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• 10:00: Turbulence in coronal heating and solar wind acceleration: from models to observations with
Solar Probe Plus.
M. Velli (EPSS, UCLA, California)
The Solar Probe Plus mission has, as part of its goals, to understand the coronal heating and the source
regions of the solar wind as well as the role of turbulence in solar wind acceleration and dynamics. In
this presentation a summary of the questions associated with the distibution of wind speeds and magnetic
fields in the inner heliosphere and their origin on the sun will be summarized. Where and how does the
sharp gradient in speeds develop close to the Sun? Where does Alfvénic turbulence form and what is its
role in coronal heating? Is the wind source for fast and slow the same, and is there a steady component
or is its origin always intermittent in nature? I will describe how the Solar Probe Plus mission will
help to make fundamental progress on these questions.

• 10:35: The Solar Probe Plus mission and instrumentation.
S. Bale (University of California, Berkeley)

• 10:50: Theory and observations of MHD turbulence in solar prominences.
A. Hillier (University of Cambridge)
Turbulence is believed to be a key dynamical process in in many astrophysical systems, playing a key
role in many different aspects of solar activity from the dynamo to magnetic reconnection. The motions
of plasma in quiescent prominences, as revealed by Hinode observations, display highly complex flows
across a wide range of spatial and temporal scales, and with the small diffusivity and viscosity of the
system, it is no surprise that prominences host turbulence. In this talk I will present my analysis of
Hinode SOT dopplergrams of a quiescent prominence observed on the 2008-09-27. By investigating
the spatial and temporal correlations between the line-of-sight velocity fluctuations, it was possible to
determine the scaling of the power laws up to high-order in the velocity difference, which display powers
that are at some scales consistent with weak MHD turbulence, and at others is consistent with strong
MHD turbulence. I will present some interpretation of these results based on the current theoretical
understanding of turbulence, but also highlight areas in which they do not match with theory, and
hopefully provide satisfactory explanations as to why this is the case. These results present another
piece of the puzzle that is understanding the complex nature of quiescent prominences, and also on the
role how turbulence plays in the complex magnetic field found in the solar atmosphere.

• 11:05: A coronal loop with a kappa-distribution: Turbulent coronal heating?
J. Dudik (Astronomical Institute of the Academy of Sciences of the Czech Republic)
Jaroslav Dudik (1), Simon Mackovjak (2), Elena Dzifcakova (1), Juraj Lorincik (2), Giulio Del Zanna
(3), David R. Williams (4), Marian Karlický (1), Helen E. Mason (3), Pavel Kotrc (1), Frantisek Fárńık
(1) and Alena Zemanová (1)
(1) Astronomical Institute of the Academy of Sciences of the Czech Republic, Fricova 298, 251 65
Ondrejov, Czech Republic
(2) Department of Space Physics, Institute of Experimental Physics, SAS, Watsonova 47, 040 01 Ko?ice,
Slovak Republic
(3) Department of Applied Mathematics and Theoretical Physics, CMS, University of Cambridge,
Wilberforce Road, Cambridge CB3 0WA, United Kingdom
(4) Mullard Space Science Laboratory, University College London, Holmbury St. Mary, Dorking,
Surrey RH5 6NT, United Kingdom
The kappa-distributions have been shown to arise in the presence of turbulence characterized by diffusion
coefficient inversely proportional to velocity. Here, we report on the non-Maxwellian diagnostics of a
transient coronal loop observed by SDO/AIA and Hinode/EIS. The AIA data are used to derive the



DEMs and to study the temporal evolution of the loop and its relation to neighbouring reconnection
activity. The Hinode/EIS observations in Fe XI-XIII are used to derive the plasma density and perform
the diagnostics of temperature and kappa. The plasma is shown to be highly non-Maxwellian with kappa
¡ 2. Atomic data uncertainties and the effect of plasma multithermality (DEM) is discussed, neither of
which change the result of non-Maxwellian diagnostics.

• 11:20: Charged particle propagation along and across random-walking field lines.
T. Laitinen (University of Central Lancashire)
The turbulent fluctuations of the solar wind plasmas control the propagation of energetic particles in
the heliosphere. The Solar Energetic Particles (SEPs), accelerated at the Sun and observed in situ
typically 1 AU from the Sun, propagate in the through the solar wind, scattering off the magnetic field
fluctuations. The particles are guided not only by the large-scale mean magnetic field, but also by
the small-scale fluctuations that cause the magnetic field lines meander across the mean field direction,
spreading across the field to distant heliographic longitudes. Thus, to understand the SEP observations,
and further, the origins of the SEPs, one must first understand how the field lines in the interplanetary
space wander due to turbulence, and how the SEPs are guided by them.

In this report, we analyse,using full-orbit particle simulations in prescribed turbulence, how well and
for how long a charged particle stays on its initial field line, and how the decoupling from this field line,
due to microscopic drifting or sub-Larmor-scale effects, affects the cross-field spreading of the particles.
We find that particles follow the initial field line for a significant fraction of the distance from the
Sun to the Earth. Such particle propagation mode was recently found to significantly enhance the SEP
cross-field propagation in the heliosphere, compared to earlier SEP propagation models (Laitinen et al,
2013, 2016). After decoupling, the cross-field spreading of the particles gradually becomes consistent
with that of the random-walking field lines. We discuss the physical phenomena and the relevant length
scales that affect the particle decoupling, and the subsequent effects due to field line random walk. We
also discuss how the view of the relevant length and time scales may change when considering realistic
plasma turbulence instead of a simple Fourier description considered in this study.

• 11:35: Observation of an Alfvén vortex in the slow solar wind.
O. Roberts (ESTEC)
In the solar wind, magnetic field power spectra usually show several power-laws. In this paper, mag-
netic field data from the Cluster mission during an undisturbed interval of slow solar wind is analyzed
at 0.3Hz, near the spectral break point between the ion inertial and dissipation/dispersion ranges. As-
suming Taylor’s frozen-in condition, it corresponds to a proton kinetic scale of kvA/Ωp ∼ 0.38, where
vA and Ωp are the Alfvén speed and proton angular gyrofrequency, respectively. Data show that the
Cluster spacecraft passed through a series of wavepackets. A strong isolated wavepacket is found to be
in accordance with the four Cluster satellites crossing an Alfven vortex, a nonlinear solution to the
incompressible MHD equations. A strong agreement is seen between the data from four satellites and
a model vortex with a radius of the order of 40 times the local proton gyro-radii. The polarization
at different spacecraft is compared and is found to agree with the vortex model whereas it cannot be
explained solely by the linear plane wave approach.



• 11:50: Regulation of pressure anisotropy in weakly collisional plasmas – MHD/CGL constraints in
magnetic relaxation process.
M. Strumik (University of Oxford)
Marek Strumik (1), Alexander Schekochihin (1,2), Per Helander (1,2,3)
(1) Rudolf Peierls Centre for Theoretical Physics, University of Oxford, 1 Keble Road, Oxford OX1
3NP, United Kingdom
(2) Merton College, Oxford OX1 4JD, United Kingdom
(3) Max-Planck-Institut fur Plasmaphysik, Wendelsteinstr. 1, 17491 Greifswald, Germany
Dynamics of weakly collisional plasmas may lead to thermal pressure anisotropies that are driven by
velocity shear, plasma expansion/compression or temperature gradients. The pressure anisotropies can
provide free energy for the growth of micro-scale instabilities, like the mirror of firehose instabilities,
that are commonly believed to constrain the pressure anisotropy if appropriate thresholds are exceeded.
We discuss an alternative mechanism of regulation of the pressure anisotropy that works in the absence
of micro-scale fluctuations produced by the instabilities and is rather related to stress generated in the
system by anisotropic pressure tensor. We focus on dynamical processes driven by magnetic relaxation
in plasmas as described within the MHD/CGL (known also as double-adiabatic) approximation. Results
of 3D numerical simulations are discussed in the context of analytical predictions of the MHD/CGL
theory. The theoretical results are contrasted with WIND spacecraft measurements.

• 13:00: THOR - ESA mission candidate to study plasma energization in space turbulence.
A. Vaivads (IRF, Uppsala)

• 13:35: Kinetic scale turbulence in the solar wind: nature of the fluctuations, intermittency, magnetic
rotations, and future measurements.
C. Chen (Imperial College)

• 13:50: Power spectral anisotropy in wave-vector space of solar wind turbulence at ion kinetic scales
determined by phase-differencing technique.
Xing Li (Aberystwyth University)
Using Cluster magnetic field data, we adopt wavelet analysis and multi-point phase-differencing tech-
niques to study the solar wind turbulence at ion kinetic scales. We are able to determine the power
anisotropy in wave-vector space using tens of thousands of wave packets simultaneously observed by four
Cluster spacecraft. Similar to the results of previous k-filtering analysis, we found that the turbulence
power is rested in wave vectors dominantly in directions nearly perpendicular to the scale dependent
mean magnetic field. The phase-differencing technique further reveals a very weak and quasi-parallel
propagating turbulence component, at least in some of the fast solar wind cases we studied. Previous k-
filtering results did not find such weak component. When its presence was revealed by magnetic helicity
analysis, the power of the component however was unknown.



• 14:05: Turbulent heating and anisotropic particle distributions in the solar wind: linear theory, obser-
vations from Wind and the future of measuring particle distributions.
R. Wicks (MSSL)
The solar wind plasma can be approximated as collisionless when the time between coulomb collisions
is similar to, or longer than, the travel time of the plasma from the Sun. When this is true the proton
and ion velocity distribution functions often display temperature anisotropy, which is thought to be
limited by the generation of plasma waves via various temperature anisotropy instabilities. Measure-
ments of anisotropic proton distributions from the Wind SWE analyser have been used to show that the
solar wind explores a wide range of the phase space defined by temperature anisotropy and magnetic-
field-parallel plasma beta, which are parameters that control the growth rate of temperature anisotropy
instabilities. In this presentation we will discuss attempts to find examples of temperature anisotropy
instabilities acting in the solar wind and compare them to linear theory predictions of the instabilities
behaviour. We will show that the precise number of instabilities identified depends critically on the
method of measuring proton temperature anisotropy and discuss how improvements on these data will
be made by Solar Orbiter and the proposed THOR mission.

• 14:20: Multi-spacecraft measurement of turbulence within a magnetic reconnection jet.
B. Hnat (University of Warwick)
K. T. Osman (1), K. H. Kiyani (1,2), W. H. Matthaeus (3), B. Hnat (1), S. C. Chapman (1,4), and
Yu. V. Khotyaintsev (5)
(1) Centre for Fusion, Space and Astrophysics; University of Warwick, Coventry, CV4 7AL, UK;
k.t.osman@warwick.ac.uk
(2) Laboratoire de Physique des Plasmas, École Polytechnique, Route de Saclay, F-91128 Palaiseau,
France
(3) Bartol Research Institute, Department of Physics and Astronomy, University of Delaware, DE
19716, USA
(4) Department of Mathematics and Statistics, University of Tromso, NO-9037 Tromso, Norway
(5) Swedish Institute of Space Physics, Uppsala, Sweden
We investigate the relationship between magnetic reconnection and plasma turbulence using multipoint
in situ measurements from the Cluster spacecraft within a high-speed reconnection jet in the terrestrial
magnetotail. We show explicitly that work done by electromagnetic fields on the particles, J.E, has
a non-Gaussian distribution and is concentrated in regions of high electric current density. Hence,
magnetic energy is converted to kinetic energy in an intermittent manner. The higher-order statistics
of magnetic field fluctuations generated by reconnection exhibit multifractal scaling on MHD scales and
non-Gaussian global scale invariance on kinetic scales. These observations suggest that J.E within the
reconnection jet has an analog in fluid-like turbulence theory in that it proceeds via coherent structures
generated by an intermittent cascade. This supports the hypothesis that turbulent dissipation is highly
nonuniform, and thus these results could have far reaching implications for space and astrophysical
plasmas.



• 14:35: Fully kinetic adaptive PIC simulations of magnetospheric turbulence.
G. Lapenta (CmPA, KU Leuven, Belgium)
The magnetosphere is filled with a highly turbulent plasma. In situ data taken from space missions
show a wide range of fluctuations. In some occasions specific waves can be identified with their specific
cause. We present the results of our investigative technique based on two pillars: 1) the implicit mo-
ment method for fully kinetic and fully electromagnetic particle in cell simulations [1] and 2) the Multi-
Level Multi-Domain (MLMD) for resolution adaptation [2]. Space plasmas are far from uniform and
the scales of local features varies tremendously. Localized current sheets (e.g. magnetopause, magne-
totail) need to be resolved with great detail while being embedded in less demanding environment where
lower resolutions are acceptable. The implicit method coupled with the MLMD approach allows us to
do exactly that.

We reports two results. First, we consider the effect for turbulence generate by a Kelvin-Helmholtz
(KH) instability at the flank magnetopause [3]. The resulting turbulence shows the critical property of
proportionality between energy dissipation and local currents. Specific peculiar wave processes caused
by specific plasma conditions produce discrete and peculiar peaks in the spectrum. Second, we consider
the lower-hybrid (LH) range turbulent spectrum caused by drift instabilities in the magnetotail. Strong
local gradients cause a turbulent cascade whose micro-macro couplings can be most effectively captured
by the MLMD.
[1] Markidis, S., Lapenta, G. (2010). Mathematics and Computers in Simulation, 80(7), 1509-1519.
[2] Innocenti, M. E., Lapenta, G., Markidis, S., Beck, A., Vapirev, A. (2013). J. Computat. Phys.,
238, 115-140.
[3] Kemel, K., Henri, P., Lapenta, G., Califano, F., Markidis, S. (2014). arXiv:1412.1266.

• 14:50: Multiple current sheet systems in the outer heliosphere: Energy release and turbulence.
P. Gingell (QMUL)
In the outer heliosphere, beyond the termination shock, we can expect the heliospheric current sheet to
form a region of closely-packed, thin current sheets. These structures may be subject to an ion-kinetic
tearing instability, and hence generate magnetic islands and hot populations of ions associated with
magnetic reconnection. Reconnection processes in this environment have important implications for
local particle transport, for particle acceleration at reconnection sites, and for the generation of turbu-
lence. We study this complex environment by means of three- dimensional hybrid simulations over long
time scales, in order to capture the evolution of the system from linear growth of the tearing instabil-
ity at early times, to a developed turbulent state at late times. Simulations are conducted using both
force-free and Harris current sheet equilibria, with varying plasma beta, guide field angle, and parallel
shear. We discuss the evolution of the magnetic topology, and how changes in the initial conditions
affect reconnection rates, particle acceleration, cross-boundary transport and magnetic spectra. We
also examine the effect of including an energetic population of newly-born interstellar H+ pick-up ions.
Finally, we examine the turbulent end state in the simulations, in order to investigate the multiple
current sheet system as a general scenario for driving turbulence.


