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(a) In this image, made with a scanning electron microscope, the nanopillar is located at the dotted rectangle. 
A platinum heating element (rearmost of the three grey-coloured strips) causes a temperature difference. A 
nanothermometer, made up from a nickel-copper alloy (purple) and platinum (foremost grey strip) detects 
the difference in heat conduction. The middlemost grey strip is a platinum contact that makes contact with 
the lower side of the pillar and the other coloured parts are gold contacts. 
(b) Schematic representation of the spin temperatures in the nanopillar. Left a sketch of the situation where 
the magnetisation in the two magnetic layers is antiparallel. The temperature of the spins on the heated side 
(top) is higher than that of the second magnetisation layer on the cool side (bottom) and a temperature differ-
ence builds up between the two different spin directions. As the spins can scarcely penetrate a magnetic 
material which has an opposite spin direction, the heat conduction in the antiparallel situation is hindered. 
In the parallel situation (right) warm electrons can easily move from top to bottom and cold electrons from 
bottom to top and this ensures a high heat conduction. 
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1. Scientific results 2013 

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 2013 has been very successful with many new and spectacular results. The groups in 
Eindhoven (Koopmans and Swagten) have succeeded in controlling the domain-walls in ferro-
magnetic nanowires without magnetic fields (NEWCAS 11 (2013) and have also investigated the 
role of superdiffusive spin transport for ultrafast laser induced demagnetization, showing that this 
contribution is certainly not the dominant one (APL 102, 082405 (2013)). The superdiffusive spin 
transport is a hot topic and the Nijmegen group has published a comment on results of other 
groups in this field (to appear in Nature Materials 2014). In very recent experiments, the 
Eindhoven group has demonstrated the application of a laser-induced spin-transfer torque using 
especially engineered multilayers with non-collinear magnetization, combining perpendicular 
(Co/Ni) and in-plane (Co) layers, indeed bringing transport and optical manipulation together. 
The Eindhoven group has also published a new model to describe the ultrafast demagnetization 
and all-optical switching (as demonstrated in Nijmegen) in multi sublattice magnets (Physical 
Review B, Rapid Comm. 87, 020407 (2013)). 
The Nijmegen group has recently performed the first ever experiment with access to both the 
femtosecond time and the nanometer length scales by time-resolved resonant soft x-ray scattering 
of an optically laser pumped FeCoGd structure. The experiments were done at the LCLS user 
facility at Stanford and the results show nucleation and growth of the ordering of Gd spins occur-
ring in specific regions on the length scale of 10 nm (Graves et al, Nature Materials12, 293 (2013)). 
These results imply that the amorphous alloys are not homogeneous but contain Fe and Gd rich 
regions with spin transport between them. 
 
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 will be defended in 2014. 
 
Another hot topic that has recently emerged is that of Skyrmions, that describe topologically pro-
tected spin structures that may be very suitable for future storage concepts. In Nijmegen, laser-
induced Skyrmion-like structures have been observed, the topological properties of which could 
be tuned by the laser fluence (Physical Review Letters, 110(17), 1-5) whereas in Eindhoven they 
have found new ways of nanoscale engineering to control and manipulate these skyrmion struc-
tures (Nature Materials 12, 299-303, (2013)).Theory in this area is done in Utrecht (group Duine). 
 
In a strong collaboration between the Delft (Bauer) and Groningen groups (Van Wees) the poten-
tial of spin-caloritronics, thermally-generated spin currents not accompanied by electric charge 
flow, was demonstrated (see highlight for further information). 
 
Outlook: So far, the effect of all-optical switching was only observed in a limited class of materials 
of rare-earth-transition metal ferrimagnetic alloys. The realization of the fact that the true mecha-
nism of all-optical switching is a combination of non-equilibrium dynamics of the two sublattices 
and the (antiferromagnetic) exchange interaction between them, opens the way for the develop-
ment of specially engineered materials where magnetic moment, exchange coupling, thickness, 
anisotropy etc. are chosen to achieve a specific functionality. Further opportunities to profit from 
engineering synthetic layered magnetic materials, is the possibility to exploit laser-induced spin 
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currents, which are presently intensively debated. In very recent experiments, both the Nijmegen 
and the Eindhoven groups have demonstrated the application of a laser-induced spin-transfer 
torque using especially engineered multilayers. This may lead to new opportunities for optical 
control of spin functionalities. Finally, the newly emerging field of spin-caloritronics is very pro-
mising, 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. 
 
2. Added value of the programme 

As is already clear in the progress report above, there is a very strong interaction and mutual 
inspiration between the partners in this programme. Internationally, there are strong activities in 
both the area of spintronics and in the field of laser induced ultrafast magnetization dynamics, but 
nowhere this takes place in a combined and coordinated way as within this SPIN programme. 
Apart from frequent bi-lateral interactions between the partners, we had a very successful network 
meeting in Eindhoven (June 28), in which the latest results were discussed and new plans (also for 
new programmes) were made. 
 
3. Personnel 

In the last year, all positions were filled and the first PhD's finished. The programme also profits 
from many interactions with groups outside the Netherlands, like Nihon University, Tohoku 
University, Stanford, etc. 
 
4. Publications 

08SPIN01 
- A. Khorsand, M. Savoini, A.I. Kirilyuk, A.V. Kimel, A. Tsukamoto, A. Itoh, Th. Rasing, Element-spe-

cific probing of ultrafast spin dynamics in multisublattice magnets with visible light. Physica, 
Physical Review Letters, 110, 107205, 2013. 

 
08SPIN02 
- Qaiumzadeh, G.E.W. Bauer, and A. Brataas, Manipulation of Ferromagnets via the Spin-Selective 

Optical Stark Effect, Phys. Rev. B, 88, 064416, 2013. 
- F.K. Dejene, J. Flipse, G.E.W. Bauer, and B.J. van Wees, Spin heat accumulation and spin-depend-

ent temperatures in nanopillar spin valves, Nature Physics, 9, 636, 2013. 
 
08SPIN03 
- E. van der Bijl, R.E. Troncoso, and R.A. Duine, Magnetic-texture-controlled transverse spin injec-

tion, Phys. Rev. B, 88, 064417, 2013. 
- R.A. Duine, Spintronics: skyrmions singled out, Nature nanotechnology 8, 2013. 
 
08SPIN06 
- A.J. Schellekens, B. Koopmans, Microscopic model for ultrafast magnetization dynamics of multi-

sublattice magnets, Physical Review B, 87, 020407, 2013. 
- A.J. Schellekens, W. Verhoeven, T.N. Vader, B. Koopmans, Investigating the contribution of 

superdiffusive transport to ultrafast demagnitization in ferromagnetic thin films, Applied 
Physics Letters, 102, 252408, 2013. 

 
08SPIN07 
- F.K. Dejene, J. Flipse, G.E.W. Bauer and B.J. van Wees, Spin heat accumulation and spin-dependent 

temperatures in nanopillar spin valves, Nature Physics, 9, 636, 2013. 
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08SPIN10 
- B. Koopmans, J.H. Franken, P.P.J. Haazen, A.J. Schellekens, A. van den Brink, E. Mure, R. Lavrijsen, 

H.J.M. Swagten, Non-magnetic control of domain-walls in ferromagnetic nano-wires with per-
pendicular magnetic anisotropy, NEWCAS, 11, 2013. 

- J.H. Franken, Y. Yin, A.J. Schellekens, A. van den Brink, H.J.M. Swagten, B. Koopmans, Voltage-gated 
pinning in a magnetic domain-wall conduit, Applied Physics Letters, 103, 102411, 2013. 

 
5. Valorisation and outreach 

Radboud University supports the project OpticalHard disk, which investigates the possibilities to 
bring the effect of All-Optical Swithing towards industrial application. The Rasing group has also 
successfully applied for an STW Valorization grant for the same purpose. 
 
The members of the SPIN consortium are frequently invited to give invited and/or plenary talks at 
all major conferences on Magnetism and Spintronics. In 2013 the total was 40. 
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Fact sheet as of 1 January 2014 

 FOM - 08.1866/6 
 datum: 01-01-2014 
 
 
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€ < 2013 2014 2015 2016 2017 2018 > 2019 Totaal 

FOM-basisexploitatie 3.000 71 - - - - - 3.071 

FOM-basisinvesteringen - - - - - - - - 

Doelsubsidies NWO - - - - - - - - 

Doelsubsidies derden - - - - - - - - 

Totaal 3.000 71 - - - - - 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. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 PT par. HOZB 
 
 
Subgebied: 100% NANO  
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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 

 

Output 
PhD theses refereed publications other publications & 

presentations 
patents 

2009 - - 11 - 

2010 - 11 56 - 

2011 - 15 53 - 

2012 - 18 49 - 

2013 2 16 73 - 

* After closing the financial year. 
 
 
PhD defences 

2009 
None. 

2010 
None. 

2011 
None. 

2012 
None. 

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

 

 
 
Patents (new/changes) 

2013 
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 

K.K. Kohli postdoc 19 November 2012 14 January 2013 

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 
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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 

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

Project (title + number) Femtosecond opto magnetism 08SPIN01 

 

FOM employees on this project 

Name  Position Start date End date 

A.R. Khorsand PhD 01 March 2009 31 May 2013 

Y. Hashimoto postdoc 15 October 2011 14 October 2013 
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Leader Prof.dr. Th.H.M. Rasing 

Organisation Radboud University Nijmegen 

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 

 
 
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 

 


