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Arctic	
  Aerosols:	
  Formation	
  and	
  Implications	
  for	
  Clouds	
  and	
  Climate	
  
A	
  cross-­‐disciplinary	
  research	
  project	
  involving	
  Chemical	
  Meteorology,	
  Synchrotron	
  Radiation-­‐


based	
  Spectroscopies	
  and	
  Computational	
  Theoretical	
  Chemistry	
  


The Arctic climate is changing. This is connected to changes in the feedback mechanisms within 
the Arctic climate system, involving processes on both the microscopic molecular level and the 
macroscopic “weather” level. We here propose a multi-disciplinary research project combining field 
observations, laboratory experiments and computational theoretical chemistry to study the ice-
aerosol-cloud-radiation relationships, which are of key importance for Arctic sea ice melting. 
The Arctic Climate Change: The Arctic near-surface warming since the late 1960’s is about twice 
the global average. The sea-ice area decreases in all seasons, as indicated in the right panel of the 
figure below. The permafrost area decreases and practically all glaciers, including those on 
Greenland, show accelerated melting. These are signs suggesting that the future Arctic climate may 
be different from the present, which is also intimately linked to the global climate and 
biogeochemical cycles. The polar regions are the primary global heat sinks, and the Arctic and its 
sea ice are major elements in the global climate system. However, there is still not a sufficient 
understanding of the strong feedback mechanisms within the Arctic climate system involving ice, 
low-altitude clouds and radiation to adequately predict how it will change under anthropogenic 
forcing. 


 
Microscopic level: 
Molecular structure and 
properties 


Arctic cloud formation from 
marine aerosol particles 


Macroscopic level: Arctic 
ice melting (EPA)  


 


A Multi-disciplinary Research Project: This proposal concerns a multi-disciplinary research 
project with the aim to gain further insight in the ice-aerosol-cloud-radiation relationship by 
connecting the microscopic molecular and macroscopic climate scales. We will combine chemical 
meteorology, aerosol science, photoelectron spectroscopy and computational theoretical chemistry 
to improve our basic understanding of the formation of aerosol particles, cloud condensation nuclei 
and clouds. With this gained knowledge at hand we will address the “fundamental gaps” in 
understanding and will be able to connect the structural, dynamic, and electro-magnetic properties, 
and, in particular, the indirect scattering characteristics, of the aerosol particles to key parameters 
used in contemporary atmospheric models. We will make preference for conditions in the Arctic 
region, which pose particular relevance for the present climate models, and where one of the co-
applicants has been active through several research expeditions to the North Pole in summer. 
Combining observational data from these arctic expeditions with measurements and modeling 
carried out in our laboratories, we will validate our predictions and put them into a general 
climatologic context.  


Expected results: Our focus will be on the development of parameterizations that link theoretical 
modeling and experimental observation.  An important ambition is to include different scales in 
length and time concerning the stability of the aerosol particles and their formation processes. In 
order to fill fundamental gaps in our knowledge of the aerosol-climate relation, we will proceed in a 
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threefold way:  


 i) Collection and use of relevant data from four subsequent Arctic expeditions 


 ii) Analysis of the data through aerosol modeling and feedback in climate models 


 iii) Laboratory validation and prediction 


We will in particular address the following key problems: 


i) The sources of particles in the nucleation mode 


ii) The chemistry, source and growth of cloud condensation nuclei 


iii) The interaction of organic and inorganic constituents of the aerosol particles and their effects 
on cloud droplet formation  


Collaboration: With the present project we join forces between Molecular and Condensed Matter 
Physics (UU), Chemical Meteorology (SU), and Theoretical Chemistry (KTH). By forming a 
consortium with a strong and recognized position we initiate a Swedish platform that can take home 
knowledge and capitalize on the strong international development in the area, in addition to 
promoting future research and research leaders in this field in Sweden.    


Short presentation of the scientists: 
Prof. Olle Björneholm, UU: Molecular environmental physics of clusters and aqueous systems 
studied with synchrotron-radiation-based spectroscopies. 


Prof. Caroline Leck, SU: Processes controlling the evolution of aerosol particles, and their effects 
on clouds on climate. 


Prof. Hans Ågren, KTH: Molecules, aerosols and aqueous systems studied with computational 
theoretical chemistry. 


Time Schedule: The project will run for five years, from 2013-01-01 to 2017-12-31 


International comparison: The groups behind this proposal are already major players and have 
rich curricula in their fields of science. The joint effort will be further augmented by utilizing 
existing resources and by creating new synergies to reach breakthrough results. The work will 
engage a large number of high level scientists led by the principal investigators with excellent track 
records in terms of internationally recognized research, graduation of PhDs, and industrial 
collaboration.  


Budget Estimate: The project will be made possible by funding for mainly dedicated human 
resources. The proposed effort is at an annual level of 8.5 MSEK for a period of five years. 


Fulfilling the Wallenberg objective: Our project will fill an important gap in climate research, 
already strong in Sweden. In the next 10-year period we foresee strong strategic assets in combining 
molecular level science with atmospheric science and climatology, were we will join forces to 
create an internationally leading Swedish research initiative. An important motivation is to extend 
climate modeling and parameterization to clusters and molecules as most of the understanding 
concerning cloud formation and Earth’s radiative balance is to be found at this level. We believe 
that a KAW support to this project can contribute to and complement the extensive experimental 
initiatives of KAW for MAXLAB and the Arctic AOE expeditions, as well as in the area of 
atmospheric science in general. 


Principal Investigator: Prof. Olle Björneholm, Division of Molecular and Condensed Matter 
Physics, Department of Physics and Astronomy, Uppsala University   
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Bilaga B – Curriculum vitae/Vetenskapliga meriter  
 


Curriculum Vitae 
Olle Eriksson, Born 1960 


 
Affiliation  
Department of Physics, Uppsala University, 75121 Uppsala 
tel. +46 – 18 471 3625, e-mail: olle.eriksson@fysik.uu.se, website: 
http://www.fysik.uu.se/cmt/index.html  
  
Current position 
2008-   Chair Professor, Head of the Division of Materials Theory, Physics Department, UU 
(the division currently contains some 55 researchers, see http://www.fysik.uu.se/cmt/index.html) 
 
Earlier appointments  
2002-2008: Chair Professor, Head of Theoretical Magnetism  
1999- 02:  Promoted Professor, Uppsala University, Sweden 
1997-1999 Associate Professor, Uppsala University, Sweden 
1996-1997: Long term visiting staff member, Theoretical Division, Los Alamos National 


Laboratory, Los Alamos, NM, USA 
1993-96:  Associate Professor, Uppsala University, Sweden 
1991-93:   Assistant Professor, Uppsala University, Sweden, 
 
Post Doc  
1989-1991 Los Alamos National Laboratory, NM, USA 
 
PhD  
1989  PhD from Uppsala University, Sweden 
 
Awards  and Distinctions 


• Awarded the Aron Svenssons premium for skilful work in electronic structure and 
magnetic properties of actinides, lanthanides, and transition metal systems, 1989. 


• Awarded the Bjurzons premium for excellent thesis 1988/1989. 
• Awarded the Ångströms premium in Physics 13/1 1993. 
• Awarded the 1994 Swedish governments price for young researchers, which annually 


is given to ``each years most merited research talent''. 
• Awarded "Wallmarkska priset" 2001, from the Royal Swedish Academy of Sciences. 


The price was handed over by His Majesty the King Karl-Gustaf XVI. 
• Awarded "Göran Gustafsson priset" 2002, from the Royal Swedish Academy of 


Sciences. 
• Awarded “Thureus priset" 2002, from the Royal Society of Sciences.  
• Recipient of ERC senior research grant 2009 (~2 MEuro). 
• Recipient of the Wallenberg Scholar grant 2010 (~1.5 MEuro). 


 
Supervision of 29 PhD students (approximately half have stayed in academia)  
 
Current and past post docs in Theoretical Magnetism/ Materials Theory (since 2002) 


• Ravindran Ponniah, Olivier Lebacque, Olivier Bengonne, Biplab Sanyal, Sebastiene 
Lebegue, Dominique Legute, Jan Rusz, Pooja Panchmatia, Mitziku Suzuki, Younsuk 
Yun, Ehesan Ali, Igor DiMarco, Micha Litcarev 
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Docents obtained in Theoretical Magnetism/Materials Theory (since 2002) 
• Natalia Skorodumova, 2007, Biplab Sanyal, 2007, Levente Vitos, 2007 


 
Commissions of trust (from 2000) 


• Since 2010 board member of NORDITA 
• Since 2010 member of the ESF standing committee for the Physical and Engineering 


Sciences (PESC) 
• Since 2010, board member of the Swedish Research Council, Division of Natural 


Science. 
• 2010, member of The Royal Swedish Academy of Sciences. 
• 2009, member of evaluation committee for the Helmholz association for JARA 


(budget 300 MEuro) 
• 2009, Coordinator of EU project MONAMI (930 KEuro) 
• 2008, member of the Royal Society of Sciences (Kungliga Vetenskapssociteten) 
• 2006-2007, member of the SSF strategy group for materials science in Sweden. 
• 2000-2007, director of materials science program, FRAM  
• Since 2005, board member of Center for Dynamical Processes, CDP 
• Since 2003, board member of Swedish National Supercomputer Center, NSC 


 
Other relevant qualifications including scientific  


• 77 Invited talks at international conferences (several at APS march-meetings). 
• Organizer of 21 scientific conferences and workshops  
• Number of papers published or accepted for publication: 450 (approximately half in 


The Physical Review), 1 scientific monograph,  5 book chapters and 3 popular 
scientific articles 


• Number of papers published or accepted for publication in top quality journals: 59 (3 
in Nature, 1 in Nature Materials, 1 in Science, 2 in PNAS, 1 in Advanced Functional 
Materials, 2 in Advanced Materials and 49 in The Physical Review Letters). 


• One Swedish patent on perpendicular magnetic recording. 
• Number of times my papers have been quoted: over 9500.  
• Annual citation-rate is currently ~1000 citations per year. 
• H-index: 51 


 
Appointments as reviewer for international journals, books, proposals, licentiate and 
thesis work 


• Reviewer for journals such as Phys. Rev. Lett., Phys. Rev. B, J.Phys. Cond. Matt., 
Physica, Physica Scripta, International Journal of Quantum Chemistry, J.Appl. 
Phys. and Nature Publishing Group. 


• Reviewer for Scientific Applications for the Department of Energy, USA (~1 
annually), NSF (USA),  the Austrian Science Foundation (several times), the 
Science Foundation Ireland, the Norwegian Science Council, the South African 
Research Foundation, The Czech Academy of Science, The Foundation for 
Strategic Research, the Swedish Research Council and the Wallenberg foundation. 


• Reviewer of the PhD thesis of Michel Freyss, Strassbourg 1998; Iosif Galanakis, 
Strassbourg 1998; Oleksandr Ney, University of Halle-Wittenberg, 2003; Lulu 
Chionel University of Nijmegen, 2004, Ersoy Sasioglu Halle 2006, Fabrizio 
Cossu Cagliari 2008. 


• Reviewer of Associate Professor appointments at the Universities of Västerås and 
Linköping and reviewer of a Professorship at Högskolan i Gävle, 2000. 
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• Faculty opponent of Vladimir A. Froltsov, University of Lund, 19 december 
2000.  


• Licenciate opponent of Stefan Olsson, KTH, 2001 and Francois Liot, Linköping 
2006. 


• Since 2004 member of the board of the Swedish National Supercomputer Center 
(NSC). 


• International expert in evaluating the promotion of Slava Dobrovitsky from 
Associate Scientist to Scientist, 2004, Ames Lab. and for Anders Nicklasson, Los 
Alamos National Lab. 2004, and for Per Söderlind, Livermore Lab. 2008. 


• Reviewer of Associate Professor appointment at Chalmers, 2006. 
• Reviewer of the reappointment of Prof. Stefan Blugel as head of Institute of Solid 


State Research, Forschungzentrum Julich, 2006. 
• Reviewer of Dr.Gueorguiev to become ‘Docent’ at Linköping University, 2007. 
• Faculty opponent of Tor Olof Strandberg, University of Lund, 11 december 


2009.  
• Reviewer of Associate Professor appointment at Uni-Wurzburg, 2010. 
• Reviewer of the appointment of Prof. F. Mauri as a Max-Planck-Director, 2011. 
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Kommentar till projektbeskrivningen 
 
Vi lämnade in en fullständig KAW ansökning 1 februari 2011 (bifogas som bilaga till 
föransökan),  men fick inte ansökningen beviljad. I brevet från KAW hänvisar man till 
medelsbrist, vilket enligt stiftelsen ska ses som en inbjudan att skicka in en ny ansökning vid 
nästa utlysning.  
 
Vi har samtidigt förstått att KAW helst finansierar projekt med en sammanhållen vetenskaplig 
frågeställning, vilket innebär att centrumansökningar har lägre prioritet. Även om vår 
ansökning kommer skrivas om till ett vetenskapligt fokuserat projekt kommer stora delar av 
den tidigare ansökningen finnas med i den ansökning vi lämnar in 1 februari 2012.  
 
I den ansökning som lämnades in tidigare i år beskrevs verksamhet inriktad mot 
multiferroiska material. Den verksamheten utgår och ersätts istället av spinntroniska nano-
oscillatorer som använder magnetiska vågor i nanoformat. Därmed öppnas helt nya 
möjligheter att ersätta mikrovågsteknik i till exempel mobiltelefoner och trådlösa nätverk med 
mycket mindre, billigare och resurssnålare komponenter. Med anledning av denna förändring 
har projektgruppen utökats med Prof. Johan Åkerman från Göteborgs universitet. 
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Magnetization dynamics and magnonics, from fundamentals to applications 
 


We propose to establish a cross-disciplinary research project for magnetization dynamics at the 
Ångström laboratory, Uppsala University. Our focus is to gain important knowledge concerning 
the driving mechanisms behind ultrafast dynamics in magnetic materials, which has great 
potential for all modern applications of magnetic materials ranging from novel spintronic devices 
to materials used for low-loss energy conversion. The proposal concerns the funding of the 
experimental part of the research project, involving mainly support of personnel. The realization 
of the theoretical part of this project has already been secured via an ERC senior research grant 
held by the main applicant, running from 2010 over a period of five years. The planned 
experimental activities involve ferromagnetic resonance (FMR) and pulsed inductive microwave 
magnetometer (PIMM) studies, element specific laser pump - probe X-ray magnetic circular 
dichroism (XMCD and XMRS) and XMCD - FMR measurements, as well as time and frequency 
resolved magneto-optical Kerr effect (MOKE) measurements. The experimental work will be 
paralleled with materials specific, atomistic spin-dynamics simulations and first principle theory. 
Our efforts concern the spin and magnetization dynamics of magnetic materials of current interest 
for spintronic devices, novel magnetic low-damping materials, layered structures, magnetic 
surfaces and interfaces, as well as patterned magnetic nano-structures. Device oriented activities 
will focus on spin torque oscillators, which open completely new opportunities to replace 
microwave technology in mobile phones and wireless networks with much smaller, less 
expensive and resource-efficient components. 


 
Since the discovery of Nobel prize awarded findings like the giant magneto resistance 
(GMR), modern magnetism at the nano-scale has matured to a well established research field. 
Much less is known about the dynamics of these artificial materials. The field of 
magnetization dynamics is therefore becoming a most vibrant research field and several well-
established research groups have refocused their efforts in this direction. The study of ultra-
fast dynamic phenomena has actually been emphasized as one of the most important 
developments for future magnetic research at the next generation synchrotron facility in 
Sweden, MAX-IV. The scientific questions pose great experimental and theoretical 
challenges, and in addition, the technical relevance of magnetization dynamics is tremendous. 
For example, ~80 % of the worlds information is stored in magnetic media, and the possibility 
to write and retrieve information at ever greater speed and with lower energy consumption has 
obvious benefits for our society. Hence the seemingly simple switching of a magnetic unit, a 
bit, is a crucial process which defines how efficiently information can be stored in a magnetic 
memory (e.g. a hard drive). The mechanisms of fast switching and ultra-fast demagnetization 
in a magnetic medium are basically unknown. This lack of knowledge concerns e.g. the 
uncertainty whether macro-spin models are applicable, e.g. as provided by the Landau-
Lifshitz-Gilbert (LLG) equation, or if an atomistic description is necessary. It also concerns 
the maximum potential speed with which the magnetization can switch deterministically, as 
well the true nature of the microscopic mechanisms behind magnetization dynamics. As 
illustrated in Fig. 1, some knowledge of the time scales of the magnetic dynamics has been 
established, where experience obtained so far point to that the relevant times range from sub-
picoseconds to years. 
It is in general believed that the dynamics of the electron system of a magnetic material plays 
a crucial role for these phenomena; femto-second demagnetization and manipulation have 
been observed experimentally.  Hence, magnetization dynamics is intimately coupled to the 
electron dynamics. We have for several years developed our experience in the dynamics of 
the electronic structure of materials, especially using synchrotron based electron 
spectroscopy. One of the landmarks of this activity is the core-hole clock method, developed 
at Uppsala, which enables putting an experimental time-scale on electron based dynamics. 
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The importance of the Uppsala research team for the activity at MAX-lab should also be 
mentioned here, as some of the experiments proposed here will be conducted there. 
Currently the experimental basic research on spin and magnetization dynamics is rather 
limited in Sweden. With this proposal  granted, this situation will be changed, and we will 
within a few years develop a first-class research project for magnetization dynamics, with a 
unique strength arising from the strong combination of experimental activities and theoretical 
modelling. To achieve our goals we will create a cross disciplinary research project, 
comprising essential parts of sample fabrication, experimental characterization and theory. 
The planned magnetization dynamics activities build naturally on our long-standing 
collaboration that annually reports several cross-disciplinary and collaborative results in peer-
reviewed scientific journals. Hence, we have well developed routines for an effective 
collaborative experimental environment, as well as to interface experimental results with 
theoretical analysis. Our research team at Ångström will therefore be able to make significant 
contributions to the basic understanding of magnetization dynamics. In addition, by including 
Prof. Johan Åkerman from GU in the project, we will study the dynamics of spin waves in 
spintronic devices. The efforts are expected to have impact on the international arena, but also 
to be beneficial for Swedish spintronic device oriented research groups, e.g. at KTH where the 
group of Prof. V. Korenivski is very active in the field of spin-transfer torque device physics. 
It should also be mentioned that in the research group of Prof. L. Börjesson, CTH, initial 
experiments on magnetization dynamics have been published, and we expect fruitful contacts 
also with the activity at CTH.   
For the establishment of the here described research project a substantial development of 
instrumentation and hardware is necessary. In addition to this development, we will 
commence investigations of magnetization dynamics for several classes of materials which 
we have identified as relevant and interesting. These classes involve magnetic materials of 
large current interest for spintronic devices, novel magnetic low-damping materials, magnetic, 
layered structures,  magnetic surfaces and interfaces, as well as patterned magnetic nano-
structures. Each of these have their own scientific challenges, with potential to result in new 
knowledge about the magnetization dynamics in general and for the possibility to establish 
avenues for exploring devices and new applications. 
 


 
FIG. 1: Magnetic materials exhibit dynamic phenomena on timescales spanning more than 20 
orders of magnitude. 
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Bilaga - KAW ansökning inlämnad 1 februari 2011  
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ÅNGSTRÖM CENTER FOR MAGNETIZATION DYNAMICS


We propose to establish a cross-disciplinary center for magnetization dynamics at the Ångström
laboratory, Uppsala University. Our focus is to gain important knowledge concerning the driving mech-
anisms behind ultrafast dynamics in magnetic materials, which has great potential for all modern ap-
plications of magnetic materials ranging from novel spintronic devices to materials used for low-loss
energy conversion. The proposal concerns the funding of the experimental part of the centre, involv-
ing mainly support of personnel. The realization of the theoretical part of this center has already been
secured via an ERC senior research grant held by the main applicant, running from 2010 over a period
of five years. The planned experimental activities involve ferromagnetic resonance (FMR) and pulsed
inductive microwave magnetometer (PIMM) studies, element specific laser pump - probe X-ray mag-
netic circular dichroism (XMCD and XMRS) and XMCD - FMR measurements, as well as time and
frequency resolved magneto-optical Kerr effect (MOKE) measurements. The experimental work will be
paralleled with materials specific, atomistic spin-dynamics simulations and first principle theory. Our
efforts concern the spin and magnetization dynamics of magnetic materials of current interest for spin-
tronic devices, novel magnetic low-damping materials, magnetic oxides (e.g. multiferroics), layered
structures, magnetic surfaces and interfaces, as well as patterned magnetic nano-structures.


1. BACKGROUND


Since the discovery of Nobel prize awarded findings like the giant magneto resistance (GMR), modern
magnetism at the nano-scale has matured to a well established research field [1, 2]. Much less is known
about the dynamics of these artificial materials. The field of magnetization dynamics is therefore becoming
a most vibrant research field and several well-established research groups have refocused their efforts in this
direction. The study of ultra-fast dynamic phenomena has actually been emphasized as one of the most
important developments for future magnetic research at the next generation synchrotron facility in Sweden,
MAX-IV. The scientific questions pose great experimental and theoretical challenges, and in addition, the
technical relevance of magnetization dynamics is tremendous. For example, 80 % of the worlds information
is stored in magnetic media, and the possibility to write and retrieve information at ever greater speed and
with lower energy consumption has obvious benefits for our society. Hence the seemingly simple switching
of a magnetic unit, a bit, is a crucial process which defines how efficiently information can be stored in a
magnetic memory (e.g. a hard drive). The mechanisms of fast switching and ultra-fast demagnetization in
a magnetic medium are basically unknown. This lack of knowledge concerns e.g. the uncertainty whether
macro-spin models are applicable, e.g. as provided by the Landau-Lifshitz-Gilbert (LLG) equation, or if
an atomistic description is necessary [3]. It also concerns the maximum potential speed with which the
magnetization can switch deterministically, as well the true nature of the microscopic mechanisms behind
magnetization dynamics [4]. As illustrated in Fig. 1, some knowledge of the time scales of the magnetic
dynamics has been established, where experience obtained so far point to that the relevant times range from
sub-picoseconds to years.


It is in general believed that the dynamics of the electron system of a magnetic material plays a cru-
cial role for these phenomena [5]; femto-second demagnetization and manipulation have been observed
experimentally [6, 7]. Hence, magnetization dynamics is intimately coupled to the electron dynamics. We
have for several years developed our experience in the dynamics of the electronic structure of materials,
especially using synchrotron based electron spectroscopy. One of the landmarks of this activity is the core-
hole clock method [8], developed at Uppsala, which enables putting an experimental time-scale on electron
based dynamics. The importance of the Uppsala research team for the activity at MAX-lab should also be
mentioned here, as some of the experiments proposed here will be conducted there.
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FIG. 1: Magnetic materials exhibit dynamic phenomena
on timescales spanning more than 20 orders of magnitude.


Currently the experimental basic research on
spin and magnetization dynamics is rather limited
in Sweden. With this proposal granted, this situ-
ation will be changed, and we will within a few
years develop a first-class center for magnetization
dynamics, with a unique strength arising from the
strong combination of experimental activities and
theoretical modeling. To achieve our goals we will
create a cross disciplinary center, comprising essen-
tial parts of sample fabrication, experimental char-


acterization and theory. The planned Ångström Centre for Magnetization Dynamics (ÅCMD) builds nat-
urally on our long-standing collaboration that annually reports several cross-disciplinary and collaborative
results in peer-reviewed scientific journals. Hence, we have well developed routines for an effective col-
laborative experimental environment, as well as to interface experimental results with theoretical analysis.
Our research team at Ångström will therefore be able to make significant contributions to the basic under-
standing of magnetization dynamics. The efforts are expected to have impact on the international arena,
but also to be beneficial for Swedish spintronic device oriented research groups, e.g. at KTH where the
groups of Prof. J. Åkerman and Prof. V. Korenivski are both very active in the field of spin-transfer torque
device physics. It should also be mentioned that in the research group of Prof. L. Börjesson, CTH, initial
experiments on magnetization dynamics have been published, and we expect fruitful contacts also with the
activity at CTH.


For the establishment of ÅCMD a substantial development of instrumentation and hardware is neces-
sary. In addition to this development, we will commence investigations of magnetization dynamics for
several classes of materials which we have identified as relevant and interesting. These classes involve
magnetic materials of large current interest for spintronic devices, novel magnetic low-damping materials,
magnetic oxides (e.g. multiferroics), layered structures, magnetic surfaces and interfaces, as well as pat-
terned magnetic nano-structures. Each of these have their own scientific challenges, with potential to result
in new knowledge about the magnetization dynamics in general and for the possibility to establish avenues
for exploring devices and new applications.


2. PROJECT DESCRIPTION


2.1. CRYSTAL STRUCTURE, GEOMETRY AND MULTI-FUNCTIONALITY


The physical properties of materials are in general strongly affected by the atomic arrangements, the in-
ternal interfaces, the concentration of defects etc. The development of new magnetic materials with novel
properties through the growth of thin films and multilayers is a well-proven methodology. Not only can the
interface density be controlled accurately, but a given crystal structure can also in many cases be imposed on
an element or alloy. It is even possible to tune the degree of crystallinity, permitting study of amorphous ma-
terials. Thus, the atomic composition and arrangement can be used to manipulate the magnetic properties,
changing both the magnetic ordering temperature, as well as effects of the intrinsic spin-orbit coupling. The
latter concerns the spin and orbital moments as well as the magnetic anisotropy and the magnetic damping
parameter, which are very important for magnetization dynamics. An example of how this type of ma-
nipulation can be realized in amorphous FeCoZr layers is given in Ref. [9]. As the average spin to orbital
moment ratio can be tuned by modifying the composition (e.g. the Co/Fe ratio), the magnetic anisotropy
and possibly the damping parameter can be manipulated. Another promising route to tailor new material
properties is the use of δ-doped magnetic layers. Hence, there are interesting possibilities to control the
materials properties which are relevant for magnetisation dynamics, and combined with nano-patterning,
we expect to be able to provide new insight into the dynamical properties of magnetic systems. Below,
we give one example of where the coupling between crystalline geometry and magnetisation dynamics is
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expected to be extremely important, and where little has been explored to date. The example is from the
field of multiferroic materials, and represents one of several materials (or combination of materials) we will
investigate.


The possibility to modify the magnetization of a material with an applied electric field, and vice versa,
in so called multiferroic materials, has recently become a highly intense research field. The technical as-
pects of multiferroic materials primarily concern information technology, memory units and data storage.
However, the details of the dynamics of this switching are essentially unknown and we propose to under-
take both theoretical simulations as well as experiments to shed light on the dynamics of the multiferroism,
in particular how the timescales for the different ferroic properties are connected. Recent results obtained
for a so-called improper multiferroic material, Eu0.55Y0.45MnO3 [10], have tentatively been suggested to be
caused by the inverse Dzyaloshinskii-Moriya interaction. Primarily, we aim to clarify, via careful measure-
ments of magnetic, dielectric, ferroelectric and structural properties, the dynamics of multiferroic switching,
and the coupling between ferroelectric- and magnetic interactions. We will also perform theoretical sim-
ulations of different classes of oxide materials in order to identify possible materials which allow for fast
multiferroic dynamics. In the first experiments we plan to correlate dynamic structural data obtained using
time-resolved x-ray diffraction with magnetic data obtained using time resolved optical techniques such
as time-resolved MOKE. At a later phase, when 100 fs pulses of circularly polarized x-rays in the energy
range 600-1500 eV are available at MAX-lab, we will directly study the magnetic switching following an
electric field pulse. We will do this by means of time-resolved XMCD which will provide spin and orbital
resolved information, with elemental specificity, on the magneto-electric coupling mechanism.


Goals


• To outline the coupling between crystal structure, or degree of crystallinity, and magnetic parame-
ters (damping, anisotropy, strength of Dzyaloshinskii-Moriya interaction etc.) of several man-made
magnetic materials, e.g. multilayers, and their magnetisation dynamics.


• To establish the coupling mechanisms between different ’ferro’ degrees of freedom in multiferroic
materials, and in particular their dynamical properties.


• Develop experimental techniques for multi-ferroic materials such as magneto-capacitive probes for
studying the ferroelectric state influenced by a magnetic field.


2.2. SPINTRONIC MATERIALS


Much research interest is now focused on decreasing critical currents for current-induced switching of
the magnetization in GMR and tunnel magnetoresistance (TMR) devices. Strategies for achieving this
goal include reducing the effective magnetic damping, decreasing the magnetization of the free layer to
reduce its total angular momentum and/or using materials with perpendicular rather than in-plane magnetic
anisotropy. One interesting material system for GMR and TMR devices is magnetic Heusler alloys, which
possess half-metallic like properties. The epitaxial growth of ferromagnetic materials on semiconductors is
also of interest to enable monolithic integration of ferromagnetic components into semiconductor devices.


Material aspects are key to consider when trying to achieve a specific dynamic response in a system.
The dependence of the fast switching on damping is one of the points that we have to address and many
material classes are relevant. It has for instance been demonstrated how ferrimagnets, may exhibit ultra-fast
switching near the compensation temperature [11]. It was suggested that in the considered materials, the
difference between the gyromagnetic ratios of the rare-earth ion and the TM sublattices induces a significant
separation between the compensation temperatures of the magnetization, TM , and the angular momentum,
TA. Because the effective gyromagnetic ratio of the ferrimagnetic system γeff is inversely proportional to
the total angular momentum of the system (γeff = M/A), γeff diverges when TA (i.e., A = 0) is reached.
Both the magnetization precession frequency and the domain-wall velocity are proportional to the effective
gyromagnetic ratio. Thus, in the vicinity of TA, an increase of the frequency of the spin precession and
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domain-wall velocity are expected. Consequently, the magnetization reversal will be accelerated at TA.
However, also the effective Gilbert damping of the ferrimagnetic system peaks at TA, which might present
an upper limit on the achievable switching time. One can thus conclude that material specific questions
are integral to the questions of magnetization dynamics and a wealth of combinations of materials are
available for exploration. Below we outline some of the specific combinations we will initially explore in
our program.


The work on MnSb and MnGa, both of which exhibit Tc � 300 K , will build on our recent studies
of epitaxial MnAs thin films. An important difference between these two compounds is related to the
direction of the magnetic easy axis which is in-plane in case of MnSb and perpendicular to the plane in
case of MnGa for layers grown on GaAs(100) substrates. The perpendicular anisotropy in MnGa makes the
material interesting for particular applications such as STOs and the recent finding of giant perpendicular
magnetic anisotropy (PMA) in Mn2.5Ga films deserves further studies [12]. We will also attempt to
resolve the disagreement between theory and experiments as to the character of the charge carriers at the
Fermi level (minority or majority character) in MnSb and we will therefore use spin-resolved photoemission
spectroscopy to address this issue.


Ferromagnetic Heusler alloys exhibit very low damping for spin excitations. The reported values are
often an order magnitude lower than those known for regular 3d ferromagnets [13]. The use of highly
spin-polarized Heusler alloys as FM electrodes has furthermore long been considered to be an avenue for
enhancing the magnetoresistance (MR) in GMR structures. Over the past few years there has been a number
of reports on the use of full Heusler alloys as magnetic layer(s) in metallic current-perpendicular-to-plane
(CPP) structures. MR properties of the system depend on band matching between the spin channels of
the ferromagnetic (FM) and the non-magnetic (NM) metals. Selection criteria have been proposed for
choosing a combination of FM and NM Heusler alloys to maximize interface spin asymmetry. Motivated
by the large current interest in spin-transfer torque switching of the magnetization, the objective in this part
of the activity is thus to make detailed experimental studies to understand how the interface properties of
GMR stacks influence magnetization dynamics (e.g. the damping parameter). The material combinations
that will be investigated in the beginning of the activity are alternating layers of FM (Co2MnGe) and NM
(Rh2CuSn) ternary Heusler alloys.


Lastly, we intend to use TMR structures involving MgO as the insulating barrier and either Fe or CoFeB
as magnetic electrodes to perform basic scientific studies of spin dynamics in device structures. In particular
the CoFeB/MgO/CoFeB system is interesting, considering the high tunnel magnetoresistance ratio (604%
at RT) and the recent finding of a dominating perpendicular anisotropy in ultrathin layers [14]. Moreover,
in a typical spintronic device, one of the FM layers is pinned by exchange anisotropy from a neighboring
AF layer. However, in a device of submicrometer scale, the interlayer magnetostatic field due to the pinned
layer becomes significant. In order to eliminate this effect, a synthetic antiferromagnetic (SAF) structure can
be used to replace either the pinned or the free layer, consisting of two FM layers separated by a nanometer
or even subnanometer thick Ru-spacer. We will focus our activities on SAF’s since our simulations point
to the possibility of picosecond switching in certain geometries. In the SAF structure, there is a strong
reduction of the dipolar field due to the AF interlayer exchange coupling between the two FM layers. We
will focus our activities on SAF’s since our simulations point to the possibility of picosecond switching in
certain geometries.


Goals


• Investigate ultra-fast magnetization dynamics in spintronic materials using pump-probe methods.


• Establish processes for epitaxial growth of MnSb and giant PMA MnGa thin films on GaAs and
InGaAs.


• Develop processes for growth of polycrystalline films of magnetic and non-magnetic ternary Heusler
alloys.
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• Characterize processes for textured growth of CoFeB/MgO/CoFeB and similar systems exhibiting a
large magnetoresistance ratio.


• Outline processes for micro- and nanostructuring of relevant spintronic materials.


2.3. DYNAMIC ASPECTS OF MAGNONIC MATERIALS


L28 Letter to the Editor


50 nm


300 nm


Al2O3


Ni80Fe20


Figure 1. Schematic picture of the pillar structures. The bright discs represent Al2O3 (1.8 nm
thick), the dark discs permalloy (3.0 nm thick). The total structure consists of 10 permalloy/Al2O3
repeats, resulting in a total height of ∼50 nm.


In this letter we describe the fabrication and characterization of lithographically defined
spin chains. Using lithography, stacks of permalloy (Ni81Fe19) discs with diameters of 300
and 550 nm have been created. The permalloy discs are separated by non-magnetic spacers,
thus forming isolated magnetic entities or ‘spins’, cf figure 1. Choosing Al2O3 as an insulating
spacer material, the coupling between the discs is fully mediated by the dipolar stray field.
Therefore, the (vertical) chains are expected to show an anti-ferromagnetic (AF) ground-state.
Alternatively, one can use a metallic spacer. This introduces an RKKY type of coupling, also
allowing for a ferromagnetic ground state.


In the following, we describe the fabrication and structural characterization of the
elements. Next, their magnetic properties are presented and compared with a theoretical model.
Finally, we present preliminary results on their spin-dynamics behaviour and comment on the
applicability of this type of structures to the study of ordering phenomena.


The spin-chain structures were fabricated from a uniform Al2O3/Ni81Fe19 multilayered
film, using electron-beam lithography and ion-beam milling. The multilayer film was
deposited in an Ar environment (2 × 10−3 Torr) on an oxidized Si(001) substrate using dc and
rf magnetron sputtering of permalloy and Al2O3 targets, respectively. The structural properties
of the prepared film were checked ex situ by x-ray diffraction (XRD) and transmission electron
microscopy (TEM), allowing for a precise determination of the thickness and interface quality
of the constituent layers. Next, the uniform film was patterned using e-beam lithography,
writing in 1 × 1 mm2 areas of resist. After exposure and development, excess material was
removed by ion-beam (Ar+) milling, resulting in structures with well defined lateral geometry
and high aspect ratio. Using the above procedure, arrays of 300 and 550 nm diameter pillars
have been created, with a centre-to-centre distance of 0.6 and 1.0 µm, respectively. Every
pillar consists of ten repeats of Ni81Fe19(3.0 nm) and Al2O3(1.8 nm) alternating layers, starting
and ending with an amorphous Al2O3 layer to ensure a polycrystalline growth and to prevent
oxidation.


The magnetic properties of the films and structures were characterized using magnetic
force microscopy (MFM) and the magneto-optic Kerr effect (MOKE). In figure 2(a) results
of measurements on the unpatterned multilayer are presented. The unpatterned films show a
high remanence and a very low coercivity of 0.1 mT, as is characteristic for polycrystalline
permalloy. Surprisingly, a relatively strong uniaxial anisotropy is present, resulting in a hard
axis showing a 1 mT saturation field. As the sample was rotated during growth, a field-induced


FIG. 2: Schematic illustration of pillar structures
(lower part) and the experimentally detected prec-
cessing magnetization following a laser pulse (top
part). The open circles correspond to the time de-
pendence of the Kerr ellipticity, while the solid and
dashed curves identify the two excitation modes,
from Ref. [15].


Here we intend to explore the time dependent magneti-
zation of periodic one-, two-, and three-dimensional ar-
tificial structures. Lateral confinement will influence the
magnetic excitations through e.g. the formation of lo-
calized excitation modes [16], which will alter the inher-
ent dynamic properties. Initially, we will use Pd/Fe/Pd
δ-doped layers as a model system for 2D XY islands,
while Pd/Co/Pd will serve as a model system for Ising
like islands. The size dependent dynamic properties of
islands will be obtained through time and frequency re-
solved MOKE measurements. We will use the multiple
strip concept for excitations, allowing both transient and
frequency dependent diffractive measurements. By these
means we will be able to determine the dynamic proper-
ties at different length scales by measuring the time re-
sponse at different diffraction peaks.


By placing magnetic islands close to each other, they
will interact through dipolar coupling. The excitations
will affect the resulting dipolar fields, and thereby the coupling strength and the dynamics. This holds for
both simple dipolar fields as well as higher order interactions as for example obtained by vortex fields.
We will explore the dynamic properties of interacting islands, using both time and frequency resolved as
well as angular dispersive techniques. The efforts will initially be based on establishing the dynamics of
simple structures, such as circular dots and ellipses, where we will explore the temperature dependence
of the dynamic properties. The collective dynamic properties of inherently frustrated systems (such as
artificial spin ice) will be explored in the second stage of the project. We will combine time resolved and
diffractive MOKE measurements, thereby obtaining information about the dynamic properties at different
length scales.


We will in addition focus on the differences and similarities of magnetic excitations in dot- and anti-dot
structures. While the magnetic excitations are restricted to within the dots, the excitations of an anti-dot
material is restricted to the regions between the holes. The quantization of the spin waves between the
anti-dots gives rise to resonant states and the dispersion relation is strongly directional. In anti-dots, the
magnetic excitations are mediated by the material itself, while the inter-dot excitations are mediated by
dipolar fields. Both the frequency and the time dependence are therefore expected to be affected. These
investigations will be performed in an angular and energy dispersive setup, where we also have access to
the time response of the structures.


When the magnetic islands consist of multilayered magnets (see Fig. 2), the resulting dipolar field will
depend on the nature of the layering as well as the number of magnetic layers. When the number of
magnetic layers is even, the ground state is collinear and antiferromagnetic, while a non-collinear state will
emerge when the number if layers is odd and small [15, 17]. An additional degree of complexity is thereby
obtained. The dynamic response of multilayered islands following a sudden laser pulse is displayed in the
upper part of Fig. 2. The magnetization dynamics corresponds to a ’scissor’ mode excitation of the layers
and are therefore to be considered as inner excitations of the islands. This approach gives therefore rise to
five relevant length scales: atomic distances, chemical repeat distance, number of repeats, distance between
the islands and finally, the extension of the patterned region. All these length scales have characteristic
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energies, and therefore characteristic time scales. For example, an antiferromagnetic coupling between the
layers can be obtained through the dipolar fields of the layers [15]. Thus, the intrinsic properties of the
islands can be designed by the choice of materials, thicknesses, number of magnetic layers as well as the
distances between the islands.


We will explore the use of dipolar stabilization of the antiferromagnetic ordering of the layers in the
islands, as well as the formation of helical magnetic structures with a resulting moment from the islands.
The inner excitations and oscillation frequencies will first be explored in a wide time window. After estab-
lishing the eigenfrequencies of such magnetic entities (self oscillation and resonances caused by the dipolar
coupling between layers) we will explore the possibility of propagating magnetic excitations. This will
be accomplished through selective excitations at an edge of the lattice of magnetic islands, while we will
measure the distance dependence of the excitations propagating between magnetic islands.


Goals


• Development of diffractive dynamic measurements using multi-strip techniques (0.01-100 ns, 50-
1000 nm).


• Exploration of the influence of lateral size on the dynamics of the magnetization.


• Gain basic understanding of how interaction between islands modifies the magnetization dynamics.


• Determination of the frequency dependence of frustrated systems, such as artificial spin ice.


• Exploration of the dynamic response of layered magnetic islands (scissor mode excitations).


• Developing understanding of the difference in excitations of dot and anti-dot structures.


2.4. MAGNETIC DAMPING AND SPIN-TRANSFER TORQUE


The discovery that the magnetization in a multilayer device can be altered by the torque exerted by a spin
polarized current has led to intense research over the past decade [18, 19]. The phenomenon, called spin-
transfer torque (STT), is considered very promising for magnetic random access memories (MRAMs) and
spin torque oscillators [20], offering low power consumption and good scalability as a function of lateral
cell size. This development would therefore be a key enabler in information technology as the scaling
of traditional MRAMs is poor and not really competitive with other solid state memory technologies. A
STT-MRAM device consists of a pinned magnetic layer acting as spin polarizer and a free layer. It is
essential for the success of STT-MRAMs that the critical current for current-induced switching of the free
layer magnetization is sufficiently small and that the spread in critical current values between memory
elements is small. This puts strict demands on magnetic properties of the magnetic layers in a device.
The damping of the spin dynamics turns out be particularly important since the critical current density for
current-induced switching of the magnetization is proportional to the magnetic damping constant appearing
in the LLG equation of motion for the magnetization. Moreover, in case of current-induced switching of
the magnetization, the switching speed is also dependent on the damping constant. The damping of the
spin dynamics can have both intrinsic and extrinsic contributions. The intrinsic contribution, referred to as
Gilbert damping, can be derived from first-principles and originates from spin-orbit coupling [21]. Extrinsic
contributions may include two-magnon damping originating from defect-mediated scattering of the uniform
precession mode (k = 0) into non-uniform modes (k 6= 0). Moreover, it has been shown that nanomagnet
arrays exhibit spatially localized mode excitations referred to as center and end modes [16]. In particular
the low frequency end mode is sensitive to small variations in nanomagnet shape and edge imperfections
created by the nanopatterning process, yielding linewidth broadening due to variations between individual
nanomagnets. It should be noted that an increased damping constant does not necessarily need to be a
drawback. In our theoretical simulations, we find that the precession and damping terms can in some cases
cooperate in the switching. The possibility to, in a controlled way, incorporate defects into device structures
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is an opportunity to controllably tune magnetic damping, which will be an advantage when attempting to
optimize both current-induced switching and speed in a device.


The spin dynamics measurements within this project will use in-house FMR, PIMM and MOKE tech-
niques, as well as synchrotron based techniques, in particular XMCD-FMR, yielding element specific in-
formation. Effects of lateral confinement on the spin dynamics of device structures and extrinsic damp-
ing originating from interfaces will be studied. The dynamic measurements will be complemented with
high-resolution electron microscopy to assess the properties of surfaces and interfaces as well as structural
properties close to edges of micro- and nanostructured sample geometries. These studies will be made on
relevant magnetic tri- and multilayers fabricated using the micro- and nanostructuring capabilities of the
Microstructure Laboratory (MSL) at Ångström, as well as facilities available within Myfab, the Swedish
micro- and nanofabrication network. Special attention will be given to magnetic electrode materials ex-
hibiting out-of-plane magnetic anisotropy, e.g. ultrathin layers of CoFeB.


Goals


• Gain basic understanding of how interface and surface properties, including defects, affect the damp-
ing of the spin dynamics.


• Outline how lateral confinement and geometrical defects affect the damping of the spin dynamics.


• Determine the intrinsic Gilbert damping for relevant magnetic electrode materials.


• Investigate damping in magnetic electrodes with perpendicular anisotropy as well as in all-perpendicularly
magnetized device structures.


• Develop experimental techniques, based on nanopatterning and chemical composition, to tune the
effective damping in device structures.


3. INFRASTRUCTURE


The realization of ÅCMD requires an integration of new and existing equipment, and we describe below
how this is planned. We also request funds for personnel, primarily young researchers like post-docs and
PhD students. Other equipment needed for detailed characterization of magnetic materials are already avail-
able at the Ångström laboratory, including SQUID magnetometers and a physical property measurement
system (PPMS) from Quantum Design, TEM, SEM, AFM/MFM, XRD, and RBS.


3.1. MATERIALS SYNTHESIS AND CHARACTERIZATION
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FIG. 3: FMR measurement of a Permalloy thin film, 20
nm thick deposited on a SiN membrane, performed in-
situ at the I1011 beamline, MAX-Lab. The excitation fre-
quency is 1.1 GHz and phase locked to the synchrotron
bunch clock. The width of the resonance peak is directly
related to the damping parameter.


The new thin film growth laboratory at Ångström
contains a cluster system, based on one UHV sput-
tering chamber with four sources, one MBE system
with four effusion cells and two electron guns. A
combination of thirteen materials and their alloys
and compounds can be grown in this cluster. Our
equipment allows analysis of both metallic and in-
sulating surfaces, with atomic resolution. In addi-
tion, a new MBE system was installed at MAX-lab
in 2009, which is vacuum connected to the spin-
resolved photoemission (I3) beamline at MAX-III.
This system makes it possible to design and fabri-
cate a rich variety of thin film structures combin-
ing semiconducting and magnetic materials. These
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growth systems allow us to grow high quality samples, with ensured quality at each step. The substrate sur-
face quality can be characterized prior to the growth. This in combination with the possibility of annealing
and sputter cleaning of the substrates, opens up completely new perspectives in sample growth.


3.2. FMR, PIMM AND MAGNETO-OPTICAL INVESTIGATIONS OF SPIN DYNAMICS


An network vector analyzer based experimental setup for room temperature broadband FMR studies has
recently been completed at the Ångström laboratory. The setup, which covers the frequency range 10 MHz
- 20 GHz, can be used to measure the FMR both in reflectance and transmittance mode. To approach a time
resolution corresponding to a few picoseconds, this setup will be upgraded with a new network analyzer
extending the frequency range up to 110 GHz. Moreover, a PIMM setup will be built, capable of performing
spin dynamics measurements in time domain. PIMM uses a coplanar waveguide (CPW) both as a source
of pulsed magnetic fields and as an inductive flux sensor. Current pulses are provided by a pulse generator
with some tens of picoseconds rise-time and a digital sampling oscilloscope is used to acquire the spin
dynamics data. The details of the upgrade of our FMR and PIMM capabilities at MSL are specified in the
budget description.


We have developed four high resolution magneto-optical characterization equipments in the past few
years [22]. We have also developed diffractive MOKE instrumentation which allows us to obtain spatial
information on the magnetization in patterned structures. One of these setups is optimized for studies of
the magnetization in the time and frequency domain. The measurements in frequency domain will use the
method described in [16]. The measurements in time domain use a pulse generator and a CPW to excite
spin waves in the material and the time resolved MOKE signal is collected using a broadband photoreceiver
together with a digital sampling oscilloscope. The frequency and time ranges for these two techniques will
be similar to that of the FMR and PIMM techniques.


3.3. ULTRA-FAST TIME RESOLVED MEASUREMENTS


To reach time scales of the order of 100 fs or less it is necessary to resort to pump-probe measurement
where the time resolution (delay) is based on an optical delay. Within our constellation we are currently
in the phase of constructing a high harmonic generation (HHG) facility that will provide ultra-short x-ray
pulses (< 35 fs) in the energy range up to 100 eV as a design goal. This type of setup was recently used
to investigate ultrafast demagnetization in Py with elemental specificity as the probe pulse was selectively
exciting at the 3p edges of Fe and Ni. In combination with our knowledge on MOKE setups we will build
a dedicated optical breadboard for ultrafast pump-probe type of measurements. The setup will be used for
both direct laser probing and probing using the HHG source.


3.4. TIME RESOLVED XMCD
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FIG. 4: A time resolved scan showing the precession of the
Fe moments in a Permalloy sample as a function of time.


We have started a program on magnetization dy-
namics at the I1011 at MAX-lab beamline that is
closely related to our FMR efforts described above.
Examples are given in Figs. 3 and 4. MAX-lab
offers certain advantages due to the unusual mas-
ter clock frequency of 100 MHz. This provides a
unique spectrum of overtones for FMR. Due to our
commitments we also have good access to beam-
time at MAX-lab and the facility is thus the ideal
platform for establishing the necessary expertize
for us to compete at other facilities, e.g., BESSY
and APS where a much larger frequency window is
available.
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The initial effort primarily focuses on combining the XMCD technique with FMR and is done in close
collaboration to leading experts in this field. The goal of our research is to use this technique to enable
element specific studies of the dynamic behavior of spin and orbital moments that is integral to the un-
derstanding of damping phenomena in magnetization dynamics. These experiments have a few special
hardware requirements that are specified in the budget.


3.5. MICRO- AND NANOSTRUCTURING OF MAGNETIC MATERIALS


The project’s need for nanostructuring facilities will to begin with be provided by Myfab and by an existing
e-beam system in the laboratory of Prof. D. Haviland at KTH. A major boost for the magnetization dynamics
activities proposed here would be the creation of a Nanolab within MSL at Ångström equipped with a new
e-beam lithography equipment, an existing nano-imprinting system and equipment in general which would
provide users at MSL with a process line for nanostructuring of a wide variety of materials. Within this
project, the creation of such a facility will be realized.


3.6. SPIN DYNAMICS SIMULATIONS


As for the theoretical aspects of ÅCMD, Sweden has excellent supercomputing facilities, provided by the
national supercomputer centres located in Linköping, Stockholm, Uppsala and Umeå. The Division of
Materials Theory has also built a local computer cluster located at the Ångström lab. State-of-the art,
software available for the simulations planned in this project, are available and have been developed in the
theory division [3].


4. PROJECT ADMINISTRATION AND COORDINATION


The applicants will form a scientific council with planned, regular scientific/strategic meetings (four per
year). The directions of the different research projects will here be discussed and decisions taken for all
actions of ÅCMD. The responsibilities for the experimental built up are as follows: Prof. Svedlindh,
FMR and PIMM; Prof. Hjörvarsson, time-resolved MOKE; Dr. Karis, time-resolved XMCD. The differ-
ent sub-projects will have shared responsibilities to secure efficient collaboration within the project; Prof.
Eriksson and Dr. Karis will share the responsibility for sub-project Crystal structure, geometry and multi-
functionality; Profs. Hjörvarsson and Svedlindh will share the responsibility for sub-project Dynamic as-
pects of magnonic materials; Prof. Svedlindh and Dr. Karis will share the responsibility for sub-project
Magnetic damping and spin-transfer torque; Profs. Hjörvarsson, Svedlindh and Dr. Karis will share the
responsibility for sub-project Spintronics materials Prof. Eriksson will have overall responsibility of the
project and in addition is responsible for the theoretical simulations needed in the different research tasks.


5. PROJECT CONTINUATION AND CONNECTION TO SWEDISH AND INTERNATIONAL
RESEARCH EFFORTS IN THE FIELD


The present proposal asks for funding for a period of 5 years. We expect that during this time we have
established several important discoveries concerning the fundamental aspects of magnetization dynamics,
and in addition to this several new concepts for exploitation of research results in applications. The latter
activity will lead to continued funding from more applied organizations such as Vinnova, SSF, and related
EU based funding such as that provided in FP-7, FP-8, etc. A further important aspect of this proposal is
that we have the ambition to, in addition to postdocs and PhD students, recruit young, excellent researchers
on an intermediate level (biträdande lektor/lektor) who are expected to become established on the Swedish
scientific arena, on a level where they generate their own research grants in projects on magnetization
dynamics, both from the Swedish research council, EU, ERC, as well as from the faculty of science and
technology at Uppsala University. Hence, the present proposal should be seen as a start-up for something
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which will broaden and grow to become a long-standing, world-leading activity. The activities within
ÅCMD are anticipated to rely heavily on the coming national and international centers which currently
are planned, in particular MAX-IV and the European Spallation Source (ESS). In addition we expect that
ÅCMD will be very important in defining the research directions of these experimental facilities, and that
ÅCMD Uppsala researchers will take a leading position for establishing an intellectual momentum and
drive of these facilities. ÅCMD will in addition be a crucial partner for the planned Swedish-German
collaboration, which goes under the name of the Röntgen-Ångström initiative.
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Detection of cosmological neutrinos with Exa-eV energies from the 
high-energy Universe  


Information for a planned application to the K&A Wallenberg foundation 
 


Physics motivation  
Somewhere out in space, cosmic rays are born at extremely high energy and are observed at Earth. The origin of 
the highest energy cosmic rays, with energies in excess of 1020 eV is still unknown. Detection of neutrinos from the 
GZK (Greisen, Zatsepin, Kuzmin) process is a key to understand their origin and nature. GZK neutrinos result from 
the interactions of charged cosmic ray (CR) particles above 1020 eV with the photons of the cosmic microwave 
background. The neutrinos predicted from the GZK reaction have energies in the range 1018-1019 eV, but have so 
far not been detected. As the highest energy CRs loose most of their energy within a “short” distance, 100 Mpc, 
the GZK neutrinos will be produced in the neighborhood of the acceleration sites producing these cosmic rays. The 
neutrinos have no charge and interact only weakly. They will thus travel straight and can penetrate through large 
quantities of matter. Therefore their direction will point back to the production site, even if inside denser regions.   
 
The GZK mechanism will result in a cut-off of the CR energy spectrum. As opposed to earlier measurements by 
AGASA, recently strong evidence for this suppression has been reported (Auger, HiRes) supporting the production 
of GZK neutrinos.  
 
Besides locating the sites of acceleration of the highest energy CRs, the measurement of the GZK neutrino flux 
could shed light on their composition (protons? - iron?), which is also an open question. 
 
Detection 
Several attempts have been made to measure the flux of GZK-neutrinos. The expected flux is of order 10/km2/yr, 
the neutrino interaction length is about 500 km and for most detectors only neutrinos from one hemisphere can 
be detected. In a detector like IceCube the expected event rate is about 0.01/year. Thus a large amount of target 
material, order 1011 ton, is needed for the detector to be able to record about ten GZK neutrinos per year. Air 
shower arrays have looked for Earth skimming or upward moving neutrino generated showers, but so far this only 
resulted in limits on the flux, orders of magnitude above the expectation.  
 
The most promising detection mechanism is using the distinct radio-pulse from the Askaryan effect. The neutrino 
interaction results in an electro-magnetic shower which will have an excess of electrons moving fast in the 
medium. A radio pulse is emitted from the shower, with intensity proportional to the shower energy squared, and 
with characteristic angular and frequency properties. The Askaryan effect has been experimentally verified at 
accelerators. Radio antennas flown with a balloon over Antarctica have been used to set the presently best limits 
on the GZK neutrino flux, also well above the prediction. 
 
ARIANNA pilot detector 
The ARIANNA (Antarctic Ross Iceshelf ANtenna Neutrino Array) project plans to detect the radio emission from the 
Askaryan effect in the 600 m thick ice of the Ross Iceshelf, Antarctica. The vast Ross ice floats on sea-water and the 
ice-water interface reflects the downward going part of the radio-pulse, thereby strongly increasing the GZK 
neutrino detection efficiency. The ARIANNA site is well shielded from anthropogenic radio signals, which have 
been a severe background in, for instance, the previously mentioned balloon-borne project. ARIANNA is foreseen 
to cover a 30·30 km2 area with a station spacing of 1 km, thus close to 1000 stations. 
If GZK neutrinos are present at the flux predicted, ARIANNA would detect about 40 neutrinos/6 month 
operation/year. The 6 month/year duty cycle stems from that solar panel power generation is foreseen, wind 
power generation could make 12 months operation/year possible, doubling the detector efficiency.  
 
Before funding of the full ARIANNA array can be envisaged, a pilot project is needed to demonstrate the feasibility 
of the concept and learn how to master the many technological as well as analysis challenges. The US National 
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Science Foundation (NSF) has given strong support to the ARIANNA pilot project and will provide the logistics 
support needed as well as funding for seven stations with 8 antennas each. Support is given from NSF Astrophysics 
program and from NSF Polar program, as well as from an agency wide MRI program. 
 
The ARIANNA collaboration is small, at the moment five universities, mainly in the US. Following the positive 
decisions of NSF with regard to the pilot project we have been invited to join. We have since long collaborated 
with the ARIANNA principal investigator, from the start of the AMANDA project. AMANDA has now evolved to the 
successful IceCube neutrino telescope.  
 
The proposed application to The K&A Wallenberg foundation concerns an addition of 12 stations to the ARIANNA 
pilot program. This substantial enlargement will make it possible to detect a few GZK-neutrinos/year, at the 
predicted flux. Some conclusions on the physics of cosmic rays and acceleration sites will be possible already with 
this enlarged 19 station ARIANNA pilot array. 
 
Uppsala University involvement     
 If funded we would provide the hardware for the 12 stations, assemble and test them before deployment, and 
participate in the installation at the Ross ice-shelf. We would take an active role in the analysis of the data in 
searching for the GZK neutrinos. Several features of the radio pulse can be exploited to gain knowledge about both 
the direction and type of interaction.  We would also work to resolve several of the issues associated with the 
future full array, including field tests of new equipment within the 19 station array. There are several areas where 
we think the expertise of research groups at Uppsala University is highly relevant. Examples are power generation 
and management (wind, batteries), radio wave detection, high performance and low power electronics, and 
wireless communication technology. These opportunities have not been explored yet, but we would do so if 
encouraged by UU to submit a full application. The budget for the application will be modified according to where 
we find that the contributions can best serve ARIANNA and the research groups at UU. Contact with industry will 
be taken as appropriate. 
 
We see the proposed ARIANNA activity as a natural continuation of our established activity with the AMANDA and 
IceCube neutrino telescopes. The issue of future projects for the astroparticle physics group at UU was commented 
by the KoF11 panel1 where the panel suggests that ARIANNA is preferable over alternatives discussed. This is likely 
due to the strong expertise we have developed in neutrino detection in an ice-based detector. 
 
There are several similarities in development between the present phase of ARIANNA and the early phase of 
Amanda/IceCube. The Uppsala group has been, and will continue to be, strongly involved in the IceCube project. 
An early involvement in ARIANNA will make it possible for us to contribute decisively to the evolution of this 
project and finally get to the detection of cosmological EeV neutrinos, to learn more about the most violent 
processes in the universe. 
 
Budget comments 
The proposed budget contains the cost of hardware for 12 stations with 8 antennas each, including readout 
electronics, wireless communication and power generation. Three PhD students are envisaged to participate in the 
assembly, testing and deployment of the instrument, as well as simulations and analysis of the data collected. We 
have further included funding for 2 Post-Docs during 4 years. Some lab equipment is included to cover instruments 
that will be needed, as well as costs associated with technical developments for a future full scale array. Travel 
costs are included to cover both travels in connection with deployment (costs in Antarctica will be covered by the 
NSF polar programs). Travels for extended stays at the other participating institutions are also included.  The 
budget is preliminary, and may be adapted to technological developments as mentioned above. 
 


Allan Hallgren  Olga Botner 


                                                            
1 Preliminary version, circulated in August for corrections. 
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PRELIMINARY BUDGET ESTIMATE FOR THE ARIANNA GZK NEUTRINO DETECTION PILOT PROJECT, UPPSALA


Total År 1 År 2 År 3 År 4 År 5 Kontroll
Station hardware, 12 stations 10000 $ 7 kr/$ 840 000 280 000 560 000 840 000
Doktorander, 3 st a 2.3 Msek 3 st 2.3MSEK 6 900 000 1 150 000 1 725 000 1 725 000 1 725 000 575 000 6 900 000
PostDoc 2*2 st*2år 60kSek/månad/st 5 760 000 720 000 1 440 000 1 440 000 1 440 000 720 000 5 760 000
Diverse utrustning/år 1 Msek 4 000 000 1 000 000 1 000 000 1 000 000 500 000 500 000 4 000 000
Resor etc 500000/år 2 000 000 250 000 500 000 500 000 500 000 250 000 2 000 000


19 500 000 0 3 400 000 5 225 000 4 665 000 4 165 000 2 045 000 19 500 000
Indirekta kostnader 40% 971 429 1 492 857 1 332 857 1 190 000 584 286 5 571 429
Avrundade 971 000 1 493 000 1 333 000 1 190 000 584 000 5 571 000
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CURRICULUM VITAE 
Allan Hallgren 


Born on October 14, 1951 in Karlstad, Sweden, Swedish citizen. 
1. University degree (discipline/subject area):   


 1974 Bachelor of Sciences in Physics, Uppsala University 
2. Doctoral degree (year, discipline/subject area).  


 1980 Physics / High Energy Physics 
 1979  Thesis title: "Knock-Out of Non-Nucleonic Components from  
  Helium"  Main supervisor: Sven Kullander. 


3. Relevant postdoctoral work (year and position). 
  1979 – 1981  CERN Fellowship (two years + a few months) 
4. Qualification as Associate Professor (year).  


  1990  Docent  
5. Current position, period of appointment, time for research in the position.  


  Professor in experimental physics (2000 – ) (promoted Univ. Lecturer).  
  Fraction of time available for research not specified. Dependent on  
  outcome of applications (to VR )] 


6. Previous positions and periods of appointment (state type of employment). 
  1982 – 1987  Research Assistant at Uppsala University (NFR-funded) 
  1984 – 1985  CERN Scientific Associate (one year) 
  1987 – 2000  Universitetslektor (eqv. 'Senior.Lecturer' or 'Assoc Prof.') 
  1992,   1993  CERN Corresponding.Fellowship, 3 month’s per year. 
7. Parental leave, service in the Armed Forces etc, and research time deducted 


for this purpose.  
  1973 – 1974  Service in the Armed Forces, about one year 
  1989 – 1990  Parental leave, half time during approximately one year. 


8. People awarded doctorates for whom the applicant has been the main 
supervisor (name, year of doctorate). 


  Bengt Lund-Jensen (PhD 1988) 
  Kjell Fransson (PhD 1990)  
  Jonas Medbo (PhD 1997)  
  Pia Loaiza (lic. 2000),  
  Jan Conrad (PhD 2003)  
  Johan Lundberg (PhD 2008) 
  Arvid Pohl (PhD 2009 )  
  Martino Olivo (planned PhLic 2010) 
 Co-supervision of the following students:  
  Lars-Owe Eek (PhD 1989) 
  Kurt Woschnagg (PhD 1994) 
  Maria Gunther Axelsson (PhD 1998) 
  Fredrik Tegenfeldt (PhD 2001)  


  Anna Davour (PhD-thesis defense 2007, missing course points) 
  Olle Engdegård (PhD planned 2011) 
 


9. Other Scientific merits 
2001-2003   Analysis Coordinator of the AMANDA collaboration 
2007-  Member IceCube Speakers Committee 
International conferences: 
1984 Moscow Cherenkov Radiation and its Applications (invited talk) 
1985 Bari Int. Europhysics Conf. on High Energy Physics (talk) 
1986 Vienna Wire Chamber Conference (poster) 
1987 London Position Sensitive Detectors (poster) 
1989 San Francisco IEEE Nuclear Science Symposium (invited talk, cancelled) 
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1990 Rio de Janeiro III ICFA Instrumentation School (invited Laboratory Session 
Organizer on Detection of UV -photons in a Drift Chamber) 


1992 Vienna Wire Chamber Conference (poster) 
1994 Norfolk, USA IEEE Nuclear Science Symp. (Speaker for DELPHI-RICH Collab.) 
1996 Como, Italy Invited speaker for the AMANDA Collaboration: AMANDA progress 


report. 5th International Conference on Advanced Technology and Particle Physics. 
1999 Siegen, Germany Invited talk "High energy neutrino telescopes" (l hr), at 'Sympo-


sium on Applications of Particle Detectors in Medicine,Biology and Astrophysics 
2001 L’Aquila, Italy, Invited talk for the AMANDA Collaboration "Physics Results from 


the AMANDA-B10 Neutrino Telescope. 
7’th International Workshop on Topics in Astroparticle and Underground Physics 


2002 Nestor Institute, Pylos, Greece, Invited talk: "Neutrino and Astroparticle RICH 
Detectors" and for the AMANDA Collaboration “Results from the Antarctic Muon 
and Neutrino Detector Array (AMANDA) at Fourth Workshop on RICH Detectors 


• I was one of the organizers of the International Europhysics Conference on High 
Energy Physics, Uppsala, 1987, of the.RICH95 International Workshop on RICH 
Detectors, Uppsala, 1995. of the Lepton-Photon 2005 conference, Uppsala and of the 
Exotic Physics with Neutrino Telescopes 2006, Uppsala. 


Teaching: 
Mechanics Full, or part of course: (first physics course) several times.  
'Ionizing Radiation and detectors' for 4:th year students and grad. students, three times.  
Experimental methods and statistics, for graduate students. 
'Experimental Modern Physics' (One fourth of overview course) 
Outreach 
Seminars for high-school teacher's (arr. Uppsala university): ‘Neutrinos, astrophysical 


sources and neutrino telescopes.’ ‘Experimental physics at CERN’ 
Invited popular talk at Ericsson Cables AB, Hudiksvall, Cable Symposium.   Aug. 1998. 
Talk for the general public:     “Se neutriner! I isen på sydpolen”     Nov. 2000 
Engagements in open house activities at Ångström, visits by gymnasie-schools etc. 
Vetenskapsradion, interview 2009/06, 
http://sverigesradio.se/sida/artikel.aspx?programid=406&artikel=2923150 
 
Other merits 
• 2010/04 – Division Head, High energy physics 
• 2003 –2007 Deputy Head of Department (Ställföreträdande prefekt), Department of 


Radiation Sciences, Uppsala University 
• 1995 – 2007Director of Studies (studierektor) at the Department of Radiation Sciences 
• 1990 – 1992    1997 –  2007    Elected member or deputy member of the Board of  


 the Department of Radiation Sciences (now Nuclear and Particle Physics)       
• 1984- 1987  Member of the board of the Particle Physics Section of the   


   Swedish Physical Society, the two last years as v chairman 
• 1983 – 1986  Delegate to the Advisory Committee of CERN Users (ACCU) 
• 1984 – 1986  User representative in the CERN Stores Committee 
• 1996 – 2002  Swedish representatives to ECFA, nominated by the Particle 


   Physics Section of the Swedish Physical Society. 
• Special adviser for ‘Habilitation à Diriger des Recherches’, for J. Brunner, France   
• Special adviser (sakkunnig) for judgment on promotion to professor(2006), filling 


positions as lecturer (2003) and as research assistant (1997), all at RIT. 
• Committees for PhD-defense at Humbolt University, Berlin (S. Boeser, D Tosi) 
• Several committees for PhD-defense in Stockholm, Lund and Uppsala.  
• Calculation of Cherenkov light from spent nuclear fuel, work done for the Swedish 


Nuclear Power Inspectorate. 
• Design, principle and prototype test of a high precision mass thickness measurement 


device. Work done as consultant for Lorentzen & Wettre, a company specialized in 
analysis equipment for paper mills. 
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CURRICULUM VITAE 


 
Personal data: 


Name: Olga Botner  


Place and date of birth: Warsaw, Poland. April 23, 1953 


Nationality: Danish since 1971 


Professional address:  Department of Physics and Astronomy (previously    


                                    Department of Radiation Sciences, ISV),  


            Division of High Energy Physics, 


                                    Uppsala university, Box 516, SE-751 20 Uppsala, Sweden 


e-mail: olga.botner@physics.uu.se; fax: +46(0)18 4715999; phone: +46 (0)18 4713876 


 


Current position: 


Professor of experimental elementary particle physics, since 2000-02-01. 


Conditions of employment equivalent to those of a lecturer (“universitetslektor”).  


 


Previous positions: 


 [1998 - 2000] professor ("biträdande professor"), ISV, Uppsala university  


 [1993 - 1998] associate professor ("universitetslektor"), ISV, Uppsala university 


 [1992 - 1993] lecturer, ISV, Uppsala university.  


 [1988 - 1992] research assistant, ISV, Uppsala university.  


 [1986 - 1987] post-doc at the Gustaf Werner Institute, Uppsala university.  


 [1982 - 1985] researcher on contract from the Danish Natural Science Research 


Council. Partly at the Niels Bohr Inst. and partly at CERN.  


 [1980 - 1982] research fellow, CERN, EP division. 


 [1978 - 1979] researcher at the Niels Bohr Institute, Univ. of Copenhagen. At 


CERN through 1979. 


 


Leave: 


1989 - 1990 maternity leave, in total 330 days. 


 


Academic degrees: 


Oct 1990  "docent in high energy physics", Uppsala University 


Sep 1985  "licentiatus scientiarum" (equivalent to Ph.D.), Univ. of Copenhagen. 


Thesis : "Jet measurement with calorimeters at ISR energies and below, focusing 


on results from the Axial Field Spectrometer at the ISR". 


Feb 1978   "candidatus scientiarum" (equivalent to  Master of Science), Univ. of 


Copenhagen. Thesis :"Use of a hadron calorimeter in studies of high energy 


neutrino reactions". 


 


 


Scientific merits: 


More than 500 published articles and conference reports.  


Talks at international conferences, seminars. 
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Teaching merits: 


 1974 - 1977, mathematics tutorials, at the Univ. of Copenhagen. 


 1991 - 2000, an undergraduate course on elementary particle physics, given once every 


year, Uppsala university; tutorials and lectures 


 2004 -, an undergraduate course on nuclear and particle physics, given once every year, 


Uppsala university; tutorials and lectures 


 Starting 2011,  an undergraduate course on elementary particle physics, given once every 


year, Uppsala university; tutorials and lectures 


 


Supervision: 


 Supervision and co-supervision of Master of Science thesis students. 


 Supervision of postgraduate students: Lars Owe Eek (PhD 1989),  


Kurt Woschnagg (PhD 1994), Maria Gunther Axelsson (PhD 1998), 


Fredrik Tegenfeldt (PhD 2001), Anna Davour (expected PhD June 2007), 


Olle Engdegård (expected PhD 2011), Henric Taavola (expected PhD  2014) 


 Co-supervision of postgraduate students: Bengt Lund Jensen (PhD 1988), 


Kjell Fransson (PhD 1990), Jonas Medbo (PhD 1997), Pia Loaiza (lic. 2000), 


Jan Conrad (PhD 2003), Johan Lundberg (expected PhD January 2008), Martino Olivo 


(expected lic 2010) 


 Post-docs : Carlos Perez de los Heros (1997 – 1999), Jonathan Miller (2009-2011) 


 


Outreach : 


On several occasions, talks on particle physics within the context of high-school teacher seminars 


arranged by Uppsala university; talks to high school students; a newspaper interview; a program 


on the Swedish Radio “Vetenskapsradion”; participation in Open house activities. 


An article for non-specialists published in KOSMOS 1998, the yearbook of the Swedish Physical 


Society. 


 


Administrative and academic service : 


Organization of several conferences, among which: The International Europhysics Conference on 


High Energy Physics, 1987; The International Workshop on RICH Detectors, 1995; The Nobel 


symposium on Neutrino Physics, 2004; XXII Symp. on Lepton-Photon Interactions, 2005. 


 


Member of the Physics Committee of the Swedish Natural Science Research  


Council, 1995 - 2000. Evaluation of physics research projects. 


 


Member of the board of the Swedish Natural Science Research Council,   


1999 - 2000. Deputy-chair of the board of the Swedish Scientific Council for Natural and 


Engineering Sciences 2001 – 2003. Chair of several the Council’s committees. 


 


Member of the board of the Faculty of Science and Technology at Uppsala university since 2005. 


Member of the board of the Department of Physics and Astronomy, since 2008. 


 


Director of gradU, the graduate programme in physics and astronomy at Uppsala university 


(2006-2007). 


Director of studies 3 cycle at the Department of Physics and Astronomy: 2008-2009. 


 


Professional association: Member of the Swedish Physical Society. 


Academy fellowship: Member of the Royal Swedish Academy of Sciences. 
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Organisations/VATnr: 
202100-2932 


 
 
 
Blankett för föransökan      
- underlag för intern prioritering gällande ansökningar från Uppsala 
universitet till Wallenbergstiftelserna 
 
Enligt rektors beslut (UFV 2005/1000) ska ansökningar till 
Wallenbergstiftelserna från Uppsala universitet prioriteras internt av 
universitetsledningen. Prioriteringen görs med utgångspunkt från en föransökan. 
Föransökan görs genom att fylla i nedanstående formulär, bifoga en 
sammanfattning av ansökan samt CV för huvudsökande och skicka till 
forskningssekreterarna. Aktuella datum för inlämnande av föransökan finns på 
forskningssekreterarnas webbplats (http://www. uu.se/forskningsfinansiering).  
 
 
Uppgifter om ansökan 
Ansökans titel:Tredje generations elektronspektroskopi - Ett nytt verktyg för 
grundläggande fysik och avancerad materialvetenskap 
 


Typ av ansökan:  
 Forskningsprojekt          Annat        


 Infrastruktur                   


     


 


Söks hos: 


 K&A Wallenbergs stiftelse 


 Stiftelsen M&A Wallenbergs minnesfond 


 M&M Wallenbergs stiftelse 


 
 
Preliminär budget 
Period sökt summa (kr) varav indirekta kostn. (kr) 


År 2012 2 700 000 700 000 


År 2013 6 750 000 1 750 000 


År 2014 6 750 000 1 750 000 


År 2015 6 750 000 1 750 000 


År 2016 4 050 000 1 050 000 


Summering: 27 000 000 7 000 000 


 
 


 Sammanfattning av ansökan bifogas (max 2 sidor) 
Beskriv ansökans syfte/bakgrund, medsökande, eventuell annan finansiering. När 
det gäller infrastruktur, redogör för den nationella nyttan och prioriteringsprinci-
per vid användning av infrastrukturen.  
 
 


 CV för huvudsökande bifogas 
 
 
 
Underskrifter huvudsökande forskare/institution 
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Tredje generations elektronspektroskopi - Ett nytt verktyg för 
grundläggande fysik och avancerad materialvetenskap


Vi föreslår ett  avancerat program för att åstadkomma ett nytt språng inom elektronspektroskopin. Vi 
kommer därmed att ytterligare befästa Sveriges och Uppsalas världsledande position inom området. 
Elektronspektroskopi är den mest  direkta metoden att studera ett materials elektronstruktur och 
därigenom många av dess grundläggande egenskaper. I samband med utvecklingen av denna 
metodik kommer vi att fokusera på ett flertal områden inom materialvetenskapen.


Basen för detta projekt är en ny princip för högupplöst elektronspektroskopi som vi utvecklat under 
de senaste åren tillsammans med VG Scienta AB. Denna princip  förutsätter synkrotronljus eller 
andra pulsade röntgenkällor. Detta projekt är optimalt anpassat till att  utnyttja de nya möjligheter 
som MAX IV och andra ultrabriljanta ljuskällor kommer att möjliggöra. Vi har redan tidigare varit 
djupt involverade i uppbyggnaden av ett flertal strålrör på MAX-lab och på andra håll i världen och 
vi har haft en central position i utvecklingen av den unika MAX IV anläggningen.


Vi ledde utvecklingen av den andra generationen av elektronspektrometrar som dominerar den 
avancerade elektronspektroskopin vid dagens synkrotronljusanläggningar (N. Mårtensson et. al, 
JELSP 70 (1994) 117). Denna typ  av spektrometer blev basen för VG Scientas verksamhet och det 
finns idag nästan 500 spektrometrar av den typen vid världens ledande forskningscentra. Detta ut-
vecklingssteg har varit  avgörande för en lång rad forskningsområden: studiet av hög-Tc supraledare, 
topologiska isolatorer och grafén, för studiet av ytreaktioner och katalys, studiet av halvledares 
elektronstruktur, forskning på kluster och nanostrukturerade material, kluster etc., liksom för 
upptäckten av nya fenomen som Corehålsklockan, Auger-Dopplereffekten mm.


Tredje generationens utveckling kommer att  innebära ett liknande lyft  för ett antal områden. De nya 
instrumenten grundar sig på flygtidsanalys. Genom att behålla vinkelinformation och genom 
avancerad online-analys kan vi nå en energiupplösning som tidigare flygtidsspektrometrar aldrig 
varit  i närheten av. Physics World har uppmärksammat våra första resultat  (http://physicsworld.com/
cws/article/news/46894). Ett ambitiöst forskningsprogram behöver nu etableras för att utveckla 
dessa möjligheter. BESSY II vid HZB i Berlin är den ideala platsen för detta. Det krävs idag en 
anläggning där man kan lagra en enda kort elektronpuls längs ringens omkrets i stället för ett 
hundratal (single bunch). Detta ger mycket låg medelström och omöjliggör flertalet andra typer av 
mätningar. BESSY är unikt som avsätter fyra veckor per år för enpulsmod.


Andra mycket centrala ljuskällor för denna verksamhet kommer att var den pulsade HHG-laserkälla 
som byggs upp i Uppsala och den laseranläggning som finns vid KTH i Stockholm. 


Vi har för närvarande ingående diskussioner med ledningen för HZB/BESSY om att  etablera en 
långsiktig plattform för denna forskning i Berlin. Om vi från svensk sida kan kan göra en tillräckligt 
kraftfull satsning är HZB villigt till motsvarande åtaganden. HZB åtar sig i så fall att:
- Upplåta ett strålrör vid BESSY II med prioriterad access för vår verksamhet. Vi arbetar på ett 


CRG (Contributing Research Group) avtal med HZB-BESSY II. Dessutom får vi tillgång till 
andra strålrör med kompletterande prestanda när så krävs.


- Tillföra en permanent anställd ”beamline manager” och en ”postdoc” för strålröret och projektet.


1
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- Utveckla, finansiera och implementera s.k. ”choppers” och elektroniska gating-system för att 
möjliggöra användning av BESSY:s normala hybridmod. Därmed kan all stråltid utnyttjas och inte 
bara enpulsmoden. Detta kräver omfattande ombyggnader av de aktuella strålrören.


BESSY planerar på längre sikt att utveckla ett nytt  sätt att driva en synkrotronljusanläggning med 
varierbar pulslängd inom femto- och piko-sekund områdena. Detta skulle erbjuda ett  mycket 
intressant komplement till såväl normala lagringsringar som frielektronlasrar. ArTOF-verksamheten 
är perfekt anpassad till att utnyttja denna utveckling.


Forskningsverksamheten kommer att bygga på ett antal delprojekt såsom:
- Utvecklingen av metodik och utrustning för drift  vid hybrid-mod. Detta är ett nödvändigt steg för 


att göra metoden allmänt tillgänglig och för att möjliggöra denna verksamhet vid MAX IV.
- Vi kommer att utnyttja den unika möjligheten att studera den kompletta bandstrukturen tidsupplöst 


för att följa elektronstrukturens utveckling vid funktionalisering av avancerade material som 
grafén och topologiska isolatorer.


- Hela bandstrukturen kan erhållas ur databasen! Orienteringen kan då göras i efterhand, utgående 
från symmetrin. Detta undanröjer behovet att i förväg orientera kristallerna. Vi kommer att  utnyttja 
denna unika nya möjlighet för att studera elektronstrukturen hos komplexa material. 


- Den överlägsna transmissionen ett genombrott för studier av material för molekylär elektronik. 
Den extremt låga röntgendosen eliminerar strålskadorna. Detta blir ett av våra tidiga huvudspår.


- Datalagringen är tidsupplöst  på mikrosekundsskalan, varigenom olika snabba tidsförlopp kan 
studeras. Dessutom planeras ”pump-probe” experiment ner till piko- och femtosekundsskalan. Vi 
kommer här fokusera på processer kopplade till solcellsmaterial.


- Ett mycket väsentligt delprojekt syftar till att  utveckla en spinn-känslig detektor, baserad på den 
nuvarande detektorn och ett 2D spinn-filter. Jämfört med dagens spinn-upplösta fotoemission som 
kräver enkanaldetektion, skulle den kombinerade effekten av ArTOF spekrometerns överlägsna 
transmission och spinnfiltrets 2D karaktär innebära en effektivitetsökning av mer än en miljon!


- Vi kommer också att angripa ett problem som varit en dröm inom elektronspektroskopin: 
Detektion av flera elektroner i koincidens med mycket hög upplösning och hög räknehastighet.


Den centrala grupperingen består av:
- Institutionen för Fysik och Astronomi i Uppsala: Prof. Nils Mårtensson, Prof. Svante Svensson 


och Dr. Johan Söderström. Dessutom ingår Dr. Alexei Preobrajenski som har en permanent  
position vid MAX-lab i Lund men vars forskningsverksamhet är kopplad till Uppsala-gruppen.


- KTH: Prof. Oscar Tjernberg och hans grupp.
- Flera grupperingar vid HZB/BESSY är central för projektet. Finansieras inte från detta anslag.
- VG Scienta är en viktig samarbetspartner, med deltagande av Måns Lundqvist, Patrik Karlsson 


och Mikael Wirde, samtliga doktorer från vår avdelning. 
- Vi har också ett mycket nära samarbete med Prof. Olle Erikssons teorigrupp i Uppsala, och andra 


grupper verksamma inom Ångströmlaboratoriet (materialvetenskap, fysikalisk kemi, m.fl.).


Denna teknologi början nu spridas i världen. Genom vår framskjutna position kommer vi att 
generera internationella samarbeten på mycket hög nivå. Vi upplever redan detta mycket starkt  
inom de områden där vi genomfört  “proof-of-principle”-experiment.  Vår konstellation har enbart 
några VR-anslag av normal storlek. Protopypspektrometern vi nu använder har finansierats av 
VINNOVA(Vinst 154). HHG källan i Uppsala har finansierats av KAW. Det nu föreslagna projektet   
är nytt och än så länge i stort sett ofinansierat.
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Super-CRIRES 


Characterization of the Earth-size exoplanets 


The discovery of the first exoplanet orbiting a solar-type star in 1995 stimulated massive instrument-development 


efforts aimed at discovering new planets and planetary systems. Examples of such efforts are the HARPS 


spectrometer on the 3.6m European Southern Observatory (ESO) telescope in Chile and the two space experiments 


CoRoT (ESA) and Kepler (NASA). These three have discovered the majority out of hundreds of exoplanets found to 


date. The next logical step is the characterization of exoplanets: determination of planetary radius and density, 


detection and chemical analysis of planetary atmospheres. First positive results have been obtained for giant planets 


on very tight orbits using the available space- and ground-based facilities. Although in most cases the detections 


were marginal they demonstrated the feasibility of these efforts and were used as one of the main (if not the main) 


arguments for planning and raising funds for future facilities such as the European Extremely Large Telescope (E-


ELT), the James Webb Space Telescope etc. While these projects are at least 10 years away from the first light there 


are other ways to reach Earth-mass planets orbiting low-mass stars. Planet detection surveys seem to show that low-


mass stars are the home for most of the Earth-mass planets and a few such objects can be reliably studied with 


existing 8m class telescopes. 


CRIRES is one of the instruments at the Very Large Telescope (VLT) and it is currently one of the two high-


resolution infrared spectrometers working today on 8m-class telescopes anywhere in the world. It covers the spectral 


range between 0.95 to 5.2 m reaching resolving power up to 100000 but a single exposure covers only a few 


nanometers. 


In the beginning of 2011 University of Florence (Italy), Uppsala University and the Tautenburg Observatory 


(Germany) presented to ESO a plan for rebuilding CRIRES to make it capable of characterizing the Earth-mass 


planets around low-mass stars. The project aims at increasing the throughput (by factor of 2) and spectral coverage in 


a single exposure (by a factor of 20). This will be achieved by introducing cross-dispersion and replacing the 


detectors, improving the short- and the long-term stability to better than 1 m/s and adding spectropolarimetric 


capabilities. The upgraded CRIRES will reach sub 1 m/s precision in radial velocities and accurately measure planet 


radii and densities in transiting systems. For some objects it will be able to verify the existence of planetary 


atmospheres using differential spectroscopy and spectropolarimetry. While the number of suitable targets is rather 


small (20) compared to what could be reached by future facilities, the 3-year time scale for the upgrade gives us a 


major advantage and a unique opportunity to discover the first Earth-mass exoplanet where an atmosphere can be 


studied. 


In addition to planet characterization, the newly refurbished CRIRES will be a great tool for other fields of research 


including the origins of stellar magnetism, chemical evolution at high redshift, history of galaxy formation, 


properties of supermassive black holes etc. 


The upgrade will be carried out by a consortium consisting of Uppsala University, Tautenburg Observatory 


(Germany), National Institute for Astronomy (Florence, Italy), ESO and the University of Göttingen (Germany).  


The project is divided in 7 well-define work packages where Uppsala takes responsibility for the new detector 


system (WP1) and spectropolarimetry (WP4).  Other work packages cover the design and manufacturing of the new 


pre-slit unit, spectral order separation optics, new calibration system, and data reduction pipeline software.  


The detector unit will consist of three state-of-the-art 4k×4k HgCdTe CMOS devices, detector mount, cooling 


system and electronics. The detectors will be purchased from Teledyne Imaging Sensors (http://www.teledyne-


si.com/ the only available procurement source) while the rest of the work will be shared between Uppsala and ESO. 


ESO has the expertise in manufacturing of the control electronics and the cooling system for infrared detectors of 
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this type. Uppsala University has demonstrated the ability to produce fine mechanics designed to work at 


temperatures of 10-30 K (e.g. pellet tracker for PANDA experiment). In addition, Uppsala will perform the testing 


and characterization of the new detectors.  


The spectropolarimetric system will include three sets of polarization optics: a beam splitter, exchangeable retarder 


plates and calibration optics for producing pure linear and circular polarization. All three subsystems are located in 


different parts of the instrument and for polarization measurements they moved into the optical path inside the 


vacuum vessel. Thus, the mounting units require careful design and high-precision manufacturing to be done in 


Uppsala. The polarization and calibration optics is available commercially. 


Uppsala University will be responsible for the management, assembly, testing and final delivery of subsystems in 


WP1 and 4. ESO will handle the purchase of detectors as it involves export licence, special customs clearance, end-


user declaration, etc. ESO’s status as an international organization simplifies such formalities. The installation and 


commissioning at the VLT in Chile will be organized by ESO in early 2014. 


The total cost of the upgrade is estimated to 4,5 MEuros. 2 MEuros was already granted to the Tautenburg 


Observatory and Göttingen University by the BMBF for the work on the pre-slit unit. The preliminary inquiry on the 


detector gave a price around 1 MEuros. Thus the estimated Uppsala University contribution can be summarized 


below. The rest of the funds will come from ESO. 


1. 3 new detectors 10000000 kr 


2. Detector mounts for cryogenic environment 


a. Design 50000 kr 


b. Manufacturing 480000 kr 


3. Polarization and calibration optics 1200000 kr 


4. Polarization mounting units 


a. Design 100000 kr 


b. Components 800000 kr 


c. Manufacturing 800000 kr 


5. Testing equipment and assembly/testing work 900000 kr 


6. Management, financial and legal support 200000 kr 


7. Travel, telecons, international goods transport 300000 kr 


8. Overhead 1146150 kr 


Total price including overhead 15976150 kr 


The consortium investment in the upgrade will be compensated by ESO in form of guaranteed observing time. The 


exact amount of time will be decided by the ESO Director General but judging from previous similar scale projects 


the consortium should expect to get between 40 and 60 nights on the VLT in 2014-2016. 


We note here that Swedish astronomers are in the process of coordinating instrumentation development efforts at the 


national level. The work is led by the National Committee and aims at setting up a coherent Swedish participation in 


the coming ground and space projects including the instruments for the E-ELT (Uppsala and Lund are already taking 


an active role in preparing the construction of the high-resolution and multi-object spectrometers), the Gaia survey 


follow-up etc. The plan is to help Swedish astronomers form instrument consortia at the national level and provide 


shared and competitive access to unique facilities at various universities (workshops, clean rooms, special design 


expertise etc.). Active participation in the development of the optical and infrared instruments will not only enhance 


the competence and priority coordination in Swedish astronomy but will also provide access to the unique upcoming 


facilities securing our position at the forefront of modern astrophysics. Therefore, this application should be 


considered as the first installment in these plans. 
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Uppsala, 2011
Samuel Regandell, “Observational signatures of extrasolar planets”, Ph.D. in astronomy, Upp-
sala, to be defended in 2012


LANGUAGES: Fluent in Russian, English, French and Swedish.
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Bilaga 1 


Organisations/VATnr: 
202100-2932 


 
 
 
Blankett för föransökan      
- underlag för intern prioritering gällande ansökningar från Uppsala 
universitet till Wallenbergstiftelserna 
 
Enligt rektors beslut (UFV 2005/1000) ska ansökningar till 
Wallenbergstiftelserna från Uppsala universitet prioriteras internt av 
universitetsledningen. Prioriteringen görs med utgångspunkt från en föransökan. 
Föransökan görs genom att fylla i nedanstående formulär, bifoga en 
sammanfattning av ansökan samt CV för huvudsökande och skicka till 
forskningssekreterarna. Aktuella datum för inlämnande av föransökan finns på 
forskningssekreterarnas webbplats (http://www. uu.se/forskningsfinansiering).  
 
 
Uppgifter om ansökan 
Ansökans titel:  Nanoteknologi för utvinning och separation av lantanoider 
 


Typ av ansökan:  
 Forskningsprojekt          Annat        


 Infrastruktur                         


Söks hos: 


 K&A Wallenbergs stiftelse 


 Stiftelsen M&A Wallenbergs minnesfond 


 M&M Wallenbergs stiftelse 


 
 
Preliminär budget 
Period sökt summa (kr) varav indirekta kostn. (kr) 


År 2013 4100000 1190000 


År 2014 4095000 1217000 


År 2015 4189000 1246000 


År 2016 4286000 1273000 


År 2017 4392000 1304000 


Summering: 21062000 6230000 


 
 


 Sammanfattning av ansökan bifogas (max 2 sidor) 
Beskriv ansökans syfte/bakgrund, medsökande, eventuell annan finansiering. När 
det gäller infrastruktur, redogör för den nationella nyttan och 
prioriteringsprinciper vid användning av infrastrukturen.  
 
 


 CV för huvudsökande bifogas 
 
 
 
Underskrifter huvudsökande forskare/institution 
 
Institution: Institutionen för fysik och astronomi 
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Nanotechnology for extraction and separation of lanthanides 
 
Hypothesis 
Exploitation of huge surface area nanomaterials, surface-modified with chelating ligands will permit 
quick and specific separation of lanthanide cations from solutions. Using heterocyclic carboxylate 
ligands will permit further release of adsorbed components at relatively high pH, avoiding generation 
of highly acidic wastewaters. The use of magnetic adsorbent nanoparticles will additionally facilitate 
separation of the dispersed solid phase, decreasing the separation costs.  
 
Specific aims 


• Develop a set of cation-specific chelating ligands for adsorption and separation of rare earth 
cations. 


• Develop techniques for grafting of the chelating centers on the surface of cheap magnetic 
nanoparticles, such as, for example, magnetite, maghemite and magnetic spinels. 


• Investigate the adsorption and desorption equilibria for rare earth cations and optimize 
separation and subsequent specific extraction from developed nanoadsorbents. 


• Build up mathematical models for evaluation of efficiency for new technologies and carry out 
life cycle analysis for their broad scale implementation. 


 
Problem definition 
The world production of lanthanides (Rare Earth Elements, REE) is strongly concentrated to China 
and Eastern Europe, which causes potentially problems for development of modern electronics in the 
long term as a whole plethora of optical components is exploiting lanthanide based oxide materials. 
One can name laser waveguides, LED low energy light sources and magnetic memory materials as 
examples. China has set in particular in March 2010 strong limits on its export of REE causing panic in 
the international computer production industries 
(http://www.computerworld.com/s/article/9172418/China_s_control_of_rare_metals_threatens_jobs_te
ch). 
 
Sweden has considerable mineral assets containing lanthanides such as, in particular, bastnaesite, 
xenotime and especially eudialyte ores. Half of the rare earth elements have been discovered in 
Sweden or Northern Finland by world-famous chemists Carl Mosander and Johan Gadolin. In spite of 
this glorious history, the industrial production of lanthanides is not carried out in Sweden because of 
the high costs of their isolation from ores and separation from each other [1].  
 
Development of approaches principally decreasing the separation and isolation costs for lanthanides 
would strongly improve the competitiveness of Swedish Mining industry and promote creation of new 
jobs in the sectors of mining and chemistry. Swedish division of the international company Tasman 
Metals (http://www.tasmanmetals.com/s/Home.asp), Tasmet AB is preparing for opening the mining at 
the site Norra Kärr with heavy REE-rich and low-actinide eudialyte assets. Eudialyte is a silicate 
mineral and the absence of efficient procedure for separation of lanthanides from silica is a principal 
challenge in its exploitation. Tasman Metals is planning in perspective to make Sweden a principal 
REE producer. The success of this mission will distinctly require a major breakthrough in separation of 
REE from silica-rich solutions and from each other, as the company representatives confirmed to the 
applicants of the present project. 
 
The existing technologies in isolation and separation of rare earth elements are based on fractional 
precipitation/crystallization or on liquid-liquid extraction, both requiring huge volumes of solvents and 
expensive procedures of separation and waste-water cleaning. A principal alternative to traditional 
technologies can be offered by application of nanotechnology, exploiting either filtration through 
porous membrane adsorbents or alternatively – column chromatography, or direct solid phase 
extraction by specifically surface-modified nanoparticulate adsorbent. The development of such 
technology constitutes the aim of this interdisciplinary collaboration project.  
 
Economic and environmental consequences 
The total volume of REE production market is estimated by the Technical Metal Market Analysis site 
www.techmetalresearch.com at 3.5 billion US dollars per year. The value of a single site full-scale 
production chain such as Mountain Pass production facility in California is valued by 531 million USD 
in total. It is estimated that the project will generate 700 jobs during the 18 months construction period 
and at least 200 jobs during its continuous exploitation. The site in Norra Kärr in Sweden has potential 
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comparable with that of the Mountain Pass, but will require for its successful exploitation a principal 
improvement in extraction technologies. The value of the economic profit from the exploitation of the 
site can be estimated to over 3 billion SEK.  
 
Application of the proposed technologies has potential to principally decrease the amounts of released 
wastewaters and the costs of their treatment. This will permit to preserve the ecological situation in 
Småland and principally limit the environmental impact of the huge mining site in a relatively densely 
populated and agriculturally exploited area. 
 
Participants 
1) An important role within the project has to be played by synthetic organic/metal-organic chemists 


that will develop the synthesis of bifunctional ligands. The Synthetic Organic Chemistry group led 
by Adj. Prof. Thomas Norberg at the Department of Organic Chemistry and Biochemistry at 
Uppsala University has advanced experience in preparation of specific ligands combining capacity 
to complexation with functions used for conjugation and has even experience in immobilization of 
ligands on solid carriers.  


2) The group of Prof. Vadim Kessler at SLU has advanced experience in the development of 
synthesis of nanoparticles with well defined size, size distribution and surface chemistry. This 
group has also developed earlier the synthesis of membrane materials and porous adsorbents 
and has documented expertise in MAS-NMR and application of isotope marked ligands for studies 
of sorption equilibria. 


3) The group of Prof. Jan-Erik Rubensson at the Department of Molecular and Condensed Matter 
Physics has advanced experience of kinetics and solution thermodynamics studies applying 
spectroscopic techniques, in particular, highly sensitive x-ray spectroscopies. Of special value for 
the present project is their expertise in characterization of solution equilibria of actinides and 
lanthanides. 


 
 
 
 
*Overhead costs for Uppsala University are set at 35% and rents are set at 13% on salary basis. 
**For SLU, the overhead costs are on the salary basis, where 15 % is university overhead, 3.5 % 
faculty overhead and 15.4 % department overhead, according the rules set by the vice-chancellor of 
SLU. 
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Jan-Erik Rubensson 


Born 1956 in Ålem 


1. University degree: 
1982: Master degree in civil engineering, technical physics, Uppsala University. 
 


2. Doctoral degree: 
1988: PhD in Technology: Electronic Structure and Excitation Dynamics Studied by Ultra-Soft 
X-ray Emission Spectroscopy, Uppsala University, Supervisor: Prof. Dr. Joseph Nordgren. 
 


3. Postdoctoral work: 
• 1988 – 1990: Guest scientist, National Synchrotron Light Source (NSLS), Brookhaven 


 
4. Qualification as Associate Professor (Docent): 


Uppsala University, 1999 
 


5. Present position: 
Professor in Physics (Soft X-ray spectroscopy),  Department of Physics and Astronomy, 
Uppsala University,  since 2002, 40% own research 
 


6. Previous positions: 
• Guest scientist, NSLS, Brookhaven, 1988 – 1990 
• Scientist, Forschungszentrum Jülich, 1990 – 1997  
• University lecturer, Uppsala University, since 1997 
• Guest scientist at BESSY, Berlin, 2005 – 2007 


 
7. Supervision of graduate students: 


• Thomas Böske, graduated 1993 
• Matthias Neeb, 1994 
• Stefan Eisebitt, 1996 
• Armin Müller-Lerwe, 1996 
• Jan Lüning, 1998 
• Kerstin Gunnelin, 1999 
• Martin Magnusson, 1999 
• Limin Qian, 2001 
• Tanel Käämbre, 2002 
• Joachim Schiessling, 2003 
• Marcus Agåker, 2006 
• Johan Söderström, 2007 
• Filip Heijkenskjöld, 2008 
• Egil Andersson, defense planned in May 2010 
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8 Miscellaneous:  
• Distinctions and commissions of trust (recent) 


o Member of Swedish Science Council (Vetenskapsrådet)  panel for evaluation of proposals 
within Atomic & Molecular Physics, Space & Plasma Physics & Fusion, 2004, 2006-2007, 
2009-2010 


o Chairman of Section for Atomic and Molecular Physics of Swedish Physical Society, 
2003-2007  


o Member of the MAX-lab user organization (FASM) board, 2000 – 2007, Chairman 2000 - 
2004  


o 2002-2005: Member of panel for evaluation of employment applications within the Physics 
Section at Uppsala University (Rekryteringsgruppen för fysik), 2002 – 2005   


o Member of faculty committee for evaluations of applications for stipends (tek.-nat. 
fakultetetens stipendiekommitté), 2002 – 2005   


o Member of committee for equal opportunity at Physics Department, Uppsala, 2004 – 2005  
o ‘Transnational Röntgen Fellow’, EU Integrated Infrastructure Initiative (I3), 2005 
o Member of  NordForsk’s evaluation panel, 2005 – 2008  
o Awarded Thuréuspriset, Fysisk-Matematiska Klassen, Kungliga Vetenskapssocieteten 


Uppsala, 2006 
o Member of the panel for evaluation of research proposals in the field of physics at the 


Academy of Finland and the Research Council for Natural Sciences and Engineering 
in Finland, 2008 


o Member of  elektorsförsamlingen, Tekn-Nat Faculty in Uppsala, 2007 - 2010  
o Member of the Board of the Department for Physics and Astronomy, Uppsala, 2010 


• Conference organization 
o Chairman “Resonant Inelastic Soft X-ray Scattering (RIXS08)”, Uppsala, 2008 
o Organization of several workshops as a chairman of the MAX-lab user organization, and 


the section for Atomic and Molecular Physics of Swedish Physical Society during 2000-
2007 


• Invitations to conferences: 25 
• Publications in refereed journals: 125,  h-index=24 
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