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ESF Research Networking Programmes:
Research Networking Programmes (RNPs) lay the foundation 
for nationally funded research groups to address major 
scientific and research infrastructure issues, in order to 
advance the frontiers of existing science. These long-term 
programmes, subject to selection through an open call and 
an international peer review process, must deal with high-
quality science and demonstrate the added value of being 
carried out at the European level.



ESF RNP activities quality & impact:
Types of activities as applicable:

a) Meeting or exchange activities (conferences, workshops, 
schools, short and exchanges visits)

b) Activities linked to the establishment of databases, 
registries or similar infrastructures

c) Other activities including scientific-strategic actions, 
collaboration with industry, etc.



Estonian participation during 7FP:
Estonian research groups participated in 24 of ESF RNPs 
incl.:

• Physical and Engineering Sciences (PEN/PESC) – 8; 

• Life, Earth and Environmental Sciences (LEE/LESC) – 6; 

• Social Sciences (SOC/SCSS) – 3; 

• Humanities (HUM/SCH) – 3; 

• Interdisciplinary - 4.

Coordinators: TÜ – 13, KBFI – 6, EMÜ – 3, TTÜ – 1, TLÜ – 1 

Yearly fees ca 60,000 EUR, varies over years

Total cost ca 280,000 EUR



Estonian participation during 7FP:
Natl Inst of Chem Phys & Biophys (KBFI/NICPB) has participated in 6 RNPs:

Uuve Kirso: Interdisciplinary Tropospheric Research from the Laboratory to
Global Change (INTROP) 2004 - 2009;

RS: Highly Frustrated Magnetism (HFM) 2005 - 2010

Enno Joon: Nanoscience and Engineering in Superconductivity (NES) 2007-
2012;

Tõnu Kesvatera: Mapping the Detailed Composition of Surface-absorbed
Protein Layers on Biomaterials and Nanotoxicity (EpitopeMap) 2007-2012;

RS: Interdisciplinary Approaches to Functional Electronic and Biological
Materials (IntelBioMat) 2008-2010

RS: Common perspectives for cold atoms, semiconductor polaritons and
nanoscience (POLATOM) 2010 - June 2015

mailto:http://www.esf.org/index.php?id=518
mailto:http://www.esf.org/index.php?id=1825
mailto:http://www.esf.org/index.php?id=4082
mailto:http://www.esf.org/index.php?id=3950
mailto:http://www.esf.org/coordinating-research/research-networking-programmes/physical-and-engineering-sciences-pen/completed-esf-research-networking-programmes-in-pesc/interdisciplinary-approaches-to-functional-electronic-and-biological-material
mailto:http://www.esf.org/index.php?id=7368


Highly Frustrated Magnetism (HFM)
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 Introduction

Currently there are about 300 researchers involved 

in this project, from PhD students to senior scientists, 

belonging to teams from 14 countries. Rapid dissemina-

tion of the latest results, the smooth exchange of new 

ideas and interdisciplinary training is needed to main-

tain the engagement at a competitive level. European 

collaboration and exchanges should enable the best 

European groups to contribute to this f eld on an equal 

footing with Japanese and US scientists. Indeed, Europe 

will reach its full potential in this f eld only with coopera-

tive application of theory, bulk measurements, NMR, 

synthesis, crystal growth and central facilities research 

(neutron and X-ray scattering. MuSR).

The HFM programme is a joint effort between solid-

state chemists, experimental and theoretical physicists 

that provides a basis for the necessary training for inter-

disciplinary collaboration in this compelling frontier of 

condensed matter physics and materials science.

Operational activities of the programme consist in 

the organisation and support of conferences and work-

shops, a variety of visiting programmes and a long-term 

fellowship programme for young researchers.

The running period of the ESF HFM Research Net-

working Programme is for f ve years from May 2005 to 

May 2010.

Top left: crystal of spin ice, Ho2Ti2O7, stuck to the face of a magnet 

at room temperature.  

Top right: crystal structure of spin ice – magnetic Holmium (Ho) 

ions occupy a lattice of corner-linked tetrahedra.  

Bottom left: the analogy between water ice and spin ice – in water 

ice arrows locate hydrogens, in spin ice they represent atomic 

magnetic moments. 

Bottom right: characteristic neutron scattering pattern of spin 

ice state where magnetic moments remain disordered down to 

zero temperature in the same way as the hydrogens in ice – both 

exceptions to the “Third Law” of thermodynamics.

Aims 

The HFM programme provides the basis for the neces-

sary interdisciplinary training and collaboration between 

material scientists and condensed matter experimental-

ists and theorists.

Developments in the materials science of synthesis 

techniques allows the design and production of new 

materials and molecules, as well as improving the purity 

of already existing compounds. In parallel with this, the 

ref nement of experimental characterisation techniques 

has led to the discovery of exciting new phenomena in 

these materials. The explanations of such phenomena 

are a very stimulating challenge to theoreticians, leading 

to the emergence of new paradigms. However, this is not 

a one-way process, as the ideas and theories inf uence 

the synthesis, the choice and design of materials and 

stimulate new approaches.

The specif c scientif c f elds of the HFM are as follows:

1. Spin liquids.

Frustration of interactions has been thoroughly inves-

tigated theoretically in various geometries. Theory has 

been advanced ahead of experiments for a long time but 

recent developments and interest in frustrated lattices 

with classical and quantum spins by materials scientists 

modify this landscape. The gap between theory and 

experiment is closing. Specif c experimental signatures 

are expected such as zero energy local modes, a huge 

density of excitations at T=0, singlet ground states, or 

a macroscopic degeneracy which might be relieved by 

any defect (the order by disorder scenario). One can 

cite corner-sharing magnetic lattices such as kagomé, 

pyrochlore lattices or square lattices with competing 

exchanges.

2. Macroscopic degeneracy.

The particularity of these highly frustrated lattice 

structures is that the ground state is macroscopically 

degenerate. In real materials, secondary interactions 

such as the dipole-dipole interaction in the case of rare-

earth spin-ice compounds, or magneto-elastic couplings 

in the case of transition metal spinels, lift the degeneracy. 

Research in this f eld is twofold:

nature, and characterisation of the states.

of the orderings induced from the degenerate ground 

state manifold.

3. Orbital degrees of freedom.

In transition metal compounds with (almost) degenerate 

3d orbitals, spin and orbital degrees of freedom occur 

with equal measure, and superexchange involves both 

of them. Frustration induced by interactions between 

orbital degrees of freedom can lead to interesting new 
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behaviour and to competition between different ordered 

and disordered (quantum liquid) states. The main exam-

ples of such behaviour can be found in transition metal 

spinel compounds.

4. Non-magnet ic ordering in spin systems.

Theoretical studies of some particular frustrated mod-

els has revealed the possibility of stabilising long range 

nematic, quadrupolar and multipolar order, where the 

order parameter is not the magnetisation (spin), but a 

more exotic quantity. Our aims are:

magnetic orderings in spin models.

and quadrupole ordering.

5. Magnet isat ion plateaux and supersolid phases.

The magnetisation curve in some materials shows pla-

teaux at some rational values of magnetisation as a 

function of the magnetic f eld. This is observed in trian-

gular lattice systems, spin-ice compounds, SrCu2(BO3)2, 

and in spinels. New developments include:

-

mation which could involve boson condensation, 

supersolid phases in the vicinity of plateaux.

magnetisation plateaux and supersolid phases.

6. Metallic spinels and pyrochlores.

In these systems with a non-integer number of electrons 

per ion, the short range Coulomb repulsion between 

nearest neighbour frustration inf uences not only the 

spin degrees of freedom, but also those associated 

with charge. Various behaviours have been observed, 

which can be inf uenced by frustration: metal-insulator 

transitions, superconductivity, anomalous Hall effect 

and heavy fermion-like behaviour. There is now a need 

for more compounds and physical studies. The aim is 

to understand the physics of these systems which could 

be at the border between the spin liquid and Fermi liquid 

states. 

Probing orbital physics by LDA + DMFT calculation techniques. 

t_2g orbitals are represented in two transition metal oxides.

Exploring the Shastry-Sutherland model. Using the high f eld 

resistive magnet at the Grenoble High Magnetic Field Laboratory 

(top left), NMR spectra reveal the magnetic texture in the 1/8 

plateau of the model compound SrCu2(BO3)2 (top right). 

Large scale Quantum Monte Carlo simulations for an 

antiferromagnetic spin-1/2 system def ned on a simple bilayer 

geometry (b), as a model for the exploration of supersolid phases.  

Bottom left: phase diagram. The various f eld/temperature-induced 

magnetic phases are described in a bosonic language: normal 

liquid, superf uid, solid, supersolid.  

Bottom right: Zero temperature magnetization as a function of the 

f eld, highlighting the three types of ground states realized in this 

model.
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LIST OF SCIENCE MEETINGS WITHIN HFM (18):
2005: 1; 2006: 2; 2007: 3; 2008: 4; 2009: 2; 2010: 6
HFM was supporting two types of grants:
1. Short Visit of up to 15 days
2. Exchange Grants from 15 days to six months
Steering Committee:
Chair: PhilippeMendels, CNRS, France
Members (12), Guest members (3) 

mailto:http://www.esf.org/coordinating-research/research-networking-programmes/physical-and-engineering-sciences-pen/completed-esf-research-networking-programmes-in-pesc/highly-frustrated-magnetism-hfm/science-meetings.html
mailto:http://www.esf.org/coordinating-research/research-networking-programmes/physical-and-engineering-sciences-pen/completed-esf-research-networking-programmes-in-pesc/highly-frustrated-magnetism-hfm/grants.html


Interdisciplinary approaches to functional electronic 
and biological materials (INTELBIOMAT)

A programme of workshops, schools, and exchange visits is targeted at the 
understanding, modeling and design of functional materials. Materials 
functionality is often based on phenomena that are poorly understood at a 
predictive level either because of inherently strong interactions (e.g. magnetism, 
ferroelectricity, superconductivity) or complex structure (e.g. composites, oxides, 
biomaterials), and increasingly both. Our proposal brings together different 
communities: materials scientists, experimentalists, and theorists. Together with 
an established (and US National Science Foundation - funded) programme I2CAM, 
our network will acquire an international dimension across North America and Asia

mailto:Interdisciplinary Approaches to Functional Electronic and Biological Materials


Common perspectives for cold atoms, semiconductor 
polaritons and nanoscience POLATOM

http://polatom-esf.org/

Keywords
Bose-Einstein condensates; microcavity polaritons; novel light emitters, 
entanglement, parametric scattering, cold atoms, nanoscience, quantum liquids, 
superfluidity and quantum transport, atomtronics
2 Events in 2015:
Final POLATOM meeting, conference (22-24/06/15), school (20-
21/06/15) Location : 20 - 24 June 2015, Physikzentrum Bad Honnef, Germany; 
Convened by : Hartmut Haug (DE) 
International Winter School and Workshop on Strongly correlated fluids of light and 
matter Dates and location : 12 - 23 January 2015, ECT* facilities in Villazzano near 
Trento, Italy; Convened by : Iacopo Carusotto (IT)

mailto:http://www.esf.org/index.php?id=7368


ESF Research Networking Programmes:
Research Networking Programmes (RNPs) lay the foundation 
for nationally funded research groups to address major 
scientific and research infrastructure issues, in order to 
advance the frontiers of existing science. These long-term 
programmes, subject to selection through an open call and 
an international peer review process, must deal with high-
quality science and demonstrate the added value of being 
carried out at the European level.

Thanks to ESF!

Thank you for your attention!


