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Quantifying the onset of recrystallization in deformed metals using x-rays

Sonja Rosenlund Ahl, Hugh Simons, Henning Friis Poulsen
NEXMAP, DTU Physics.

When metals are deformed crystalline grains are broken up into subgrains to accommodate the
deformation. During subsequent heating the structure recovers and recrystallizes as new grains are
formed. The role and dynamics of subgrains during recrystallization are crucial for the use and
manufacture of metals, but are largely unknown due to the lack of appropriate techniques for
mapping their shape, orientation and distribution in situ.
Here, we present an annealing study in which the subgrain sizes and orientations inside a coldrolled and partly recrystallized specimen of aluminium were monitored with high angular resolution
during heating. Hard x-rays were diffracted from the polycrystalline sample onto a high resolution
detector and the sample was tilted in small steps to map a section of orientation space. More than
103 subgrains of equivalent radius of 1-2 µm was identified and characterized to show the evolution
of the size-distribution with temperature.
In doing so, we demonstrate how individual subgrains and subgrain structures may be tracked as
they evolve during the recovery and recrystallization processes. Such quantitative information is an
important requirement for multiscale materials models and bottom-up materials design approaches.

Simon Albrecht

Title:
Exoplanet research at the Stellar Astrophysics Centre at Aarhus University
Abstract:
Over the last twenty years astronomers have discovered thousands of planets orbiting other
stars than our sun. Many of these exoplanets display characteristics very different from the
planets in our own solar system. We find planets on very eccentric (highly elliptical) and highly
inclined orbits. Some of these planets are as large as Jupiter, but they orbit their host stars at a
fraction of the Sun-Earth distance. Astronomers made progress in understanding some of these
originally surprising characteristics. However a large number of open questions about these
planetary systems do remain. At Aarhus University one of our research foci is on a better
understanding of planet formation and evolution by using space based as well as ground based
observations of exoplanet systems. We also target specific double star systems, as such
measurements provide the necessary ground truth for the interpretation of the exoplanet
measurements. Another field of interest at Aarhus is the detection and characterization of
atmospheres of exoplanets and a better understanding of their internal structure. Using data
from the NASA K2 mission we recently started a program to search for planets the
characterization of which will be particularly helpful for answering some of the research
questions mentioned above. During my talk I will highlight some of our recent results.
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ABSTRACT
Interacting onedimensional quantum systems play a pivotal role in physics. Exact solutions can be
obtained for the homogeneous case using the Bethe ansatz and bosonisation techniques. However,
these approaches are not applicable when external confinement is present. Recent theoretical advances
beyond the Bethe ansatz and bosonisation allow us to predict the behaviour of onedimensional
confined systems with strong shortrange interactions, and new experiments with cold atomic Fermi
gases have already confirmed these theories. Here we demonstrate that a simple linear combination of
the strongly interacting solution with the wellknown solution in the limit of vanishing interactions
provides a simple and accurate description of the system for all values of the interaction strength. This
indicates that one can indeed capture the physics of confined onedimensional systems by knowledge of
the limits using wave functions that are much easier to handle than the output of typical numerical
approaches. We demonstrate our scheme for experimentally relevant systems with up to six particles.
Moreover, we show that our method works also in the case of mixed systems of particles with different
masses. This is an important feature because these systems are known to be nonintegrable and thus
not solvable by the Bethe ansatz technique.

Imaging Structure Formation in Energy Materials by in situ
X-ray Scattering and Ultra-high Resolution Tomography
Jens Wenzel Andreasen, jewa@dtu.dk
Department of Energy Conversion and Storage, Technical University of Denmark
Structures from the atomic scale to microns are of crucial impact to the performance of
devices for energy applications. In recent years, 3D X-ray imaging has experienced an
incredible development towards greater detail in resolution, both in terms of dimensions and
resolvable contrasts.
There are infinite possibilities for experiments that
probe into devices while they are operating and
speed and resolution is improving all the time.
Already next year, our new “local” synchrotron
facility in Lund, the MAXIV is going to
revolutionize X-ray imaging again, promising
detail at the nano-scale, surpassing the best
in the world today, with a Danish beamline,
DANMAX, ideal for in operando imaging.
We are also breaking ground
and moving borders
with X-ray scattering methods,
which we now
routinely apply to
high-speed
processsing of for instance polymer solar cells.
Beginning
with
implementations
at
synchrotrons where we get the highest possible
resolutions in time and space, we have now moved the
capability into the lab, where we can screen a huge processing
parameter space for structural impact in relatively short time spans.

Roskilde simple liquids: implications of hidden scale invariance
for liquid dynamics, melting line and crystallization kinetics
Nicholas P. Bailey
In 2006 the glass group in Roskilde discovered a class of liquids which we have proposed should be
considered simple liquids. To make a distinction from conventional notions of liquid simplicity we
refer to them as Roskilde simple liquids - or Roskilde systems, since the liquid phase is not crucial.
Roskilde systems are characterized by how a configuration's potential energy changes under a
uniform scaling of coordinates: if any two configurations with equal potential energy at one density
still have equal energies when scaled to a new density, then the system is Roskilde simple. This
definition highlights a scale invariance which is hidden – that is, it is not in general obvious from
the Hamiltonian. From it a large number of interesting consequences follow, the most important
being the existence of isomorphs: curves in the phase diagram along which structure and dynamics
are invariant when expressed in thermodynamically reduced units. Only systems with inverse power
law potentials are perfectly Roskilde simple, but to a very good approximation all van der Waals
bonded systems and most metals are, meaning they have good isomorphs. The talk will present
examples of isomorph invariance in simulated liquids as well as experimental evidence. Recent
results include theoretical predictions for melting line properties, which follow from the fact that the
melting line is almost but not quite, an isomorph, and for the driving force for crystallization along
an isomorph in the supercooled liquid phase.

Searches for squark- and gluino-production with the ATLAS experiment
Geert-Jan Besjes, geert-jan.besjes@cern.ch
Weak scale supersymmetry is one of the best motivated and studied extensions of the Standard
Model. The recent increase in the center of mass energy of the proton-proton collisions gives
a unique opportunity to extend the sensitivity to production of supersymmetric particles
at the Large Hadron Collider. This talk summarises recent ATLAS results on searches for
supersymmetric squarks and gluinos, including third generation squarks produced directly
or via decay of gluinos. The searches involved final states containing jets (possibly identified
as coming from b quarks), missing transverse momentum and either select or reject events
with leptons.

Heavy Ions: A new territory for general purpose event generators
General purpose event generators are tools for understanding the final states of pp
collisions, involving several hundreds of particles, with momenta ranging over
many orders of magnitude. Taking these tools to collisions of heavy nuclei is a
desirable but challenging task, as the multiplicity of the final state grows by orders
of magnitude, and subtle interplay between geometry and physics in the initial
state, manifests itself in final state measurements.
We present a new approach for generating full final states of pPb, based on
diffractive excitation of nucleons. The results can be directly compared to
measured final states at experiments, and thus serve as both a theoretical baseline
for models of collectivity, and an experimentalists' tool for controlling biases
through simulation.

Di-hadron correlations in pp and PbPb collisions
measured with ALICE
Christian Bourjau

cbourjau@cern.ch

April 29, 2016

Di-hadron angular correlations are a powerful tool to gain insight into the
numerous properties of pp and PbPb collisions such as collective behaviour,
resonance decays, and initial state conditions. In this poster, I focus on the
details of particle production, which, in this context, are also often referred
to as the “total associated yield per trigger particle”. Albeit the phasespace of the deployed correlation function being very large, it is common
to represent and interpret this observable in differences in azimuth (∆ϕ)
and pseudo-rapidity (∆η) between any two given particles. This allows for
a comparison between the afore mentioned collision systems as well as a
comparisons between collisions of the same system but of different event
activity.
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Scatterless Slits for X-ray Beamlines

30/04-2016

Abstract
Slits are used to define collimate X-ray beams. When the slits are hit by X-rays it gives rise
to scattering, that can lead to increased background and unwanted effects. JJ X-ray A/S has
developed new slits with reduced scattering. Experiments has been conducted at DESY and
several interesting effects are seen and modelled to better understand how processing and choice
of materials effects the scattering from these slits.

Forfattere
Forfatter: Mads Allerup Carlsen
Vejledere: Martin Meedom Nielsen Christian Bjerg Mammen
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Flow	
   cytometry	
   is	
   an	
   intensively	
   used	
   tool	
   for	
   single	
   cell	
   analysis	
   and	
   cell	
   sorting	
   based	
   on	
  
fluorescence	
   signals	
   in	
   a	
   broad	
   range	
   of	
   research	
   fields.	
   It	
   has	
   however	
   some	
   limitation	
   and	
  
drawbacks	
  that	
  stand	
  in	
  the	
  way	
  of	
  further	
  adaptation	
  and	
  proliferation.	
  There	
  is	
  the	
  high	
  cost,	
  need	
  
for	
   dedicated	
   personnel	
   and	
   large	
   sample	
   volumes	
   and	
   the	
   lack	
   of	
   miniaturization.	
   The	
   solution	
   for	
  
these	
   problems	
   is	
   microflow	
   cytometry.	
   It	
   provides	
   a	
   way	
   of	
   precisely	
   controlling	
   and	
   mimicking	
  
the	
  cellular	
  and	
  chemical	
  environment.	
  Using	
  disposable	
  chips	
  and	
  small	
  sample	
  volumes	
  (10-‐100	
  
µl)	
   makes	
   this	
   technique	
   very	
   attractive	
   for	
   further	
   research.	
   Sorting	
   based	
   on	
   fluorescence	
   is	
   a	
   hot	
  
topic	
  and	
  the	
  combination	
  with	
  microfluidics	
  is	
  further	
  investigated.	
  The	
  fluorescence	
  signal	
  of	
  for	
  
example	
  red	
  blood	
  cells	
  is	
  influenced	
  or	
  triggered	
  by	
  environmental	
  changes	
  or	
  diseases.	
  	
  
	
  
OptoRobotix	
   ApS	
   provides	
   a	
   platform,	
   cell-‐BOCS,	
   for	
   microfluidic	
   sorting	
   applications	
   and	
   in	
   vitro	
  
biological	
   experiments.	
   The	
   technology	
   can	
   be	
   used	
   in	
   diagnostics,	
   cell	
   sorting	
   and	
   characterization	
  
of	
  cells.	
  The	
  technology	
  uses	
  software	
  that	
  recognizes	
  the	
  shape	
  and	
  size	
  of	
  cells	
  and	
  aberrant	
  cells	
  
can	
   be	
   detected	
   and	
   separated	
   from	
   the	
   flow	
   by	
   optical	
   manipulation.	
   Adding	
   a	
   fluorescence	
  
imaging	
   subsystem	
   to	
   the	
   cell-‐BOCS	
   could	
   make	
   the	
   technology	
   even	
   more	
   versatile	
   and	
   broaden	
  
the	
   range	
   of	
   applications.	
   The	
   optical	
   manipulation	
   tool	
   used	
   in	
   this	
   project	
   is	
   based	
   on	
   using	
   an	
  
infrared	
  laser	
  that	
  exerts	
  force	
  on	
  particular	
  beads	
  or	
  cells	
  of	
  interest,	
  the	
  ones	
  that	
  are	
  fluorescing.	
  
The	
  selected	
  particles	
  are	
  catapulted	
  out	
  of	
  the	
  stream	
  and	
  the	
  system	
  acts	
  a	
  cell	
  sorter	
  or	
  filter.	
  	
  
	
  
There	
   are	
   two	
   cameras	
   in	
   the	
   setup	
   (Figure	
   1)	
   -‐	
   one	
   for	
   bright	
   field	
   microscopy	
   and	
   one	
   for	
  
fluorescence	
   imaging.	
   The	
   dichroic	
   mirror	
   with	
   a	
   cutoff	
   wavelength	
   of	
   500	
   nm	
   separates	
   the	
  
fluorescence	
   signal	
   from	
   the	
   excitation	
   light	
   which	
   is	
   blue	
   light	
   centered	
   around	
   490	
   nm.	
   Reflection	
  
upon	
  a	
  spatial	
  light	
  modulator	
  shapes	
  and	
  moves	
  the	
  infrared	
  light	
  beam	
  which	
  is	
  used	
  for	
  'kicking'	
  
the	
  detected	
  cells	
  that	
  emit	
  green	
  fluorescence.	
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Material transfer in Pulsed Laser Deposition of the solar cell materials
Cu2SnS3 and Cu2ZnSnS4.
Andrea Cazzaniga*, Stela Canulescu, Andrea Crovetto, Rebecca Bolt Ettlinger, Nini Pryds, Ole Hansen
and Jørgen Schou
Earth-abundant non-toxic materials Cu2SnS3 (CTS) and Cu2ZnSnS4 (CZTS) are very appealing for cheap,
large-scale production of thin-film solar cells. The cells have recently reached an efficiency of 9.4 %
and may have the potential to reach to reach 15%, which will be interesting goal for solar cell
manufacture if the price per harvested kWh is sufficiently low. Due to their complex stoichiometry it is
very difficult to obtain a single phase material with evaporation or sputtering deposition. Here we
discuss the fabrication of thin films of CTS and CZTS made with Pulsed Laser Deposition (248 nm, KrF
laser) from sintered targets. Usually, e.g. in PLD of oxide materials, the loss of the most volatile
component, i.e. oxygen, can be compensated with the introduction of reactive background gas in the
chamber. In our case, however, the least volatile element, copper, is not transferred as expected. The
stoichiometry of the deposited films strongly depends on the laser fluence: severe deficit (up to
complete lack) of copper in the film is observed when the fluence is below 0.4 J/cm2, while a copper
rich composition is observed at fluence values above 1 J/cm2. The stoichiometry of the deposited films
can be understood in terms of the cohesive energy of the atoms composing the target; a cohesive
energy which is very different among copper, zinc, tin and sulfur. A narrow range of fluence values that
preserves the target stoichiometry is found. Furthermore, this method allows fabrication of very
homogeneous, amorphous thin films of the Zn-Sn-S “alloy”, which is an immiscible ternary system that
has no stable solid phase and thus cannot be made with standard film growth techniques.

Semi-Analytical Approach to the Impenetrable Particles in
One-Dimensional Harmonic Traps.
Amin S. Dehkharghani1
1
Department of Physics and Astronomy,
Aarhus University, DK-8000 Aarhus C, Denmark
(Dated: April 20, 2016)

Abstract

I will introduce our newly developed semi-analytical approach to the strongly
interacting two-component particles in one-dimensional harmonic traps. Here, I will
go in details on how we use the hard-core properties of the particles in the strongly
interacting regime to solve the 1D few-body system analytically. Further, I will
illustrate the use of hyperspherical coordinates and some other transformations,
which is used in order to solve the problem.
I will illustrate some of the main results for the 2+2 case in form of density-plots
and energies for different kind of mass-imbalanced particles. At the end of my talk, I
will talk about our on-going work on the 3+1 case and how we manage to solve such
imbalanced systems. I will also introduce the audience for our another idea of how
one can use the information obtained in strongly interacting and non-interacting
limit to predict the wave function and its corresponding energy for any system with
some finite arbitrary interaction strength. The talk will be based on the recently
submitted articles [1] and [2].
[1] J. Phys. B: At. Mol. Opt. Phys. 49 085301 (2016)
[2] arXiv.org/abs/1512.08905

FIG. 1: a) Overview of the four-body system where qi -coordinates represent their position. Corresponding relative Jacobi coordinates, x, y and z are shown as well. b) The
transformations used in order to solve the four-body problems. c) The coordinate space for
the relative motion with the δ-function interaction planes. The regions are correspondingly
divided into different configurations as labeled in the figure. The transparent checkered
planes, x = 0 and y = 0 are the planes where the intra-species (among the same species)
interactions take place.

Nano-scale engineering of new magnetic materials
Cathrine Frandsen
Department of Physics, Technical University of Denmark, 2800 Kgs. Lyngby, Denmark
Email: fraca@fysik.dtu.dk

New magnetic materials are advanced, expectedly structured at the nanoscale, and important in as varied
applications as biomedicine and green energy solutions. In their smallest form i.e. as nanoparticles,
magnetic materials are used e.g. as imaging contrast agents in MR-scanners and for hyperthermia cancer
treatment [1]. On a much larger scale, permanent magnets are used for energy conversion e.g. in electric
car motors and wind turbine generators.
Next-generation magnetic materials may be built bottom-up using nanoparticles as building blocks.
Although not trivial, these materials have the potential to be engineered at the nanoscale by means that are
not easily accessible in other systems and particles can for instance be combined into new nanocomposite
[2] or sensor [3] materials.
This talk discusses nano-scale design of magnetic materials and exemplifies how material properties can
be modulated for different applications by changing the structural arrangement of magnetic nanoparticles.

Figure 1: Example of nanostructured magnetic material. a) Transmission electron microscopy image of “rope-like”
structures formed by self-assembly of Co nanoparticles. b) Unusual longitudinal domain walls in “ropes”, observed
by Lorentz microscopy, highlighted by dotted orange and yellow lines. c) Simulations of domain structures in
elongated nanoparticle assemblies during field reversal; colors represent magnetization direction (blue: right;
yellow: left), black bars represent moment sum. Adapted from [4,5].

1. Q. Pankhurst, N.K.T. Thahn, S.K. Jones, J Dobson, J. Phys. D: Appl. Phys. 42 (1009) 224001.
2. R. Skomski and J.M.D. Coey, Phys. Rev. B 48 (1993) 15812.
3. S. Bedanta et al., Phys. Rev. Lett. 98 (2007) 176601.
4. M. Varon, M. Beleggia, et al., Sci. Rep. 5 (2015) 14536.
5. J. Jordanovic, M. Beleggia, J. Schiøtz and C. Frandsen, J. Appl. Phys. 118 (2015) 043901.

Azimuthal anisotropy harmonics in 13TeV pp collisions at
ALICE
Measurements of azimuthal anisotropy of emitted particles are an excellent tool for understanding the properties of the system created in Pb-Pb collisions, the Quark-Gluon Plasma. Such
a medium is not expected to be created in smaller systems, such a p-Pb or pp collisions. However,
at high multiplicity p-Pb collisions an unexpected behavior similar to Pb-Pb peripheral collisions
was seen. The observation of long-range correlations were studied in detail in p-Pb collisions,
which showed an indication of global azimuthal correlations.
Recently presented results in 7TeV pp collisions show a hint of flow-like signature at very
high multiplicity region. After LHC collected pp collisions at the highest energy 13TeV, it is
interesting to look for flow-like mechanism at high multiplicity events at two times higher energy.
In this talk, measurements of 2-particle correlations in pp 13TeV collisions will be presented.
ALICE has a dedicated high multiplicity trigger which allows us to focus on this type of events.
Results are corrected for contribution from non-flow effects by subtracting the low multiplicity
events. Second order anisotropy harmonics of charged particles has been extracted and will be
shown as a function of multiplicity. These results will give an insight to the origin of long-range
correlations in small systems.
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Wetting of micron scale fibers: Development of an analytical imaging tool for screening and optimizing composite materials
Daniel Hansen(a) , Niels Bomholt(b) , Adam Cohen Simonsen(a) .
(a) Department of Physics, Chemistry and Pharmacy (FKF), University of
Southern Denmark, Campusvej 55, 5230 Odense M.
(b) Covestro A/S, Kronborgvej 24, DK-5450 Otterup.
The optimization of fiber-reinforced composite materials is vital for a wide
range of demanding applications including the wind energy sector and elsewhere. A critical step in the molding process is the infusion of the glass
fiber with a fluid polymer resin. The dynamic interaction between the resin
and fibers having an arbitrary direction will determine the wetting of the
fibers. It is expected, that the degree of wetting of the fibers is closely associated with the strength of the final composite material.
We present an optical setup for imaging the wetting of micron scale fibers
using the principle of telecentric imaging. The spatial resolution of the setup
enables accurate measurements of fluid profile adjacent to the micro-fiber
and subsequent determination of the contact angle by image analysis. We
characterize the performance of the setup and the analysis method and explore wetting measurements of idealized fibers as well as actual fibers used in
composites.

Poster Abstract for the Danish Physical Society Annual Meeting 2016
Title: Early Atmospheric Muon Rejection with PINGU - The low energy extension to IceCube
Author: Eva Hansen
Abstract: The Precision IceCube Next Generation Update (PINGU) is a proposed low energy
extension to The IceCube Neutrino Observatory at the South Pole. With a denser infill in the
clearest region of the ice, the multipurpose detector will lower the energy threshold of IceCube,
thereby gaining sensitivity to the neutrino mass hierarchy and neutrino mixing parameters. The
increased sensitivity of the detector and high triggering rate makes it necessary to reduce the
amount of data efficiently before transmitting it from the South Pole station. This poster will present
the results of an atmospheric muon rejection method, developed to accommodate computing and
band width limitations at the South Pole.

The Sextet Model
I will review the current status of our simulations of the SU(3) “sextet model”. This is one
of the most promising Technicolor models used to describe the Higgs sector of the Standard Model in terms of a new strongly coupled gauge theory with a doublet of fermions
transforming according to the 2-index symmetric representation. This model is perturbatively predicted to be close to the conformal window and our simulations aim to determine
non-perturbatively whether or not the model is inside or below the conformal window. The
classification of this model is important to determine if and how the model can be used to
model BSM physics.
Authors: Martin Hansen (CP3 -Origins), Claudio Pica (CP3 -Origins), Francesco Sannino (CP3 Origins), Vincent Drach (CERN-TH)
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Structure and decay at rapid proton capture waiting points
D. Hove1 , A. S. Jensen1 , E. Garrido2 , H. O. U. Fynbo1 , D. V. Fedorov1 , and N. T. Zinner1 .
1

Department of Physics and Astronomy, Aarhus University, Ny Munkegade 120, DK-8000
Aarhus C, Denmark.
2 Instituto de Estructura de la Materia, IEM-CSIC, Serrano 123, E-28006 Madrid, Spain.
Abstract

The location of the proton dripline is essentially known from experiments. However, both
structures and decay mechanisms are still not determined, although of great importance for
the synthesis of heavy nuclei. In particular, the rapid-proton process is stalled at the so-called
waiting points [1] with borromean structure where two protons are bound even though one
proton is unbound. The weak binding suggests that the three-body treatment is appropriate as
demonstrated for a number of lighter systems at both nucleonic driplines.
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Figure 1: The reaction rates for the twoproton capture process on 68 Se, calculated
using both a full three-body calculation
based on the entire spectrum of discretized
continuum states (full lines), and using a
much simpler, single resonance approximation (dashed lines and dotted lines). The
E1 rates have been scaled down by 104 .

We use the three-body assumption to investigate the region around A ' 70, where we
compute reaction rates for the radiative capture of two protons [2]. One key quantity is
here the photon dissociation cross section for
the inverse process where two protons are liberated from the borromean nucleus by photon
bombardment. We find a number of peaks at
low photon energy in this cross section where
each peak is located at the energy corresponding to population of a three-body resonance.
Thus, for these energies the decay or capture
processes proceed through these resonances.
However, the next step in the dissociation process still has the option of following several
paths, that is either sequential decay by emission of one proton at a time with an intermediate two-body resonance as stepping stone, or
direct decay into the continuum of both protons simultaneously. We show that the preferred decay mechanism is sequential and direct for high and low energy, respectively.

The astrophysical reaction rate is obtained by folding of the cross section as function of
energy with the occupation probability for a Maxwell-Boltzmann temperature distribution. The
reaction rate is then a function of temperature, and of course depending on the underlying
three-body bound state and resonance structures. We show that a very simple formula at low
temperature reproduces the elaborate numerically computed reaction rate. The key ingredient
is the dominating resonance energy and its width. We shall in details discuss these results as
exemplified in the figure.
[1] H. Schatz, A. Aprahamian et al., Phys. Rev. Lett. 86, 3471 (2001).
[2] D. Hove, A. S. Jensen et al., Phys. Rev. C 93, 024601 (2016).
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Electron capture on 20Ne is thought to play a central role in the late stages of
evolution of intermediate-mass stars. Recent calculations suggest that the capture
process is dominated by the 2nd-forbidden transition between the ground states of
20
Ne and 20F, making an experimental determination of the strength of the transition
highly desirable [1]. A setup for spectrometry of high-energy conversion electrons up
to 7-8 MeV, originally constructed and used at the University of Jyväskylä in the
1980s [2], is being refurbished with a view to achieve this goal. In this contribution we
discuss the current state of the project and present GEANT4 simulations of the
expected performance of the setup.

[1] G. Martinez-Pinedo et al., Phys. Rev. C 89, 045806 (2014).
[2] R. Julin et al., Nucl. Instr. Meth. A 270, 74 (1988).
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Den osmotiske oscillator: Tids-afhængige strømninger i osmotiske grænselag
The osmotic oscillator: Time dependent flows in osmotic boundary layers
Abstract
Osmosis is of great technical importance in e.g. desalination and water purification. Moreover, it
plays a key role in all living cells. For instance, sugar transport in plants is driven by concentration
differences, of either sugar or salt across the cell membrane of phloem cells. Previous work has
demonstrated that the osmotic pumping efficiency is significantly affected by the presence of
unstirred boundary layers, which lowers the concentration near the membrane, and hence reduces
the efficiency of the pump. Moreover, it has been demonstrated that the concentration in a
perturbed boundary layer overshoots the equilibrium value for sufficiently large Peclet numbers,
and that it behaves like a damped oscillator. We investigate the effect of external bulk flow on
these damped oscillations, and show that they are present in systems with external stirring.
Different geometries are studied and have been proven to show different response in oscillatory
properties. Furthermore, we attempt to show whether a regime of pulsatile flow can be established
in these geometric domains.
Previous Work
[1] The development of Osmotic Flow through an Unstirred Layer, T.J. Pedley; J. Fischbarg, J.
Theor. Biol. 78, 427 (1978).
[2] Self-consistent Unstirred Layers in Osmotically Driven flows, K.H. Jensen; T. Bohr; H. Bruus; J.
Fluid Mech. 662, 197 (2010).
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Multicore particles such as nanoparticle clusters (NPCs) have often in magnetic hyperthermia
studies shown increased field-induced heating effect compared to particles without clustering, e.g. [1,2].
As such, NPCs may prove to be more suitable candidates than single-core particles for use within the
cancer treatment field of magnetic hyperthermia. However, a highly relevant question is how the
structural arrangement of individual nanoparticles in clusters influences the magnetic properties.
To investigate this we have developed a computational framework based on Molecular Dynamics
techniques, where a set of magnetic dipole moments with a given spatial arrangement are allowed to relax
into their energetically favorable state, with or without an external magnetic field applied. We have
initially modeled simple geometrical figures in three dimensions with a magnetic moment placed at each
vertex, with interesting results. As an example, the cube (figure 1), also studied in [3], shows infinitely
degenerated ground states where all moments relax into the planes perpendicular to the diagonals (i.e. the
(111) planes). In this case, different ground states take different directions within these planes, but
diagonally opposite moments remain parallel.
Our computations also enabled us to determine the response of the set of moments to changing
magnetic fields, related to the effective anisotropy of the geometrical figures, as well as the stability of the
magnetic ground state with respect to perturbation of the positions of the moments.
In our presentation, we address the results for a range of nanoparticle structures. We also discuss
heating probabilities in relation to hysteresis losses for different nanoparticle configurations.

Figure 1: Cube-shaped cluster, with 50 superposed sets of randomly oriented magnetic moments
having relaxed into infinitely degenerate ground states within the (111) planes.
1. P. Hugounenq et al. J. Phys. Chem C 116 (2012) 15702
2. J. Pearce et al. J. Nanotech. Engineering and Medicine 4 (2014) 011007
3. J. Schönke et.al., Phys.Rev.B, 91 (2015) 020410
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Magnetic maghemite (γ-Fe2O3) nanoparticles assembled into flowerlike structures, so-called nanoflowers
(NF’s), show a high potential for magnetic hyperthermia treatment; NF’s composed of several 11 nm γFe2O3 particles have an enhanced power dissipation per weight, outperforming single core 11 nm γ-Fe2O3
particles by an order of magnitude [1,2]. The origin of the enhanced power dissipation is not yet understood
and not much is known about the internal magnetic structure of the NF’s. Our cryo-SQUID magnetization
curves probing an ensemble of NF’s show no significant hysteresis, suggesting a magnetic flux-closure state
either within a single NF or within the ensemble.
To address the magnetic structure of individual NF’s (Fig. 1a) we applied electron
holography, which is a transmission electron microscopy (TEM) based technique capable of mapping the
magnetization of NF’s quantitatively at the nm scale. The phase image obtained from an electron hologram
contains the projected components of the magnetic field in the sample plane thereby exposing the magnetic
structure of individual NF’s. Fig. 1c shows an example of an electron hologram with a spatial resolution of
10 nm. We have studied different regions of NF’s deposited on a TEM grid, incl. both closely-spaced NF’s
and more isolated NF’s, covering more than 60 NF’s. We extract the dipolar field of the NF’s at remanence
and study the influence that size and agglomeration have on the magnetic structure. The hologram of the NF
in Fig. 1c indicates a quasi-uniform single-domain state. From the obtained magnetic moment [3] and size of
the NF’s, we estimate a mean magnetization per NF, which we compare to the saturation magnetization of γFe2O3 and use to evaluate the uniformity of the magnetization within individual NF’s. We discuss our
results irt. the cooperative behavior described in [2].

Figure 1 - (a) TEM micrograph of maghemite NF’s. (b) Electron hologram showing a region of NF’s with
different sizes and separations. Interference fringes are seen along the diagonal. (c) Magnetic induction map
of an isolated NF boxed in (b). The white lines represent projected magnetic field lines, and the color
indicates the magnetization direction according to the color wheel.
1. P. Hugounenq et al. J. Phys. Chem C 116, (2012) 15702
2. L. Lartigue et al. ACSnano 6, (2012) 10935
3. M. Beleggia et al. Ultramicroscopy 110, (2010) 425
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Abstract
The ATLAS Pixel detector is able to provide a measurement of the specific energy
√
loss, dE/dx, for tracks from proton-proton collisions at high center of mass energy, s.
This information can be used to identify the particle species for non-relativistic particles.
Many extensions of the Standard Model predict the existence of massive, charged, longlived particles, such as R-hadrons. These massive particles are, due to their high mass
(500-2500 GeV), expected to be produced with a velocity significantly below the speed
of light, and therefore, on average, to have a dE/dx higher than any Standard Model
particle at high momenta.
√
A search has previously been done at s = 8 TeV. Thanks to the increase in expected
signal cross-section due to a higher center-of-mass energy and an upgraded detector with
a silicon layer close to the interaction point, it is possible to perform a much improved
analysis. Compared to previous studies, this study separately analyses each sub-detector
using a likelihood fit that uses all available measurements, thereby increasing the resolution.

Poster
Simulating pump-probe time resolved x-ray scattering
experiments using McXtrace
Authors: Mads Goldschmidt Laursen, Kristoffer Haldrup, Erik Bergbäck Knudsen, Klaus Braagaard Møller and Martin Meedom Nielsen.
With the construction-phase of the European XFEL in Hamburg set to finish in late 2016,
the first call for experiment proposals is imminent. Towards such proposals it is obviously important to quantitatively consider what experiments are feasible with the initial performance
parameters of the beamlines. There is thus a strong need to model how the beamlines will
perform under experimental conditions. The McXtrace simulation software package developed at DTU Physics is a powerful tool for the simulation of the x-ray physics of a beamline.
Using the molecule Fe(bpy)3 as an example, this presentation showcases the ability of McXtrace to accurately simulate pump-probe time resolved x-ray scattering experiments (TRXS)
down to sub-picosecond time scales. The results of the simulations can be used to gauge
what TRXS experiments may be feasible as day-0 experiments at the XFE beamline at the
European XFEL under a range of assumptions regarding operational parameters.

1
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Abstract – Master Thesis
This thesis will present a study of diffractive scattering of high-energy protons.
The project starts with a study of the various phenomenological diffraction
models in Pythia (and in other Monte Carlo event generators if time permits)
using the Rivet framework for analysis and validation. The goal is to establish
observables which show good sensitivity to the various parameters of the models – ideally to allow to test their validity. The next step of the project is to
perform an analysis of the new 13 TeV data from the 2015 Run 2 period using
the ALFA sub-detector of the ATLAS experiment at the LHC accelerator. The
analysis should result in a comparison of the simulated distributions from the
generated proton-proton events with measured distributions and leading to
constrains on models and/or their allowed parameter space.
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Abstract:
This presentation describes experimental and theoretical studies of the effective third-order
susceptibility  (3 ) of the long-range surface plasmon polariton (LRSPP) mode in gold strip
waveguides. The investigated plasmonic waveguides were fabricated in house [1], and contain a
gold strip core with the layer width 10 μm and thicknesses 22, 27, and 35 nm, tantalum pentoxide
adhesion layers, and silica cladding. This particular geometry provides effective propagation of the
LRSPP mode in the millimeter range. We performed the nonlinear optical characterization of the
waveguides, using a high power femtosecond laser source. The laser source was the femtosecond
laser amplifier PHAROS (Light Conversion), providing ~200 fs FWHM pulses with a 200 kHz
repetition rate at a center wavelength of 1030 nm. This wavelength was suitable to optimize the
linear absorption losses and mode confinement in the plasmonic waveguides [2]. The nonlinear
power transmission of the LRSPP mode in the plasmonic waveguides was observed, and the values
of the imaginary part of the third-order susceptibility  A(3u) (~10-19 m2/V2) of the gold layers with
different thicknesses were extracted from experimental data. They significantly depend on the laser
pulse duration, comparing to the values of the imaginary component of  A(3u) ~10-17-10-18 m2/V2
obtained previously at 1064 nm and 3-ps laser pulses [1]. To explain the experimental results on the
third-order susceptibility of gold at different pulse durations, we apply the two-temperature model
of electron temporal dynamics in gold. The theoretical dependence of the real and imaginary parts
of  A(3u) with respect to the pulse duration for bulk gold and thin gold layers was obtained in the
range 10 fs to 10 ps. It indicates significant adjustability of the real and imaginary parts of  A(3u) over
~4 orders of magnitude in this pulse duration range, and explains well the obtained experimental
results. Such tunability of  A(3u) can be one of the principal advantages of plasmonic waveguides on
the way towards future plasmonic communication components, comparing to standard
communication approaches based on dielectric nonlinearities [3]. We also discuss the thickness
dependence of  A(3u) . The effective enhancement of  A(3u) for thinner metal layers can be explained by
considering the effective change in the electrons motion. When the gold layer thickness approaches
the nanoscale, the electrons start to feel the layer boundaries. Their collision frequency increases in
several times, and it leads to changes in the real and imaginary parts of the dielectric permittivity of
metal. In turn, this causes the effective enhancement of the thermo-modulational interband
susceptibility of the metal layer. Therefore, the effective third-order nonlinearity of plasmonic
waveguides significantly depends on two parameters: gold core thickness and laser pulse duration.
The obtained results can be exploited for the development of future plasmonic communications.
[1] O. Lysenko, M. Bache, and A. Lavrinenko, Opt. Lett. 41, 2, 317 (2016).
[2] S. Maier, Plasmonics: Fundamentals and Applications (Springer, 2007).
[3] G. Agrawal, Nonlinear Fiber Optics (Academic Press, 2007).
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Abstract:	
  The	
  IceCube	
  Neutrino	
  Observatory	
  is	
  a	
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  kilometer	
  neutrino	
  
detector	
  located	
  in	
  the	
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The experiments at the Large Hadron Collider (LHC) measure, among other things,
localised energy deposits as well as total energy emitted by proton-proton collisions
and the momentum balance of emitted particles. Measuring such quantities after the
high luminosity LHC upgrade will be extremely challenging because hundreds of
proton-proton collisions will occur for each crossing of the beams, which
contaminates the detector with a large background called “pile-up.” Pile-up consists
of uncorrelated proton-proton collisions in which energy is deposited almost
randomly throughout the detector, making it very similar to white noise. The lack of
correlations means such noise is generally uniform when viewed in the frequency
domain, while conversely, signals tend to be sparsely populated in the frequency
domain, a fact that can be exploited for pile-up mitigation. Using a Monte Carlo
generator-level overlay of signal and pile-up events, we demonstrate that it is
possible to perform an event-wide classification of signal and pile-up particles by
filtering in the frequency domain using wavelet decomposition as a form of image
processing. We show that a significant improvement in certain measurements may
be possible even when several hundred proton collisions occur together.

Beta functions and conformal windows in
gauge-Yukawa theories
Esben Mølgaard
I will discuss beta functions in standard-model-like theories with gauge, Yukawa
and quartic interactions, both generally and with computational details. I will then
present a toy model and explore the role of conformality, going beyond the simple
idea of asymptotic or infrared freedom seen in QCD and QED respectively.
Collaborators:
Oleg Antipin, Marc Gillioz, Francesco Sannino

From birds to molecules and beyond: the dawn of quantum biology
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Clearly, the laws of physics hold and are exploited in living organisms. Speaking as a physicist,
most biological characteristics stem from the laws of classical physics that students learn in their
first year. However, crucial characteristics in organisms are governed by quantum physics. The latter
characteristics are those in which biological processes involve the jumps of electrons from one state
to another: electrons are exemplary quantum particles. The quantum behavior of electrons cover all
chemical transformations, for example in case of formation or breaking of chemical bonds, but it
arises also in optical transitions induced through light absorption by biomolecules.

In this talk I will discuss a fascinating example of quantum behavior in biology as it comes about in
animal navigation. In the case of animal navigation, quantum effects apparently bring about a
magnetic compass that can sense the geomagnetic field through spin-governed interactions in
biomolecules despite the fact the interaction energy amounts to only a tiny fraction of thermal
energy present at body temperature. Magnetoreception case study will then be used to define the
emerging interdisciplinary field of quantum biology.
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Abstract
Theoretical, heavy particles often decay to a pair of the vector bosons, W and Z
and possibly H. A promising channel for new physics is the semi-leptonic decay of two
vector bosons to quarks and leptons. While fully leptonic decays are relatively easy
to reconstruct, they are rare and in the important WW case lacks information due to
two neutrinos in the final state. A new take on the analysis, incorporating the output
of a machine learning program as a part of the analysis as opposed to cutting on the
output, is presented. Improved charge calculation and exploitation of (helicity) angular
information are also used in the new analysis.

Accelerator Mass Spectrometry applied to study the environment
In 2014 the Department of Physics and Astronomy received a new 1MV tandem accelerator. This new
accelerator can measure a variety of rare isotopes such as 10Be, 14C, 26Al, 41Ca, 129I and 240Pu. The system is
now extensively used to study 10Be, 14C and 26Al in earth environment. Here examples on how these rare
isotopes are used to date the Norwegian mountains and to study past solar activity will be given as well as
answering questions like ‘how old is a shark really?’.

Title:
“Ultra‐fast optical communications using optical time lenses and nonlinear optical chips”
Abstract:
The information age is based on an optical Internet, where hundreds of billion optical bits are transmitted
around the globe each second. Every day in 2015, we create and transmit more data than was generated
from the dawn of time till Y2k, and it is still growing at double digit percentage levels. The backbone of the
Internet is the optical fibre, which Charles Kao was awarded the Nobel Prize in 2009 for having developed.
The biggest challenges of the Internet today are the growing capacity demands and the accompanying
energy consumption. Today, more than 2% of the global CO2 emission stems from the Internet, i.e.
comparable to the aviation industry.
In order to address these challenges, we recently started a new research centre of excellence
(grundforskningscenter) supported by the Danish National Research Foundation (Danmarks
Grundforskningsfond). The centre is called SPOC – centre for Silicon Photonics for Optical Communications
– and involves groups from DTU Fotonik, Department of Photonics Engineering at the Technical University
of Denmark, and the University of Copenhagen, the Niels Bohr Institute.
We will explore the use of silicon‐based photonic chips to enable ultra‐broadband and ultra‐fast optical
signal processing, as there are clear signs of these methods providing both the capacity and the energy‐
efficiency required in the future. However, there is a lot of research that needs to be done first. We will in
particular investigate the nonlinear optical response of optical waveguides in order to harness these effects
to perform optical signal processing of ultra‐broadband optical data signals – control light by light.
In this presentation, I will describe some recent experiments we have performed that reveals that optical
signal processing does in principle provide several times the bandwidth required to signal process all of the
data on the internet today in a single chip. I will describe how the interplay between optical nonlinearities
and dispersion can be used to create so called optical time lenses that allow for advanced signal processing,
such as serial‐to‐parallel conversion of ultra‐fast optical data signals, and such as the creation of a spectral
telescope, which can e.g. magnify the spectrum of a data signal, allowing for orders of magnitude reduction
in energy consumption in a high‐capacity optical receiver. I will finally describe how this scheme was used
in our recent record‐setting experiment, where we demonstrated the largest amount of data imprinted on
the light from a single laser; 43 Tbit/s, or roughly 25% of the global traffic.

Leif Katsuo Oxenløwe,
Professor, Centerleder for Grundforskningscenter SPOC—Silicon Photonics for Optical
Communications, DTU Fotonik, Danmarks Tekniske Universitet

Thesis outline
Aquaporins are selective membranes with a high hydrodynamic permeability widely used
in plants and animals. It is believed that the geometric shape of these aquaporins is fine
optimization by nature through evolution in order to reduce viscous dissipation. It is
however not fully understood if the shape of aquaporins really is ideal and a deeper
understanding of the dynamic of the shape of membrane pores will lead to a better
description of shape of aquaporins. Better understanding of the vital structure of
aquaporins will at the same time pave the way for crucial improvements of artificial
membrane pores which can be used in numerous different applications making our society
more energy efficient.

Analytical theory of freezing and melting
Ulf R. Pedersen∗
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Abstract
Freezing of liquids and melting of crystals are well-known by laymen and are
fundamental for many areas of the sciences – ranging from material science to biophysics. The qualitative description of this prototype first-order phase transition
has been textbook knowledge for many years, but it has proven difficult to give
quantitatively accurate predictions for specific systems. A common approach is
to study phase transitions of model systems and perform numerical computations.
This require non-trivial enhanced sampling methods since hysteresis is intrinsic to
first order-transitions. I have contributed with one method named interface pinning
[1]. With colleges at Roskilde Uni., I am currently investigating an analytical theoretical framework for describing the melting and freezing phenomenas (see also talk
by Nicholas Bailey). Properties of the crystal and the liquid at a single state-point
allows one to predict the coexistence pressure as a function of melting temperature,
as-well-as variations along the melting/freezing lines of various quantities. A fundamental assumption is hidden scale-invariance [2] of the liquid and crystalline states.
In Ref. [3] we show from ab initio quantum mechanical computations that metallic
elements in general posses hidden scale-invariance.
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(left) Configuration from a numerical simulations of solid-liquid coexistence.
(right) Comparison between the numerically computed melting line and the analytical theory.
[1] Ulf R. Pedersen, “Direct calculation of the solid-liquid Gibbs free energy difference in a single
equilibrium simulation”, J. Chem. Phys. 139, 104102 (2013); Pedersen et al. “Computing Gibbs
free energy differences by interface pinning”, Phys. Rev. B 88, 094101 (2013).
[2] Gnan et al., “Pressure-energy correlations in liquids. IV. Isomorphs in liquid phase diagrams” J.
Chem. Phys. 131 234504 (2009); Thomas B. Schrøder and Jeppe C. Dyre, “Simplicity of condensed
matter at its core: Generic definition of a Roskilde-simple system”, J. Chem. Phys. 141 204502
(2014).
[3] Hummel et al., “Hidden scale invariance of metals”, Phys. Rev. B 92 174116 (2015).
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Abstract
A new era in high-energy physics has opened up with the Large Hadron Collider
(LHC) at CERN, the most powerful facility in the world. In this facility, is provided
possibilities for studying the properties of the Quark-Gluon-Plasma, an ultra-hot state
of matter consisting of quarks and gluons. The measurement of the charged particle
multiplicity is one of the most fundamental measurements in heavy ion collisions. In
this work, is presented the obtention of the charged–particle distribution in collisions
between protons and heavy nucleus (p+Pb) with √s =5.02 TeV over a wide kinematic
range. The data was obtained using the Forward Multiplicity Detector and the Silicon
Pixel Detector of ALICE experiment at LHC.

Pulsed laser deposition of Cu2ZnSnS4 absorber layers assisted by a reactive sulfur beam for
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Thin film solar cells based on the p-type semiconductor Cu2ZnSnS4 (CZTS) have emerged as an
alternative to CdTe and CuGaInSe2 (CIGS), the two leading commercial thin film solar absorber
materials, due to the low-cost, earth-abundance and non-toxicity together with the high
absorption coefficient and an optimal bandgap of 1.45 eV.
By using pulsed laser deposition (PLD), a technique suitable for depositing high-quality films
with complex stoichiometry, a metallic target of Cu2ZnSn was ablated in vacuum onto a
substrate. A reactive sulfur beam, which enhances the chemical reactivity of sulfur, is directed
towards the substrate in order to reduce the loss of the volatile element S in the deposited
film. By this approach, the subsequent annealing in toxic gases (e.g. H2S) is avoided. All films
are deposited onto Mo coated soda-lime-glasses in the temperature range from 150 oC to 550
o
C. The excimer laser used is working at 248 nm with a pulse length of 20 ns. The pulse
repetition rate is set at 15 Hz and the deposition process is lasting 80 min. For the
characterization of the films, Raman spectroscopy, scanning electron microscopy (SEM) and Xray spectroscopy (EDX) are used.
The Raman spectra show an increase of the intensity and a sharpness of main peak associated
to kesterite CZTS up to a substrate temperature of 450 oC. Above the deposition temperature
of 450 oC the film decomposes into multiple secondary phases. EDX analyses depict the
optimal composition for solar cells in all the samples below 450 oC and SEM demonstrates the
dependence of the grain size on temperature.
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Abstract
Nuclear fusion has the potential to provide a safe, clean, and virtually inexhaustible energy source
for the future. In next-step fusion devices, alpha-particles born of the fusion reactions themselves
will play a key role in maintaining the plasma at fusion-relevant temperatures. In order to assess the
fusion performance and safe operating regimes of such devices, knowledge of the spatial and
energy distribution of these alpha-particles is crucial. For this purpose, we are designing a collective
Thomson scattering (CTS) diagnostic for ITER, the next-step fusion energy experiment currently
being constructed in France. The diagnostic is based on characterizing microwaves scattered by the
interaction between a powerful injected source beam and ion-driven fluctuations in the plasma. The
primary aim is to provide spatially resolved information on the alpha-particle velocity distribution,
with supplementary roles regarding measurements of the ion temperature, plasma rotation, and fuelion mixture. Here we motivate the measurement goals of the ITER CTS diagnostic and describe its
current design, which involves a backscattering system operating at a frequency around 60 GHz,
multiple mirrors for directing the scattered radiation into the receiver electronics, and viewing lines
with no active CTS signal for improved background subtraction.

Disclaimer: The work leading to this publication has been funded partially by Fusion for Energy
under F4E-FPA-393. This publication reflects the views only of the author(s), and Fusion for
Energy cannot be held responsible for any use which may be made of the information contained
therein.
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In the 12C-nucleus there exist broad, resonant structures 2-4MeV above the triple
alpha threshold. These resonances are not well characterised in terms of their spin
and breakup-channels, even though they have been subject to theoretical interest for
many years. This interest is partly caused by the possibility that some of the resonant
strength is the rotational excitation of the cluster-like Hoyle-state. Furthermore,
clusterised structures at 2-4MeV above the triple alpha threshold are expected to
contribute significantly to the production of 12C in hot, stellar environments like
supernovae.[1,2]
Some experimental progress has been seen recently, but the results from betadecay spectroscopy, p- and α-scattering and (γ,3α)-experiments do not agree,
neither on the positions nor the widths of the resonances.[3-5]
We have performed a measurement of the beta-delayed triple-alpha breakup of
12N at the IGISOL facility in Jyväskylä. Complete kinematic information allows us to
investigate the breakup mechanism of 12C, including the spin of the decaying state
and the angular momentum in the breakup channel.
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Abstract We provide a discussion of some main ideas in our project about
the physical foundation of the time concept in cosmology. It is standard to
point to the Planck scale (located at ∼ 10−43 seconds after a fictitious “Big
Bang” point) as a limit for how far back we may extrapolate the standard
cosmological model. In our work we have suggested that there are several
other (physically motivated) interesting limits – located at least thirty orders
of magnitude before the Planck time – where the physical basis of the cosmological model and its time concept is progressively weakened. Some of these
limits are connected to phase transitions in the early universe which gradually undermine the notion of ’standard clocks’ widely employed in cosmology.
Such considerations lead to a scale problem for time which becomes particularly acute above the electroweak phase transition (before ∼ 10−11 seconds).
Other limits are due to problems of building up a cosmological reference frame,
or even contemplating a sensible notion of proper time, if the early universe
constituents become too quantum. This quantum problem for time arises e.g.
if a pure quantum phase is contemplated at the beginning of inflation at, say,
∼ 10−34 seconds.
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Photocatalytic water splitting‐ The advantages of using a 2‐
photon tandem approach.
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Currently the world uses 17 TW of energy, with ~85% of that coming from fossil fuels. The solar
irradiation that strikes earth is 120,000 TW, thus we only need to capture a fraction of this. However the
greatest issue with solar energy from a practical and economic standpoint is its intermittency. (The sun
doesn’t shine at night.) This means storing solar based energy is just as important as harvesting it. As
biological processes have proven, a very efficient way of storing energy is in the form of chemical bonds.
The electrolysis of water into hydrogen and oxygen is an excellent way to store energy since water is a
plentiful resource, hydrogen is an extremely energy dense molecule (by weight), and the oxygen by‐
produce can be discarded to the atmosphere.
Rather than use a solar cell and an electrolyzer separately, we can combine these devices thus
minimizing capital costs. This talk will focus on how we construct a photoelectolyzer that is both highly
efficient and highly durable in the corrosive environments needed for water splitting. Our focus is to use 2‐
photon tandem solar cells with transparent, conductive protective coatings to allow for highly efficient
photoelectrolyzers. Figure 1A and 1B shows the general design of our approach to photoelectrolysis.
While there are many parts to the device we are focusing on all of these in our quest to make a 20%
efficient solar to hydrogen device. This talk will discuss what materials we use for both the large band gap
and small band gap photoabsorber as well as our recent improvements in catalytic efficiency for both the
H2 evolution and O2 evolution reaction.
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Mapping ferroelectric domains with dark-field x-ray microscopy
Hugh Simons* and Henning Friis Poulsen
Department of Physics, Technical University of Denmark, Lyngby 2800 kgs, Denmark

Ferroelectric materials can exhibit strong coupling between electric field and strain, which is
essential to many medical and electronic applications. Underpinning this are ferroelectric
domain walls – internal interfaces that move in response to applied perturbations. The extent to
which domain walls distort their surrounding crystalline lattice is crucial to ferroelectric
functionality, yet mapping this structural distortion around embedded walls without introducing
spurious effects from sample geometry remains an open challenge. Here we present dark field
x-ray microscopy – a new technique for mapping lattice strain and orientation gradients around
individual grain and domain boundaries buried within millimeter-sized samples [1]. Spatial and
angular resolution is of the order of 100 nanometers and 0.001°, respectively, while
measurements are sufficiently fast that domain reconfiguration can be captured in real time. In
demonstrating the technique, we reveal that the strain fields associated with embedded domain
walls extend up to several micrometers – in contrast to theoretical predictions (Fig. 1, [2]). This
ability to directly characterize complex topological phenomena in-situ and in 3D is a key step
towards formulating and validating multi-scale models that account for the entire heterogeneity
and functionality of the material.

Figure 1. False-color maps of orientation (a) and strain (b) in a KNbO3 crystal. Corresponding
zoom images (c,d) show local gradients around domain walls. From [2].
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Sintering of Nanopar.cles
Nicolai Støvring (DTU CEN), Phillip Brinck Vetter (DTU CEN)

Catalysts have a huge impact on modern society as they are crucial for the eﬃciency and speed of many
chemical processes. It is es9mated that 85-90% of chemicals produced in the industrialized countries rely on
cataly9c processes. One of the most important cataly9c discoveries in modern 9me is the synthesis of
ammonia from hydrogen and nitrogen which in ever-increasing fashion provides the vast majority of
fer9lizers for agricultural crops, on which almost the en9re world popula9on is fed. Another well known
applica9on of catalysts is in cars where they are responsible for conver9ng NOx and SOx gases along with
unburned fuels emiKed from the internal combus9on engine, into harmless gases. The stability of catalysts
is however greatly challenged by the harsh environments in chemical reactors where they are suscep9ble to
deac9va9on. Deac9va9on describes a reduc9on in a catalyst's ac9vity and selec9vity, and thermal
degrada9on, also knowns as sintering, is one of the most impacOul processes by which nanopar9cle based
catalysts deac9vate.
The goal of this project is to understand some of the fundamental processes governing the sintering of
nanopar9cle based catalysts. To achieve this understanding we have inves9gated a model catalyst system
comprised of a carbon-ﬁlm coated copper grid spuKer coated with gold nanopar9cles by the use of plasma
magnetron spuKer coa9ng. This model was used in order to avoid the complexity found in industrial catalyst
systems.
Images of the model system are acquired during exposure to temperatures ranging from 400C to 600C for 2
- 4 hours by the use of transmission electron microscopy (TEM). Based on these 9me-resolved image series,
the behaviour of the sintering process is studied by inspec9ng the development in the mean par9cle
diameter and the par9cle size distribu9ons. The results show that the mean par9cle diameter increases
with 9me, rapidly within the ﬁrst twenty minutes to thirty minutes, subsiding thereaZer approaching a
speciﬁc temperature-dependent value. Discrepancies in these results is suggested to be explainable by the
occurrence of evapora9on as it is found that the volume of gold par9cles per area decreases with 9me. In
addi9on to this, sta9s9cal analysis of the images reveals that the par9cle size distribu9ons follow a speciﬁc
growth paKern. From ini9ally being right-skewed it secondly becomes bimodal, then assumes a normal
distribu9on un9l it ﬁnally returns to a right-skewed distribu9on again. It is clear that this trend suggests the
possibility of a repea9ng growth paKern.

√ A search for lepton flavour violation in decays of Z → τ µ in pp collisions at
s = 13 TeV with the ATLAS detector
Sara Svendsen, MSc student, NBI
According to the Standard Model of particle physics, lepton flavour must be conserved in any interaction. The observation of neutrino oscillations challenges this realisation, however, since it establishes
lepton flavour violation (LFV) in the neutral sector. As a result, the minimally extended standard model
(νSM) sets non-zero upper limits on the branching fractions of charged LFV decays.
The present search focuses on the decay of Z → τ ± µ∓ which has a predicted upper limit of
Br (Z → τ µ) < 10−54 . Despite the low expected rate, the increased luminosity in run II at the LHC
means that the sensitivity to an LFV signal is improved, and any significant excess could hint at physics
beyond the νSM.
For the signal of interest, the τ lepton resulting from the Z-decay is required to decay hadronically,
but the signal can still be faked by various Standard Model backgrounds. Based on reconstructed objects
from simulation, a strategy for distinguishing signal from background is developed. Different kinematic
quantities are tested for their effect on the ratio of signal to background, e.g. the visible mass and
the correlations between the transverse mass of the (µ, ETmiss ) and (τhad , ETmiss ) systems. The resulting
framework will be used to define signal and control regions for the subsequent analysis which is to be
applied to data from the ATLAS detector.
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Wavelet Denoising of data taken at the LHC at CERN
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Abstract
During the runs of the Large Hadron Collider at CERN, approx. 40 particles collide
at the same time. When analyzing the data, we are only interested in one collision, but
particles from other collisions can also interfere with the one collision dataset. This is
called pile-up. The particles are divided into two groups: charged particles and neutral
particles. These neutral and charged particles originate from the primary vertex, or from
one of the other vertices.
Wavelet Denoising can be used for removal of these pile-up particles in the signal. In
the calorimeter the particles can be shown as an image, using the information of postion
and energy. Wavelet Denoising is normally used in image processing, but since the signal
from the detector can be seen as an image, wavelet denoising has great potential for
removal of noise in experimental particle physics.
The wavelets method are similar to a Fourier transformation, except that Fourier is
localized in frequency, but wavelets are localized in both frequency and position.
When the signal is clean, it can be used for reconstruction of missing transverse
energy and jets, which are both essential parts of the signal. The effect of the Wavelet
Denoising is discussed.

——————————————–
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Abstract
Title: Optical characterization of nanomembrane arrays
Authors: Gunhild Thorsen, Bhagya Nair, Aurelien Dantan
Abstract: We report on measurements of the optical transmission spectrum of arrays of flexible
nanomembranes. Such arrays consist in commercial, 100nm-thick, high-stress silicon nitride
suspended films assembled parallel to each other and forming planar Fabry-Perot resonators. The
transmission spectrum of these arrays is measured using white-light and monochromatic light
spectrometry. Combined with ellipsometry measurements these spectra allow for extracting with
high accuracy the membranes’refractive index, thickness and separation based on a simple transfer
matrix scattering model.

What is it Like to be a Neutral Particle in a
Fusion Plasma?
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Today’s and future societies require a large-scale energy production from a mix
of energy sources that are preferably clean, safe and renewable. An energy
source to provide a significant contribution to fulfill such criteria is fusion power,
which is expected to be commercially available from the middle of this century.
A promising design for a fusion reactor is the so-called tokamak, where a plasma
of fusing hydrogen isotopes is confined by a toroidal magnetic field.
The overall plasma performance in a tokamak is strongly affected by the
dynamics in the edge region of the plasma. This region is characterized by the
transition from closed to open magnetic field lines, and plasma transport in this
region is strongly intermittent and dominated by field-aligned filaments of enhanced pressure. Such filaments propagate outwards across the magnetic field
in the region of open field lines, the so-called Scrape-Off Layer (SOL), and are
denoted blobs.
In the outer edge and SOL regions the plasma interacts with a background
of neutral particles, which are either puffed into the chamber for fuelling or diagnostics purposes, or originate from plasma recycling on the wall. The result
of the interactions between the neutrals, and the blobs and edge plasma is until
now mostly studied through time-averaged steady state models. However, due
to the high amplitude and intermittency of blobs, the neutral particles can only
be described in a meaningful way by a dynamical fluid model.
We present the initial results from such numerical simulations, that model
the transport of and interaction between a fusion plasma and a three-species
neutral fluid in the edge/SOL region of a tokamak plasma. This provides insight into neutral density profiles, the effect of the interactions between neutral
particles and blobs, and fuelling profiles for present and future tokamak reactors.
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Sub-Picosecond Dynamics on the Ground State Potential Surface of a Transition-Metal
Complex (PtPOP)
Free-electron lasers offer sub-100 fs high intensity X-ray pulses which make ultrafast photochemical
phenomena in molecular solutions accessible for direct structural analysis. This talk will focus on the
data analysis of recent experiments performed at the LCLS XFEL facility in California on the
photoexcited transition-metal complex [Pt2-(P2O5H2)4]4- , (PtPOP). In this molecule the photoexcitation
promotes an electron from a Pt-Pt anti-bonding orbital to a bonding orbital creating a ~ 0.2 Å
contraction of the bond. The experimental data showed an ultrafast oscillatory behavior with a period of
~ 280 fs after the initial excitation. Based on DFT calculations and a direct structural analysis of the Xray scattering signal, the 280 fs oscillation was attributed to coherent Pt-Pt ground state depletion
dynamics. This presentation will focus on how the acquired difference scattering signals were analyzed
within a structural-dynamics framework, and what information was obtained about the ground-state
dynamics of the PtPOP population.

Sintering of Nanopar.cles
Nicolai Støvring (DTU CEN), Phillip Brinck Vetter (DTU CEN)

Catalysts have a huge impact on modern society as they are crucial for the eﬃciency and speed of many
chemical processes. It is es9mated that 85-90% of chemicals produced in the industrialized countries rely on
cataly9c processes. One of the most important cataly9c discoveries in modern 9me is the synthesis of
ammonia from hydrogen and nitrogen which in ever-increasing fashion provides the vast majority of
fer9lizers for agricultural crops, on which almost the en9re world popula9on is fed. Another well known
applica9on of catalysts is in cars where they are responsible for conver9ng NOx and SOx gases along with
unburned fuels emiKed from the internal combus9on engine, into harmless gases. The stability of catalysts
is however greatly challenged by the harsh environments in chemical reactors where they are suscep9ble to
deac9va9on. Deac9va9on describes a reduc9on in a catalyst's ac9vity and selec9vity, and thermal
degrada9on, also knowns as sintering, is one of the most impacOul processes by which nanopar9cle based
catalysts deac9vate.
The goal of this project is to understand some of the fundamental processes governing the sintering of
nanopar9cle based catalysts. To achieve this understanding we have inves9gated a model catalyst system
comprised of a carbon-ﬁlm coated copper grid spuKer coated with gold nanopar9cles by the use of plasma
magnetron spuKer coa9ng. This model was used in order to avoid the complexity found in industrial catalyst
systems.
Images of the model system are acquired during exposure to temperatures ranging from 400C to 600C for 2
- 4 hours by the use of transmission electron microscopy (TEM). Based on these 9me-resolved image series,
the behaviour of the sintering process is studied by inspec9ng the development in the mean par9cle
diameter and the par9cle size distribu9ons. The results show that the mean par9cle diameter increases
with 9me, rapidly within the ﬁrst twenty minutes to thirty minutes, subsiding thereaZer approaching a
speciﬁc temperature-dependent value. Discrepancies in these results is suggested to be explainable by the
occurrence of evapora9on as it is found that the volume of gold par9cles per area decreases with 9me. In
addi9on to this, sta9s9cal analysis of the images reveals that the par9cle size distribu9ons follow a speciﬁc
growth paKern. From ini9ally being right-skewed it secondly becomes bimodal, then assumes a normal
distribu9on un9l it ﬁnally returns to a right-skewed distribu9on again. It is clear that this trend suggests the
possibility of a repea9ng growth paKern.
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Abstract
Candidates for the modest galaxies that formed most of the stars in the early universe,
at redshifts z > 7, have been found in large numbers with extremely deep restframeUV imaging. But it has proved difficult for existing NIR spectrographs to characterise
them. The detailed properties of these galaxies could be measured from dust and cool
gas emission at far-infrared wavelengths if the galaxies have become sufficiently enriched
in dust and metals. So far, however, the most distant UV-selected galaxy detected in
dust emission is only at z = 3.2, and recent results have cast doubt on whether dust and
molecules can be found in typical galaxies at this early epoch.Here we report thermal dust
emission from an archetypal early universe star-forming galaxy, A1689-zD1.We detect its
stellar continuum in spectroscopy and determine its redshift to be z = 7.5 ± 0.2 from a
spectroscopic detection of the Lyα break. A1689-zD1 is representative of the star-forming
population during reionisation, with a total star-formation rate of about 12 M yr −1 . The
galaxy is highly evolved: it has a large stellar mass, and is heavily enriched in dust, with a
dust-to-gas ratio close to that of the Milky Way. Dusty, evolved galaxies are thus present
among the fainter star-forming population at z > 7, in spite of the very short time since
they first appeared.

New developments in the McStas neutron Monte Carlo ray-tracing package.
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The McStas[1,2] neutron ray-tracing simulation package is a versatile tool for producing
accurate simulations of neutron scattering instruments at reactors, short- and long-pulsed
spallation sources such as the European Spallation Source. McStas It is extensively used for
design and optimization of instruments, virtual experiments, data analysis and user training.
McStas was founded as an scientific, open-source collaborative code in 1997.
This contribution presents the project at its current state and gives an overview of lessons
learned in areas of design process, development strategies, user contributions, quality
assurance, documentation, interoperability and synergies with the McXtrace project.
Further, main new developments in McStas 2.3 (April 2016) and McStas 3.0 (expected early
2017) are discussed, including many new components, updated source brilliance descriptions,
new tools and user interfaces, web interfaces and a new interoperatbilty with MCNP and other
high-energy oriented Monte Carlo codes [3,4].
[1] K. Lefmann and K. Nielsen, "McStas, a General Software Package for Neutron Raytracing Simulations", Neutron News 10, 20, (1999).
[2] P. Willendrup, E. Farhi, E. Knudsen, U. Filges and K. Lefmann, "McStas: Past, present
and future", Journal of Neutron Research 17 (2014) 35–43, doi: 10.3233/JNR-130004
[3] X-5 Monte Carlo Team, “MCNP - A General Monte Carlo N-Particle Trans- port Code”,
Version 5LA-UR-03-1987.
[4] L. S. Waters, G. W. McKinney, J. W. Durkee, M. L. Fensin, J. S. Hendricks, et al., “The
MCNPX Monte Carlo radiation transport code”, AIP Conf.Proc. 896 (2007) 81–90.
doi:10.1063/1.2720459.
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Analysis of [Ru(bpy)3]2+ data from XFEL experiments

Abstract: We have studied the structural dynamics of photoexcited [Ru(bpy)3]2+ (bpy = 2,2’-bipyridine) in
aqueous solution using ultrafast X-ray Diffuse Scattering (XDS) experiments conducted at a hard X-ray Free
Electron Laser (XFEL). An optical laser pump/X-ray probe setup allows for a femtosecond time resolved
experiment. Currently, the possible time resolution is on the order of 100 fs FWHM limited by the pulse width
of the lasers and the thickness of the liquid sheet, containing the sample. [Ru(bpy)3]2+ act as a model system for
a photocatalyst in dyesensitized solar cells. The analysis includes three different models with which we
interpret the structural result of the MLCT transition associated with the excitation of [Ru(bpy)3]2+. The three
models are evaluated by best chi2-fit to the data and by comparing implications of the fitting parameters with
theoretical predictions, such as the excitation fraction. The data shows an immediate response upon
photoexcitation, indicated by a clear change in scattering signal around time zero. At time zero, the optical
pulse and x-ray pulse reaches the sample at the same time. Furthermore, the data provides information on the
temperature and density changes of the solvent on a sub picosecond timescale.
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Recent azimuthal correlation measurements in ALICE

You Zhou1 , for the ALICE Collaboration
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Azimuthal correlations are a powerful tool to probe the properties and the evolution of the
collision system. In this talk, I will review the recent azimuthal correlation measurements in Pb–
Pb, p–Pb and pp collisions from ALICE at the LHC. The comparison of experimental measurements
to various theoretical calculations will be discussed. In addition, I will give an outlook to the future
studies of azimuthal correlations for ongoing LHC Run 2.

