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Monday August 7: 
 

08.30 Registration starts 
09.00 — 16.00: Parallell-sessions in Auditoriums in Technology building. 

Condensed matter and atomic physics  
Chair J. P. Hansen 
starts 9.00 in Room 2.017 
and have breaks at slightly different times due to an extensive number of talks. 

09.30 — 11.30: Subatomic Physics and Astrophysics  
Chair H. Helstrup 
starts 09.30 in Room 2.018. 
 

Biophysics 
Chair M. Lilledahl 
starts 09.30 in Room 2.019. 
 

Space, Plasma and Climate Physics 
Chair K. Olafsson 
starts 10.00 in Room 1.016. 

11.00 — 11.30: Coffee break (time is approximate, depending 
slightly on actual program of parallel sessions) 

11.30 — 13.15: Parallel session reconvenes in auditoriums in the Technology building 
 

13.15 — 14.15: Lunch in Teorifagbygg 1 Cantina 
 

14.15 — 14.45: Auditorium Tabletten (F 1.101) Pharmasy bldg  
Opening  by pro-rector Kenneth Ruud 
 

14.45 - 15.45: Keynote: Dame Susan Jocelyn Bell Burnell, University of Oxford:    
“We are made of star stuff” 
 

15.45 — 16.15: Coffee break 
 

16.15 — 17.15: Keynote: Prof. Lynn Rotschild, NASA Ames Research Center & Brown University, 
'Are we alone? The search for life in the universe.' 
 

17.15 — 17.45:  Dr. Cyril Simon Wedlund, University of Oslo: 
'ROSETTA - rendezvous with a comet' 
 

17.45: Årsmøte Norsk Fysikklærerforening 
 

19.00 — 20.00 Tours at the glass hut Blåst (Blown) 
or the micro-brewery @ Mack 
 

20.00 — late Sosial event at Mack Ølhallen 
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Tuesday August 8 
 

 Auditorium Tabletten (F 1.101) Pharmasy bldg  

09.00 - 09.45: Prof. Unni Pia Løvhaug, UiT The Arctic University of Norway: 
'EISCAT_3D: The Modern Arctic Radar for Space Research' 

09.45 - 10.15: Dr. Jana Jágerská, NFR Young Research Talent, UiT Norges Arktiske Universitet: 
'On-chip methane sensing' 

10.15 - 10.45: Break 

10.45 - 11.15: Dr. Jean-Claude Tinguely, UiT Norges Arktiske Universitet, 
'Waveguide-based nanoscopy' 

11.15 - 11.45: Dr. Erik Stensrud Marstein, Institutt for energiteknikk: 
The modern crystalline silicon solar cell 

11.45 - 12.15: Dr. Konrad Tywoniuk,  
 "Matter at extreme conditions in heavy-ion collisions at the LHC" 

12.15- 13.15:  Lunch 

13.15 - 14.00: Tutorial: Prof. Asle Sudbø, NTNU:  
"Metallisk hydrogen" 

14.00 - 15.20: Debate with panel (in Norwegian): 
«Vi utdanner for en framtid vi ikke kjenner. Vi skal utdanne kritiske tenkere. 
Hvordan gjør vi det?» 
Debattleder: fung. inst.leder Stian Anfinsen, UiT. 
Innledere og paneldeltagere: 
Cathrine Wahlstrøm Tellefsen, professor, UiO, 
Rolf Jonas Persson, 1. amanuensis, NTNU, 
Martin Rypdal, 1. amanuensis, UiT, 
Mads Adrian Hansen, student, UiT 

15.20: Break and  
poster session. 
 

16.00: Årsmøte NFS 

18.30: Bus to Fjellheisen (cable car) from Prostneset 

20.00: Conference dinner 
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Wednesday August 9 
 

09.00 - 09.45: In Norwegian: Hovedforedrag undervisning  
Prof. Emeritus Carl Angell/ Førstelektor Cathrine W. Tellefsen,   Skolelaboratoriet, 
UiO: 
"Relekvant: Aktiv og variert læring i relativitetsteori og kvantefysikk" 

09.45 - 10.15:  Dr. Simon W. Funke, SIMULA, 'The Power of Python in Science and Education  ' 

10.15 - 10.45: Coffee break 

10.45 - 11.45: In Norwegian: Prisutdeling 
Landrø-prisen og Undervisningsprisen 
med prisforedrag. 
Prisforedrag Landrøprisen 2015: 
Ph.D. student Audun Theodorsen, UiT: “Using statistics to describe turbulence in 
fusion plasmas” 

11.45 - 12.30: Dr. Terje Brundtland, Independent Scholar: 
'Canned Aurora' 

12.30 - 12.45: Closing 

12.45 - 13. 45: Lunch 

15.00 - 19.00 Boat trip!  
Sign up with Ashild Fredriksen (91885132) or Theresa Rexer (90164154) 
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We are made of star stuff. 
 

Dame Susan Jocelyn Bell Burnell1 
 

1Oxford University  
 

 In this talk I will consider how the nuclei of atoms such as C, O, Ca, Fe 
(along with some heavier nuclei such as gold) are created in the cosmos and come 
to be in our bodies. 
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Are we alone? The search for life in the universe. 
 

Lynn Rothschild1,2  
1NASA Ames Research Center, USA P1 

2Brown University, USA 
 
 

Each report of liquid water existing elsewhere in the solar system has reverberated 
through the international press and excited the imagination of humankind. We 
have come to realize that where there is liquid water on Earth, virtually no matter 
what the physical conditions, there is life.  The prevalence of potential abodes for 
life in our solar system and beyond, the survival of microbes in the space 
environment, modelling of the potential for transfer of life between celestial 
bodies, and advances in synthetic biology suggest that life could be more common 
than previously thought.  

Are we truly alone? 
 

  

 



Fysikermøtet 2017 Tromsø 

 
 

Rosetta: rendezvous with a comet   
 

Cyril Simon WedlundP

1 
 

1 Department of Physics, University of Oslo, P.O. Box 1048, Blindern, N-0316 Oslo, Norway 
 

Rosetta, the European Space Agency spacecraft to comet 67P/Churyumov-
Gerasimenko, is the first mission to rendezvous with a comet and follow it along 
its journey around the Sun, from the depths of space to the inner solar system. 
What has been learned and discovered during this two-year mission? How has it 
shaped our view of comets, and the formation and evolution of the solar system? 
Lessons learned also include the famous success/failure of the Philae lander that 
has highlighted the engineering challenges inherent to space missions.

 
  

 



EISCAT_3D: The Modern Arctic Radar for Space Research 
 

Professor Unni Pia Løvhaug,  
Department of Physics and Technology, UiT The Arctic University of Norway 

 
A new international research infrastructure for space science will be constructed in northern 
Fenno-Scandinavia starting September 1 2017. This radar system – EISCAT_3D – promises a 
break-through in understanding the effects of solar and interplanetary phenomena on the 
upper atmosphere, including space weather and the magnificent aurora. As the name suggests, 
the system will have a three-dimensional capability for measuring physical structures and 
parameters, providing us with images of these phenomena in unprecedented detail. 
 
This talk will start with honouring the old system, some history of space science in Tromsø 
and end up with the future and EISCAT_3D. 
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Methane sensing on a chip 
J. Jagerska1 and O. G. Hellesø1 

1 UiT The Arctic University of Norway 
 
Size matters. This is very true in regard to optical gas sensors for environmental 
research. These should be ideally as small and robust as a smartphone, and still sensitive 
and selective enough to detect greenhouse gases and pollutants with precision below 1 
part-per-million, i.e., detect one molecule among one million of other molecules. In my 
talk, I will discuss how the challenge of sensitive on-chip detection of methane gas is 
tackled within the Optics Group at the UiT. 
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 Waveguide-based nanoscopy. 
 

J.-C. TinguelyP

1
P 

 
P
1
P Department of Physics and Technology, UiT Norwegian Arctic University  

 
Present optical nanoscopy uses a complex microscope setup to illuminate the 
sample and a simple glass slide to hold it. Our group's main research work towards 
a paradigm shift that inverts this arrangement by using a complex but mass-
fabricated photonic integrated chip (PIC) to hold and illuminate the sample while 
keeping a simple and affordable standard microscope to acquire super-resolved 
images. I will present our approach to different on-chip super-resolution 
techniques and beyond. 
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The modern crystalline silicon solar cell 
 

E. S. Marstein
1,2

 
 

1
 Department of Solar Energy, IFE, Kjeller 

2
 Department of Technology Systems, UiO, Kjeller 

 

 

Until very recently, solar cells stood for a negligible fraction of the total produced 

electricity in the world. This situation has changed dramatically over the past few 

years. Today, solar electricity makes up ~2 % of all produced electricity in the 

World, and the use is rapidly increasing. The main technology responsible for this 

change has been the crystalline silicon solar cell technology. More than 90% of all 

solar cells installed are made from crystalline silicon wafers. This technology has 

demonstrated its capacity to yield both relatively high conversion efficiencies, 

combined with low production costs. In this talk, a status update of the modern 

crystalline silicon solar cell will be given. Important developments along the entire 

production value chain, from the production of highly pure silicon feedstock 

materials, through high quality crystalline silicon wafers to high efficiency solar 

cells and modules will be given. The talk will include recent and ongoing 

developments from both Norway and abroad. 
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Matter at extreme conditions in heavy-ion collisions at the LHC 
 

Konrad Tywoniuk1 
 

1 CERN Theoretical Physics Department, CERN, Switzerland. 
 

Studying the microscopic structure of nuclear matter belongs to one of the core theoretical 
and experimental activities at the Large Hadron Collider at CERN. At the extreme energies 
reached by the accelerator, the colliding lead nuclei are heated up to temperatures comparable 
to the Big Bang that allows us to glimpse an elusive and exotic state of matter, the quark-
gluon plasma. The strong correlations of the particles produced in the collisions indicate that 
the viscosity of this plasma is extremely small, making it the “most perfect fluid” created in a 
laboratory. This has shed light on hitherto poorly understood facets of nuclear interactions, 
and makes prominent the strong forces that ultimately bind the quark-gluon plasma into 
ordinary particles. We will present a brief overview over the various stages of nucleus-nucleus 
collisions at the LHC, from the the fluctuating positions of quarks and gluons inside the nuclei 
to the creation of high-energy jets of particles, and discuss the key measurements that inform 
us about the nature of the strong interactions and the plasma formation.  

 
  

 



Metallic hydrogen  

Asle Sudbø 

Department of Physics, NTNU 

Metallic hydrogen is a projected state of matter that hydrogen takes up when compressed to extreme 
degrees. There is an ongoing concerted world-wide effort to achieve the required pressures to produce 
this state. I will review the basic concepts that are involved here, and outline some of the major 
difficulties that are involved in achieving this new state of matter. I will briefly also mention what sort 
of fascinating ground states one may behave in this system at low temperatures, where the system 
would find itself totally dominated by quantum effects. 
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ReleKvant: Aktiv og variert læring i relativitetsteori og kvantefysikk 
 

Carl Angell1 Cathrine W. Tellefsen1 
1 University of Oslo 

 
Læring er en krevende prosess som fordrer aktivitet hos den som skal lære. 
Variasjon i undervisningsformer bidrar til å opprettholde et læringstrykk og 
motivasjon hos den lærende. Dette gjelder enten den lærende er student eller elev. 
ReleKvant er et forsknings- og utviklingsprosjekt som tar dette på alvor. 
Ressursene som er utviklet er knyttet til temaene generell relativitetsteori og 
kvantefysikk i videregående skole. Deler av ressursene kan også brukes i 
introduksjonskursene i høyere utdanning. 
 
I ReleKvant-prosjektet lar vi elevene utvikle sin forståelse i fellesskap gjennom «å 
snakke fysikk» og «å skrive fysikk». Videre utnytter vi animasjoner og 
simuleringer, stimulerer til refleksjon over historiske og filosofiske perspektiver, 
og vi klargjør prinsippene klassisk fysikk hviler på for å vise den moderne 
fysikkens brudd med disse.  
 
Ressursene er prøvd ut i flere iterasjoner i klasserom på våre samarbeidende 
universitetsskoler. Vi studerer bruken av læringsressursene og elevers motivasjon 
og læring gjennom observasjoner, video- og lydopptak, innsamling av skriftlige og 
muntlige elevarbeider, samt intervjuer med elever og lærere. 
 
Ressursene er et utgangspunkt for aktiv og variert læring, og elevene bruker 
ressursene sammen med skriftlige arbeider og diskusjoner i grupper. Dessuten 
legger vi vekt på at læreren styrer diskusjoner og oppsummeringer i hele klassen. 
Med en sterk faglig profil og kunnskap om elevers utfordringer i to krevende 
fysikkfaglige tema utgjør ReleKvant både en verdifull ressurs for lærere i skolen, 
og samtidig en fysikkdidaktisk kilde med stor overføringsverdi til andre områder 
både i skolen og UH-sektoren.  
 
ReleKvants nettsider:  
http://www.mn.uio.no/fysikk/forskning/prosjekter/relekvant/index.html  
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The Power of Python in Science and Education  
 

Simon Funke1 
 

P
1
P Simula Research Laboratory  

 
Researchers often translate new ideas into computer programs to test them. 
Successful ideas will be used in future research, so these programs must be 
extendable and robustly. The choice of programming language is important as it 
can have a big impact on how quickly we can test new ideas.  So which language 
should we choose?  
 
The Python programming language has proven to be surprisingly productive for 
scientists. Join this talk to learn why - and how Python can make your research 
and education more effective as well. 
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 Using statistics to describe turbulence in fusion plasmas 
 

Audun Theodorsen1, Odd Erik Garcia1 
P
1
PUiT - Norges Arktiske Universitet, NT-Fak, IFT 

 
Nuclear fusion of small elements is the energy source of stars, and controlling and 
harnessing this power promises to deliver vast amounts of clean and sustainable energy 
for mankind. The doughnut-shaped tokamak reactor is one of the most promising 
designs for a nuclear fusion reactor, and uses magnetic fields to confine the hot plasma 
which sustains the fusion reactions. Due to the toroidal shape of the tokamak, forces are 
generated which push the plasma outwards along the major radius of the device, towards 
its outer walls. This is problematic, as plasma-wall interactions damage the walls and 
release impurities back into the plasma. 
 
Radial motion of filamentary structures is the dominant mechanism for transport of 
particles and heat towards the outer walls. Understanding the behavior of these 
filaments is important, and a first step is to describe their statistical properties. Fixed 
point probe measurements in the TCV tokamak scrape-off layer reveal highly 
intermittent fluctuations, with skewed and flattened probability densities. These 
measurements are well described by a stochastic process consisting of a superposition of 
uncorrelated pulses with an exponential pulse shape and exponentially distributed pulse 
amplitudes. 
 
In this contribution, the statistical properties of this stochastic process are explored both 
analytically and with numerical methods. The probability density function of the process 
is shown to be a Gamma distribution. Using the joint probability density function 
between the process and its derivative, the rate of threshold crossings above a given 
threshold and the average time the signal spends above the threshold are derived. 
 
Previously, discrepancies between predictions of excess time statistics based on the 
assumption of normally distributed signals and measurement data have been interpreted 
as a sign of intermittency. The model presented here quantifies the level of intermittency 
and only requires parameters obtained from the lowest moments and the correlation 
function of the signal itself. 
 
All predictions of the model compare favorably to experimental data. The rate of 
threshold crossings is far higher for large thresholds than for a normally distributed 
signal, highlighting the importance of intermittent fluctuations for plasma-wall 
interactions. 
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Canned Auroras 
Terje Brundtland P

1
P  

1 PhD, Independent Scholar 
 

The Norwegian professor Kristian Birkeland (1867-1917) is probably best known 
for his 'Terrella-experiments', where he simulated the Aurora Borealis on metal 
spheres (terrellas, meaning small Earths) in vacuum chambers. Birkeland and the 
largest experiment are now depicted on the 200-kroner bank note.  
Birkeland's attempts to 'tame' the Northern Lights and 'can' it in tubes and glass 
boxes are often described as unique and ground-breaking. However, a more 
comprehensive study of relevant texts and museum-artefacts show that laboratory 
aurora was nothing new in Birkeland's period. Like everyone else, Birkeland based 
his theories and experiments on existing knowledge and equipment. 
In this paper, I will describe various attempts to create laboratory auroras, from 
around 1675 until Birkeland. Throughout this period, much effort was made to 
replicate and 'can' the aurora, based on current theories and available technical 
equipment. 

 
  

 





Norsk Fysisk Selskap - Fysikermøtet 2017, Tromsø Aug 7-9 2017 
Parallel session in Atomic and Condensed Matter Physics 

Monday Aug 7 09.00-14.20  
 

NB: Talks may be accompanied by a poster to be presented at the poster session, 
Tuesday Aug. 8, 15.30-16.00 

 
09.00-09.30  Gustavo Gimenes and Elisabeth Bouchaud,  ESPCI-Paris Tech, CEA-Saclay,  
Fracture of “near-liquids” 
 
09.30-10.00  P.A. Rikvold, C.H. Chan, G. Brown, Florida State University, Metastability 
and Instability in a Model Spin-crossover Material: Free-energy Landscapes and Phase 
Diagrams 
 
10.00-10.20  Magnetic flux avalanches in superconductors 
P. Mikheenko, NTNU 
 
10.20-10.35 Tea/Coffee break  
 
10.35-10.55  Arne Skjeltorp, IFE, New Forceful Magnetic Bioseparation using GIAMAG 
Magnet Systems 
 
10.55-11.15  H. Agueny and J. P. Hansen, UiB, Ultrafast processes in heavy particle 
collisions: from single molecules to extended systems 
 
11.15-11.25  Andreas Skeidsvoll, Morten Tysse and Markus Lysne, UiB, Basis Function 
Performance for local state generation in quantum systems 
 
11.25-11.45  A.T. J. van Helvoort, P. E. Vullum, Sigurd Wenner, J. Sunde1, V. T. Fauske, 
R. Holmestad,  NTNU/SINTEF, Transmission electron microscopy: what more to see? 
 
11.45-12.05   Dag W. Breiby, NTNU, Coherent X-ray Diffractive Imaging: Quantitative 
Microscopy From Diffraction Patterns 
 
12.05-12.20   Anette Eleonora Gunnæs, UiO, Evaluation of a thermoelectric p-n junction at 
the macro and nano scale by X-ray and electron probe techniques  
 
12.20-13.00 Lunch 
 
13.00-13.10  E. Bering, S. Indrehus,  P. Ballone, A. Hansen, NTNU, A particle-based fibre 
bundle model 
 
13.10-13.30  Geir Helgesen, Bjørn C. Hauback, Kenneth D. Knudsen, Magnus H. Sørby, 
Stefano Deledda, Christoph Frommen, and Isabel Llamas-Jansa, IFE, NcNeutron – 
Norwegian Center for Neutron Research 
 
13.30-13.40  Rodrigo de Miguel, J. Miguel Rubi,  NTNU/University of Barcelona, Small 
systems in a heat bath: a quick but endless journey towards equilibrium 
 
13.40-13.50  S. Indrehus, E. Bering, P. Ballone, A. Hansen, NTNU, A computational study 



of creep in non-linear bio-polymer bundles 
 
 
13.50-14.00 Tarjei Bondevik, Ole Martin Løvvik, Øystein Prytz, Truls Norby, UiO/SINTEF  
Space charge layers in interfaces of BZY investigated by inline electron holography and 
density functional theory 
 
14.00-14.10 L. P. Cavalcanti, G. Kalantzopoulos, P. Sobas, H. N. Bordallo, G. Helgesen, K. 
D. Knudsen, J. O. Fossum, University of Copenhagen/European Spallation 
Source/IFE/NTNU, Why are high charge density clays effective for CO2 capture? 
 
14.10-14.20 Etien Martinez Roman, Alfredo Gonzalez, Ernesto Altshuler, Alfo J. Batista 
Leyva, NTNU/University of Pinar del Río-Cuba/University of Havana-Cuba/InsTec-Cuba, 
Velocity profile in confined granular flows 
 
 



Fracture of “near-liquids”

Gustavo Gimenes1 and Elisabeth Bouchaud1, 2

1PSL Research University, ESPCI-Paris Tech, PSL?,
UMR Gulliver, MMN, 8 rue Jean Calvin, 75005 Paris, France

2CEA-Saclay, IRAMIS, SPEC, F-91191 Gif-sur-Yvette Cedex, France
(Dated: April 21, 2017)

Soft materials are of great interest both for industrial and fundamental reasons. Materials in
the range 0.1-100 kPa can be found indeed in very different applications, from biomaterials design
(cartilage, living tissues) to food industry or geophysics (clays). The fracture mechanics of these ma-
terials is made particularly complex by the interplay of large deformations and viscoelastic processes
around the crack tip.

Of particular interest is the transition between a liquid-like behavior and a solid-like one. Liquids
flow, and solids break: what is the mechanical response of a “near-liquid”, i.e. of a material which
is extremely soft because it is close to a solid to liquid transition such as the sol-gel transition?

We have designed new experimental microfluidic devices that enable to investigate fracture me-
chanics of soft materials at scales where discrepancies from LEFM occur. Experiments were con-
ducted on two kinds of colloidal suspensions able to gelify under certain conditions. (1) Ludox is a
water suspension of nanobeads of silica which repel each other because their surfaces are electrically
charged. Adding salt to such a solution results in the formation of a gel, because of the screen-
ing of the repulsive electrostatic interactions. (2) 3-Methyl Pyridine is a mixture which undergoes
phase-separation at high enough temperature. In the vicinity of this transition, microgels of Poly-
N-isopropyl acrylamide in solution attract each other due to confinement of solvent concentration
fluctuations, and form a gel.

In system (1), we observe either a finger or a crack progressing in the material under stress, at
low or high salt concentration respectively. Displacement fields around the tip are estimated with
a Digital Image Correlation method designed for hard solids. In case (2), studied in collaboration
with P. Schall’s group at the university of Amsterdam, this method is used to estimate the extent
of the process zone (where energy is dissipated) as a function of temperature.

The evolution of the characteristic length and time scales with the relevant control parameter
(salt concentration in case (1) and temperature in case (2)) sheds new light on the flow to fracture
response through the sol-gel transition.
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Metastability and Instability in a Model Spin-crossover Material: Free-energy 
Landscapes and Phase Diagrams 

 
P.A. Rikvold1, C.H. Chan1, G. Brown1  

P1PFlorida State University 
 

Abstract: Spin-crossover materials present an interesting example of systems with competing 
interactions on different length scales. In these systems, the short-range interactions may be 
geometric or electronic in nature, while the long-range interactions are typically elastic.  

Here we present a “toy model” of such a system: a square-lattice Ising model with nearest-
neighbor antiferromagnetic and mean-field like long-range ferromagnetic interactions. Using 
standard importance sampling Monte Carlo (MC) methods, rather complex phase diagrams for this 
model in several parameter regimes have been obtained [1].  

 One question that cannot easily be answered by these methods, is that of the structure of the 
free-energy landscape in the space of the two macroscopic order parameters: magnetization and 
staggered magnetization. We have therefore developed a new method to directly obtain the density 
of states (DOS) of such a model, using the Wang-Landau MC (WLMC) method [2,3]. I will give a 
brief introduction to the original WLMC method, and then describe the modifications we have made 
to obtain DOS constrained to specific values of the order parameters. I will show numerical free-
energy landscapes for several parameter values and compare the results with phase diagrams 
previously obtained with importance sampling MC. The comparison raises some new questions 
about the nature of metastable phases in models with competing short-range and long-range 
interactions.  

[1] P. A. Rikvold, G. Brown, S. Miyashita, C. Omand, and M. Nishino. Phys. Rev. B 93 064109 
(2016) [2] C. H. Chan, G. Brown, and P. A. Rikvold. Phys. Rev. E 95, 053302 (2017) 

[3] C. H. Chan, G. Brown, and P. A. Rikvold.   arXiv:1704.03386. 
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 Magnetic flux avalanches in superconductors 
 

P. Mikheenko  
 

Department of Physics, University of Oslo, P.O. Box 1048, Blindern, 0316 Oslo, Norway 

 

Magnetic flux avalanches are sudden events, during which magnetic field penetrates into 

superconductor releasing certain amount of energy accumulated outside of it. The avalanches 

are both unpredictable and very fast. The release of the energy due to the flux motion could 

last just few nanoseconds. Since magnetic field is invisible, the avalanches cannot be seen 

with regular optics. They don’t produce electrical signals either, if excited by external 

magnetic field. However, they are routinely registered in magnetometry as a sudden change of 

the magnetic moment of the sample. Thin superconducting films display several types of the 

avalanches. The most spectacular are dendritic flux avalanches closely resembling lightning 

[1]. Dendritic avalanches are extensively studied theoretically [1,2], and also experimentally 

with a femtosecond laser technique [3] and magneto-optical imaging [4]. Here the results of 

the recent study of avalanches are reported. The highlights include development of a 

nanosecond technique for electrical characterisation of avalanches [5]; observation of the ray-

optics behaviour in avalanche propagation [6]; use of the normal-metal thin films for 

screening of the dendritic avalanches [7] and their cascade excitation in topological structures. 

A nanoscale nature of dendritic flux avalanches will also be discussed. 

 [1] J. I. Vestgården, D. V. Shantsev, Y. M. Galperin, T. H. Johansen. Sci. Rep. 2 (2012) 

886.  

[2] J. I. Vestgården, P. Mikheenko, Y. M. Galperin, and T. H. Johansen. New J. Phys. 15 

(2013) 093001. 

[3] P. Leiderer, J. Boneberg, P. Brüll, V. Bujok, S. Herminghaus. Phys. Rev. Lett. 71 

(1993) 2646. 

[4] T. H. Johansen, M. Baziljevich, D. V. Shantsev, P. E. Goa1, Y. M. Galperin, W. N. 

Kang, H. J. Kim, E. M. Choi, M.-S. Kim, S. I. Lee. Europhys. Lett. 59 (2002) 599. 

[5] P. Mikheenko, A. J. Qviller, J. I. Vestgården, S. Chaudhuri, I. J. Maasilta, Y. M. 

Galperin, T. H. Johansen. Appl. Phys. Lett. 102 (2013) 022601. 

[6] P. Mikheenko, T. H. Johansen, S. Chaudhuri, I. J. Maasilta, Y. M. Galperin. Phys. Rev. 

B 91 (2015) 060507(R). 

[7] P. Mikheenko, J. I. Vestgården, S. Chaudhuri, I. J. Maasilta, Y. M. Galperin, T. H. 

Johansen. AIP Advances 6 (2016) 032304. 
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Bioseparation using GIAMAG Magnet Systems 
 

Arne Skjeltorp2,1, Paul Dommersnes2,3; Henrik Hoyer2, 
P1P Institute for Energy Technology, Kjeller, Norway. 

 P2P Giamag Technologies, Kjeller, Norway 
3 NTNU, Trondheim, Norway 

 
Magnetic bioseparation is an important area of biotechnology. Various techniques are becoming 
increasingly important with a wide range of possible applications in bioscience research. 
Magnetic micro- or nanospheres can be functionalized with appropriate ligands, such as 
antibodies or proteins, with a high affinity to the target which can be cells, bacteria or 
DNA/RNA. 
In order to realize magnets with efficient separation capabilities, it is important to have a strong 
force F acting on the magnetic bodies, given by the following equation: 
 
F = V Δχ B gradB/μ0 . 
 
Here, V is the volume, Δχ is the difference in the susceptibility of the magnetic particles and the 
surroundings, B gradB is the product of the magnetic field and field gradient and μ0 is the 
vacuum permeability. 
Many permanent magnets on the market have very large magnetic fields, but weak field 
gradients. GIAMAG magnets have unique and patented designs that produces both very large 
magnetic fields and high field gradients, resulting in the most forceful magnetic separation 
available on the market [1,2,3,4]. 
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Ultrafast processes occurring in heavy particle collisions can lead to the emergence of new 

features strongly related to the quantum nature of the dynamics of systems involved in these 

processes. Quantum interference in the double-slit [1] version and many related effects will be 

the main subject of my talk. The possibility of timing these ultrafast processes with attosecond 

pulses will also be addressed. These effects will be discussed mainly for electron transfer and 

electron emission processes at intermediate (keV/u) and high (Mev/u) impact energies. 

One of the most intriguing effect is related to the multiple scattering paths of the electron 

prior to emission [2,3]. This effect has been widely discussed, and until recently no theoretical 

schemes were able to provide any such signals, which have been observed experimentally 

[4,5]. I will present results in this context for small and extended systems. The results are 

stemming from a semi-classical non-perturbative approach. 

 

          

 [1] L. P. H. Schmidt et al., Phys. Rev. Lett. 111, 103201 (2013). 

 [2] H. Agueny et al. Phys. Rev. A 93, 012713 (2016). 

 [3] H. Agueny and J. P. Hansen, Phys. Rev. A 94, 052702 (2016). 

 [4] N. Stolterfoht et al. Phys. Rev. Lett. 87, 023201 (2001). 

 [5] N. Stolterfoht et al. Phys. Rev. A 69, 012701 (2004). 
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 Basis Function Performance for local state generation in quantum systems 
 

Andreas Skeidsvoll, Morten Tysse, Markus Lysne  
 

University of Bergen 
 

The time-independent Schrödinger equation yields certain properties of a quantum system, such 
as energies and probable positions of particles. When solving this problem for various systems, one 
needs to define a wavefunction, which should contain these properties. This wavefunction can be 
expanded in a sum of other functions, a basis, such as sine functions and B-splines. When done 
numerically, it is of great importance to choose a basis which does not require excessive computer 
power and at the same time yields accurate results. 

In this presentation we will compare and analyze the results of choosing both a sine basis and a 
B-spline basis. 
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Transmission electron microscopy (TEM) is a powerful technique in physical and biomedical 

research, both fundamental and applied. By solving the major lens aberrations that limited the 

spatial resolution [1], the current generation of corrected microscopes routinely deliver 

imaging with sub-Å spatial resolution. Norway has two such microscopes operative through 

Norwegian Centre for Transmission Electron Microscopy (NORTEM, 

http://www.nortem.no/).   

 

In this contribution the power and the limitation of modern TEM will be demonstrated. We 

will show atom counting and thereby deduce the 3D-shape of a nanoparticle from a single 

image [2] and atomic imaging of a reactive interface at elevated temperatures [3]. These 

examples will show however also the shadow side of the technological progress: the intense 

electron beam can alter the material during the investigation. For many materials this is a hard 

limitation to obtain further advances. Through systematically optimizing the imaging 

conditions and smart data acquisition, we could recently pass this hurdle for some electron 

beam sensitive materials and obtained unique lattice imaging [4] and atomic scale 

spectroscopy data [5]. 

 

Another concern of very high magnification imaging is that only very small volumes are 

analysed, and these might not be representative. Our current focus is therefore on obtaining 

the fine structural details over larger sample areas using a relative low electron dose. We are 

using scanning electron diffraction techniques combined with machine learning approaches 

and some recent findings will be presented. This contribution will demonstrate that there is 

more to discover using TEM in the years to come.  

 

 

 

[1] R. P. Feynman, Engineering and Science 22–36 (1960). 

[2] L. Jones, K. E. MacArthur, V. T. Fauske, A. T. J. van Helvoort, P. D. Nellist, Nano 

Lett. 14 (2014) 6336. 

[3] V. T.Fauske, J. Huh, G. Divitini, D. L. Dheeraj, A. M. Munshi, C. Ducati, H. Weman, 

H., B.-O. Fimland, A. T. J. van Helvoort, Nano Lett. 16 (2016), 3051.  

[4] V. Arivazhagan, F. D.Schmitz, P. E. Vullum, A. T. J.van Helvoort, and B. Holst, J. 

Microsc, 265 (2017) 245. 

[5] S. Wenner, L. Jones, C. D. Marioara, and R. Holmestad, Micron, 96 (2017) 103. 
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Coherent X-ray Diffractive Imaging: Quantitative Microscopy 

From Diffraction Patterns 
 

Dag W. Breiby 

Department of Physics, Norwegian University of Science and Technology (NTNU), Trondheim, Norway 
Department of Microsystems, University College of Southeast Norway, Horten, Norway 

dag.breiby@ntnu.no  

 

X-ray scattering and diffraction are firmly established tools for unraveling the structural secrets of 

condensed matter, including polymers and other soft materials. However, despite the wealth of 

information that can be obtained by traditional scattering methods, techniques able to retrieve real-

space images of nanoscale structures in functional materials in situ are in increasing demand. Here, I 

shall present some of the latest developments within high-resolution 3D X-ray microscopy applied to 

functional materials. A shared feature in computational imaging is that computers are used not only 

for post-capture image analysis, but also as an active element in the image-forming process itself. 

Coherent X-ray diffractive imaging (CXDI) is a novel technique for high-resolution phase-contrast 

imaging [1-6]. Relying on iterative phase retrieval algorithms to form real space images from a series 

of coherent scattering patterns, CXDI yields quantitative images of both the absorption and the 

phase shift of the X-ray beam induced by the object. Our recent CXDI studies of natural organic fibers 

exposed to humidity [4], detailed measurements of the coherent X-ray wavefront [5], and the 

nanoscale morphology changes of CaCO3 microparticles going through the vaterite-to-calcite phase 

transition [6] will be highlighted. 

 

[1] J. Miao, P. Charalambous, J. Kirz, D. Sayre, Nature 400 (6741) (1999) 342-344 

[2] J.M. Rodenburg, A.C. Hurst, A.G. Cullis, B.R. Dobson, F. Pfeiffer, O. Bunk, C. David, K. Jefimovs, I. Johnson, Phys. Rev. Lett. 98 

(2007) 034801 

[3] M. Dierolf, A. Menzel, P. Thibault, P. Schneider, C.M. Kewish, R. Wepf, O. Bunk, F. Pfeiffer, Nature 467 (2010) 436–439 

[4] M. Esmaeili, J.B. Fløystad, A. Diaz, K. Høydalsvik, M. Guizar-Sicairos, J.W. Andreasen, D.W. Breiby, Macromolecules 46 (2013) 434 

[5] E.T.B. Skjønsfjell, Y. Chushkin, F. Zontone, N. Patil, A. Gibaud, D.W. Breiby. Optics Express 24 (2016) 10710-10722. 

[6] O. Cherkas, T. Beuvier, D.W. Breiby, Y. Chushkin, F. Zontone, A. Gibaud. Crystal Growth & Design (in press, 2017). 
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Evaluation of a thermoelectric p-n junction at the macro and nano scale by 

X-ray and electron probe techniques  
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The energy demand is constantly increasing and one of the major challenges the world 

faces is to increase the sustainable energy production. Thermoelectric energy conversion has 

emerged as a green technology for the future where spill heat and temperature gradients can be 

utilized to produce electricity. Among the materials exhibiting thermoelectric (TE) properties 

i.e. high Seebeck coefficient, good electrical and poor thermal conductivity, oxides have 

intrinsic advantages at high temperatures compared to more common thermoelectric 

semiconductors. However, at high temperatures the reactivity and stability of the material 

components can be challenging even for oxides.  

The material properties are strongly affected by the micro and nanostructures. In order 

to study materials at this scale, instrumentations having electron and X-ray sources are 

commonly used. The presentation will show results from X-ray diffraction (XRD), scanning 

electron microscopy (SEM), transmission electron microscopy (TEM) and X-ray energy 

dispersive spectroscopy (EDS) obtained from a high temperature stability study of the 

thermoelectric p-Ca3Co4O9 – n-CaMnO3 junction [1].  The aim of the presentation is to give 

some insight into the methods used as well as show results of the structural changes occurring 

upon the heat treatment. 

 

[1] THELMA NANO2021 project (No. 228854) funded by the Research Council of Norway.  
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A particle-based fibre bundle model

E. Bering, S. IndrehusPP,U P. Ballone, A. Hansen

Department of Physics, Norwegian University for Science and Technology, Trondheim, 7491, Norway

For nearly a century the fibre bundle model (FBM, [1]) has represented the tool of choice to
investigate the fracture of fibrous materials under tensile load. The model consists of an
assembly of bonds, organised into chains and bundles. Bonds deform elastically up to a
critical load marking their sudden breaking, followed by the redistribution of the load among
the surviving chains. The model is able to merge random bond-breaking processes with
collective, self-organised phenomena such as avalanches, and describes the effect of  disorder.
Despite its undeniable interest and merit in providing insight into the fracture process, the

FBM lacks many features that characterise the properties of real systems. To improve on these
aspects, we supplemented the model representing the bond terminations as particles with
mass, size as well as intra- and inter-chain interactions.  

mechanical properties of nanometric bundles, important for biophysics and for novel
nanotechnology applications.

[1] A. Hansen, P. C. Hemmer, S. Pradhan The fibre bundle model, Wiley-VCH, Weinheim
(2015).
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NcNeutron – Norwegian Center for Neutron Research 
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Christoph Frommen, and Isabel Llamas-Jansa 
 

Physics Department, Institute for Energy Technology (IFE)  

P.O. Box 40, NO-2027 Kjeller, Norway 

 

A new national infrastructure installation for research using neutron scattering and imaging 

methods is currently under construction at the JEEP II research reactor at IFE, Kjeller. The 

new facility has received a funding of 31 MNOK from the Research Council of Norway. 

Upgrading of existing instruments and construction of new instruments in NcNeutron started 

in 2016, and the seven scattering or imaging instruments of the center will be fully operational 

by 2020. NcNeutron will also act as a national hub and “home laboratory” toward the coming 

international neutron source ESS – the European Spallation Source, which is under 

construction in Lund, Sweden. The plans for NcNeutron will be presented, and the 

possibilities for doing different types of neutron-based measurements will be discussed. 
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Small systems in a heat bath: a quick but endless journey towards 
equilibrium 

 
Rodrigo de Miguel1, J. Miguel Rubi2 

 
P1PNTNU  

P2P University of Barcelona 
 

Understanding how small systems exchange energy with a heat bath is important 
to describe how their unique properties can be affected by the environment. We 
show how Landsberg's theory of temperature-dependent energy levels can describe 
the progressive thermalization of small systems as their spectrum is perturbed by a 
heat bath. We propose a mechanism whereby the system undergoes a discrete 
series of excitations and isentropic spectrum adjustments leading to a final state of 
thermal equilibrium. This produces standard thermodynamic results without 
invoking system size. The thermal relaxation of a single harmonic oscillator is 
analyzed as a model example of a system with a quantized spectrum than can be 
embedded in a thermal environment. A description of how the thermal 
environment affects the spectrum of a small system can be the first step in using 
environmental factors, such as temperature, as parameters in the design and 
operation of nanosystem properties. 
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A computational study of creep in non-linear bio-polymer bundles

S. IndrehusPP, UE. BeringUP, P. Ballone, A. Hansen

Department of Physics, Norwegian University for Science and Technology, Trondheim, 7491, Norway

Biological cells feed, multiply and often move by crawling or swimming, thus summarising
in themselves most of the principles, mechanisms and phenomena that represent life.
A crucial role in the inner working of cells is played by fibrous structures, made of bundles of
biopolymers such as proteins, polysaccharides and nucleic acids. Exemplary from this point
of view are cellulose and collagen structures, actin fibres, microtubule bundles, as well as
DNA and RNA complexes

Recent experimental measurements of mechanical properties of biopolymer bundles
have revealed intriguing non-linear effects in the stress-strain relation under tension for
bundles of polysaccharides [1] and of DNA [2].

A model of non-linear bundle has been developed based on a particle and bond
formulation of the time honored fibre bundle model (FBM, [3]), that for over a century has
provided the  tool of choice to investigate fracture in fibrous materials.

The model has been applied to investigate the interplay of non-linearity and creep in

[1] P. E. Marszalek, et al. Nature  396, 661 (1998).
[2] P. Cluzel, et al. Science 271, 792 (1996).
[3] A. Hansen, P. C. Hemmer, S. Pradhan The fibre bundle model, Wiley-VCH, Weinheim

(2015).



Space charge layers in interfaces of BZY investigated by inline electron 
holography and density functional theory 
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aCentre for Materials Science and Nanotechnology, University of Oslo, Norway 
bSINTEF Materials and Chemistry, Oslo, Norway 
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Y-substituted BaZrO3 (BZY) is a promising proton conducting electrolyte, due to its chemical 

stability and high grain interior proton conductivity1. However, the grain boundaries have 

large resistances attributed to charge carrier depletion in space charge layers next to positively 

charged grain boundary cores2,3. The same may affect electrodes and surfaces. We are 

interested in methods of direct verification and extension of the positive charge, comparison 

with theory, and quantitative prediction of effects on electrical properties. For this purpose, 

grain boundaries and surfaces will be examined with TEM inline electron holography; the 

electrostatic potential will be measured across grain boundaries and may reveal relative 

electrostatic potential differences in the bulk, space charge layer and the grain boundary. The 

results will be compared with DFT calculations of bulk and model interfaces, as well as 

impedance spectroscopy measurements.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Acknowledgement: This work is part of the nationally coordinated project Functional OXides 

for Clean Energy Technologies (FOXCET, RCN, 102006684-1), with SINTEF, NTNU and 

UiO as active partners.  

 

 
1E. Fabbri, D. Pergolesi, and E. Traversa, “Materials challenges toward proton-conducting 

oxide fuel cells: a critical review,” Chemical Society Reviews, vol. 39, pp. 4355–4369, 2010. 
2X. Guo and R. Wasser, “Electrical properties of the grain boundaries of oxygen ion 

conductors: Acceptor-doped zirconia and ceria,” Progress in Materials Science, vol. 51, pp. 

151–210, 2006. 
3J. Nowotny, The CRC Handbook of Solid State Electrochemistry. CRC Press, 1997. 
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We have recently demonstrated [1] that under certain conditions of pressure and temperature, 

fluorohectorite clays are able to capture a large amount of CO2, depending on the type of interlayer 

cation. Intercalation of water in smectite clays occurs naturally [2] and recent experiments and 

simulations have shown that also CO2 can intercalate in smectite clays, both in supercritical [3], 

and in gaseous/liquid form [4]. We have previously demonstrated that CO2 intercalates into 

synthetic Na-Fluorohectorite (NaFh) clay at conditions close to ambient [5], at minus 20 °C and 15 

bar. These are not the conditions found in the geological storage sites, but can be conditions 

relevant when clays are considered as an alternative to for example zeolites as a material for capture 

of CO2. We investigated fluorohectorite clays with three different cations (Na, Ni and Li), showing 

that Li-fluorohectorite clay is able to retain CO2 up to a temperature of 35°C, at ambient pressure, 

and that the captured CO2 can be released by heating above this temperature. Fluorohectorite is a 

synthetic 2:1 clay that has been demonstrated by us to be a representative and clean model system 

of natural smectite clays. Synthetic clays have more homogeneous charge distribution than their 

natural counterparts, which leads to well-defined intercalation states. Here we present results on the 

study of CO2 intercalation into a series of synthetic fluorohectorite clays using a Pressure 

Composition Temperature apparatus to follow the capture of CO2 inside the clay interlayer varying 

the pressure from 0 to 50 Bar for the three studied cations, correlating with X ray diffraction and 

SANS measurements. 
                                                 
[1] Michels (2015). Intercalation and Retention of Carbon Dioxide in a Smectite Clay promoted by 

Interlayer Cations, Scientific Reports, 5:8775,1-9. 

[2] Altoé (2016). Continuous Water Adsorption States Promoted by Ni2+ Confined in a Synthetic 

Smectite. Appl Clay Science 123:83–91. 

[3] Loring (2013). Clay hydration/dehydration in dry to water-saturated supercritical CO2: 

Implications for caprock integrity, Energy Procedia 37: 5443. 

[4] Giesting (2012). X-ray diffraction study of K- and Ca-exchanged montmorillonites in CO2 

atmospheres, Environ. Sci. Technol. 46: 5623. 

[5] Hemmen (2012). X-ray Studies of Carbon Dioxide Intercalation in Na-Fluorohectorite Clay at 

Near-Ambient Conditions, Langmuir 28: 1678-1682. 
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Velocity profile in confined granular flows 
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Thick granular flows are an essential component of many natural and industrial 
phenomena. 
Experimentally, it has been well established that the grain velocity profile is linear 
from the free surface to a certain depth, further down it decreases exponentially in 
the so called "creep region". 
In this paper we are able to obtain an exponential velocity profile based on the 
force balance of a grain near a wall, where the Janssen effect and the non-locality 
of interactions between grains are considered. When experimental parameters such 
as the angle of the flow of diverse granular materials and their friction coeficients 
with a wall are introduced in our model, it is able to reproduce experimental creep 
velocity profiles previously reported in the literature. 
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Where does 'star-stuff' come from? 
…and what does nuclear physics have to do with it?

I. K. B. KullmannP

1

1 Department of Physics, Nuclear and Energy Physics group, UiO University of Oslo

“We're made of star-stuff” is a famous quote by Carl Sagan from the American popular
science series “Cosmos” [1]. This sloppy statement catches the essence of a big question:
where do the elements in the Universe come from? The theory of the Nucleosynthesis tries to
answer this question. 

So-called stellar burning phases in stars create the elements up to Iron through charged
particle reactions and fusion. Energy is no longer released when elements heavier than Iron is
created - so the star extinguishes when Iron is reached. About twenty years ago physicists and
astrophysicists believed that Supernovae explosions – the death of massive stars - alone could
explain the formation of all elements heavier than Iron [2]. This belief even reached the
curriculum of High School Physics courses, but it is only partially true! Recent developments
show that a non-explosive nucleosynthesis process is needed to explain about half of the
heavy elements in the Universe [3]. This process of slow neutron capture, called the s-process,
takes place in stars over hundred thousands of years. 

When the evolution of the elements are modeled, nuclear data is needed as input. For a given
temperature and density, we need to know the probability for a nucleus to undergo reactions,
radioactive decay and photodisintegrations [4]. Today there are still many nuclei for which we
have no data! These nuclei introduce large uncertainties in the modeling. The Oslo Cyclotron
Laboratory (OCL) perform experiments to determine such basic properties of nuclei. In late
May 2017, an experiment (conducted by the author) at the OCL will bring us one step closer
to understand how the stardust we are made of are formed in the universe. The experiment
will determine the basic properties of 192Os, a key nucleus in the s-process.

[1] C. Sagan, Cosmos: A Personal Voyage, The Shores of the Cosmic Ocean, ep.1 (1990)
[2] A. I. Karakas, J. C. Lattanzio. Publications of the Astronomical Society of Australia, 31

(2014)
[3] F. Käppeler, R. Gallino, S. Bisterzo, Wako Aoki, Rev. Mod. Phys. 83 (2011)
[4] N. Nishimura, R. Hirschi, T. Rauscher, A. S. J. Murphy, and G. Cescutti. ArXiv e-

prints. astro-ph.SR, (2017)
 



Fysikermøtet 2017 Tromsø 
 
 

 
What can nuclear physics teach us about what happens to nuclei when stars 

explode?  
 

G. M. TvetenP

1
P 

 
1 Department of Physics, University of Oslo  

 
Determining how elements heavier than iron are synthesized is a key question that remains to 
be satisfyingly answered. One important input to models aimed at explaining nucleosynthesis 
is nuclear reaction rates at stellar temperatures. P-isotopes are the stable isotopes that cannot 
be created in neutron capture because they are shielded from beta-decay by other stable 
isotopes. Traditionally, 35 isotopes have been considered p-isotopes. These isotopes are 
commonly believed to be formed from the gamma-erosion of products of slow neutron 
capture stares in type 2 or type 1a supernovae. In principle, this gamma-erosion called the 
gamma-process is well understood [1].  Nevertheless, models are unable to reproduce the 
actual isotopic abundances [2]. The reasons why models fail to reproduce abundances might 
be due to problems with the description of the pre-supernova composition of the star or a 
limited understanding of the explosion mechanism itself. Nuclear reaction rates also play an 
important role in attempts to explain nucleosynthesis and experimental studies of nuclear 
reactions are important in this respect.  
 
Recent results on the isotope 92Mo and the cross section for the photodisintegration reaction 
92Mo(p, gamma) will be presented [3]. The experimental results are based upon the Oslo 
method [4-7] for determining the nuclear level density and average gamma strength function 
from excitation energy correlated gamma ray spectra. Nuclear reaction rates at astrophysical 
temperatures where calculated using the TALYS 1.6 code and combined with reaction 
network calculations for the scenario of the shock front of a supernova passing through the O-
Ne layer of a 25 solar mass star. As expected maybe, our results only made the problem with 
explaining the p-isotope 92Mo worse. This result will be discussed further in the context of 
current efforts to understand how p-isotopes are formed in explosive stellar environments. 
Could it be that the p-isotopes are more likely to be formed in the rapid proton capture process 
in X-ray bursters or similar environments, despite this having been considered a very unlikely 
source of these isotopes on earth for good reason? Or could it be that the traditional division 
of production processes is a too simplistic division? 
  

[1] M. Arnould and S. Goriely, Physics Reports 384, 1 (2003) 
[2] T. Rauscher et al., Reports on Progress in Physics 76, 066201 (2013). 
[3] G. M. Tveten et al., Phys. Rev. C 94, 025804 (2016). 
[4] M. Guttormsen, T. Ramsøy, and J. Rekstad, NIM A 255, 518 (1987).  
[5] M. Guttormsen et al, NIM A 374, 371 (1996).  
[6] A. Schiller et al, NIM A 447, 498 (2000).  
[7] A. C. Larsen et al, Phys. Rev. C 83, 034315 (2011).	 
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 Aspects of Resurgence 
 

Jeriek Van den Abeele1,2  
 

1University of Oslo, Oslo, Norway 
2Vrije Universiteit Brussel 

 
Given that physical problems rarely have exact solutions, the importance of 

perturbation theory can hardly be overstated. Yet often, a closer look reveals that it is 
divergent and ill-defined! Non-perturbative effects, ubiquitous in nature and quantum 
theories, have to be accounted for explicitly in attempts to make sense of perturbation 
theory. The perspective of the resurgence framework leads to new ways of understanding 
perturbative expansions and reveals surprising connections to non-perturbative physics. 
In this talk, I will illustrate how resurgence manifests itself in the quantum mechanical 
context of a cosine potential, emphasising the importance of quantum tunnelling for its 
energy spectrum and highlighting how non-perturbative contributions are intricately 
encoded in perturbation theory.   
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Design and Characterization of the SAMPA ASIC 
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Department of Physics and Technology, University of Bergen 

 

During the Long Shutdown 2 of CERN’s LHC, foreseen to start in 2019, the ALICE 

experiment will upgrade its TPC detector to cope with a Pb-Pb collision-rate of 50 kHz in the 

next running phase [1]. In the upgraded TPC, Gas Electron Multiplier technology and 

continuous readout will replace the existing Multi-Wire Proportional chambers and triggered 

readout system. The Gas Electron Multiplier signals will be processed using a new custom 

designed mixed-signal front-end chip named SAMPA [2]. The upgraded readout system will 

utilize 3400 Front-End Cards, each containing 5 SAMPA ASICs, giving a total of around 

500,000 channels. The SAMPA chip is a 32 readout channel device containing charge-

sensitive preamplifiers, pulse shapers, 10bit 10MHZ ADCs and one DSP. The readout is done 

through 11 independent serial links which support a combined data throughput of up to 

3.2Gbps. 

The second version of the device that is representative of the final device was delivered in 

2016. 

An overview of the design of the SAMPA as well as the characterization done to confirm that 

the devices conform to the specifications will be presented. 

 

 [1] Technical Design Report for Upgrade of ALICE TPC, CERN-LHCC-2013-020, 

(2014). 

 [2] Arild Velure, IEEE Trans. of Nucl. Sci., Vol.62, No3, 2015. 
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Simulations Of Busy Probabilities In The ALPIDE Chip
And The Upgraded ALICE ITS Detector

S. Nesbø1,2, J. Alme2, D. Röhrich2, H. Helstrup1, P. Giubilato3, G. Aglieri Rinella5, R.
Shahoyan5, S. Hristozkov5, K. Ullaland2, and J. Schambach4, for the ALICE Collaboration

1 Western Norway University Of Applied Sciences, P.O.Box 7030, NO-5020 Bergen, Norway
2 University of Bergen, P.O.Box 7800, NO-5020 Bergen, Norway

3 Universita e INFN, Via Marzolo 8, 35131 Padova, Italy
4 The University of Texas at Austin, Physics Department, Austin, Texas, United States

5 European Organization for Nuclear Research (CERN), Geneva, Switzerland

Abstract
For the LS2 upgrade of the ITS detector in the ALICE experiment at the LHC, a novel pixel
detector chip, the ALPIDE chip, has been developed. In the event of busy ALPIDE chips in the
ITS detector, the readout electronics may need to take appropriate action to minimize loss of
data. A lightweight, statistical simulation model for the ALPIDE/ITS has been designed using
the SystemC framework.

With the simulations we have been able to  quantify the probability of busy situations under
various conditions, which is crucial knowledge for the further design and development of the
readout electronics.
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Radiation environment and radiological protection considerations in pencil 

beam scanning proton therapy and proton CT  
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1 Faculty of Engineering and Business Administration, Western Norway University of Applied 

Sciences, Bergen, Norway 
2 Department of Oncology and Medical Physics, Haukeland University Hospital, Bergen, Norway 

3 Department of Physics and Technology, University of Bergen, Bergen, Norway 

 

In proton therapy and diagnostic imaging with protons, a hospital treatment room must fulfil 

and abide to strict radiation protection regulations set in place to ensure the safety and health 

of hospital personnel and the public. Secondary particles, mainly neutrons and photons are 

produced when energetic particles interact with matter. These secondary particles, depending 

on their energy, can carry and deposit energy a significant distance away from the initial 

production site and potentially cause unintended damage to living tissue and materials. In a 

pencil beam scanning therapy setting, the main source of secondary particles is contained to 

the patient and the surrounding shielding. The same applies in a proton CT (pCT) setting. 

However, the introduction of a proton detector into the beam line, in combination with the 

higher proton energy needed for pCT may necessitate additional shielding of the treatment 

room.  

 

In this work, a basic treatment room modelled after a pencil beam scanning facility was 

implemented in the Monte Carlo (MC) simulation package FLUKA [1] (Figure.1), and used to 

simulate a typical proton therapy treatment fraction in addition to a pCT session. The 

secondary neutron, photon and proton fluence inside and outside the treatment room were 

scored and studied. Two water phantoms mimicking hospital workers were placed directly 

behind the primary radiation barrier and behind the treatment room wall perpendicular to the 

beam line. The effective dose to these phantoms were estimated and evaluated with respect to 

dose limits established by international standards [2]. 

 

 

Figure 1: 2D top-down view of the implemented pencil beam scanning facility consisting of two 
worker phantoms, treatment room walls, patient phantom, pCT detector and beam (red line).  
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The results show that the radiation environment in the treatment room differs considerably 

between a treatment fraction and a pCT session. A pCT session requires special consideration 

due to the higher proton energy involved leading to increased transmission properties of 

secondary neutrons and photons. It is also shown that the treatment room and its design 

considered in this work was sufficient in limiting the annual effective dose to hospital 

personnel and the public to well below the recommended dose limits of 20 mSv and 1 mSv, 

respectively [2].  

 

[1] A. Ferrari, P.R. Sala, A.Fasso, J. Ranft. Fluka: a multi-particle transport code 

(Program version 2011). CERN-Libr 2005. 

[2] ICRP. ICRP Publication 103: 2007 Recommendations of the International Commission 

on Radiological Protection. Elsevier Health Sciences, 2007. 
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What can we gain from modern programming techniques? 
 

Matthias Richter1 
 

1University of Oslo  
 

Modern physics is tightly coupled to computing. In this field, experimental 
particle physics has traditionally been at the forefront of scientific computing. 
Detectors and experiments have nowadays millions of sensors often read out at a 
high sampling rate. The resulting data rates of more than one Terrabyte/s impose a 
challenge to both computing infrastructure and software. 
 
The software being used for data handling, reconstruction, and physics analysis 
needs to be highly optimized to meet these demands. Modern programming 
techniques facilitate software optimization at the same time as keeping key 
concepts like polymorphism. 
 
In this talk, compiler optimization and alternative programming techniques will be 
introduced and the potential will be illustrated using simple examples. It will be 
completed by a couple of illustrative performance measurements. 

 
  

 
 

 



Fysikermøtet 2017 Tromsø 

 The new Cosmic Ray Detector at University of Bergen 
 

Magne Eik Lauritzen   
 

Department of Physics and Technology, University of Bergen. 
 

The Cosmic Ray Telescope (CRT) is a 4m2 scintillator detector segmented into 16 slabs 
with dimensions 25x100 cm2. The detector is located at the Department of Physics, 
University of Bergen, and is intended primarily for educational purposes. As part this 
project, the original photomultiplier tubes were replaced with silicon photomultipliers 
(SiPMs). A new readout system has been developed from the bottom up, enabling low 
pulse timing uncertainty (0.6ns) for SiPMs mounted on large plastic scintillators. The 
readout system runs custom software on an Arduino microcontroller. Any number of 
these systems can be linked together and controlled from a computer. The design of this 
readout system is presented in detail, and its implementation on the CRT is described. 

In addition to the development of the readout system, an application was developed for 
the purposes of controlling the detector and performing on-line analysis of the pulses it 
generates in order to locate coincidences between different scintillator slabs. Compared to 
traditional analogue coincidence schemes this offers greater flexibility and cost-reduction. 
The algorithm and capabilities of the control software are presented. 
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Using fluorescence as a tool to investigate the secrets of photosynthesis

Arne Kristoffersen1 · Børge Hamre1 · Øyvind Frette1 · Svein Rune Erga2

1 Department of Physics and Technology, University of Bergen
2 Department of Biology, University of Bergen

Abstract
Photosynthesis is one of the most important processes in the world, and marine plants are responsible
for producing somewhere between 50-85% of the atmospheric oxygen. The fluorescence of chlorophyll
has for long been known as a useful tool for probing photosynthetic organisms, however, still there
is much we do not know about this life-essential mechanism. We have tried to uncover some of
the secrets using the fluorescence lifetime. This is a particularly useful parameter in investigating
biological materials on the molecular level, as it is mostly independent of fluorophore concentration.
A special field of interest has been how microalgae, and their photosynthetic apparati, responds to
external stress. The green algae Tetraselmis blooms in summer, and therefore its response to UV
radiation is of interest. In vivo fluorescence lifetimes of chlorophyll a were measured under both
normal and UV-stressed conditions of Tetraselmis. The green algae H. pluvialis has a remarkable
response to nutrient-stress, growing up to ten times in size and changing its color from green to
red. Fluorescence was induced by two-photon excitation using a femtosecond laser and a laser
scanning microscope. The lifetimes were measured in the time-domain by time-correlated single-
photon counting. Under normal conditions, the fluorescence lifetime was around 250 ps, while after
exposure to UV-light the lifetime increased to around 400 ps, indicating increased non-photochemical
quenching caused by shutting down the photosynthetic apparatus. The same sample was then dark-
adapted overnight, resulting in a return of the lifetime to 250 ps, revealing that the photo-protective
mechanism triggered by UV-stress is reversible on a relatively short time scale. Further analysis
measuring the variable fluorescence was also performed to achieve a better understanding of the
quenching processes involved.

Figure 1: Left: The laboratory showing the microscope and an experimenter. Right: Images of algae
cells color-coded by fluorescence lifetime.
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 Second harmonic generation microscopy 
 

Magnus Lilledahl   
 

Department of physics, NTNU 
 

Second harmonic generation (SHG) is a nonlinear optical interaction where two incoming 
photons are scattered at half the wavelength of the incoming light. SHG can only be generated in 
noncentrosymmetric systems and this is thus only sensitive to molecules which lack inversion 
symmetry. Furthermore, the molecules must also be ordered to preserve the inversion symmetry on 
the length scale of the focal volume when used in microscopy. There are several such molecules in 
biology, examples are collagen, myosin, cholesterol and urate crystals, and others.  

 
As SHG is a nonlinear process, it has the same advantages of conventional multiphoton 

microscopy of three dimensional imaging and longer penetration depths. Since no staining is 
required it is also less prone to preparation artifacts. As the signal is generated by the molecule itself 
and not an attached chromophore it is possible to acquire more information, for example via 
polarization resolved imaging or the scattering pattern of the signal.  

 
We will present examples of how SHG can easily provide useful information in several different 

biologically systems and pathological applications. Information which provides information which 
is difficult to achieve through other techniques. 
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Bioseparation using GIAMAG Magnet Systems 
 

Arne Skjeltorp2,1, Paul Dommersnes2,3; Henrik Hoyer2, 
P1P Institute for Energy Technology, Kjeller, Norway. 

 P2P Giamag Technologies, Kjeller, Norway 
3 NTNU, Trondheim, Norway 

 
Magnetic bioseparation is an important area of biotechnology. Various techniques are becoming 
increasingly important with a wide range of possible applications in bioscience research. 
Magnetic micro- or nanospheres can be functionalized with appropriate ligands, such as 
antibodies or proteins, with a high affinity to the target which can be cells, bacteria or 
DNA/RNA. 
In order to realize magnets with efficient separation capabilities, it is important to have a strong 
force F acting on the magnetic bodies, given by the following equation: 
 
F = V Δχ B gradB/μ0 . 
 
Here, V is the volume, Δχ is the difference in the susceptibility of the magnetic particles and the 
surroundings, B gradB is the product of the magnetic field and field gradient and μ0 is the 
vacuum permeability. 
Many permanent magnets on the market have very large magnetic fields, but weak field 
gradients. GIAMAG magnets have unique and patented designs that produces both very large 
magnetic fields and high field gradients, resulting in the most forceful magnetic separation 
available on the market [1,2,3,4]. 
 
Acknowledgments. 
The project has been funded in part by the Research Council of Norway and the Institute for 
Energy Technology. 
 
References. 

[1] www.giamag.com 

[2] E. I. Il'yashenko, V. A. Glebov, A. V. Glebov, A. T. Skjeltorp and T. H. Johansen,  
Permanent magnet systems with strong stray magnetic fields and very high gradients for 
material separation, Physica status solidi (a), Volume 203, Issue 7, pages 1556–1560, 2006. 

[3] Patent: E. I. Il'yashenko, V. A. Glebov, A. V. Glebov, A. T. Skjeltorp and T. H. Johansen, 
Method for forming a high-gradient magnetic field and a substance separation device based 
thereon 
http://www.google.com/patents/CA2595721A1?hl=no&cl=en 

[4] A.T. Skjeltorp, P. Dommersnes and H. Høyer, New Forceful Magnetic Bioseparation 
using GIAMAG Magnet Systems, DOI: https://doi.org/10.1557/adv.2017.113. 
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Vertebral column irradiation impacts hematologic toxicity during radiotherapy 
of lung cancer patients 

 
Azadeh Abravan1,2, Hanne Eide2, Ingerid Skjei Knudtsen1,2, Åslaug Helland2, Eirik Malinen1,2 

1University of Oslo, Oslo, Norway 
2Oslo University Hospital, Oslo, Norway 

 
Introduction:  
Patients with lung cancer given external radiotherapy (RT) may experience hematologic 
toxicity (HT) during or post therapy as around 35% of functional bone marrow is found 
in the thorax. Identifying associations between HT and dose-related parameters from 
vertebral column (VC) can help mitigating the risk of bone marrow suppression. 
Moreover, previous studies have indicated that positron emission tomography (PET) 
with 18F-FDG can be used to categorize hematologically active (BMact) and inactive 
(BMinact) bone marrow. This work investigated the relation between HT and RT 
exposure and the value of including 18F-FDG-PET in identifying HT. 
 
Materials and methods:   
44 patients with advanced stage non-small cell lung cancer, participating in a phase II 
trial were included. Complete blood counts (CBC) were collected prior to, one week 
into, two weeks into, and six weeks after fractionated radiotherapy (3Gy x 10). For each 
patient, total body of VC was delineated in planning CT images. 22 of these patients 
were examined by 18F-FDG-PET before initiation of treatment. The RT dose matrix 
was further co-registered with the PET image series. Various parameters such as V5 
(percentage of VC volume exceeding 5 Gy RT dose), V10, V15, and mean vertebral 
dose (MVD) to the VC were assessed. For a subgroup of patients with pre-therapy PET 
data, the FDG-uptake within the VC, represented by standardized uptake values (SUVs) 
were extracted. For each patient, regions within the VC with SUV greater or smaller 
than the individual mean SUV were defined as bone marrow active and inactive, 
respectively. HT scored based on the Common Terminology Criteria for Adverse 
Events, version 4.0 (CTCAE v4.0). Endpoints were nadir of lymphocyte, leukocyte, and 
neutrophil and risk of grade 2 ≥ HT during and post treatment. Simple linear and logistic 
regression models were employed to investigate the associations among HT nadirs and 
risk of HT with dose-related parameters. 
 
Results: 
High V5, V10, V15, and MVD were significantly associated with higher risk of grade 2 
≥ lymphopenia (low lymphocyte levels; P< 0.05). These parameters were also 
negatively related to lymphocyte nadir during and post treatment (P< 0.05). No 
association was found between lymphocyte count prior to treatment and RT dose 
parameters. For the analysis of patients having PET prior to RT, positive associations 
were found between some types of blood cells and radiation dose to BMact.   
 
Conclusions: 
Greater RT dose to the bone marrow is associated with both higher risk of grade 2 ≥ 
lymphopenia and decrease in lymphocyte nadir during and after RT. The use of 18F-
FDG-PET identifies new associations between blood cell levels and RT dose to the 
active bone marrow. Dose-related parameters may be valuable on preventing HT in lung 
cancer patients undergoing fractionated radiotherapy. 
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Solid state radiation dosimetry using the amino acid alanine: 

in quest of the third alanine radical using multivariate analysis.  
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Solid state radiation dosimetry with Electron Paramagnetic Resonance (EPR) as the read-out 

method is based on measuring the number of free radicals stabilized in a chosen material at 

room temperature following exposure to ionizing radiation. Since the early investigations by 

Bradshaw and coworkers in 1962 [1,2] the simple amino acid alanine has for several reasons 

been used for this purpose. For 30 years it was believed that only one type of radicals were 

stabilized at room temperature in alanine. This radical was often denoted the SAR (stable 

alanine radical), or radical R1. In 1997, however, it was clearly shown that at least one, most 

probably two additional radical types are present in relative amounts of about 0.60:0.35:0.05 

[3]. R1 dominated the EPR spectra, but closer analysis revealed features due to the sub-

dominant species R2 and the possible minority species R3. Understanding the chemical and 

geometrical structures of the radicals and how they are formed from the initial ionization 

events is, apparently, a never-ending story. Presently, the structures of R1 and R2 are known 

with high confidence. On the other hand, the R3 radical has an ill-defined spectral signature. 

Recently, multivariate analysis techniques have shown considerable progress. Some of these 

methods can be used to extract pure component spectra from spectra of mixtures consisting of 

several different components, without requiring any prior knowledge of the component 

spectra or the sample composition. Therefore, temperature dependent EPR spectra of x-ray 

irradiated alanine using a suite of multivariate methods have been analyzed in further attempts 

to refine the spectral signature of the R3 radical. Two of these methods yielded consistent 

results for all three radical components in alanine.  
[1] W.W.Bradshaw, D.G. Cadena, G.W. Crawford, H.A.W. Spetzler, Radiat. Res. 17 (1962).11 

[2] E. Malinen; In: A. Lund, M. Shiotani, editors: Application of EPR in Radiation Research, 

Heidelberg: Springer International, Inc; Ch. 14 (2014) 509. 

[3] E. Sagstuen, E.O. Hole, S.R. Haugedal, W.H. Nelson, J. Phys. Chem. A 101 (1997) 9763. 

 

 

 



Patient-specific tumor control probability modelling based on 

tumor lesion glycolysis of anal cancer 
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Introduction: Anal cancers (AC) are typically hypermetabolic, showing high uptake of 18F-

fluorodexoyglucose (FDG) in positron emission tomography (PET). Both the intensity of the tumor uptake 

and the metabolic tumor volume play a prognostic role for patients with AC. The purpose of this work was 

to develop a patient-specific tumor control probability model based on FDG-uptake and radiotherapy (RT) 

dosage, to assess the prognostic role of the model and to use to the model to estimate the gain in local 

control from local dose escalation (DE).   

Materials and methods: Eighty-eight patients with anal cancer receiving conventional fractionated RT 

were prospectively included. Patients were regularly followed up at 3-6 months intervals after therapy. 

Median follow-up was 20 months, and only local recurrences were scored as events. FDG-PET was done 

prior to therapy. Employing the linear-quadratic cell kill formalism, a TCP model was developed based on 

1) previously published intrinsic radiosensitivity and fractionation sensitivity for AC and 2) the assumption 

that the PET-based tumor lesion glycolysis (TLG) reflected the total number of clonogenic tumor cells 

within the gross tumor volume (GTV). Furthermore, a scaling factor was introduced in order for the model 

to provide a population-based control level (80%) expected from recent literature on anal cancer. The 

model was thus developed without use of outcome data for the given cohort. The impact of DE from 58 

Gy (conventional dose) to 65 Gy was assessed by the TCP model. 

Results: Fourteen patients (16 %) had local recurrence. Median and range of TLG was 60 (0, 2020). The 

median and range of the patient-specific TCP was 0.73 (0.08, 1.00). Dividing patients into two groups with 

low and high TCPs, the local control level was 56 % and 91 %, respectively. This difference in recurrence-

free survival was highly significant (P=0.001; Cox proportional hazard regression). On the other hand, a 

comparable TCP model based on the GTV did not show any association with recurrence rates. The median 

increase in TCP from DE was 0.52 and 0.23 for the group with low and high TCPs from conventional RT, 

respectively. 

Conclusions: The patient-specific TCP model incorporating TLG was prognostic for local recurrence, and 

was superior to a comparable model incorporating GTV only. The model estimated a clear benefit of DE 

for patients with high-pretreatment TLG and thus low TCP from conventional RT dosage.  
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An incomplete overview 
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An incomplete overview of present, future and perhaps some past education and research 

activities in the section for Biophysics and Medical Physics (BMP) at the University of Oslo 

(UiO) will be presented.  Biophysics and Medical Physics is a popular and dedicated option at 

the master program in physics at UiO, and the BMP section is strongly involved in this 

education of (among other) future medical physicists. In tight collaboration with scientists at 

the Oslo University Hospital we provide a wide menu of research projects and relevant 

master- and phd courses. Radiation physics, radiobiology, medical physics and medical 

imaging are, has been, and will be core research topics in the BMF-section. Next year two of 

the sections four (full time) professors will retire; hopefully a new person will be hired by the 

end of the present year. Also, next year all master programs at the MN Faculty (UiO) will 

have been restructured, including the master program in physics and a special option for 

Biological and Medical Physics.  New challenges and new possibilities for our Life Science 

research and education activities will be addressed. 
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På Pionerers skuldre-fra Haldde til EISCAT_3D. 
 

Professor emeritus Asgeir Brekke 
Institutt for fysikk og teknologi UiT Norges Arktiske Universitet 

 
Det var Kristian Birkeland som skaffet pengene med støtte av Henrik Mohn og 
fikk bygget de to observatorietårnene på fjellet i Bossekop hvor  han tilbragte 
vinteren 1899-1900 sammen med sine assistenter for å studere nordlys, men det 
var Carl Størmer, som etter et besøk i Bossekop i februar 1910, tok til orde for å 
bygge et permanent observatorium på Halddetoppen. Etter at Birkeland i mai 
samme år hadde vært på Haldde for å observere Halleys komet, søkte han staten 
om penger og bidro med egne midler til et permanent observatorium for nordlys 
og meteorologiske studier. I 1912 stod det nye observatoriet ferdig hvor Ole 
Andreas Krogness kunne flytte inn som bestyrer med sin familie. Sammen med 
Olav Devik tok han til orde for å flytte virksomheten ned til Tromsø og fra 1918 
ble Det Geofysiske Institutt i Tromsø (Geofysen) deres nye arbeidssted. For Lars 
Vegard var forholdene for nordlysforskningen på Geofysen for små og han 
skaffet midler til Nordlysobservatoriet som stod ferdig i 1929. Leif Harang og 
Willy Stoffregen utvidet forståelsen av den polare ionosfæren. Einar Tønsberg 
ledet an i studiene av ozoninnholdet i atmosfæren. Anders Omholt bidro sterkt 
til at Nordlysobservatoriet ble en del av UiT og Olav Holt åpnet opp for  EISCAT i 
Tromsø – og så kommer EISCAT_3D.   



Fysikermøtet 2017 Tromsø

First observations of incoherent scattering of electromagnetic waves from
thermal plasma 

J. Vierinen  P

1
P, UB. GustavssonUP

1
P, E. KudekiP

2
P, D. L. Hysell3

P

1 Department of Physics and Technology, UiT Norwegian Arctic University 
2 University of Illinois, Urbana-Champaign, IL, USA

3 Cornell University, Ithaca, NY, USA

Incoherent  scatter  radar observations  of ionospheric plasmas rely on echoes from electron
density fluctuations with properties governed by the dispersion relations for ion acoustic and
Langmuir  waves.  Radar  observations  of  echoes  associated  with  Langmuir  waves  (plasma
lines) from thermal plasma are weak, and so far have not been observed. Plasma line echoes
are typically only observed with existing radars only when the Langmuir waves are enhanced
by suprathermal electrons. A new observation technique has been developed which is sensitive
enough to allow observations of these echoes without the presence of suprathermal electrons
up to at least 1000 km. This paper presents recent observations from the Arecibo Observatory
430 MHz incoherent scatter radar which show plasma line echoes during the night when no
significant  suprathermal  enhancement  is  expected  to  be  present.  The  observations  are
compared with theory, and the results are found to be in agreement with classical incoherent
scatter theory for thermal plasmas. The theoretical ratio of the ion line and plasma line power
spectral density is within approximately 3 dB of the predicted value. The finding also adds a
new observational capability, allowing electron density to also be observed at night using the
plasma line well into the top side of the ionosphere, increasing the accuracy of the electron
density measurement.

[1]  Vierinen,  J.,  B.  Gustavsson,  D.  L. Hysell,  M. P.  Sulzer,  P.  Perillat,  and E.  Kudeki
(2017), Radar observations of thermal plasma oscillations in the ionosphere, Geophys. Res.
Lett., 44, doi:10.1002/2017GL073141.
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 Lysrefleksjon fra snø og is i Arktis 
 

Hanne Henningsen 1, Øyvind Frette 1, Børge Hamre 1 
 

P
1
PUniversitetet i Bergen 

 
Abstract: Kunnskaper om lysrefleksjon fra snø og is er viktig både for å kunne 
utvikle gode metoder for optisk satellittfjernmåling i polare strøk, og for å forstå 
oppvarmingen vi har sett i Arktisk de siste tiårene, der temperaturen har vist seg å 
stige omtrent dobbelt så fort som det globale gjennomsnittet. Redusert refleksjon 
fra snødekt sjøis som har høy albedo for synlige bølgelengder utgjør en 
nøkkelfaktor for denne oppvarmingen, siden det er i denne delen av det 
elektromagnetiske spekteret solen avgir mest energi. 
 
I denne mastergradsoppgaven studerer vi hvordan snø og sjøis reflekterer lys med 
ulike bølgelengder i ulike retninger, og hvordan albedo og vinkelfordelingen av 
lyset blir påvirket av fysiske egenskaper som snøens tykkelse, tettet og 
kornstørrelse, og isens tykkelse, saltholdighet og temperatur, samt solens posisjon 
på himmelen og skydekke. Det blir brukt en kombinasjon av målinger fra the 
Norwegian young sea ice cruise, hvor data ble samlet inn fra et forskningsfartøy 
som var innefrosset i isen i store deler av 2015, og fra Norsk Polarinstitutts årlige 
glasiologi-undersøkelse i april 2016, samt numeriske analyser med en 
strålingstransportmodell (AccuRT). Vi har også sammenlignet våre resultater med 
eksisterende forskning på reflektansfordeling. 
 
Foreløpige resultat viser store variasjoner både i albedo og vinkelfordelinger 
reflektert lys, spesielt når snøen og isen blir tynnere, samt at solens zenitvinkel 
står sentralt. 

 
  

 



Remote sensing of volcanic SO2 emissions using UV camera
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2 Dept. of Physics, University of Oslo (UiO), Oslo, Norway

3 Department of Technology Systems, University of Oslo, Kjeller, Norway

Atmospheric UV remote sensing techniques are commonly used for monitoring of gas emissions from
active volcanoes. Such techniques typically make use of the law of absorption either using artificial light
sources (active) or solar radiation (passive). They can be subdivided into spectroscopic techniques
(e.g. Differential optical absorption spectroscopy, or, DOAS) or imaging techniques, for instance UV
SO2 cameras. The latter have become a popular tool for remote imaging of volcanic SO2 emissions.
UV SO2 cameras measure optical densities of the emission plume, typically in two bands at ultraviolet
(UV) wavelengths using interference filters of about 10 nm FWHM. One filter transmits around 315
nm (distinct SO2 absorption) and a second filter around 330 nm (weak SO2 absorption). The latter is
used for a first order correction of broadband contributions to the total plume optical density arising
from aerosole scattering in the plume. The technique allows for measuring SO2 emission rates of the
source in high spatial and temporal resolution (around 1 Hz). Required image processing includes the
retrieval of plume background intensities (to calculate plume optical densities, ODs), the conversion
of the ODs into path integrated SO2 column densities (camera calibration) as well as the retrieval of
gas velocities within the plume. Further, geometrical calculations are required for estimating camera
/ plume distances and potentially also corrections for radiative transfer effects which can induce
significant retireval errors. The SO2 emission rates are then typically retrieved along a projected
plume cross section, for instance a straight line perpendicular to the propagation direction of the
plume within the images. We will introduce the technique with a focus on the individual analysis
steps using exemplary data acquired at Mt. Etna, Italy, in September 2015 and at Guallatiri volcano,
Chile, November 2014.

http://nilu.no/
http://uio.no/
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A Grand Challenge Initiative Cusp (GCI-cusp) is large-scale international collaboration 

between Norway, Japan and US for targeting advancement in cusp physics. The GCI concept 

was initiated and is led by the Andøya Space Center (ASC) and the University of Oslo, in 

close collaboration with JAXA and NASA. The “GCI-Cusp” main objective is to determine 

the multi-scale physics of solar wind heating and the response to it in the Cusp ionosphere 

above Svalbard.  The GCI Cusp program will achieve this advance in understanding of cusp 

region space physics and associated space weather phenomena through coordinated 

experimental and theoretical research using ground based instruments, modeling, sounding 

rocket investigations, and satellite based instruments.  International student participation 

through space plasma model development and a dedicated student rocket is an essential aspect 

of the GCI concept.   Use of public outreach, particularly via the tool of social media, is also a 

vital component of the GCI-Cusp program.  

The core GCI-Cusp observational activities will be conducted in the high northern latitude 

region surrounding the Svalbard archipelago in late 2018 and early 2019.  The team 

coordinating initial GCI-Cusp activities will attempt to accelerate development of the CGI-

Cusp community activities by the planned launch of the JAXA SS-520-3 rocket in December 

2017.  The GCI-Cusp sounding rocket missions will be launched from the ASC and Svalrak 

launch sites and coordinated to study the targeted Cusp and related phenomena. Further 

participation in this exciting new “Challenge” is encouraged and anticipated. Opportunities 

for Norwegian students and scientists will be highlighted in this presentation. 

.  
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The interaction between the Earth´s magnetic field and interplanetary magnetic field (IMF), 

originating from the Sun, is the driving force behind the aurora. Due to the phenomena of 

polar night, the optical signatures of dayside aurora can be investigated over Svalbard.  In 

order to ease the examination of All-sky camera (ASC) images, an algorithm is used to 

quantify the observed auroral forms in terms of an “arciness” index (A, ranging from 0 to 1) 

[1] describing how arc like the shape of the green emission lines (557,7 nm) in the image are. 

This algorithm was applied to ASC images from Longyearbyen and Ny-Ålesund between 

2000 and 2012, in combination with solar wind parameters (IMF Bz and By components and 

solar wind velocity) in order to obtain a general temporal distribution of dayside auroral 

structures. The temporal distribution as well as the arciness index permits the identification of 

the type of dayside aurora and their originating precipitation region. The analysis has been 

done for both polarities of IMF Bz, taking into account the contribution from the IMF By 

component. Auroral types 1-5 [2] were identified by their corresponding arciness: arcs (A=1) 

or complex structures (A<0,9), their location throughout the day and also their latitudinal 

location. The effects of the solar wind velocity on the arciness has also been discussed, 

revealing a recurring temporal distribution of both arcs (A=1) and complex auroral structures 

(A<0,9) in the mid-morning sector (09.00-11 MLT) for weak solar wind velocities (v<400 

km/s). 

 

 [1] N. Partamies, D. Whiter, M. Syrjäsuo, K. Kauristie. Solar cycle and diurnal dependence 

of auroral structures (2014). Journal of Geophysical Research. 

 [2] P.E. Sandholt, H. Carlson, A. Egeland. Dayside and Polar Cap Aurora (2002). Kluwer 

Academic Publishers. 
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Polar cap patches and the density gradients associated with them are known to cause disturbances 

to satellite signals in the Polar Regions.  For ground-based Global Navigation Satellite Systems (GNSS) 

receivers, the scintillations can cause loss of accuracy and complete loss of lock, i.e. rendering the 

positioning service unavailable. It is desirable to detect the plasma patches to study their climatology, 

and ultimately to create a model for a space weather forecast.  The European Space Agency's three 

Swarm satellites use Global Positioning Service (GPS) for positioning. In the polar cap, the noise from 

polar cap patches results in positioning errors in the order of centimetres. In this study, we use data 

from the Swarm GPS receiver and compare it to in situ density gradient data from the Langmuir 

probes.  We find that when GPS satellites are in front (azimuth φ=0±20°) of the Swarm, there is a 

direct proportionality between the density gradient dn/ds and the GPS observable dTEC/dt. The 

same is true for GPS satellites positioned behind the Swarm satellite (azimuth φ=180±20°). For GPS 

satellites to the sides (φ=±90°) there is only a weak proportionality. Our results suggest that dTEC/dt 

measurements from any satellite can be used to extrapolate the distribution of the plasma density 

gradient in the volume section to the front and back of the satellite, so that plasma density gradients 

can be detected from GPS receiver data alone. The method is validated using the Langmuir probe on 

board Swarm. 
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Solid state refrigeration based on the magnetocaloric effect (MCE) is an efficient and 

environmental friendly cooling technology. It holds great promise as a future replacement of 

the traditional, less efficient vapour compression technology [1]. A significant MCE has been 

reported in materials undergoing a coupled magnetic and structural (magnetostructural) 

transition (MST) [2].  

 

The aim of this master thesis is to establish a MST in the magnetic equiatomic MnNiGe alloy 

by Fe-substitution, and investigate the intermetallic compound’s potential as a magnetic 

refrigerant. A total of eleven Mn1−xFexNiGe and MnNi1−xFexGe samples were synthesized 

and characterized. Atomic crystal structures were determined using X-ray and neutron 

diffraction. Magnetic and structural transitions temperatures were investigated using 

differential scanning calorimetry. Magnetic ordering temperatures were further determined 

using a physical property measurement system. An analysis of compound’s morphology and 

elemental composition was performed using a scanning electron microscope. 

 

 

The MnNiGe compound establishes a MST as sufficient Fe is substituted on the Mn or Ni site 

of the compound.  The sufficiently Fe-substituted compounds exists in a high temperature 

paramagnetic, hexagonal (austenite) state and low temperature ferromagnetic, orthorhombic 

(martensitic) state. The MST is tuneable towards room temperature with varied Fe 

substitution. The Mn0.85Fe0.15NiGe shows a maximum entropy change (∆𝑆𝑚) of 6.5 
J

Kg∗K
 

during a MST triggered by a 2 T magnetic field. For comparison, single crystal Gd which is 

considered a good (but expensive) magnetic refrigerant has a reported ∆𝑆𝑚 of 6.2 
J

Kg∗K
 upon 

application of a 2 T magnetic field [3].  

 

 

References 

 

[1]  K.A. Gschneidner Jr, V.K Pecharsky    25 January 2008 Thirty years of near room 

temperature magnetic cooling: Where we are today and future prospects International 

Journal of Refrigeration Volume 31 
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Magnetofunctional behavior of Fe-doped MnNiGe magnetic equiatomic compound
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[3] J. Lyubina   5 January 2017  Magnetocaloric materials for energy 
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The first author’s master thesis was written for Nexans’ Technical Analysis Center located in 
Halden, Norway. The aim for the thesis was to develop a mathematical model that describes 
the electromagnetic behaviour of Nexans’ power umbilical cables. The model was also to be 
implemented in an accompanying computer program. The motivation for this is to accurately 
predict longitudinal effects, as well as the effect injection of harmonic content may have on 
power umbilicals. 

The underlying model is based on the telegrapher’s equations, which is a set of 
coupled partial differential equations. The analytical solution is implemented in Python, along 
with a classical formulation of impedance- and admittance matrices of pipe-type cables [1]. 
As of now, a user can specify and model power umbilicals consisting of arbitrary single-core 
power cables and steel duplex tubes, with arbitrary terminations at both cable ends. 

The computer program is validated through analytical exercises and comparisons with 
simulations from the recognized electromagnetic finite element software Flux2D, where a 2D-
analysis is combined with a pi-equivalent circuit to model a power umbilical. Both methods of 
verification coincide well with the program package. Deviations from Flux2D are observed 
for frequencies > ~2.5 kHz, but this is thought to be due to weaknesses in the pi-equivalent 
related to capturing longitudinal effects. 
 
[1] A. Ametani, (1980), “A General Formulation of Impedance and Admittance of Cables”, 
In: IEEE Transactions on Power Apparatus and Systems, PAS-99.3, pp. 902–910, ISSN: 
0018-9510, DOI:10.1109/TPAS.1980.31971
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Hybrid photovoltaic-thermal (PV/T) systems for zero emission 
buildingselocity profile in confined granular flows 
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Photovoltaic-thermal (PV/T) modules are a combination of photovoltaic modules 
and solar thermal collectors, and thereby generate electricity and heat 
simultaneously in the same module. Suggested benefits of this technology are 
higher energy output per area, reduced material use and architectural uniformity. 
In the simulation study presented here, PV/T systems were compared to other 
solar energy systems with separate PV modules and solar thermal collectors on 
two Norwegian buildings. Both buildings were single-family residential buildings 
located in Central or Southern Norway, designed to meet the Norwegian passive 
house requirements.  Energy balance as well as life cycle greenhouse gas 
emissions were investigated. The results indicated that PV/T systems can be a 
good renewable energy solution for energy efficient buildings, but that their 
performance is highly dependent on how the systems are designed and what 
control strategies are used. Furthermore, the simulations showed that the systems 
with PV/T modules typically had higher primary output per unit area than the 
systems with separate PV modules and solar energy collectors, but that this also 
depended on how the different the solar energy systems were designed. However, 
due to a higher use of electricity to run e.g. circulation pumps, the energy balance 
of the whole building was not improved compared to systems with separate solar 
technologies. No benefit in terms of reduced greenhouse gas emissions was found 
when PV/T modules were used compared to the two separate solar technologies.
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Introduction:  
The validity of the linear quadratic (LQ) cell survival model for high doses has 
been questioned, and the universal cell survival curve (USC) has emerged as a 
possibly more suitable model. Here, brachytherapy plans for patients with locally 
advanced cervical cancer (LACC) were radiobiologically evaluated using models 
fitted to in vitro data which included the effect of hypoxia. The purpose was to 
elucidate differences between the models in estimated tumor effect. 
 
Materials and methods:   
NHIK3025 cervical cancer cells were grown in vitro and irradiated with doses 
from 1-26 Gy. Irradiation was done both under aerobic and hypoxic conditions. 
Cell surviving fraction (SF) was assessed by the colony formation assay. The LQ 
and USC models were fitted to the experimental SFs by regression. 3D 
brachytherapy dose distributions for twenty retrospective patients with LACC 
were converted into isoeffective SF maps using the two models with regression 
parameters from the NHIK3025 line. The isoeffective contour encompassing 90 % 
of the high-risk clinical target volume (HR-CTV) was estimated for selected 
hypoxic fractions with the two models. 
 
Results: 
Both the LQ and USC model gave satisfactory fits to the in vitro data, but the 
USC model tended to slightly overestimate the survival at high doses. For the 
brachytherapy plans, median and range of the isoeffective SF contour for fully 
oxygenated tumors was 0.7 (0.1, 2.1) % and 0.9 (0.3, 2.2) %   for LQ and USC, 
respectively. Increasing the hypoxic fraction increased the isoeffective levels, but 
the relative difference between LQ and USC was near constant and close to unity 
 
Conclusions: 
For the current cervical cancer cell line, the LQ model was superior to the USC. 
Still, based on the radiobiological evaluation of the brachytherapy plans, it is not 
expected that the small differences in model performance will result in clinically 
meaningful differences with respect to outcome prediction. 
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Introduction: Dose painting by numbers (DPBN) is a radiotherapy (RT) technique where tumor doses are 

prescribed voxel-by-voxel according to intensity values in 3D biological image series. The approach 

requires an extreme degree of dose modulation over the tumor, and it is thus important to verify whether 

prescribed doses can be safely delivered to a realistic geometry.  

Materials and methods: Full voxelwise DPBN was planned on a Varian TrueBeam linear accelerator for a 

patient with advanced lung cancer with [18F]FDG-PET/CT taken prior to RT. A linear RT dose prescription 

based on PET intensity was employed. The treatment plan was transferred to a CT scan of an 

anthropomorphic thorax phantom based on the patient in question. DPBN was then delivered to the 

phantom, holding 40 alanine dosimeters in well-defined positions, at the given accelerator. Delivered 

tumor doses were subsequently measured by EPR dosimetry. Quality factors (QFs) were used to evaluate 

the DPBN planning and delivery. 

Results: The minimum, median and maximum prescribed tumor dose was 2.72 Gy, 3.47 Gy, and 4.26 Gy, 

respectively, indicating a desired 45 % dose variation across the tumor. The mean (±1SD) prescribed, 

planned and delivered fraction dose was 3.46±0.47 Gy, 3.42±0.45 Gy, and 3.41±0.44 Gy, respectively 

(Figure 1). QFs were 0.021 and 0.030 when comparing plan/prescription and delivery/plan, respectively.  

Conclusions: DPBN can be delivered with rather high accuracy. The step from plan to delivery seems to be 

associated with the greatest dose degradation, although geometric and dosimetric uncertainties may 

partly contribute. 
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Synthetic aperture radar is used to identify and monitor oil spills. Separation from 
oil spill look-alikes is an important part of a fully automatic oil spill detection 
scheme. Here we investigate the polarimetric signatures for oil spills and newly 
formed sea ice (a well-known look-alike) in fully polarimetric Radarsat-2 satellite 
scenes. Using the fully polarimetric scenes we calculate four different parameters, 
co-polarization ratio, polarization difference, scattering entropy, and mean alpha 
angle. Three pairs of satellite scenes with comparable incidence angles are used. 
We observe that a combination of the co-polarization ratio and the polarization 
difference enables us to delineate the spills from their surrounding and also to 
discriminate the oil spills from the newly formed sea ice. The scattering entropy 
and the alpha values provide additional information about the scattering 
mechanisms of sea ice and oil spills. 

 
  
 

 



Measurements of ion beams and high-energy electrons  

in a helicon plasma device. 

 
 

N. GulbrandsenP

1
, UÅ. Fredriksen UP

1
P 

1
Department of Physics and Technology,  

UiT The Arctic University of Norway 

 

 

In the inductively coupled plasma of the Njord helicon device at the University of Tromsø, we 

have conducted measurements of ion beams using electrostatic probes, especially Retarding 

Field Energy Analyzer (RFEA), and Laser Induced Fluorescence (LIF) [1]. These ion beams 

are related to the current-free double layers (CFDL) that appears in strongly diverging magnet-

ic fields. By inverting the repeller grid in a retarding field energy analyzer (RFEA), the probe 

can be applied to measure the flux of the high-energy tail of electrons [2]. We have for para-

meters with an ion beam, measured a downstream population of hot electrons emerging from 

the source [3]. In a radial scan with the RFEA pointed towards the source, we find a signifi-

cant population of high-energy electrons at the edge of the ion beam. Also, throughout the 

main column a smaller contribution of high-energy electrons was observed. Previously, Taka-

hashi et al. [4] observed, in a similar experiment, high-energy electrons at a magnetic field 

line mapping to the edge of the source by measuring the electron energy distribution function 

(EEDF) with a RF compensated Langmuir probe. 

[1] Gulbrandsen N, Fredriksen Å, Carr J, Scime E. Physics of Plasmas 22 (2015) 033505. 

doi:10.1063/1.4913990.  

[2] Gahan D, Dolinaj B, Hopkins MB. Plasma Sources Science and Technology 17 (2008) 

035026. doi:10.1088/0963-0252/17/3/035026. 

[3] Gulbrandsen N and Fredriksen Å (2017) Front. Phys. 5:2. doi:10.3389/fphy.2017.00002 

[4] Takahashi K, Charles C, Boswell R, Cox W, Hatakeyama R. Applied Physics Letters 94 

(2009) 191503. doi:10.1063/1.3136721. 
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In tri-static observations with EISCAT VHF with the transmit/receive antenna near 
Tromsø and receive antennae near Kiruna and Sodankylae, we find similar patterns of 
Polar Mesospheric Summer Echoes (PMSE). Changing the elevation of the remote 
receiver antennas had no noticeable influence on the observed overall spatial structure 
of PMSE, and we assume this is because the resulting change in observation geometry is 
small compared to the size of the observed volume. The present system is therefore not 
suitable to study PMSE variation with scattering angle. The observations suggest that 
the PMSE contains sublayers that move in different directions horizontally and we 
estimate the direction of motion. Horizontal velocities are around few 10 m/s. Vertical 
velocities within PMSE (derived from Tromsø VHF data not shown) are around m/s, 
and variation in vertical velocity is larger outside of the PMSE. 
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The G-Chaser student rocket will be launched in the beginning of 2019 from Andøya Space 

Center. The payload will include an instrument from UiT to measure dust particles in the 
mesosphere. The design of the instrument is based on the UiT MUDD detector system. MUDD is a 
Faraday-cup detector that is combined with an entry system of grids and baffles. It measures the nm-
sized fragments that form when larger icy particles enter the detector and fragment. The 
temperatures in the mesosphere are higher during winter and in the absence of icy components the 
dust is smaller. 

To optimize the instrument for detecting the smallest dust particles we model the airflow through 
the instrument and the dust trajectories in the airflow.   
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Ionospheric parameters are known to vary strongly during different conditions such 
as season, time of day, solar and geomagnetic activity. Data from the EISCAT radar 
systems in both Northern Scandinavia and Svalbard now covers several decades, and 
it is therefore suitable for studying variations of parameters in the high latitude 
ionosphere. In this work, we present the characteristics of the electron density and 
ion temperature from the mainland system and the ESR during different conditions. 
The purpose of this study is to understand similarity/difference of the polar cap and 
auroral zone ionosphere. In particular, we focus on determining how solar and 
geomagnetic activities affect electron density depletion and enhancement regions 
during different seasons. In addition, we will show how well the IRI model is able to 
reproduce the observed characteristics of the electron density and ion temperature 
in the polar cap and the auroral zone ionosphere. 
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 Estimation of Neutral Densities in the Thermosphere. 
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Ionospheric energy balance can be studied with incoherent scatter radar measurements that allow 
the estimation of neutral density and temperature from a statistical inversion problem. This method 
has been successfully studied at low latitudes using data over several years to make a robust model. 
This has not been done within the high latitude auroral regions and there are many factors that can 
complicate energy balance studies in this area such as effects of joule heating on the plasma. To 
study the feasibility of this type of study at high latitudes, a comparison was made between a 
parameterisation by Nicolls et al. (2006), a parameterisation of the MSIS model atmosphere 
included in the MATLAB aerospace toolbox and the estimations directly from the MSIS model 
atmosphere. Measurements were taken with the EISCAT tristatic system in hopes to determine joule 
heating, however this failed due to outside interference and insufficient number of taken 
measurements causing the results to be inconclusive. An in-depth analysis of the parameterisations 
was still carried out to find errors and determine ways to improve the method and model for future. 
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Thick granular flows are an essential component of many natural and industrial 
phenomena. 
Experimentally, it has been well established that the grain velocity profile is linear 
from the free surface to a certain depth, further down it decreases exponentially in 
the so called "creep region". 
In this paper we are able to obtain an exponential velocity profile based on the 
force balance of a grain near a wall, where the Janssen effect and the non-locality 
of interactions between grains are considered. When experimental parameters such 
as the angle of the flow of diverse granular materials and their friction coeficients 
with a wall are introduced in our model, it is able to reproduce experimental creep 
velocity profiles previously reported in the literature. 
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 Basis Function Performance for local state generation in quantum systems 
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The time-independent Schrödinger equation yields certain properties of a quantum system, such 
as energies and probable positions of particles. When solving this problem for various systems, one 
needs to define a wavefunction, which should contain these properties. This wavefunction can be 
expanded in a sum of other functions, a basis, such as sine functions and B-splines. When done 
numerically, it is of great importance to choose a basis which does not require excessive computer 
power and at the same time yields accurate results. 

In this presentation we will compare and analyze the results of choosing both a sine basis and a 
B-spline basis. 
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A particle-based fibre bundle model
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For nearly a century the fibre bundle model (FBM, [1]) has represented the tool of choice to
investigate the fracture of fibrous materials under tensile load. The model consists of an
assembly of bonds, organised into chains and bundles. Bonds deform elastically up to a
critical load marking their sudden breaking, followed by the redistribution of the load among
the surviving chains. The model is able to merge random bond-breaking processes with
collective, self-organised phenomena such as avalanches, and describes the effect of  disorder.
Despite its undeniable interest and merit in providing insight into the fracture process, the

FBM lacks many features that characterise the properties of real systems. To improve on these
aspects, we supplemented the model representing the bond terminations as particles with
mass, size as well as intra- and inter-chain interactions.  

mechanical properties of nanometric bundles, important for biophysics and for novel
nanotechnology applications.

[1] A. Hansen, P. C. Hemmer, S. Pradhan The fibre bundle model, Wiley-VCH, Weinheim
(2015).
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Small systems in a heat bath: a quick but endless journey towards 
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Understanding how small systems exchange energy with a heat bath is important 
to describe how their unique properties can be affected by the environment. We 
show how Landsberg's theory of temperature-dependent energy levels can describe 
the progressive thermalization of small systems as their spectrum is perturbed by a 
heat bath. We propose a mechanism whereby the system undergoes a discrete 
series of excitations and isentropic spectrum adjustments leading to a final state of 
thermal equilibrium. This produces standard thermodynamic results without 
invoking system size. The thermal relaxation of a single harmonic oscillator is 
analyzed as a model example of a system with a quantized spectrum than can be 
embedded in a thermal environment. A description of how the thermal 
environment affects the spectrum of a small system can be the first step in using 
environmental factors, such as temperature, as parameters in the design and 
operation of nanosystem properties. 
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A computational study of creep in non-linear bio-polymer bundles
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Biological cells feed, multiply and often move by crawling or swimming, thus summarising
in themselves most of the principles, mechanisms and phenomena that represent life.
A crucial role in the inner working of cells is played by fibrous structures, made of bundles of
biopolymers such as proteins, polysaccharides and nucleic acids. Exemplary from this point
of view are cellulose and collagen structures, actin fibres, microtubule bundles, as well as
DNA and RNA complexes

Recent experimental measurements of mechanical properties of biopolymer bundles
have revealed intriguing non-linear effects in the stress-strain relation under tension for
bundles of polysaccharides [1] and of DNA [2].

A model of non-linear bundle has been developed based on a particle and bond
formulation of the time honored fibre bundle model (FBM, [3]), that for over a century has
provided the  tool of choice to investigate fracture in fibrous materials.

The model has been applied to investigate the interplay of non-linearity and creep in

[1] P. E. Marszalek, et al. Nature  396, 661 (1998).
[2] P. Cluzel, et al. Science 271, 792 (1996).
[3] A. Hansen, P. C. Hemmer, S. Pradhan The fibre bundle model, Wiley-VCH, Weinheim

(2015).
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