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1. Scientific results 2014 
The FOM programme 'Controlling Spin dynamics in magnetic nanostructures: combining fast time 
and short length scales for tomorrow's technology' brings together the leading Dutch groups in 
spin transport through nanostructures and the ultrafast manipulation of spins using femtosecond 
laser pulses.  
 
The year 2014 has been very successful with many new and exciting results, in particular with the 
combination of transport and ultrafast optics. Members of the Eindhoven team demonstrated that 
super diffusive spin currents can lead to an optically generated Spin Transfer Torque on the mag-
netization in an adjacent ferromagnetic nano-layer (Nature Comm. 2014). This approach also 
allows for a quantitative estimate of the amount of spin transfer, and will thereby provide 
important input for the present debate on the relevance of super diffusive spin currents. In a com-
plementary approach the Nijmegen group demonstrated bias control of laser induced demagneti-
zation in a magnetic tunnel junction (PRB 2014) and wrote a comment on recently published and 
controversial results in this field (Nature Mat. 2014). The Delft group developed the theory of the 
magnetization dynamics of bilayers of a heavy metal such as Pt and a magnetic insulator such as 
yttrium iron garnet. They predict and model the existence of spin-transfer torque ferromagnetic 
resonance on insulators, i.e. the rectification of an applied AC current via the spin Hall magneto-
resistance discovered one year ago.  
 
A novel all-optical method was developed in Eindhoven to perform time-resolved Kerr measure-
ments in a layer-specific way (PRB 2014). Results on Fe-Ru-Ni tri-layers did resolve effects of super 
diffusive spin currents between Fe and Ni, but did not provide any sign of a super magnetized 
state in Fe. The latter was earlier reported based on complementary fs X-ray studies using table top 
high-harmonic generation. This shows that the exact role of transport during ultrafast demagneti-
zation –as well as interpretation of the experimental techniques– is still far from understood. Clear 
evidence for the role of spin-orbit scattering in laser-induced demagnetization was obtained by 
comparing response of Co thin films with Co/Pt multilayers. Reduction of the demagnetization 
time by a factor of three (for Co/Pt around 100 fs even at high laser fluence) and increase of the 
elementary Elliott-Yafet spin flip scattering probability by a similar factor was observed (APL, 
2014). Nijmegen developed a new time-resolved magneto-optical microscope that allows to make 
movies of magnetization dynamics with submicron spatial and femtosecond time resolution 
(Rev.Sci.Instr. 2014). We have also demonstrated sub-picosecond control and generation of spin-
polarized currents in metallic ferromagnetic multilayer structures using circularly polarized 
femtosecond laser pulses. Our demonstration is shown at room temperature and weak fields up to 
0.1 Tesla, providing an optimistic perspective for developing ultrafast spintronics (submitted). 
 
The realization that the mechanism of all-optical switching in transition metal-rare earth alloys is a 
combination of non-equilibrium dynamics of the two sublattices and the (antiferromagnetic) 
exchange interaction between them, allows to design synthetic ferrimagnetic materials, including 
FePt layers, for AOS (APL,2014). For future magnetic recording there is a need for high coercive 
magnetic materials that allow the storage of magnetic bits beyond the Tbit/inch2. In collaboration 
with Hitachi HGST and the High Field Magnetic Laboratory in Nijmegen we have demonstrated 
very fast demagnetization dynamics and high frequency spin oscillations in highly-coercive FePt 
granular films, the material of choice for future high density recording (APL,2014). 
 
Skyrmions continued to be a hot topic. The Utrecht group put forward a comprehensive descrip-
tion of current-skyrmion interaction that includes strong spin-orbit coupling [Phys. Rev. B 89, 
064425 (2014)]. While the Utrecht and Eindhoven PhD students on the programme already gradu-
ated, the two groups continui to collaborate on interface-induced chiral interactions that may 
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eventually lead to skyrmion stabilization at room temperature. A novel polarization-independent 
photomagnetic effect was discovered in bismuth iron garnet, in a collaboration with Universite de 
Versailles (PhD thesis Benny Koene, December 2014, submitted for PRB).  
 
Damping is an extremely important but complex parameter for magnetization dynamics and 
switching but the theory in this field is very limited. The Twente group has succeeded to calculate 
damping constants in magnetic nanostructures from first principles. These and other results have 
resulted in the thesis of dr. Y. Liu, that was defended in 2014. 
 
Outlook: Though most projects have finished, the last PhD student is working on a perfect combi-
nation of what has been achieved in the last years: fs laser induced generation of spin polarized 
currents in metallic multilayer structures. In the past year the effect of helicity dependent all-opti-
cal switching has been demonstrated in an increasing number of materials, including FePt con-
taining compounds, by various groups worldwide. This makes the potential of this discovery for 
future applications a lot bigger. The realization of the fact that the mechanism of all-optical 
switching in transition metal-rare earth alloys is a combination of non-equilibrium dynamics of the 
two sublattices and the (antiferromagnetic) exchange interaction between them, has opened the 
way for the development of specially engineered materials where magnetic moment, exchange 
coupling, thickness, anisotropy etc. are chosen to achieve a specific functionality. First results in 
this direction are on their way and the Nijmegen and the Eindhoven groups aim to combine their 
expertise to develop and study especially engineered multilayers (this will be part of the new FOM 
programme Exciting Exchange). This may lead to new opportunities for optical control of spin 
functionalities. Finally, the newly emerging field of spin-caloritronics is very promising, as it may 
lead to real spintronic devices, i.e. exploiting pure spin currents without charge flow resulting in a 
new generation of very energy efficient spintronic devices. This will be further pursued in another 
new FOM programme (Magnon Spintronics). 
 
The successful Utrecht-Eindhoven collaboration resulted in the granting of a FOM project on 
skyrmionics that contributes towards funding for two Ph. D. students, and will thus be continued. 
The Eindhoven work will also partly be continued within the NWO Gravitation programme 
'Research Center for Integrated NanoPhotonics'. 
 
2. Added value of the programme 
The strong interaction and mutual inspiration between the partners in this programme have led to 
a number of groundbreaking results and joint publications in the past years. Internationally, there 
are strong and growing activities in both the area of spintronics and in the field of laser induced 
ultrafast magnetization dynamics, but our SPIN programme has helped us to stay in the lead. In 
addition, based on the latest developments in the field, largely initiated by partners of our consor-
tium, two new activities have emerged: the study and exploitation of the strongly non-equilibrium 
dynamics triggered by short femtosecond laser pulses and the field of spin-caloritronics that 
exploits heat to generate pure spin currents. Both have led to the successful submission of two new 
FOM programmes that have started this year, 'Magnon Spintronics' coordinated by R. Duine and 
'Exciting Exchange' coordinated by Th. Rasing. 
 
3. Personnel 
In the last year, most filled positions were finished and several PhD's graduated. The programme 
also profits from many interactions with groups outside the Netherlands, like Nihon University, 
Tohoku University, Stanford etc. The PhD students in 08SPIN01 (S. Khorsand), 08SPIN02 
(F. Joibari), 08SPIN05 (Y.Liu), 08SPIN06 (S. Schellekens), 08SPIN09 (B. Koene), all defended their 
theses (Khorsand in 2013). 
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4. Publications 
08SPIN01 
- A.R. Khorsand, M. Savoini, A. Kirilyuk & T. Rasing, Optical excitation of thin magnetic layers in 

multilayer structures. Nature Materials, 13(2), 101-102 (2014). 
- J. Becker, O. Mosendz, D. Weller, A.I. Kirilyuk, J.C. Maan, P.C.M. Christianen, T. Rasing, 

A.V. Kimel, Laser induced spin precession in highly anisotropic granular L1(0) FePt. Applied 
Physics Letters (2014). 

- A.V. Kimel, All Optical Switching: Three rules of design. Nature Materials, 13(3), 225-226 (2014). 
- M. Savoini, C. Piovera, C. Rinaldi, E. Albisetti, D. Pett, A.R. Khorsand, L. Duo, C. Dallera, 

M. Cantoni, R. Bertacco, M. Finazzi, E. Carpene, A.V. Kimel, A. Kiriliouk, T. Rasing, Bias-con-
trolled ultrafast demagnetization in magnetic tunnel junctions. Physical Review B, 89 (14) (2014). 

- R.F.L. Evans, T.A. Ostler, R.W. Chantrell, I. Radu, T. Rasing: Ultrafast thermally induced 
magnetic switching in synthetic ferrimagnets APPLIED PHYSICS LETTERS 104 (8) 2014. 

 
08SPIN02 
- F. K. Joibari, Thesis Title 'Interplay of Charge Current and Spin in Nanostructures', Thesis 

Defence 7-4-2014. 
- F.K. Joibari, Ya. M. Blanter, and G.E.W. Bauer, Light-induced spin polarizations in quantum 

rings, Phys. Rev. B 90, 155301 (2014). 
- J. Flipse, F.K. Dejene, D. Wagenaar, G.E.W. Bauer, J. Ben Youssef, B.J. van Wees, Observation of 

the spin Peltier effect, Phys. Rev. Lett. 113, 027601 (2014). 
- T. Chiba, G.E.W. Bauer, S. Takahashi, Current-induced spin torque resonance for magnetic 

insulators, Phys. Rev. Applied 2, 034003 (2014). 
 
08SPIN03 
- M.E. Knoester, Jairo Sinova, and R.A. Duine, Phenomenology of current-skyrmion interactions 

in thin films with perpendicular magnetic anisotropy, Phys. Rev. B 89, 064425 (2014). 
 
08SPIN06 
- A.J. Schellekens, K.C. Kuiper, R.R.J.C. de Wit, B. Koopmans, Ultrafast spin-transfer torque driven 

by femtosecond pulsed-laser excitation, Nature. Commun. 5, 4333 (2014). 
- K.C. Kuiper, T. Roth, A.J. Schellekens, O. Schmitt, B. Koopmans, M. Cinchetti, M. Aeschlimann, Spin-

orbit enhanced demagnitzation rate in Co/Pt-multilayers, Appl. Phys. Lett. 105 (2014). 
- A.J. Schellekens, N. de Vries, J. Lucassen, B. Koopmans, Exploring laser-induced inter-layer spin 

transfer by an all-optical method, Phys. Rev. B 90, 104429 (2014). 
 
08SPIN09 
- Y. Hashimoto, A.R. Khorsand, M. Savoini, B. Koene, D. Bossini, A. Tsukamoto, A. Itoh, 

Y. Ohtsuka, Aoshima, A.V. Kimel, A. Kirilyuk, T. Rasing, : Ultrafast time-resolved magneto-
optical imaging of all-optical switching in gdfeco with femtosecond time-resolution and a mu 
m spatial-resolution. Review of Scientific Instruments, 85(6) (2014). 

 
5. Valorisation and outreach 
Radboud University supports the project Optical Hard disk, which investigates the possibilities to 
bring the effect of All-Optical Swithing towards industrial application. 
The members of the SPIN consortium are frequently invited to give invited and/or plenary talks at 
all major conferences on Magnetism and Spintronics and APS and DPG spring meetings. In 2014 
the total was around 30. 
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SPIN in the Press: Dataopslag kan veel sneller, Artikel in NRC Handelsblad; De harde schijf 
spint als een tierelier, Artikel in De Volkskrant; Supersnelle dataopslag, Artikel in De Telegraaf. 
 
6. Vacancies 
None. 
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Fact sheet as of 1 January 2015 

 FOM - 08.1866/7 
 datum: 01-01-2015 
 
 
APPROVED FOM PROGRAMME 
 
 
Number 109. 
  
Title (code) Controlling spin dynamics in magnetic nanostructures: 

combining fast time and short length scales for tomorrow's 
technology (SPIN) 

  
Executive organisational unit BUW 
  
Programme management Prof.dr. Th.H.M. Rasing 
  
Duration 2009-2014 
  
Cost estimate M€ 3.1 
  
Concise programme description 
a. Objectives 
To create a generic understanding of ultrafast spin-transfer phenomena and processes, to explore 
the possibilities and fundamental limitations with regards to time scale, and develop new concepts 
for the controlled manipulation of magnetization and spin ensembles operating in the regimes of 
ultrafast and small simultaneously. In particular, the programme envisions bringing fast optical 
control to the nanoscale, and bringing electrical spin control to the picosecond time scale using 
concepts and knowledge from both approaches to create cross-fertilization. 
 
b. Background, relevance and implementation  
The demand for the ever-increasing speed and density of systems for information manipulation 
and storage has triggered an intense search for ways to control the magnetization of a medium. 
Following Moore's law, miniaturization of bits in magnetic recording and information processing 
technologies is already successfully entering the nano world, while concomitantly the rates of 
recording and retrieving magnetically stored information need to be increased as well. Finding 
new approaches to reverse magnetization by means other than magnetic fields is a fundamental 
challenge with important consequences for technology.  
 
Two very recent, revolutionary concepts will serve as cornerstones for our programme: 
1) The ultrafast manipulation of magnetic matter by femtosecond laser pulses; 
2) The use of a spin-polarized current to transfer angular momentum across boundaries in 

magnetic nanostructures and devices. 
 
The programme will focus on a) the fundamental aspects of angular momentum transfer at 
ultrafast timescales in magnetic nanostructures as well as b) the development of new concepts for 
ultrafast spin manipulation on the nanoscale. 
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The consortium of partners has the necessary complementary expertise to address both themes. 
Each theme will bring together the expertise of the consortium members in a combined optical, 
electrical, experimental and theoretical approach, with specific (PhD/PD) projects always 
including two or more partners. 
 
Funding 
salarispeil cao per 01-07-2012 

 
bedragen in k€ < 2014 2015 2016 2017 2018 2019 > 2020 Totaal 

FOM-basisexploitatie 3.071 - - - - - - 3.071 

FOM-basisinvesteringen - - - - - - - - 

Doelsubsidies NWO - - - - - - - - 

Doelsubsidies derden - - - - - - - - 

Totaal 3.071 - - - - - - 3.071 
 
 
Source documents and progress control 
a) Original programme proposal: FOM-08.1415 
b) Ex ante evaluation: FOM-08.1551 
c) Decision Executive Board: FOM-08.1865 
 
 
Remarks 
The final evaluation of this programme will consist of a self-evaluation initiated by the programme 
leader and is foreseen in 2015. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 AW par. HOZB 
 
 
Subgebied: 100% NANO  
  



 
 
 

 
 
 - 9 - 
 

Historical overview of input en output 

 

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

2009 - 1.0 1.6 0.3 144 

2010 - 1.7 6.6 0.5 466 

2011 - 0.5 8.0 0.5 496 

2012 - 1.1 8.0 0.3 561 

2013 - 0.9 8.2 - 659 

2014 - 1,0 3,1 - 407 

 

Output PhD theses refereed publications other publications & 
presentations 

patents 

2009 - - 11 - 

2010 - 11 56 - 

2011 - 15 53 - 

2012 - 18 49 - 

2013 2 16 73 - 

2014 2 12 31 - 

* After closing the financial year. 
 
 
PhD defences 
2009 
None. 

2010 
None. 

2011 
None. 

2012 
None. 

2013 
Sam Khorsand, 17 April 2013, FOM-N-11. 

2014 
Benny Koene, 10 December 2014, FOM-N-11. 
Jeroen Franken, 20 March 2014, FOM-E-28. 

 
 
Patents (new/changes) 
2013 
None. 

2014 
None. 
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Overview of projects and personnel 

 
Workgroup FOM-D-09 

Leader Prof.dr.ir. G.E.W. Bauer 
Organisation Delft University of Technology 

Programme Controlling spin dynamics in magnetic nanostructures: combining 
fast time and short length scales for tomorrow's technology 

Project (title + number) Theory spintronics 08SPIN02 
 
FOM employees on this project 
Name  Position Start date End date 
F. Kako Joibari PhD 25 June 2009 24 April 2014 
 
 
Workgroup FOM-E-05 

Leader Prof.dr. B. Koopmans 
Organisation Eindhoven University of Technology 

Programme Controlling spin dynamics in magnetic nanostructures: combining 
fast time and short length scales for tomorrow's technology 

Project (title + number) Ultrafast spin dynamics 08SPIN06 
 
FOM employees on this project 
Name  Position Start date End date 
R.M. Cordoba Castillo postdoc 01 December 2013 30 September 2015 
A.J. Schellekens PhD 01 March 2010 28 February 2014 
 
 
Leader Prof.dr. B. Koopmans 
Organisation Eindhoven University of Technology 

Programme Controlling spin dynamics in magnetic nanostructures: combining 
fast time and short length scales for tomorrow's technology 

Project (title + number) Novel methods to drive domain walls 08SPIN10 
 
FOM employees on this project 
Name  Position Start date End date 
J.H. Franken PhD 15 March 2010 14 March 2014 
 
  



 
 
 

 
 
 - 11 - 
 

 
Workgroup FOM-G-08 

Leader Prof.dr.ir. B.J. van Wees 
Organisation Groningen University 

Programme Controlling spin dynamics in magnetic nanostructures: combining 
fast time and short length scales for tomorrow's technology 

Project (title + number) Spin transport metals 08SPIN07 
 
FOM employees on this project 
Name  Position Start date End date 
J. Flipse PhD 01 June 2010 31 May 2014 
 
 
Workgroup FOM-N-11 

Leader Prof.dr. Th.H.M. Rasing 
Organisation Radboud University Nijmegen 
Project leaders Dr. A.V. Kimel 

 Prof.dr. A. Kirilyuk 

Programme Controlling spin dynamics in magnetic nanostructures: combining 
fast time and short length scales for tomorrow's technology 

Project (title + number) Ultrafast spin manipulation 13SPIN11 
 
FOM employees on this project 
Name  Position Start date End date 
T.J. Huisman PhD 01 April 2013 31 March 2017 
 
 
Leader Prof.dr. Th.H.M. Rasing 
Organisation Radboud University Nijmegen 
Project leader Prof.dr. A. Kirilyuk 

Programme Controlling spin dynamics in magnetic nanostructures: combining 
fast time and short length scales for tomorrow's technology 

Project (title + number) Nanoscale manipulation of magnetization by plasmonic structures 
08SPIN09 

 
FOM employees on this project 
Name  Position Start date End date 
B. Koene PhD 01 July 2010 30 June 2014 
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Workgroup FOM-T-09 

Leader Prof.dr. P.J. Kelly 
Organisation Twente University 
Project leader Dr. G.H.L.A. Brocks 

Programme Controlling spin dynamics in magnetic nanostructures: combining 
fast time and short length scales for tomorrow's technology 

Project (title + number) First principles theory 08SPIN05 
 
FOM employees on this project 
Name  Position Start date End date 
Y. Liu PhD 01 October 2009 31 March 2014 
 
 
Workgroup FOM-U-34 

Leader Dr. R.A. Duine 
Organisation Utrecht University 

Programme Controlling spin dynamics in magnetic nanostructures: combining 
fast time and short length scales for tomorrow's technology 

Project (title + number) Theory domain walls 08SPIN03 
 
FOM employees on this project 
Name  Position Start date End date 
E. van der Bijl PhD 01 February 2010 31 January 2014 
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