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Foreword

It is a great pleasure for me to write this foreword, as the new 

director of the High Field Magnet Laboratory (HFML), since 

September 2018. I am very grateful to my predecessor, prof. Nigel 

Hussey, for all he has done for HFML during his period as director; 

leading HFML through a period of rapid growth, in which the 

number of submitted requests for magnet time, the amount of 

projects performed and the production of magnet hours has grown 

significantly, resulting in a record-high number of published papers 

in high impact journals. 

2018 has been an eventful year. In spring, HFML and FELIX 

presented their joint strategy for the future to an external evalua-

tion panel commissioned by the HFML-FELIX Board. We are 

extremely happy that the panel fully supported our vision for the 

integration of the research programs and the operations of HFML 

and FELIX and encouraged the Dutch science community to foster 

this strategic partnership. The momentum towards integration was 

further boosted when in April HFML-FELIX received a substantial 

grant from the National Roadmap for Large-Scale Research Facilities 

that will be used, amongst other things, to considerably expand the 

possibilities for combined HFML-FELIX experiments. Finally, we are 

grateful to the executive board of Radboud University (RU) for their 

decision to construct a new building that literally forms a bridge 

between HFML and FELIX. It is expected that in spring 2019 the 

HFML-FELIX staff can use the new building, which is symbol of the 

vision and ambition of RU to transform HFML-FELIX into an world-

leading large-scale research infrastructure. 

At the same time, thanks to the efforts of all our staff, we have been 

able to continue our “regular” operation. We have received 93 

proposals for magnet time and executed 2604 magnet hours, which 

is particularly noteworthy considering the 6 weeks shutdown of the 

installation due to polluted magnet cooling water. The average 

impact factor of our published papers was a record-high 9.5, 

reflecting the continuous stream of important science that origi-

nates from HFML. Finally, in the course of 2018 essential parts of the 

45 T Hybrid magnet have arrived in Nijmegen, such as the 12 T 

superconducting outsert coil, the cryogenic valve box and the Stir-

ling cryo-cooler. Now the final phase of constructing, testing and 

commissioning of this complex magnet system has begun.

I would like to thank all our staff for making 2018 so successful and 

with excitement I am looking ahead to what 2019 will bring ….

Peter Christianen director HFML

HFML Annual  Report 2018

5



Mission

The HFML is an international 
facility which uses and develops  
high magnetic fields to carry out 
pioneering scientific research by 
both in-house and external users.
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Overview
As mentioned in the Foreword, 2018 was a year full of milestones  

for HFML. A summary of the major events of the past year is 

presented in section 1.

The HFML research programme is performed within three research

groups: Strongly Correlated Electron Systems, Semiconductors &

Nanostructures and Soft Condensed Matter & Nanomaterials. The

Magnet Technology and Development programme is performed

within a dedicated technological group. Recent highlights can be

found in section 2. 

A magnet laboratory also requires a high level of technical support

to maintain the magnets and the complex installation and to provide 

technical support to the in-house scientists and external users. New 

developments in this area in 2018 are described in section 3, while 

section 4 reports on our staff and the user programme itself.

HFML also plays an active role in promoting science to the general

public and in contributing to industrial innovation by supporting

industry at various levels.

Our outreach activities of 2018 are summarised in section 5, while  

in section 6, we report on our industrial involvement.

Section 7 gives an overview of all the publications in 2018.  

In section 8 you can find the financial details. 
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The participants of the EMFL User Meeting

1.1 HFML-FELIX awarded National Roadmap Grant

HFML-FELIX is one of the ten research infrastructures that have 

been awarded a grant in the NWO ‘National Roadmap for Large-

Scale Research Facilities’ scheme by minister Ingrid van 

Engelshoven. The FELIX Laboratory and HFML are two unique infra-

structures that enable research under extreme conditions. FELIX 

generates intense infrared and THz radiation with an unprece-

dented tuning range in a single facility and HFML creates the 

highest possible continuous magnetic fields. The instrumentation  

at the experimental end stations is largely unmatched and the 

opportunities created by combining the strengths of the two facili-

ties are world-wide unique. As such, HFML-FELIX provides a world-

class infrastructure to its users, allowing researchers to investigate 

matter under extreme conditions and to enter the ‘terra incognita’ 

in which new effects and phenomena can be realized in molecules 

and materials. Examples include new routes for biomarker discovery 

and targeted drug discovery, ultrafast magnetic switching for more 

efficient data storage and investigations of new smart materials with 

interesting properties for potential applications.

This grant will enable an expansion in the capabilities of the suite of 

free-electron lasers and to install three dedicated research laborato-

ries: the ‘Molecular ID lab’, where complex mixtures can be analysed 

and molecular structures can be isolated and identified swiftly and 

accurately, the ‘Condensed Matter lab’ for studying the interaction 

of condensed and magnetic materials with intense THz radiation 

and a laboratory that will focus on the exploitation of the recent 

option to combine very high magnetic fields with intense THz  

radiation.

Britta Redlich, director FELIX Laboratory: “I am delighted and 

grateful for the recognition by the Roadmap committee that HFML-

FELIX is a truly unique international facility on Dutch soil. This grant 

will allow us to maintain and expand the leading position of HFML-

FELIX and to face the global competition. It is very exciting to look 

ahead and envision the science that can be expected from these 

new developments and the unique combination of the FELIX lasers 

with the high magnetic fields.”

The Roadmap committee recognized the societal relevance and 

contribution of the research facility in the important fields of 

health, energy and smart materials. HFML-FELIX also attracts 

world-leading researchers to the Netherlands and educates a large 

number of students.

 

1.2  Midterm Evaluation HFML-FELIX

In spring 2018, the midterm evaluation took place for both the 

HFML & the FELIX Laboratory. The evaluation was commissioned 

and organised by the HFML Board, representing Radboud University 

and the Netherlands Organisation for Scientific Research (NWO). 

HFML-FELIX submitted two self-assessment documents covering 

the period 2012-2017 and one combined strategy document.

We received the following marks: 

• Research quality: world leading/excellent

• Relevance to society: world leading/excellent

• Viability: very good

The HFML Board supports the continued integration of the research 

programs of FELIX Laboratory and the HFML, while maintaining the 

separate strengths of the two facilities. 

From left to right: Peter Christianen, director HFML; Lutgarde 

Buydens, dean of the Faculty of Science of Radboud University;  

Britta Redlich, director FELIX Laboratory; Jos Oomens, board member 

FELIX Laboratory; Daniël Wigboldus, President of the Radboud 

University Executive Board; Martin van Breukelen, managing director 

HFML-FELIX.
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Some recommendations were given for the operation: 

1.  RU and NWO should develop an enhanced and sustainable 

funding model for this strategic partnership preserving the 

unique aspects of this facility.

2.  An agreed governance model should be set for the merged 

institution.

3.  Research officer and technical staff appointments to sustain the 

user facilities are necessary.

4.  Develop metrics to benchmark performance against comparable 

institutions, and to use these in order to monitor its own growth.

5.  There is engagement with industry, but a clear business model 

in which priorities of scientific- and industrial usage of the facili-

ties is clarified, is required.

HFML-FELIX agrees on the given recommendations and has taken 

action were possible. The integration of HFML-FELIX is progressing 

fast and intense discussions with the HFML-FELIX board on long-

term sustainable funding and the governance model are ongoing, 

based on the HFML-FELIX vision document. 

1.3 Successful EMFL User Meeting in Nijmegen

Thursday June 21st the HFML organized the 6th EMFL User Meeting. 

Over 60 users of the European Magnet Laboratories (HFML 

Nijmegen, HLD Dresden, LNCMI Grenoble and LNCMI Toulouse) 

shared developments, scientific results and exchanged ideas on 

high-field research. Users presented results of their research and 

the facility developments at EMFL. There was a poster session, a 

tour around the HFML and FELIX labs and of course the yearly EMFL 

prize has been awarded. Jochen Wosnitza handed over the award to 

Dr. Artem Mishchenko, EPSRC Research Fellow in the Condensed 

Matter Physics Group of the University of Manchester. He received 

the award for his ground-breaking research. Using advanced magne-

to-transport and magneto-capacitance techniques he has demon-

strated impressively how high magnetic fields can be beneficial for 

uncovering and manipulating spectacular physical phenomena in 2D 

materials. All and all it was a successful day. Jochen Wosnitza: “this 

user meeting was first of all well-organized. And there was a lot of 

diversity in the scientific talks. They were all interesting and 

inspiring. I think the user meetings are getting better every year!”

1.4 New director HFML: Peter Christianen

From the first of September the HFML has a new director: prof. dr. 

Peter Christianen (1966). He is the successor of prof. dr. Nigel 

Hussey, who has led the lab successfully for the last five years 

during a period of rapid growth. With new roadmap funding, the 

production of magnet hours and number of projects has been doubled.

Peter Christianen is professor Soft Condensed Matter & Nanomaterials 

in High Magnetic Fields. He has longstanding experience in the experi-

mental investigation of hard and soft condensed matter in strong 

magnetic fields at the HFML, mainly using optical techniques. “I am 

very grateful to Nigel for all he has done for the HFML during his period 

as director and I am very excited to take over his role. We are working 

on fantastic new magnets and together with the FELIX Laboratory we 

are developing world-unique opportunities that hold great promise for 

ground-breaking scientific discoveries.” Prof. dr. Nigel Hussey will 

continue his work at the HFML as group leader of Strongly Correlated 

Electron Systems in High Magnetic Fields at the Radboud University.

1.5 Buildings HFML and FELIX connected

In 2018, we started to build the connection between the HFML and 

the adjacent FELIX laboratory. This physical connection stimulates 

collaboration between the two labs, making it an even more unique 

place for pioneering scientific research. The connection will include 

a new, joint entrance. We hope that we can welcome you there 

before summer 2019.

Peter Christianen

10

events and highlights



1.6 German-Dutch collaboration on high field 
magnets and free-electron lasers 

Thursday October 4, representatives of Helmholtz-Zentrum Dres-

den-Rossendorf (HZDR), the Radboud University and the Institutes 

Organisation of NWO (NWO-I) signed a Memorandum of Under-

standing to strengthen the scientific and technological cooperation 

on high magnetic fields and free electron lasers.

Just like the HFML and FELIX Laboratory at Radboud University, 

there is a high magnetic field laboratory (HLD) and an infrared free- 

electron laser (FELBE) at HZDR in Dresden. In Nijmegen continuous 

high magnetic fields and pulsed infrared and THz light are gener-

ated, while Dresden is specialized in pulsed fields and continuous 

light. Both offer a unique combination of high magnetic fields and 

infrared free-electron lasers. Van Krieken: “HFML- FELIX not only 

offers intense laser radiation and high magnetic fields, but also has 

technologically high-quality experimental set-ups. The close ties 

with the German Helmholtz Centre HZDR in Dresden are a recogni-

tion of the excellent infrastructure of the HFML-FELIX facility, that 

the Radboud University and FOM/NWO have built in the last years”.

Scientists from the labs have been working successfully together for 

many years. Researchers and technicians exchange the latest knowl-

edge and the labs cooperate within European networks like FELs of 

Europe, LEAPS and EMFL, as the Scientific Director of HZDR, Roland 

Sauerbrey, emphasizes: “HZDR is glad to be closely connected to the 

state-of-the-art facility HFML-FELIX. We appreciate the close coop-

eration with the Radboud University and NWO-I”.

The parties have now signed for a prolongation and widening of 

their successful collaboration. “As a large-scale research infrastruc-

ture we continuously push boundaries and face scientific and tech-

nological challenges along the way. Our strong collaboration helped 

us tackle these challenges in the past years and we are eager to 

continue this in the future”, say Christianen and Redlich.

 

1.7 Roger Rikken receives IMM thesis award

Roger Rikken received the IMM thesis award for Physics for his 

thesis ‘Molding nanovesicles into predictable shapes’. His PhD 

research was focused on the shape transformation of spherical arti-

ficial nanovesicles. Artificial vesicles have interesting properties 

which make them suitable candidates for capsules for controlled 

transport of medicine in the human body. In his thesis, Rikken 

describes several chemical and physical techniques that can be 

employed to induce controlled shape changes into rods, discs and 

bowl-shapes. By using the magnetic fields of the HFML, he was able 

to detect the different shapes and therefore probe the shape 

changes in real-time. Since the shape of a vesicle is related to its 

function, these findings are promising for the further development 

of applications in nanomedicine. The committee awarded Rikken the 

price for his outstanding work on the fundamental understanding of 

the shape transformation of these nanovesicles in an interdisciplinary 

research environment. 

Representatives of HZDR, RU and NWO present during the 

Signing of the Memorandum of Understanding. 

Roger Rikken
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Schematic of the singlet fission process and its relevance for 

photovoltaics: a photon (light blue arrow) creates 1 electron-hole 

pair (exciton) in an organic molecule (tetracene). The spins of the 

electron and hole are oppositely aligned (small red and blue arrows) 

leading to an exciton with overall spin 0. This so-called exciton singlet 

can subsequently split into two triplet excitons (parallel electron and 

hole spins), with overall spin 1, on two neighbouring molecules. This 

process has the potential to boost the performance of an organic solar 

cell, because one photon creates two units of charge which doubles 

the electrical current. The crucial role of spin in this process makes 

high magnetic fields an indispensable tool to monitor the triplet 

excitons, which are otherwise undetectable.

The scientific programme of the laboratory is performed within

four research groups: Soft Condensed Matter & Nanomaterials 

(section 2.1), Strongly Correlated Electron Systems (section 2.2), 

Semiconduc-tors & Nanostructures (section 2.3), and Magnet  

Technology and Development (section 2.4). Highlights for each 

group are given below.

2.1 Soft Condensed Matter and Nanomaterials

2.1.1 Magnetic fields reveal multi-exciton states in 
organic photovoltaics 

Researchers of the University of Cambridge, Université Paris-Sud, 

Freie Universität Berlin, HFML (EMFL-Nijmegen) and LNCMI-T 

(EMFL-Toulouse) have used magnetic fields up to 68 Tesla to 

demonstrate the existence of a strongly coupled triplet-triplet 

exciton pair, after photo-excitation of a tetracene-based photo-

voltaic material. The pair is an intermediate state in between the 

absorption of a photon and the formation of two separate exci-

tons that create the photo-current in a solar cell. The direct obser-

vation of the triplet pair in tetracene paves the way for detailed 

investigations of the intermolecular pair-production process in a 

broad class of singlet-fission materials, which have the potential 

to boost the efficiency of photovoltaics. The results have been 

published in the Proceedings of the National Academy of Sciences. 

Solar power offers great promise, but is hampered currently by its 

prohibitive cost. Intense research efforts are directed towards low 

cost, easy-to-fabricate, flexible, thin film solar cells with high effi-

ciency, such as perovskites and organics. A key example of a prom-

ising new concept in organic photovoltaics is singlet-fission, in 

which 1 photon leads to 2 units of electrical current, which has been 

used to produce photovoltaics with external quantum efficiency 

above 100%, thereby having the potential to boost the photovoltaic 

performance. 

Singlet-fission is predicted to result in the formation of a strongly 

bound intermolecular triplet pair that subsequently falls apart into 

two triplet excitons. However, so far this triplet-triplet pair has 

never been observed, mainly because the triplet states themselves 

are optically dark, as opposed to the regular optically bright singlet 

exciton states. In this experiment the researchers have applied 

pulsed (up to 68 T) and static (up to 30 T) magnetic fields to induce 

mixing between optically dark and bright states. Mixing occurs at 

specific resonant magnetic fields, leading to a strongly reduced 

optical emission of the sample.

HFML Annual  Report 2018
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Figure 1. Schematic representation of the spin chain in  

SrCo2V2O8 and the possible spin configurations.

Observation of triplet-triplet pairs at resonant magnetic fields: 

The change in the optical emission of the tetracene sample as a 

function of magnetic field strength. The dips in the emission 

intensity relate to specific triplet-triplet pairs.

These observations not only demonstrate the existence of the 

strongly bound triplet-triplet pairs, but the precise values of the 

resonant fields also permit to accurately determine the coupling 

strength of the pair. Values ranging from 0.4 - 5.0 meV were found 

for this tetracene-based molecule, much higher than anticipated 

before. This method for quantitatively probing excitonic spin inter-

actions presents an opportunity for studying pair formation in a 

broad class of singlet-fission materials and to perform detailed 

investigations on the formation process itself. In a next step, HFML 

researchers will attempt to manipulate the spin states of the 

triplet-triplet pair by performing pulsed electron-spin-resonance 

(ESR) experiments using the intense THz radiation of the free-elec-

tron-lasers of the FELIX laboratory in combination with the high 

magnetic fields of HFML. 

Reference: 

 S. L. Bayliss, L. R. Weiss, A. Mitioglu, K. Galkowski, Z. Yang, K. 

Yunusova, A. Surrente, K. J. Thorley, J. Behrends, R. Bittl, J. E. 

Anthony, A. Rao, R. H. Friend, P. Plochocka, P. C. M. Christianen, N. 

C. Greenham and A. D. Chepelianskii: Site-selective measurement of 

coupled spin pairs in an organic semiconductor. Proc. Natl. Acad. Sci. 

115, 5077 (2018)

2.1.2 High magnetic field allows for observation of 
Bethe strings

An international group of physicists reported the first experi-

mental observation of Bethe strings in condensed matter systems. 

Using the unique facility of terahertz spectroscopy in magnetic 

fields up to 30 tesla at the High Field Magnet Laboratory, they 

resolved string states in the antiferromagnetic Heisenberg-Ising 

spin-chain SrCo2V2O8. The externally applied magnetic field 

switches the system from a Neel-ordered state to a quantum crit-

ical state, where the string excitations can be detected and studied.

Almost a century ago, complex bound states of magnetic excitations 

called “string states” were predicted in one-dimensional quantum 

magnets. However, despite many efforts, the experimental realisa-

tion of such strings had not been achieved until now.

SrCo2V2O8 is a one-dimensional compound, where the Co2+ ions 

form a chain of spins (S = 1/2) (Fig.1a top). Below 5 K, the antiferromag-

netic exchange interaction between the spins keeps them antiparallel 

to one another, and stabilizes the Neel-ordered phase (Fig.1a middle), 

where the excitation spectrum can be described by confined spinons. 

The externally applied magnetic field induces a quantum phase transi-

tion at 4 T. At higher fields, the interplay between the exchange 

interaction, anisotropy and magnetic field brings the system to the 

quantum critical regime (Fig. 1b), before a fully field-polarised state 

is reached at Bs = 28.7 T (Fig.1a bottom).
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(top left) Resistance as a function of the magnetic field at 1.3 K.

(top right) Analysis of the oscillatory magneto-resistance: peaks in the 

amplitude of Fast Fourier Transform reveal a closed orbit with a 

frequency indicated by β-α corresponding enclosing one electron and 

one hole pocket as illustrated.

Figure 2. Experimental results of the THz transmission experiments 

revealing the different spin regimes.

In the quantum critical regime many-body two-string and three-

strings are identified (Fig. 1 e-f). Additionally, paired psinon-psinon 

and psinon-antipsinon excitations (Fig. 1 c-d) have been observed. 

The magnetic field shifts the energies of the different excitations 

differently which allows for clear distinction between them (Fig. 2).

The obtained results pave the way towards the deterministic manip-

ulation of complex magnetic many-body states in solid-state mate-

rials and shed light on the study of quantum quench dynamics, the 

Hubbard model, and string excitations in string theory.

Reference

Z. Wang, J. Wu, W. Yang, A. K. Bera, D. Kamenskyi, A. T. M. N. Islam, 

S. Xu, J. M. Law, B. Lake, C. Wu and A. Loidl: Experimental observa-

tion of Bethe strings. Nature 554, 219 (2018)

2.2 Strongly Correlated Electron Systems

2.2.1 Electron-Hole tunneling in momentum space 
revealed by quantum oscillations

Researchers from the HFML have found evidence for elec-

tron-hole tunneling in momentum space in the nodal-line semi-

metal HfSiS. This specific tunneling phenomenon is revealed in 

quantum oscillations of the electrical resistance at low tempera-

tures and in high magnetic fields, and can be illustrated as a 

‘figure-of-eight orbit’ enclosing one electron and one hole pocket. 

The observation is a manifestation of Klein tunneling in 

momentum space though in a regime of partial transmission due 

to the finite separation between these pockets. This finding 

suggest that electron-hole tunneling in momentum space is a 

generic property of semimetals with adjacent electron and hole 

pockets, provided that the applied magnetic field is strong 

enough to overcome their k-space separation.

Quantum oscillations are a very powerful tool to determine the 

Fermi surface of metals, semiconductors and semimetals in the 

presence of a high magnetic field. For charge carriers subjected to 

such high fields, the energy levels become quantized and are 

referred to as Landau bands. If the magnetic field is varied, these 

bands cross the Fermi energy resulting in oscillations e.g. in the 

electrical resistance as a function of the magnetic field.

The Fermi surface of HfSiS, a nodal-line semimetal, consists of both 

hole (α) and electron (β) pockets. In the presence of a magnetic field 

up to 31 T parallel to the c-axis, quantum oscillations originating both 

from orbits of individual electron and hole pockets, and from 

magnetic breakdown between these pockets are observed. These 

orbits can be visualized in the Fast Fourier Transform (FFT): the 

peaks in the FFT amplitude correspond to the individual hole pocket 
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(α), its 1st harmonic (2α), the electron pocket (β) and the orbit 

enclosing one electron and one hole pocket (β-α) in the form of a 

‘figure of eight’.

The particular breakdown β-α-orbit enclosing one electron and one 

hole pocket is a manifestation of ‘Klein tunneling in momentum 

space’, though in a regime of partial transmission as the pockets are 

separated. The occurrence of this orbit above a threshold magnetic 

field, the observed strong dependence of the oscillation amplitude 

on the field angle with respect to the c-axis and the cyclotron mass 

of this orbit are in agreement with the theoretical predictions for 

this novel tunneling phenomenon. Although magnetic breakdown 

has been extensively studied in simple elements, and in organic 

metals, this specific type of magnetic breakdown between adjacent 

electron and hole pockets has been observed for the first time.

Reference:

M.R. van Delft, S. Pezzini, T. Khouri, C.S.A. Müller, M. Breitkreiz, L.M. 

Schoop, A. Carrington, N.E. Hussey and S. Wiedmann: Electron-Hole 

Tunneling Revealed by Quantum Oscillations in the Nodal-Line 

Semimetal HfSiS. Phys. Rev. Lett. 121, 256602 (2018)

2.2.2 A Tale of Two Metals
The two metals in question here are the iron pnicitides and the 

high-Tc cuprates, the two principal families of high-temperature 

superconductors. Standing the cuprates and pnictides shoulder-

to-shoulder, one sees many similarities between the two families, 

including reduced dimensionality, proximity to states of 

competing order, and a critical role for 3d electron orbitals.  

Their respective temperature-doping phase diagrams also contain 

certain commonalities that have led to claims that the metallic 

and superconducting properties of both families are governed by 

their proximity to a so-called quantum critical point (QCP) 

located inside the superconducting dome. 

As a strongly interacting electronic system is cooled, the constituent 

electrons frequently undergo a phase transition, involving the 

lattice, the electron spins, the electron density or the alignment of 

the electron velocity. By changing the material environment, one 

can suppress the temperature(s) at which these phase transitions 

occur (Tc1 or T* in the figure right), eventually driving one or more of 

the transitions to absolute zero. This is the QCP, so-called because 

the electrons there fluctuate quantum mechanically between 

different phases without any thermal agitation. It is important for 

two reasons. Firstly, the point itself is often obscured by yet another 

transition, invariably to a superconducting state that is unconven-

tional in character. Secondly, the resistivity of the metal in the 

temperature range above the critical point shows an anomalous 

temperature dependence that represents a marked departure from 

conventional theory and as such, suggests the appearance of an 

entirely new state of matter – the so-called ‘strange metal’.

The case for superconductivity mediated by quantum critical (spin) 

fluctuations in at least one member of the iron pnictide family is 

now overwhelming, if not yet universally confirmed. In a major 

review article, researchers at HFML critically examined similar 

claims in the cuprate superconductors and highlighted significant 

differences in the bulk transport and thermodynamic properties 

that appear inconsistent with this notion of quantum criticality. The 

authors argued that the opening of the normal state pseudogap in 

cuprates, so often tied to a putative QCP, arises from a momen-

tum-dependent breakdown of quasiparticle coherence that sets in at 

much higher doping levels but which is driven by the proximity to 

the Mott insulating state at half filling. Finally, a new scenario for the 

cuprates was presented in which this loss of quasiparticle integrity 

and its evolution with momentum, temperature and doping plays a 

key role in shaping the resultant phase diagram. This scenario is now 

being put to the test through the auspices of the Strange Metal 

consortium grant funded by the NWO.

Reference: 

N.E. Hussey, J. Buhot and S. Licciardello: Tale of Two Metals: 

contrasting criticalities in the pnictides and hole-doped cuprates. 

Rep. Progr. Phys. 81, 052501 (2018) 

Comparison of the phase diagram for a) the iron pnictides and b) the 

cuprate strange metal. In contrast to a), where a phase transition at T 

= Tc1 is tuned to zero temperature at a quantum critical point (QCP) 

separating the quantum ordered from a quantum disordered phase, 

in b) an anomalous quantum critical phase exists over a region of the 

phase diagram.
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2.2.3 Squeezing the truth out of high temperature 
superconductors

Many of the superconductors discovered in the last three and a 

half decades are believed to be unconventional, meaning that the 

pairing mechanism that causes superconductivity is not the usual 

(retarded) interaction between the conduction electrons and the 

quantized vibrations of the lattice or phonons. Establishing the 

origin of superconductivity in these systems, however, has proved 

extremely challenging and controversial. One way to investigate 

the pairing mechanism is to identify which other dynamic 

processes exist in the system and how their freezing (e.g. into 

ordered states) influences the superconductivity. While tempera-

ture is the most obvious route towards establishing order in a 

solid, the application of high pressure is increasingly seen as an 

insightful means of manipulating the ground state of a particular 

system. HFML has been keen to develop high pressures as an 

additional tuning parameter, alongside temperature and high 

magnetic fields, to investigate unconventional superconductivity 

and a team from the UK were one of the first to use the combina-

tion at HFML to good effect.

In underdoped cuprates, an incommensurate charge density wave 

(CDW) order is known to coexist with superconductivity. A dip in 

the superconducting transition temperature Tc at the hole doping 

level where the CDW is strongest (np ≃ 0.12) suggests that CDW 

order may suppress superconductivity. In hole-doped cuprates, the 

Hall coefficient has a strong and unusual temperature dependence. 

In the same range of doping in which quantum oscillations are 

observed (0.08 ≲ np ≲ 0.15), RH changes sign, suggesting that the 

Fermi surface undergoes reconstruction, the most likely cause of 

which is CDW. Therefore, the temperature dependence of RH(T) is a 

sensitive probe of the CDW state and can be used to track its evolu-

tion with temperature, field, and pressure. 

Researchers from the University of Bristol investigated the interplay 

of charge order with superconductivity in underdoped YBa2Cu3O7−δ 

by measuring the temperature dependence of the Hall coefficient 

RH(T) at high magnetic field and at high hydrostatic pressure. They 

found that, although pressure increases Tc by up to 10 K at 2.6 GPa, it 

has very little effect on RH(T). This finding suggests that pressure, at 

these levels, only weakly affects the CDW and that the increase in Tc 

with pressure cannot be attributed to a suppression of the CDW. 

They argued, therefore, that the dip in Tc at np ≃ 0.12 at ambient 

pressure is probably not caused by the CDW formation.

Reference: 

C. Putzke, J. Ayres, S., J. Buhot, S. Licciardello, N. E. Hussey, S. Friede-

mann and A. Carrington: Charge order and superconductivity in under-

doped YBa2Cu3O7−δ under pressure. Phys. Rev. Lett. 120, 117002 (2018)

a) Superconducting transition temperature Tc vs pressure for the 

sample studied at HFML (blue squares) compared to the behavior 

reported by Sadewasser et al. [PRB 61 741 (00)] (black triangles) for a 

similar doping. b) Hall coefficient (at 35 T) vs temperature at applied 

pressures of up to 2.6 GPa. The two arrows mark the zero field Tc at 

ambient pressure and at 2.6 GPa, respectively. 

2.3 Semiconductors and Nanostructures 

2.3.1 Interplay between field quantisation and Bloch 
states in graphene superlattices

Using high magnetic fields, the Bloch states in two-dimensional 

graphene superlattices can be influenced in a way that adding 

fractions of flux quanta into a superlattice unit cell lead to high 

temperature quantum oscillations in its resistance. This phenom-

enon can be explained by the recurrence of straight trajectories of 

the Bloch states whenever a fraction p/q of flux quanta threads 

through a unit cell yielding a self-similar fractal electronic spectra 

around this points which can then be interpreted as an effective 

zero magnetics field.

Researchers from the University of Manchester have now extended 

the parameter range of this so-called Brown-Zack oscillations to 

higher electron concentrations and higher magnetic fields (30 Tesla) 

available at HMFL. This has allowed the observation of a fractal pattern 

in the conductance originating from high-order magnetic Bloch states 
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(p > 1) which agrees well with band-structure calculations. Although 

predicted more than half century ago, it was only possible now to 

observe and model these intriguing electronic states convincingly.

 

High-order magnetic Bloch states in a graphene superlattice: The 

conductivity σxx as a function of the inverse magnetic field expressed 

in units of ϕ0 /ϕ up to 30 T (left end). The recurring maxima at of 

ϕ/ϕ0 = p/q can be interpreted as fractal Bloch states in an effective 

zero magnetic field. In order to emphasize weaker features, the inset 

shows the same data on a logarithmic vertical scale with the same 

horizontal axes.

Reference: 

R. Krishna Kumar, A. Mishchenko, X. Chen, S. Pezzini, G.H. Auton, 

L.A. Ponomarenko, U. Zeitler, L. Eaves, V. I. Fal’ko and A. K. Geim: 

High-order fractal states in graphene superlattices. Proc. Natl. Acad. 

Sci. 115, 5135 (2018)

2.3.2 Electronic phases in high magnetic fields
Electrons are one of the fundamental constituents of solids, respon-

sible for most of the important phenomena and applications in 

condensed matter physics. Therefore, understanding, controlling 

and manipulating electronic properties is still one of the great chal-

lenges of condensed matter research. An ideal testbed for this 

endeavour are high-quality two-dimensional electron systems 

(2DESs) subject to high magnetic fields. The competition between 

kinetic energy and the electron-electron action drives the 2DES 

through different gaseous, liquid and solid phases, which can be 

controlled by temperature and magnetic field.

Researchers from the RIKEN Center for Emergent Matter Science and 

the University of Tokyo have now observed and explained all these 

phases in the 2DES of MgZnO/ZnO heterojunction with exceptional 

quality. In collaboration with HFML - EMFL scientists they have 

performed state-of-the-art electronic magneto-transport experiments 

at very low temperatures down to 60 mK and high magnetic fields up 

to 33 T, which allowed the direct observation of a sequence of several 

liquid-solid transitions in a 2DES.

More specifically, as illustrated in the figure below, they have observed 

the competition between two competing correlated phases in a 2DES 

over an unprecedentedly large parameter range: a Laughlin liquid 

(Fig.b, leading to a fractional quantum Hall effect of so-called 

composite fermions) and a Wigner solid (Fig.c). This is without a doubt 

a significant leap forward in our understanding of interaction-driven 

electronic phases in solids. More generally, the knowledge gained with 

this research can be useful for future technological developments on 

innovative correlation-based quantum computation devices.

Reference: 

D. Maryenko, A. McCollam, J. Falson, Y. Kozuka, J. Bruin, U. Zeitler & 

M. Kawasaki: Composite fermion liquid to Wigner solid transition in 

the lowest Landau level of zinc oxide. Nature Commun. 9, 4356 (2018)

The different phases of 2D electrons in MnZnO/ZnO (Courtesy of  

Mari Ishida, RIKEN Center for Emergent Matter Science, Japan).

a)  Free, weekly interacting, electron gas at zero magnetic field.  

The quantisation of these electrons into Landau levels leads  

to the observation of an integer quantum Hall effect.

b)  Composite fermion (CF) gas consisting of electrons in high 

magnetic fields with two magnetic flux quanta attached to them. 

These particles are responsible for the observation of a fractional 

quantum Hall effect described by a Laughlin liquid.

c)  Wigner solid of electrons in high magnetic fields. The competition 

of kinetic and potential energy makes it favorable for electrons  

to arrange in a solid phase, a so-called Wigner solid, rather than  

a free electron gas.

d)  Coexistence and of a CF liquid and a Wigner solid in the quantum 

limit of 2D electrons in MnZnO/ZnO.
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2.4 Magnet Technology and Instrumentation 
Development

2.4.1 HFML 45 T hybrid magnet
In March 2018 we reached a major milestone in the development of 

the 45 T hybrid: the superconducting coil for the outsert magnet 

was delivered. The building process of the coil, with a diameter of  

1.2 meter, a height of 1 meter and a weight of 7.5 ton, started in 2012 

with the manufacturing in the USA of 225 km of high-current 

density superconducting Nb3Sn strands with a 0.8 mm diameter. 

Together with high purity copper strands produced in Finland, these 

wires were assembled, cabled, inserted into special stainless steel 

tubes and compacted into 2.5 km of rectangular shaped Cable-in-

Conduit conductor, all done by 3 different Italian companies.

The superconducting outsert coil is made out of 3 types of Nb3Sn/Cu 

Cable-in-Conduit conductor (typical size 2.5 x 1.5 cm)

Early 2015 the 5 conductor lengths were shipped to our experienced 

colleagues from the National High Magnetic Field Laboratory 

(Florida, USA), a dedicated facility to handle and process such large 

coils. The coil manufacturing process, which took more than 2,5 

years, comprised of coil winding, inter-section and lead joint 

processing, reaction heat treatment at 640 0C, vacuum impregna-

tion with epoxy resin, connection of the tubing required to guide 

the flow of cryogenic coolant to and from the coil and finally the 

installation of voltage taps for quench protection. 

In March 2018 the coil was received in Nijmegen where the prepara-

tions for assembly are underway. Assembly of the superconducting 

outsert magnet is expected to start early 2019.

Coil winding facility at NHMFL (courtesy NHMFL)

The NHMFL team with the completed outsert coil (courtesy NHMFL)
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2.4.3 Resistive magnets update
In 2018 we had five magnets in operation for most of the year.  

Operation had to be stopped in the 38 T magnet in cell 4 at the very 

end year, due to a failure in one of the radial insulators that isolate 

the coils from each other. We are working with Futura, a Dutch 

company that manufactures epoxy-filled glass-fibre components  

on a solution of the issue at hand.

Detailed design of the housing of the new hybrid insert is expected 

to be completed early 2019. The design of the new Bitter disks for 

this resistive insert magnet is progressing well. The design process 

required the development of a consistent hydraulic model to predict 

the water flow in each of the cooling channels of the coils. This 

model was linked to a thermal model, leading to an integrated 

design tool for resistive magnets that allows quick scanning of the 

huge parameter space in resistive magnet design. With this tool we 

were able to confirm the required thickness of the highly special 

copper-silver sheets and order the material from Tanaka to ensure 

timely delivery in April of 2019. The complete coil design is well 

underway and expected to be finished early 2019.

The installed cryogenic valve box and its connection to the Linde 

refrigerator.

2.4.2 Cryogenic valve box
We installed a Linde refrigerator/liquefier in 2014. Since then it 

supplied thousands of litres of liquid helium to four FNWI research 

groups. Its other main duty will be the supply of a flow of 4.5 K 

supercritical helium to cool not only the outsert magnet of the 

superconductors, but also to cool the magnet vessel and the super-

conducting bus bars that connect the magnet to the current leads.  

A customized valve box has been designed in-house and has been 

manufactured by Cryoworld B.V. This valve box will be used to 

control the temperature and pressure of the supercritical helium 

flow and direct it to the cold components of the superconducting 

magnet system. The radiation shields of the valve box, the cryogenic

transfer line, the bus bar and the magnet cryostat shall be cooled by 

a powerful Stirling cryo-cooler operating at 80 K. This machine was 

acquired, delivered and installed in May. 

The valve box has been delivered in September. We connected it to 

the Linde refrigerator and to the Stirling cooling machine. Its cryo-

genic outlet ports are presently connected to a test cap that simu-

lates the heat load of the superconducting magnet system. Once the 

control system is operational we will test the functionality of this 

complex cryogenic system.
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(a) Diagram and (b) image of the HF-SPM head, with the main 

components indicated. See article for details 

Rossi working on the scanning probe microscope

2.4.4 An ultra-compact low temperature scanning probe 
microscope for magnetic fields above 30 T

Technicians and scientists from HFML Nijmegen designed and built 

a scanning probe microscope (SPM) for operation at cryogenic 

temperatures in extremely high magnetic fields. It is the only one in 

the world that can measure in fields above 30 Tesla. Moreover, it is 

very compact, only 14 x 76 millimeter. PhD student Rossi: “With this 

SPM we can have much better look at what happens with matter in 

high fields. But is has been a challenge. For instance: an SPM does 

not function well with noise. Therefore we had to think for a solu-

tion for the noise the magnet makes. In addition, the instrument 

should be able to oscillate a bit, so we needed room. But you still 

have to be able to put it inside a magnet. So every millimeter 

counts.” 

Scanning probe microscopy
Until now, the maximum field for scanning probe microscopy has 

been limited to 20 T. This leaves many field-induced phase transi-

tions of materials out of reach. Rossi: “I made this because scanning 

probe microscopy is one of the best techniques to analyse ‘hidden 

structures’ in materials and the technique behind it is fascinating. A 

tip, connected to a lever that oscillates close to its resonance 

frequency, scans the surface of your sample. We try to keep or the 

frequency or the amplitude of the oscillation constant, but the inter-

action between the atomic forces of tip and sample cause the ampli-

tude or the frequency of the cantilever’s oscillation to change. We 

translate this effect in an image of the surface. There are of course 

different kind of forces that can play a role in these kind of measure-

ments, and with some variation on the technique, we can ‘paint’ all 

the different stories that the surface of the sample wants to tell.” 

 

Reference:

L. Rossi, J. W. Gerritsen, L. Nelemans, A. A. Khajetoorians and B. 

Bryant: An ultra-compact low temperature scanning probe micro-

scope for magnetic fields above 30 T. Rev. Sci. Instr. 89, 113706 (2018)
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The year had a bad start for the installation. A failure in the water 

treatment system in combination with a large water intake into the 

magnet cooling circuit at the end of 2017, led to a serious calcium 

pollution in the water circuit. The calcium bound to very fine metallic 

particles and effectively coated the magnets and the heat 

exchangers with an isolating layer. Without proper cooling, the 

resistive magnets cannot be operated safely and action was 

required. In a three-week operation, we cleaned all magnets, the 

heat exchangers and the cooling circuit with citric acid and restored 

operational conditions. The entire operation, including diagnostic, 

preparations and cleaning was executed in a mere six weeks, though 

the user program could already be resumed in the last week, all 

thanks to great support from the HFML technical team and external 

parties – Croon Wolter & Dros, Grunbeck and Kordes advies.

The heat exchangers were also partially cleaned, at the side 

connected to the large water buffers, using a similar method. From 

the experience gained through this process, we learned that addi-

tional care to water quality is needed to maintain the high operating 

level and standard of our installation. We started a complete analysis 

on the water quality of the different water circuits in our cooling 

plant. The report with the results will be completed early 2019. Later 

that year we can start with the replacement and extension of the 

current water treatment plan.

After this rough start, the installation has been running smoothly for 

the remainder of the year. The user program managed to run over 

2600 magnet hours, without significant installation-related issues. 

We can safely say that our installation is mature and allows robust 

operation.

Why is the cooling installation so important for the HFML?

The HFML generates magnetic fields with large electromagnetic 

coils that are built from hundreds of copper plates and isolation 

plates. When an electrical current runs through a coil, it generates a 

magnetic field. The higher the current, the stronger the generated 

field. The HFML has a capacity of 22.000.000 Watt available for its 

magnets, comparable to the energy consumption of approximately 

10.000 households. During magnet use, the copper plates rapidly 

heat up. To prevent the coils from melting, more than 140 liters of 

cold water per second flow through the magnet, with a constant 

speed of 60 kilometers per hour. 

The cooling water flows through tiny holes in the magnet. The shape 

of these cooling holes was especially designed by Nijmegen scien-

tists: they are no regular ovals, but ovals with slightly sharpened 

ends. This allows an optimal balance between heat transfer and 

strength of the cooling hole structure.

The very clean and non-conducting water is pressed through the 

magnets under a high pressure of 25 bar by two high pressure 

pumps. These pumps are so strong that they could establish a foun-

tain of 300 meters high. In the short time that the water flows 

through the magnet, only one hundredth of a second, it heats up 

with 30 degrees Celsius. This warmth is efficiently used as heating 

for the adjacent Huygens building of Radboud University’s Faculty 

of Science. The HFML further cools off the water via the heat 

exchangers with cooling machines and cooling towers, and makes it 

ready to re-use as cooling water again.

Amount of magnet hours delivered in 2018, per week and cumulative.

Number of magnet hours since 2007, with a clear increase in hours 

from 2010 to 2017. In 2018 the target was set at 2500 hours.

Magnet Cell Bmax Hours in 2018 MWh in 2018

1 32 T (50 mm) 667 3,233

2 37.5 T (32 mm) 468 1,835

3 33 T (32 mm) 566 2,393

4 38 T (32 mm) 339 1,365

5 33 T(32 mm) 564 1,808

total 2,604 10,634
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User access
The access procedure is at the heart of the user programme. Scien-

tists can gain access to the facility by sending a scientific proposal 

to the EMFL. The proposals are judged on their scientific quality by 

the EMFL Selection Committee which consists of an independent 

expert selection panel that meets twice a year. Only excellent 

proposals ranked in the highest category (roughly 30 percent of the 

proposals) have access to the facility without any restriction. Unsat-

isfactory proposals (i.e. those deemed not scientifically challenging 

nor demonstrating a proven need for high magnetic fields) are 

rejected. Good to very good proposals will be scheduled as long as 

magnet time and support capacity are available. This year, we 

received a record number of proposals with the amount of magnet 

time requested being more than twice that which can be provided 

by the facility. 

In 2018, a total of 69 different projects (and 1 test project) were 

executed, of which 50 (72 percent) were initiated by external 

researchers. The 30 EU projects formed 43 percent of the total 

amount of projects executed. Over a hundred external guest users 

visited HFML to perform scientific experiments.

Projects 2018 Magnet hours 2018  magnet hours

 2012 2013 2014 2015 2016 2017 2018

NL (HFML, 
RU, other)

588 841 984 753 968 1092 969

EU 882 907 850 1165 1265 1542 1107

non-EU 277 91 153 147 175 325 419

Testing 20 16 43 26 41 45 108

 1,767 1,855 2,030 2091 2448.5 3004 2604

kWh

 2012 2013 2014 2015 2016 2017 2018

NL (HFML, RU, other) 2,075,235 3,150,503 3,044,130 2,692,832 3,660,565 4,456,363 3,772,476

EU 4,048,196 3,754,731 3,499,344 5,878,071 5,286,596 6,419,199 4,668,239

non-EU 822,335 232,881 463,975 676,043 728,557 1,319,968 1,945,358

Testing 66,633 19,851 99,509 60,208 108,523 139,419 247,608

 7,012,399 7,157,966 7,106,958 9,307,154 9,784,241 12,334,949 10,633,681

EU  non-EU  testing  NL; HFML  NL; RU  NL; other 
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Ir. Andries den Ouden
Head of hybrid project 

Phone: 024 - 3653044
Room: 01.08

Dr. Frans Wijnen
Head of resistive magnet 
technology
Phone: 024 - 3653044
Room: 01.08

Dr. Jos Perenboom
Senior Scientist
Phone: 024 - 3653045
Room: 01.06

Soft Condensed Matter / Nanomaterials

Semiconductors / Nanostructures

Magnet Technology / Development

Special Professor

Prof.dr. Nigel Hussey
Phone: 024 - 3653422
Room: 02.14

Scientific Director 
Until September 1 From September 1

Andrea Marchese
Phone: 024 - 3652953
Room: 01.19

Bence Bernáth
Phone: 024 - 3652237
Room: 01.17

Alex Papanikolopoulos
Phone: 024 - 3652953
Room: 01.19

Salvatore Licciardello
Phone: 024 - 3652950
Room: 01.35

Dr. Anatolie Mitioglu
Phone: 024 - 3652950
Room: 01.35

Matthias Hoffmann
Engineer – 
magnet Design
Phone: 024 - 3653048
Room: 01.03

Dr. Ben Bryant
HFML International Fellow
Phone: 024 - 3652947
Room: 02.07

Tim de Bruin
Software Engineer
Phone: 024 - 3653303
Room: 01.07

Maryam Shahrokhvand
Phone: 024 - 3652947
Room: 01.08

Veni Laureate

Prof. Sir Konstantin 
Novoselov
Nobel Laureate 2010

Ine Verhaegh-Peeters
Phone: 024 - 3652087
Room: 02.15

Secretary

Thera Verkerk
Phone: 024 - 3652087
Room: 02.15

Secretary

Communication

Dr. Martin van Breukelen 
Phone: 024 - 3653005
Room: 02.09

Facility Manager

Scientific Director 

Marloes Gielen-Meynen
Phone: 024 - 3653005
Room: 02.09

Jacob Ayres
Phone: 024 - 3652953
Room: 01.19

Bryan Vlaar
Phone: 024 - 3653052
Room: 01.15

Fernando Silva Pena
Phone: 024 - 3652237
Room: 01.17

Sanne Granneman
Phone: 024 - 3653052
Room: 01.15

Maarten Berben
Phone: 024 - 3652953
Room: 01.19

Marion Severijnen
Phone: 024 - 3652950
Room: 01.35

Matija �ulo
Phone: 024 - 3652950
Room: 01.35

Prof.dr. Peter Christianen

Phone: 024 - 3652245
Room: 02.05

Staff in numbers 

HFML Staff 31-12-2017 31-12-2018

 # FTE # FTE

Scientific staff (incl 2 tenure tracks) 7 6.2 7 6.2

Postdocs 7 7 6 6

PhD students 14 14 18 18

Total Research staff 28 27.2 31 30.2

Technical Staff 16 15.6 16 15.4

Support/Administrative Staff 3 2.2 4 3

Total staff 47 45 51 48.6
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As well as its core mission to use and develop high magnetic fields 

to carry out pioneering scientific research by both in-house and 

external users, HFML also has a task to extend its know-how to the 

general public. 

In 2018, HFML gave almost 50 guided tours. Around 600 individual 

visitors visited the facility. These visitors represent a wide variety of 

audience, including scientists, policymakers and schoolchildren. 

On the HFML and EMFL websites, scientific highlights are regularly 

published. Several high-impact publications resulted in external 

publicity.

Finally, together with FELIX Laboratory the HFML has a Twitter-ac-

count (@ HFML_FELIX) and a LinkedIn business page (https://www.

linkedin.com/company/hfml-felix ) to share its most important news, 

keep in touch with (former) employees and increase its external 

visibility.

Open day October 6
HFML and FELIX Laboratory together participated in Radboud Invites, 

the open day of the Radboud University on the occasion of the 95th 

birthday of the university. We offered several tours through both 

facilties. Close to 100 people visited the two infrastructures on the day.

0 8  Hypothese   

 << 

 << 

mMassaspectrometers, biodatabanken, sterke magneten, elektronenmicros-copen, telescopen, gedigitaliseerde datasets – het zijn grootschalige, kostbare infrastructuren die weten-schappers nodig hebben om inter-nationaal toponderzoek te kunnen uitvoeren. Sommige megafaciliteiten zijn zo duur dat individuele kennis-instellingen de financiering en exploitatie ervan onmogelijk alleen kunnen dragen. De in 2016 geactuali-seerde Nationale Roadmap Groot-schalige Wetenschappelijke Infrastruc-tuur brengt onderzoeksvelden bij elkaar om gezamenlijk te bepalen welke apparatuur het meest urgent is. Zo kan een heel onderzoeksveld beschikken over de meest geavan-ceerde faciliteiten. 
De zogeheten Permanente Commissie heeft in 2016 de inventarisatie van alle Nederlandse grootschalige onderzoeks-faciliteiten geactualiseerd. Zij consta-teerde dat soms op verschillende plekken vergelijkbare apparatuur wordt aangevraagd, en nieuwe investeringen worden gedaan terwijl bestaande facili-teiten nog capaciteit hebben. Daarom bestaat de Roadmap naast 16 indivi-duele faciliteiten uit 17 clusters van faciliteiten, waaraan is gevraagd een gezamenlijke investeringsagenda op te stellen.

crossovers
Belangrijker nog dan een efficiënter gebruik van bestaande middelen is dat het gezamenlijk beheer van faciliteiten bij uitstek de mogelijkheid biedt om crossovers tussen vakgebieden te ont-dekken. Dat is bijvoorbeeld het geval bij de combinatie van het High Field 

  ROadmap

ROadmap

Magnet Laboratory (HFML) en de Free Electron Laser for Infrared eXperiments (FELIX), beide van de Radboud Univer-siteit Nijmegen. Het HFML genereert zeer sterke magneetvelden en FELIX zeer intens infrarood licht. Met behulp van financiering uit de Roadmap worden nieuwe laboratoria ingericht die beide technieken combineren. Onder de extreme omstandigheden die zo ontstaan kunnen materialen in toestanden worden gebracht die eerder niet bereikbaar waren. Dat schept unieke mogelijkheden voor onderzoek van moleculen en mate-rialen. Bijvoorbeeld onder-
zoek naar nieuwe biomarkers voor medi-sche diagnose, naar de motor voor foto-synthese of naar nieuwe materialen voor energiezuinige dataopslag. ‘Deze combi-natie is voor ons een terra incognita’, aldus Britta Redlich, directeur van FELIX. ‘Het is heel spannend en we hopen dat we in de toekomst met HFML-FELIX onbegrepen fenomenen kunnen verklaren en nieuwe effecten kunnen opsporen.’

0 9 juni 2018

briljante zet
Ook de bundeling van zogeheten ‘omics’-vakgebieden in de geneeskunde schept nieuwe mogelijkheden. Onder-zoek op het gebied van DNA (genomics), eiwitten (proteomics) en producten van de stofwisseling (metabolomics) levert grote hoeveelheden bio-informatie op. In het Netherlands X-omics Initiative, onder leiding van het Radboudumc, wordt die informatie bij elkaar gebracht. Dit maakt het mogelijk om te analyseren hoe cellen en weefsels als systeem functioneren. ‘Maar er is nog zoveel meer mogelijk’, aldus Alain van 

dit voorjaar maakte NWO bekend welke grootschalige onderzoeksfaciliteiten de komende tien jaar extra finan-ciële steun ontvangen. de Nationale roadmap grootschalige Wetenschappelijke infrastructuur levert niet alleen nieuw gereedschap voor onderzoekers op, maar zorgt ook voor spannende crossovers tussen wetenschapsgebieden. tekst amanda veRdOnk
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de Nationale roadmap grootschalige Wetenschappelijke infrastructuur is in 2008 voor het eerst opgesteld en sindsdien elke vier jaar geactualiseerd. in de laatste roadmap van 2016 zijn 33 (clusters van) faciliteiten opgenomen, geselecteerd op basis 
van criteria zoals belang voor wetenschap en samenleving, uniciteit en omvang.aan de roadmap is de mogelijkheid gekoppeld tot structurele financiering van de geselecteerde onderzoeksfaciliteiten. die wordt verdeeld in tweejaarlijkse rondes. in de 
laatste ronde was (dankzij aanvullende financiering) een totaalbedrag beschikbaar van 
138 miljoen euro. 21 al dan niet geclusterde faciliteiten van de roadmap dienden een 
subsidieaanvraag in. hiervan zijn er door NWO dit voorjaar tien gehonoreerd, op basis 
van advies van een onafhankelijke internationale beoordelingscommissie.voor het volledige overzicht, zie www.nwo.nl/roadmap. 

Over de Roadmap

Gool, hoogleraar Personalized healthcare aan het Radboudumc en coördinator van het initiatief. ‘Met deze subsidie zijn we in staat om meer informatie uit het statisch DNA en dynamische eiwitten en metabolieten te halen en deze data te combineren. Dat is de toekomst! Het was een bril-jante zet van NWO om de Nederlandse omics-expertise in één cluster te bun-delen.’ De onderzoekers hebben nu gezamenlijke expertise en apparatuur, zoals sequencers en massaspectrome-ters die voor iedereen toegankelijk zijn. Door het koppelen van bio-informatie willen ze therapieën ontwikkelen die heel gericht op een individu zijn afge-stemd. 

gouden eeuw
Niet alleen de bèta- en levensweten-schappen, ook de alfa- en gamma-wetenschappen kunnen profiteren van een grootschalige gezamenlijke infra-

Groot en grensoverschrijdend 
structuur. Bijvoorbeeld in CLARIAH-PLUS (CLARIAH staat voor Common Lab Research Infrastructure for the Arts and Humanities), waar technieken worden ontwikkeld om analoge bronnen van tekst, beeld en geluid te structureren en digitaal te doorzoeken. Het doel is om één geïntegreerd digitaal bestand te maken met alle relevante gegevens voor de geesteswetenschap-pen. Dankzij CLARIAH-PLUS hoeven onderzoekers dan niet meer archieven, bibliotheken en musea af te struinen om bronnen te raadplegen, maar kan het 

met één digitale zoek-actie. ‘In de toe-komst kunnen geesteswetenschappers alle stappen van de bouw van een onderzoekstool overslaan. Daarmee komt hun focus te liggen waar die hoort: bij het onderzoek’, aldus Lex Heerma van Voss, directeur van Huygens ING en voorzitter van de executive board van CLARIAH. Zo komen onderzoeksprojecten binnen bereik die voorheen niet mogelijk waren. Zoals het NWO-project Golden Agents, waarin interacties tussen producenten en consumenten van kunst in de Nederlandse Gouden Eeuw worden geanalyseerd. Door bijvoorbeeld informatie over schilderijen, boeken of prenten te combineren met notariële aktes over kunstbezit kunnen nieuwe verbanden worden ontdekt.’ Zo brengt de Roadmap over de volle breedte van het academisch veld, van alfa en gamma tot bèta, partijen bij elkaar die door samen te werken de wetenschap met sprongen vooruit kunnen helpen. 

Data combineren is 
de toekomst!

Sommige megafaciliteiten zijn zo duur dat individuele kennisinstellingen de financiering ervan onmogelijk alleen kunnen dragen.

De ontvangers van de Roadmap-cheques rond NWO-voorzitter Stan Gielen, minis-ter Van Engelshoven en voorzitter van de Permanente Commissie Hans van Duijn.

 << 

Clockwise from the top:

Demonstration open day

Cartoon Corneel Jeuken 'de Gelderlander', 19 April 2018

Article Roadmap NWO magazine 'Hypothese', June 2018

Article on the history of graphene 'NTvN', September 2018

Interview Peter Christianen 'Voxweb', September 2018

Article on innovation and economy in Nijmegen 

'Ondernemersbelang', October 2018
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Arguably the most important way in which HFML contributes to the 

advancement of society and economy is through cutting-edge 

research into new materials with strong technological potential. 

However, as a sign of our growing maturity, our direct interactions 

with industry in relation to materials characterization and modifica-

tion have also escalated during the course of last few years, aided by 

our first grant awards for more applied science, but also through our 

nascent engagement with industrial partners, both here in the Neth-

erlands and further afield. Highlights of these interactions during 

2018 are listed below.

•  MagnaPharm 

HFML researchers are co-investigators on a recently awarded 

2.1 M€ FET (Future and Emergent Technologies) Open grant 

from Horizon 2020 to study the growth of polymorphs in high 

magnetic fields, in collaboration with a consortium of UK 

universities and the pharmaceutical giant Astra Zeneca. 

•  European Institute of Innovation and Technology (EIT, EU)  

HFML is a co-investigator on a second successful KAVA (KIC 

Added Value Activities) proposal MagNET to the Raw Materials 

KIC (Knowledge and Innovation Communities), providing 

expertise in magnetization measurements to the applied 

sector (http://www.magnetometry.eu/). 

•  Industrial Liaison Officers-network  

HFML is a member of the Dutch Industrial Liaison Officers 

network (https://www.bigscience.nl) liaising with Dutch SME’s. 

Within the recently awarded roadmap grant HFML and FELIX 

will hire a ILO officer to further strengthen this activity.

•  Industrial involvement in the installation  

Important connections were made with Croon Wolter & Dros, 

Grunbeck and Kordes advies to get our magnet system running 

again after a serious pollution of the magnet water circuit. 

Other companies are involved in solving our high technical 

demands for the construction of the 45 T hybrid magnet and 

the operation of our bitter coil magnets.

HFML Annual  Report 2018
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7.1 Articles 2018

1 Bayliss, S. L., L. R. Weiss, A. Mitioglu, K. Galkowski, Z. Yang, K. 

Yunusofa, A. Surrente, K. J. Thorley, J. Behrends, R. Bittl, J. E. 

Anthony, A. Rao, R. H. Friend, P. Plochocka, P. C. M. Christianen, 
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Proc. Natl. Acad. Sci. 115, 5077 (2018)

2 Brodu, A., M. V. Ballottin, J. Buhot, E. J. van Harten, D. Dupont, 

A. La Porta, P. T. Prins, M. D. Tessier, M. A. M. Versteegh, V. 

Zwiller, S. Bals, Z. Hens, F. T. Rabouw, P. C. M. Christianen, C. 

De Mello Donega, and D. Vanmaekelbergh, Exciton Fine Struc-

ture and Lattice Dynamics in InP/ZnSe Core/Shell Quantum 

Dots, ACS Photonics 5, 3353 (2018)

3 Busch, M., O. Chiatti, S. Pezzini, S. Wiedmann, J. Sánchez-Bar-

riga, O. Rader, L. V. Yashina, and S. F. Fischer, High-temperature 

quantum oscillations of the Hall resistance in bulk Bi2Se3, 

Scientific Reports 8, 485 (2018)

4 Hussey, N. E., J. Buhot, and S. Licciardello, A tale of two metals: 

contrasting criticalities in the pnictides and hole-doped 
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5 Keshavarz, M., S. Wiedmann, H. Yuan, E. Debroye, M. Roeffaers, 
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of YBa2Cu3Oy, njp Quantum Materials 3, 11 (2018) 

8 Li, J., N. H. Le, K. L. Litvinenko, S. K. Clowes, H. Engelkamp, S. G. 
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SrIrO3 heterostructures, Physical Review B 97, 081105 (2018)

11 Maryenko, D., A. McCollam, J. Falson, Y. Kozuka, J. Bruin, U. 

Zeitler, and M. Kawasaki, Composite fermion liquid to Wigner 
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Commun. 9, 4356 (2018)

12 Meinero, M., F. Caglieris, G. Lamura, I. Pallecchi, A. Jost, U. 

Zeitler, S. Ishida, H. Eisaki, and M. Putti, Unusual thermoelec-

tric properties of BaFe2As2 in high magnetic fields, Phys. Rev. B 

98, 155116 (2018)

13 Mitioglu, A., J. Buhot, M. V. Ballottin, S. Anghel, K. Sushkevich, 

L. Kulyuk, and P. C. M. Christianen, Observation of bright 

exciton splitting in strained WSe2 monolayers, Phys. Rev. B 98, 
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14 Nagler, P., M. V. Ballottin, A. A. Mitioglu, M. V. Durnev, T. Tani-
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C. M. Christianen, and T. Korn, Zeeman Splitting and Inverted 

Polarization of Biexciton Emission in Monolayer WS2, Phys. Rev. 
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17 Putzke, C., J. Ayres, J. Buhot, S. Licciardello, N. E. Hussey, S. Fried-

mann, and A. Carrington, Charge order and superconductivity in 
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24 van Delft, M. R., S. Pezzini, T. Khouri, C. S. A. Müller, M. Breit-
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mann, Electron-Hole Tunneling Revealed by Quantum Oscilla-
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7.2 Thesis 2018

T. Khouri, Magnetoresistance effects in topological and conventional 

systems, 5 June 2018, Radboud University, Nijmegen, Promotors: 

prof.dr. N.E. Hussey and prof.dr. U. Zeitler. Copromotor: Dr. S.R. 

Wiedmann
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8. Finances
Financial overview 2018

2018 Assets k€

RU 2,542

FOM Roadmap 3,174

EU-Projects 0

Projects 712

SNS 54

EMFL 284

Other 0

 6,766

2018 Expenditures k€

Bureau incl housing 1,015

Science 733

Magnet technology 250

Magnet hours 2,264

Technical support 478

Roadmap investment 268

Projects 1,752

Depreciation 6

 6,766

Total 2018 0
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