.J. Cornelissen, J. Liu, R.A. Duine, J. Ben Youssef, B.J. Van Wees, Long distance transport of magnon spin 

information in a magnetic insulator at room temperature, Nature Physics 11, 1022 (2015). 
- A. Aqeel, N. Vlietstra, J. A. Heuver, G. E. W. Bauer, B. Noheda, B. J. van Wees, and T. T. M. Palstra, Spin-

Hall magnetoresistance and spin Seebeck effect in spin-spiral and paramagnetic phases of multiferroic 
CoCr2O4 films, Phys. Rev. B 92, 224410 (2015). 

- Ludo J. Cornelissen, Kevin J.H. Peters, Gerrit E.W. Bauer, Rembert A. Duine, and Bart J. van Wees, Magnon 
spin transport driven by the magnon chemical potential in a magnetic insulator, Phys. Rev. B 94, 014412 
(2016). 

- Takashi Kikkawa, Ka Shen, Benedetta Flebus, Rembert A. Duine, Ken-ichi Uchida, Zhiyong Qiu, Gerrit 
- E. W. Bauer, and Eiji Saitoh, Magnon-Polarons in the Spin Seebeck Effect, Phys. Rev. Lett. 117, 207203 

(2016). 
- A. Aqeel, N. Vlietstra, A. Roy, M. Mostovoy, B.J. van Wees, and T.T.M. Palstra, Electrical detection of spiral 

spin structures in Pt|Cu2OSeO3 heterostructures, Phys. Rev. B 94, 134418 (2016). 
- A. Aqeel, I.J. Vera-Marun, Z. Salman, T. Prokscha, A. Suter, B.J. van Wees, and T.T.M. Palstra, Probing 

current-induced magnetic fields in Au|YIG heterostructure with low-energy muon spectroscopy, Appl. Phys. 
Lett. 110, 062409 (2017). 

 
 
14MSP01 (Duine) 
b. Presentations at (inter)national scientific conferences 
- S. Bender, Thermally driven spin torques and magnon condensates, July 14, talk at Spin Caloritronics 

conference in Utrecht. 
- C. Ulloa, Antiferromagnetic Magnonic Crystals, talk at the FOM programme meeting, Groningen, November 

9, 2016. 
 
 
14MSP02 (Bauer) 
b. Presentations at (inter)national scientific conferences 

All given/presented by S. Streib: 
- in magnetic nanoparticles' given at the 3rd Workshop of the Core-to-Core Project Tohoku-York- 

Kaiserslautern: 'New concepts for future spintronic devices', Kaiserslautern, Germany, June 24, 2016, . 
- 'Magnetomechanical coupling and ferromagnetic resonance in magnetic nanoparticles' given at the Institute 

for Materials Research, Tohoku University, Sendai, Japan, December 1, 2016. 
 
 
14MSP03 (Van Wees) 
a. Scientific (refereed) publications 
- J. Shan, L. J. Cornelissen, N. Vlietstra, J. Ben Youssef, T. Kuschel, R. A. Duine, and B. J. van Wees, 

Influence of yttrium iron garnet thickness and heater opacity on the nonlocal transport of electrically and 
thermally excited magnons, Phys. Rev. B 94, 174437 (2016). 

- N.D. Müglich, A. Gaul, M. Meyl, A. Ehresmann, G. Götz, G. Reiss, and T. Kuschel, 'Grain size correlated 
rotatable magnetic anisotropy in polycrystalline exchange bias systems', Phys. Rev. B 94, 184407 (2016). 
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- O. Kuschel, R. Buß, W. Spiess, T. Schemme, J. Wöllermann, K. Balinski, A.T. N'Diaye, T. Kuschel, 
J. Wollschläger, and K. Kuepper, 'From NiO/Fe3O4 bilayers to NiFe2O4-like thin films through Ni 
interdiffusion', Phys. Rev. B 94, 094423 (2016). 

- T. Huebner, A. Boehnke, U. Martens, A. Thomas, J.-M. Schmalhorst, G. Reiss, M. Münzenberg, and 
T. Kuschel, 'Comparison of laser induced and intrinsic tunnel magneto-Seebeck effect in CoFeB/MgAl2O4 
and CoFeB/MgO magnetic tunnel junctions', Phys. Rev. B 93, 224433 (2016). 

- J. Kimling, G.-M. Choi, J.T. Brangham, T. Matalla-Wagner, T. Huebner, T. Kuschel, F. Yang, and D.G. Cahill, 
'Picosecond spin Seebeck effect', Phys. Rev. Lett. 118, 057201 (2017). 

- O. Reimer, D. Meier, M. Bovender, L. Helmich, J.-O. Dreessen, J. Krieft, A.S. Shestakov, C.H. Back, J.-M. 
Schmalhorst, A. Hütten, G. Reiss, and T. Kuschel, "Quantitative separation of the anisotropic 
magnetothermopower and planar Nernst effect by the rotation of an in-plane thermal gradient", Sci. Rep. 
7, 40586 (2017). 

- J. Krieft, J. Mendil, M. H. Aguirre, C. O. Avci, C. Klewe, K. Rott, J.-M. Schmalhorst, G. Reiss, P. 
Gambardella, and T. Kuschel, 'Co-sputtered PtMnSb thin fims and Pt/PtMnSb bilayers for spin-orbit torque 
investigations', Phys. Status Solidi (Rapid Res. Lett.), Special Issue on Antiferromagnetic Spintronics 
(2017). 

- P. Bougiatioti, C. Klewe, D. Meier,O. Manos, O. Kuschel, J. Wollschläger, L. Bouchenoire, S. D. Brown, J.-M. 
Schmalhorst, G. Reiss, T. Kuschel, 'Quantitative disentanglement of spin Seebeck, proximity- induced and 
intrinsic anomalous Nernst effect in NM/FM bilayers', arXiv:1702.05384 (2017). 

 
b. Presentations at (inter)national scientific conferences 
- '603. WE-Heraeus-Seminar on Magnonics: Spin Waves Connecting Charges, Spins and Photons':  Jing Liu 

presented a poster with title of 'Exchange Magnon Spintronics', obtaining the Best Poster Prize and giving a 
10-minute bonus talk about the poster (Physikzentrum Bad Honnef in Germany, January 6-8, 2016) 

- Invited Colloquium talk at University of Osnabrück: Timo Kuschel gave a talk with title of 'Electrically and 
thermally induced spin currents in magnetic insulators' (Osnabrück, Germany, Novermber 3, 2016). 

 
 
14MSP04 (Palstra) 
b. Presentations at (inter)national scientific conferences 
- 'Spin Caloritronics 7': Geert Hoogeboom participated this conference with a poster titled 'Magnon Transport 

through Antiferromagnets' about non-local magnon transport using antiferrmagnet MnF2 (Utrecht, the 
Netherlands, July 10-15, 2016). 

- SPICE Workshop 'Antiferromagnetic Spintronics': Geert Hoogeboom presented a poster of 'Magnon 
Transport through Antiferromagnets' (Mainz, Germany, September 26-30, 2016). 

 
5. PhD defences 

- 
 
6. Valorisation, outreach and patents 

Van Wees was awarded the Spinoza prize in 2016, which of course attracted ample attention from the media. 
 
7. Vacancies 

While there are no vacancies on the programme, its PI’s were successful in obtaining additional funds. Part 
thereof is for research very closely related to the programme. In particular, Bauer was awarded a 
'projectruimte', while Duine obtained an ERC Consolidator Grant. 
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Fact sheet as of 1 January 2017 

 FOM - 14.1934/2 
 datum: 04-02-2017 
 
APPROVED FOM PROGRAMME 
 
Number 159. 
  
Title (code) Magnon spintronics (MSP) 
  
Executive organisational unit BUW 
  
Programme management Dr. R.A. Duine 
  
Duration 2015 – 2020 
  
Cost estimate M€ 1.4 
  
Concise programme description 

a. Objectives 

This programme focuses on physical mechanisms and materials enabling i) generation, control, and probing 
spin currents in magnetic insulators, ii) strongly coupled electrons and magnons at interfaces between metals 
and magnetic insulators, and iii) control of non-equilibrium magnonic many-body states of a magnetic insulator 
by injection and detection of spin currents across its interface with a normal metal. The ultimate goal of this 
programme is to achieve electrical and thermal creation and control of room-temperature magnon Bose-
Einstein condensates – and the resulting spin superfluidity.  
 
 

b. Background, relevance and implementation 

The quest for a next-generation beyond-Moore electronics is obstructed the thermodynamic bottleneck that is 
caused by the dissipation associated with moving electrons. A revolutionary new approach to electronics is 
based on information processing and transfer in insulators in which the electrons do not move at all. This option 
becomes possible by employing magnons, i.e., quanta of the spin-wave collective excitations of the 
magnetization in magnetic insulators, to propagate information. On top of this application perspective, magnon 
spintronics gives rise to completely new physical phenomena that do not fit the paradigm of single-electron 
spintronics. These include effects caused by magnonic collective phenomena, such as magnon Bose-Einstein 
condensation and superfluidity, and by the interaction between magnons and electrons at interfaces between 
magnetic insulators and normal metals.  
 
This programme develops - in a close collaboration between the consortium partners - new materials, 
experiments, and theory with the goal to electrically control magnon spin currents and the magnetic order 
parameter in magnetic insulators. The proposed research consists of four key steps: i) Thermal magnon spin 
injection, transport and detection , ii) Actuating and switching the magnetic order parameter, iii) Achieving 
Magnon Bose-Einstein condensation by spin-current injection and iv) Demonstration of spin superfluidity. 
 
The programme is a closed programme. The research is organized in three workpackages, each coordinated by 
a consortium member (WP1: Palstra; WP2: Van Wees; WP3: Duine) and carried out by one experimental and 
one theoretical junior scientist (oio or postdoc) who will collaborate closely and will frequently visit each other. 
Budget is reserved for regular (~twice/year) programme meetings and for future Dutch editions of the 
international 'Spin Caloritronics' and 'NewSpin' workshops.  
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Funding 

salarispeil cao tot 01-01-2016 

bedragen in k€ ≤ 2016 2017 2018 2019 2020 > 2021 Totaal 

FOM-basisexploitatie 281 280 280 280 280 - 1.401 

FOM-basisinvesteringen - - - - - - - 

Doelsubsidies NWO - - - - - - - 

Doelsubsidies derden - - - - - - - 

Totaal 281 280 280 280 280 - 1.401 

 
 
Source documents and progress control 

a) Original programme proposal: FOM-14.1455 
b) Ex ante evaluation: FOM-14.1712 
c) Decision Executive Board: FOM-14.1933 
 
 
Remarks 

The final evaluation will be based on the self-evaluation report initiated by the programme leader and is 
foreseen for 2020. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 AH par. HOZB 
 
 
Subgebieden: 50% COMOP, 50% NANO 
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Overview of projects and personnel 

 
Workgroup FOM-D-09 

Leader Bauer, GEW 

Organisation Delft University of Technology 

Project leader(s)  

Programme Magnon spintronics 

Project (title + number) Theory of coupled spin-heat transport in insulators (14MSP02) 

 

FOM employees on this project 

Name  Position Start date End date 

Streib, SD WP/T 1-2-2016 31-1-2019 

 
 
Workgroup FOM-G-08 

Leader Wees, BJ van 

Organisation University of Groningen 

Project leader(s)  

Programme Magnon spintronics 

Project (title + number) Spin transport and excitation of magnetic insulators (14MSP03) 

 

FOM employees on this project 

Name  Position Start date End date 

Kuschel, T WP/T 1 December 2015 30-11-2018 

Liu, J PhD 1 September 2015 31-8-2019 

 
 
Workgroup FOM-G-14 

Leader Palstra, TTM 

Organisation University of Groningen 

Project leader(s)  

Programme Magnon spintronics 

Project (title + number) New materials (14MSP04) 

 

FOM employees on this project 

Name  Position Start date End date 

Hoogeboom, GR PhD 1 September 2015 31-8-2019 
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Workgroup FOM-U-34 

Leader Duine, RA 

Organisation Utrecht University 

Project leader(s)  

Programme Magnon spintronics 

Project (title + number) Theory of current-driven magnetic-insulator dynamics (14MSP01) 

 

FOM employees on this project 

Name  Position Start date End date 

Bender, S WP/T 16-1-2016 15-1-2018 

Ulloa Osorio, CE PhD 1-10-2016 30-9-2020 
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