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Title: Auroral oval mapping and the main problems of magnetogpthgnamics
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(2,1), O. I. Yagodkina (3), V. V. Vovchenko (2), M. S. Relss (1), S. S. Znatkova (1), I. L.
Ovchinnikov (1), I. A. Kornilov (3), T. A. Kornilova (3), MW. Stepanova (4)

Affiliation(s): (1) Skobeltsyn Institute of Nuclear Physics, Lomondgiloscow State University;
Moscow, Russia; (2) Space Research Institute (IKI) Rns&cademy of Science, Moscow,
Russia; (3) Polar Geophysical Institute, Apatity, MurmaRelgion, Russia; (4) Physics
Department, Science Faculty, Universidad de Santiago de, Chiile

Abstract:

We study the topology of high latitude plasma domains eadalyze the problem of the auroral
oval mapping without using magnetic field models. The lopadf the trapping boundary of
energetic particles inside the auroral oval is demonstradglcompare the distribution of plasma
pressure at low altitudes using data of DMSP observatiotiplasma pressure at the equatorial
plane using data of THEMIS mission. It is shown thasinm@rt of the auroral oval is mapped to the
surrounding the Earth plasma ring at geocentric distasmoadler than 10-12Re in contrast to the
ordinary suggestion of the auroral oval mapping to the @asdmaet proper. Transverse currents in
the ring are the high latitude continuation of theitraal ring current. We show that obtained
results can help in the creation of the non conttadieexplanation of many magnetospheric
phenomena including the formation of quite auroral atbenconditions of the high level of
plasma sheet turbulence. The main reasons leadihg t@al changes of the well established
positions are discussed.



Name: Michael Balikhin

Title: How the fusion between physics and systems scienceedpms to understand solar wind-
magnetosphere coupling.

Author(s): M. A. Balikhin, R. J. Boynton, S. A. Billings, and S. Walker

Affiliation:
Department of Automatic Control and Systems Engineetingersity of Sheffield, Sheffield,
U.K.

Abstract:

The methodologies developed in the field of Systemrgeidave proven valuable assets in the
study of extremely complex, physical objects for whichdele based on first principles have not
been developed. The traditional approach to modeling $tantsfirst principles combined with
knowledge about simple physical processes, advancing to arstamigng of more complex
processes and, in the final stages, conjugates themmintibraate model of the complex physical
object. In some sense, the system science advancksawiedge in opposite direction, building
on the knowledge of the generic complex behaviour g6tem. Applying advanced data analysis
methods, systems science investigates the evolutidre aierall system to provide information
about the underlying physical processes involved in the s\gstimamics. The Solar-Terrestrial
system is one example of a physical system thatastks a comprehensive physical model
deduced from the first principles. It is shown howftlgon between the systems science and
physics approach helps to understand coupling between #rengodl and the magnetosphere.



Name: Joachim Birn

Title: Onset and cessation of reconnection in the magrlgtefation to substorms

Author(s): Joachim Birn, Yi-Hsin Liu, William S. Daughton, MickleHesse, and Karl Schindler
Affiliation(s):Space Science Institute, Boulder, CO, USA

Abstract:r

It is commonly assumed that the onset of reconneatitime magnetotail involves a tearing
instability. Using two-dimensional PIC simulations up te thal proton/electron mass ratio, we
have explored the onset of tearing in 2D tail configarst We found a clear threshold between
stable and unstable configurations, depending on the magnittige mdérmal magnetic field
component, the current sheet thickness, and the assomielctron mass ratio. An important
open question, however, is how this onset and the recboneate are modified by 3D effects,
particularly by the interaction with ballooning/inteactge type modes. It is also well established
that entropy-depleted earthward flows (“bubbles”) causeddynnection distort the magnetic
field and can generate field-aligned current systemshi&eubstorm current wedge. The
“substorm effectiveness” appears to depend on the defitwgbenetration to Earth, which is
controlled by the amount of depletion of the bubbless, however, not known what determines
this amount, whether it is related to a cessatioe@dmnection, what might govern that, and how
these phenomena might be related to the recovery phassubstorm and the replenishment of the
plasma sheet.



Name: Lauren Blum
Title: Causes and Consequences of Radiation Belt ElectemipRation
Author(s): L. W. Blunt, J. W. Bonneli, X. Li?

Affiliation(s):
Space Sciences Lab (SSL), University of CaliforniakBy
ZLaboratory for Atmospheric and Space Physics (LASR)yéisity of Colorado Boulder

Abstract:

There is still much to be understood about the processeshbuiting to relativistic electron
enhancements and losses in the outer radiation bditl@grecipitation into the atmosphere is a
critical part of radiation belt electron loss, andheut detailed knowledge of this loss mechanism,
we are unable to fully understand the contributions oélecation mechanisms. An understanding
of the causes of this loss, and the various wave megpsmsible for electron precipitation, gives
insight into when and where these loss processes tare. &lectromagnetic ion cyclotron (EMIC)
waves have been hypothesized to be a primary sourceaifitaBon loss of radiation belt
electrons, contributing to the net response and dyrsaoiithe outer radiation belt. Here we
investigate the relationship between EMIC waves and ptatign events, their spatial scales and
global distributions. Through a combination of equataviave and plasma measurements and low
altitude energetic electron precipitation measurememsxplore the nature and extent of electron
loss to the atmosphere as well as what electromagmate modes may be causing it. These
studies aid in the understanding of outer radiation belahjcs and the relationship between
precipitating energetic electrons, electromagnetic sjaaed global magnetospheric conditions.



Name: Jacob Bortnik
Title: Some outstanding problems in radiation belt and wpakigsics
Author(s): Jacob Bortnik Richard M. Thorne Wen LT, Xinliang Gag*

Affiliation(s):

!Department of Atmospheric and Oceanic Sciences, UCbA Angeles, California, USA
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Science, University of Science and Technology of Chiredei230026, China
*Collaborative Innovation Center of Astronautical 8cieand Technology, China

Abstract:

While the field of radiation belt and waves physicsheagived considerable attention in recent
years, due to the launch of the Van Allen Probes in 2013, there are many puzzles which still
remain to be solved. In this talk we briefly review ourrent understanding of the processes that
drive radiation belt dynamics. We then turn our aibento problems that still remain to be solved:
what causes the prompt acceleration of radiation ketrens? Why do electron dropouts occur
even during relatively quiet conditions, and why is itaod to quantify the dynamics of the
radiation belt electrons, even when solar wind caowstare known? These and other topics will
be covered under the rubric of future magnetospheriarese



Name: Joe Borovsky

Titlee Do We Really Understand Solar-Wind/Magnetosphere Quog/li
Author(s): Joe Borovsky

Affiliation(s): Space Science Institute and University of Michigan
Abstract:

Several aspects of how the solar wind couples to th&’'Eanagnetosphere and ionosphere. The
following deficiencies in our understanding will be pemhtout. (1) There is broad agreement that
dayside magnetic reconnection is a controlling mechafustme coupling, but there is an ongoing
debate as to whether or not the solar-wind electrid ¥igB controls the dayside reconnection rate.
(2) The solar-wind control of geomagnetic activity isalty studied and tested via correlations
between solar-wind functions and geomagnetic indlmgisthere are mathematical versus physics
aspects to correlations that raise the issues ofh@hebrrelations can be used as a test of the
physical accuracy of solar-wind driver functions. (3) Tiaéure of the viscous interaction between
the solar wind and the magnetosphere is a mysteryhene is a question of whether residual (non-
dayside-reconnection) geomagnetic activity is causedvizcaus interaction or by reconnection
tailward of the cusp. (4) There is a new understandingtahe ability of the magnetosphere to
control (reduce) the rate of dayside reconnection, batkadf knowledge of the mass density of
the dayside magnetosphere and a lack of knowledge abaetdhiee roles of keV oxygen in the
ion plasma sheet and eV oxygen in the plasma cloald §Etistical increase in geomagnetic
activity with increased levels of upstream solar-wind tilebce has been established, but the
physical reason why turbulence or fluctuations increalse-sond/magnetosphere coupling is a
mystery. (6) The mechanisms of mass coupling from the watal into the magnetosphere
(particularly via the LLBL) are not understood and thaltotass flow has not been quantified.



Name: C. Robert Clauer

Title: Issues Concerning Polar Cap Electric Potential (Fielt)r&&on

Author(s): C. R. Clauer(1), Zhonghua Xu(1), J. Michael Ruohoniemid3eph Baker(1), Wayne
Scales(1), Michael Nicolls(2), Marc Hairston(3), Rickld®r(4), M.Maimaiti(1)

Affiliation(s): (1) Virginia Tech, (2) SRI International, (3) UT Dallg4) U of Colorado LASP

Abstract:

While several statistical investigations indicate thatpolar convection electric field 'saturates’ for
large values of the driving solar wind electric field fothbnorthward and southward IMF, recent
Resolute incoherent scatter radar measurements showmsagucation. The electric field in the
reverse convection cell during strongly northward IMRJeen 10 - 30 nT) have values between
156 mV/m and 67 mV/m showing a linear variation with theidg field, measured on Sept 12-13,
2015. Does the electric field saturate or the poten#at® measurements by SuperDARN and
DMSP drift-meter accurate for large drift values? If, ediéhe polar ionospheric electric field does
become non-linear with a strong driving electric fieldJldadhe ionosphere play an active role in
that non-linearity? It seems that there is stitentainty in the relation between the ionospheric
electric field and solar wind driving. What would be thetheay to measure this? Are these
Resolute measurements unusual in some way?



Name: Mark Clilverd

Title: What are the magnetospheric drivers of the obsarvagling of geomagnetic activity to the
atmosphere?

Author(s): Mark A Clilverd', Craig J. Rodgér Hua LU, Annika Seppale®
Affiliation(s): *British Antarctic Survey?University of OtagoFinnish Meteorological Institute

Abstract: What is the physical coupling that explains the obselm&doktween geomagnetic
activity variability and the atmosphere's North Atlamtgcillation (NAO)?- this is a vital
component to understanding the past, present and future ®mehaf/iveather patterns that have a
significant influence on western-European wintertimed® duestion builds on the previous
identification that there are key periods in time whbeevariability in long-term geomagnetic
activity explains a significant fraction of the behaviofithe NAO. The solution will probably
involve the reanalysis of long-term geomagnetic actiétiasets, and the development of a
reclassification of the magnetic field perturbatiamseirms of climate-system effectiveness. This
type of classification is critically lacking from theputs of atmospheric coupled-climate models.
We will show that the coupling between geomagnetic agtand the atmosphere is strongest for
the declining phase of the solar cycle, but only forywather cycle — leading to the question about
what is the actual physical mechanism in play?



Name: Mick Denton
Title: What is the origin of low-energy electrons ie thner magnetosphere?

Author(s): M. Denton (1, 2), G. Reeves (1, 3), R. Friedel (1B3),arsen (1, 3), M. Thomsen (4,
3), J. Borovsky (2, 5), R. Skoug (3), H. Funsten (3).

Affiliation(s):

(1) New Mexico Consortium

(2) Space Science Institute

(3) Los Alamos National Laboratory
(4) Planetary Science Institute

(5) University of Michigan

Abstract: Measurements of the low energy (10s-100s eV) elepmpnlation in the inner
magnetosphere are challenging - it is primarily becatisarface charging issues that electrons in
the energy range from 10s to 100s eV have been relativelty sampled to date. This
population, and its dynamics and evolution, have thus beglected in comparison with other
magnetospheric populations. This situation may be compatiedhe study of low-energy ions in
the magnetosphere - a population that recently rece@rexlved attention, and as a result, a better
appreciation of its role in global magnetospheric dyarte.g Chappell et al. [2008]).

Knowledge of low energy electrons provides informatiortf@ndynamics of the magnetosphere
system, on mass flow through this system, and on tgenaf the charged patrticles that fill the
inner magnetosphere. We discuss RBSP/HOPE and LANL/MRArgations - specifically the
energy, spatial, and pitch-angle distributions of tive ¢nergy electrons - and speculate as to the
under-appreciated role of this population in the magnetosphere



Name: Colin Forsyth

Title: Combining long-term datasets takée unsolved problems in the magnetosphere
Author(s): C. Forsyth, I. J. Rae
Affiliation(s): UCL Mullard Space Science Laboratory, Dorking, Surkéy,

Abstract: On a case-by-case basis, spacecraft coverage wiiieetosphere is sparse and whilst
case studies of a small-spatial coverage of data pmantprovide insights into the micro or meso-
scale physics, they can provide very little informationthe system-level dynamics and properties
of the magnetosphere. Taken together, missions suchistelC THEMIS, Geotail, Polar and
others provide hundreds of spacecraft years worth of wditg@ns covering large swathes of the
magnetosphere. Recent publications have shown that ltheg-term datasets can question the
existing perceived knowledge of the properties of the mataieplasma such that even some
“solved” problems may be called into question. In this preg@n, we will discuss how by
combining data from these missions with long-term groursdaatasets such as SuperMAG, we
are in a prime position to examine long-term trends aod-$erm dynamics of the magnetosphere
and answer questions such as “how does the plasmanmatieetotail influence substorm size and
onsets”, “how is energy transmitted through the magmpétere during substorms”, and “how does
the solar cycle affect the magnetosphere”.



Name: Reiner Friedel

Title: Quiet time relativistic electron pitch angle distriions in the inner magnetosphere
Author(s): R. H. W. Friedel (1,2), H. Zhao (3), Yue Chen (1) andHédnderson (1)
Affiliation(s):

(1) Space Science and Applications, Los Alamos, New MeXiSA

(2) The New Mexico Consortium, Los Alamos, New Mexit&A

(3) Laboratory for Atmospheric and Sapce Physics, Uniyeo$iColorado, Boulder, Colorado,
USA

Abstract:

The shape of the relativistic electron pitch anglérihistion (PADS) in the trapped inner region of
the magnetosphere is a sensitive measure of many pfdbesses that govern the dynamics of
these particles. We report here on recent statigilzsgrvations of relativistic electron PADs from
the Relativistic Electron/Proton Telescope (REPT)r@n\tan Allen Probes mission, which show
an unexpected dawn/dusk asymmetry that seems to be aqmrgature during quiet times of Dst
< -20 nT. The observed PADs show a more peaked pancakbulish at dusk compared to dawn
for energies above 1.8 MeV, with the difference beognstironger at higher energies. These
observations hint at persistent processes that cast edfativsitic electrons on timescales on the
order of the drift period (~ 10 minutes).



Name: Stephen A. Fuselier

Title: Communication between the nightside and the daysideetagphere
Author(s): Stephen A. Fuselier
Affiliation(s): Southwest Research Institute, San Antonio, Tex&# U

Abstract: In the standard picture of magnetospheric dynamicenreection at the dayside
magnetopause transfers particle and magnetic flux toigintside. This transfer cannot continue
unabated. The nightside responds by expelling flux dowrathend injecting plasma in the
direction of the Earth in a quasi-continuous or an estpéomanner. The reconnection process on
the dayside and the explosive reconnection processanghtside are reasonably well understood
from a local perspective. Less well understood are thegimplications of these local transfer
processes and the communication between the daysidegdmsliche. This talk reviews what is
understood about the global implications for localizszbnnection and discusses the process of
transfer from the dayside to the nightside and (to arlessent) the transfer back to the dayside.
This review includes new observations from neutral atoaging of the magnetospheric cusps and
magnetotail/plasma sheet.



Name: Christine Gabrielse

Title: The injection region’s formation and evolution: large small-scale?

Author(s): Christine Gabrielse E. Spanswick V. Angelopoulo E. Donovaf A. Runov, D. L.
Turnef, J. Lit*

Affiliation(s): (1) UCLA, (2) University of Calgary, (3) The Aerospdacerporation

Abstract:

Understanding particle energization and transport througtheu magnetotail is fundamental to
modeling particle sources and losses in Earth’'s inner nagpteere. Signatures of energization
and transport, injections are observed as sudden increasagiate fluxes across several energy
channels. A main source of the radiation belt's seed pomulahey also create anisotropies that
drive ion cyclotron or whistler mode chorus waves respomddnl losses or further acceleration.
Where the injection region forms and how it evolesyever, is still unknown. The data thus far
have supported two seemingly opposing models for the iofecegion: (1) a large-scale, near-
Earth (~8-9 R) region that explosively forms perhaps as a resuttuofent disruption and global
dipolarization, which then propagates both earthward alwirali; (2) multiple, localized, transient
acceleration episodes that propagate earthward withigmdadzing flux bundle at fast speeds
(~400 km/s) after reconnection, resulting in flux pilengar Earth with effects then progressing
downtail. | am interested in better understanding tteelaration and transport process: namely,
does it result from a global phenomenon, such asigtien in the cross-tail current leading to
global dipolarization, or does it begin with localizedsthward-travelling dipolarizing flux bundles
and fast flows? Or possibly both?



Name: D.L. Gallagher

Title: What processes influence plasmaspheric refilling?
Author(s): D. L. Gallagher
Affiliation(s): NASA Marshall Space Flight Center

Abstract:

Just over half a century ago Don Carpenter, using whabeervations, found that plasma density
near Earth was lost during geomagnetic storms. Siateithe many have undertaken to
understand the physical processes involved in the resudtingpheric plasma outflow that

repopulates this region. lonospheric chemistry, thepimeric wind, convectio x B, and heating

have often been incorporated into the analysis. Yetr#tical studies have not yet successfully
explained observed refilling, which most recently wasoled to be twice as fast as modeling
estimates. It has been speculated that plasma wavioeajugitch angle scattering and heating
may play a role and there is supporting circumstantialese, however these processes are not
often included in physical models. Heavy ion composisonell recognized as critical to wave-
particle instabilities and to the propagation of wave potrerigh the inner magnetosphere;
however our understanding of variation in compositiolangely limited to finding enhanced
oxygen ion outflow during increased activity. The contad state of what we do not know about
plasmaspheric refilling will be further discussed durimg presentation.



Name: Natalia Ganushkina

Title: Substorm-associated effects in the variations ofdoergy electron fluxes in the inner
magnetosphere: Does the substorm’s strength matter?

Author(s): Natalia Ganushkina (1, 2) Stepan Dugyagin (1), I. Si&n(1), D. Pitchford (3)

Affiliation(s): (1) Finnish Meteorological Institute, Helsinki, Fintgr(2) University of Michigan,
Ann Arbor MI, USA, (3) SES ENGINEERING, Luxembourg.

Abstract:

The fluxes of electrons with energies < 100 keV not Wgaalalyzed in details when studying the
electron radiation belts. These fluxes constitueeldlv energy part of the seed population, which is
critically important for radiation belt dynamics. Moxer, energetic electrons with energies less
than about 100 keV are responsible for hazardous space-weditieomena such as surface
charging. The electron flux at these energies vasigsificantly with geomagnetic activity and
even during quiet-time periods. Significant variationsthie low-energy electrons can be seen
during isolated substorms, not related to any storm perMdseover, electron flux variations
depend on the electron energy. Statistical analifysMiC 12 CEASE Il ESA instrument data (5-
50 keV) and GOES MAGED data (40, 75, 150 keV) have reveale@ldwton fluxes increase by
the same order of magnitude during isolated substorms with R@i AE index and storm-time
substorms with 1200 nT of AE index. If substorms are repteders electromagnetic pulses which
transport and accelerate electrons additionally, heatlgeir amplitudes determined, if not related
directly to a substorm’s strength? We present obsenat@and modeling results on low energy
electrons in the inner magnetosphere and on the ralgbstorms for them.



Name: Gerhard Haerendel

Title: Overcoming Uncertainties in the Relation betweenr&and Aurora
Author (s): Gerhard Haerendel
Affiliation(s): Planck Institute for Extraterrestrial Physics, Garch@grmany

Abstract: A field of great uncertainty in magnetospheric physidbeasrelation between source
regions in magnetosphere or tail, ionospheric phenonagwbenergy conversion processes acting
between the two. Because of their traceability, auemed hold the greatest promise for drawing
conclusions on identification and dynamics of theurrse regions. However, there are two
obstacles: Arcs are tracing only narrow regions ajme#ic stress release, and conjugate
observations of source and aurora are rare. Furtherthere,is no unified understanding of the
basic energy conversion processes. Two guiding principlggaepesed. (1) The magnetic stresses
may arise from three forces: plasma pressure fanegjal forces or flow braking, and magnetic
pressure force. (2) There are two modes of convergithedree magnetic energy into auroral
particle energy: (a) Progressive release of alreayimy shear stresses, or (b) immediate
conversion or dumping of inflowing energy, for instance mekc Alfvén waves. The first is
behind the origin of inverted-V arcs, whereas the set@atk to Alfvénic arcs. At the present state
of the art, a diversity of concepts exists for theior@f auroral arcs, and there is much room for
intuition. An ordering according to the above guidingpiples will be attempted.



Name: Michael Hartinger

Title: What is the difference between a wave and a gahsand why does it matter for Solar
Wind-Magnetosphere-lonosphere coupling?

Author(s): Michael Hartinger and Robert Clauer

Affiliation(s): Bradley Department of Electric and Computer EngimggBlacksburg, VA, USA

Abstract:

Magnetic perturbations with periods on the order of minitésns of minutes are often observed
in the Earth’s magnetosphere using satellites and grbased instruments. We typically
categorize these perturbations as transient everts as traveling convection vortices (TCVs), or
steady wave activity, such as standing Alfven waves.dnymegions — particularly at large radial
distances/high latitudes — it is difficult to distingulsttween each type of behavior. This lack of a
clear distinction makes it difficult to identify tlexcitation mechanism(s) for these perturbations
and assess their role in solar wind-magnetospherepbros (SWMI) coupling. We discuss how
the distinction between transients and waves aftaatsinderstanding of SWMI coupling and why
making such a distinction is often challenging. We alsoufis the observational, theoretical, and
modeling work needed to assess the role of these permdat SWMI coupling.



Name: Rod Heelis

Title: lonospheric Signatures of Magnetospheric Convection
Author(s): R.A. Heelis

Affiliation(s): University of Texas at Dallas

Abstract: Comparison of average and instantaneous signatureagrfetospheric convection in
the ionosphere reveal striking differences that ateasily reconciled with the present notions of
solar wind — magnetosphere interactions. Discoveringetmporal and spatial scales of
ionospheric convection signatures that characterizeepses occurring at the dayside
magnetopause, at the flanks of the magnetosphere, #mel tiail remains an unsolved problem
with important consequences for magnetospheric, ionospdnaat thermospheric dynamics.



Name: Michael G. Henderson

Title: The Association of Auroral Streamers with Substonmséds
Author(s): M. G. Henderson
Affiliation(s): Los Alamos National Laboratory

Abstract:

Over the last several decades, a number of studiesshawan that auroral breakup associated with
substorm onset can be preceded by the arrival of equatemearidg auroral forms from higher
latitudes. In the 1970s, based on detailed analysis dfyalksager data, Oguti [1973], defined the
concept of a "‘contact breakup’, which starts when amétt{or “slanted’) arc splits away from a
poleward arc system and arrives in the equatorward pdre @luroral distribution. Later,
Henderson et al. [2006] used global auroral imager datate stat onsets could emerge from
complex interactions between auroral streamers and obsghforms at the equatorward edge of
the bulge. And most recently, Nishimura et al. [2010] ldaigned that all auroral breakups are
preceded by the arrival of auroral forms from the polewagibns of the bulge. Here we review
the observations and show that many auroral onsetdenayly coincidentally related to the
immediate arrival of auroral streamers and thatritexaction is likely to be much more complex
than is currently thought.



Name: Michael Hesse

Title: Does the Magnetosphere go to Sleep?

Author(s): Michael Hessk Eigil Friis-Christensef) Masha Kuznetsova
Affiliation(s): 'NASA Goddard Space Flight Cent@banish National Space Center

Abstract:

An interesting question in magnetospheric researchatereto the transition between
magnetospheric configurations under substantial solar a@viaohg, and a putative relaxed state
after the driving ceases. While it is conceivable thatdtier state may be unique and only
dependent on residual solar wind driving, a more likely se@has magnetospheric memory
playing a key role. Memory processes may be manifold:taints from conservation of flux tube
entropy to neutral wind inertia in the upper atmosphereatiapntribute. In this presentation, we
use high-resolution, global, MHD simulations to begished light on this transition, as well as on
the concept of a quiet state of the magnetosphere. IMdiscuss key elements of magnetospheric
memory, and demonstrate their influence, as well aadheal memory time scale, through
simulations and analytical estimates. Finally, we polint out processes with the potential to effect
magnetospheric memory loss.



Name: Bogdan Hnat

Title: Turbulence and reconnection in the terrestrial ratgail

Author(9): B. Hnat, K. T. Osmah, K. H. Kiyant, W. H. Matthaeus S.C. Chapmdr® 4and Yu.
V. Khotyaintsev

Affiliation(s):

centre for Fusion, Space and Astrophysics; Universitiyaiwick, Coventry, CV4 7AL, UK; 2
Bartol Research Institute, Department of Physics aricbAsmy, University of Delaware,

Delaware 19716, USA?{ Department of Mathematics and Statistics, Univerdifjromsg, N-9037
Tromsg, Norway ; 4 Max Planck Institute for the Physics of Complex Syste®i187 Dresden,
Germany/; > Swedish Institute of Space Physics, Uppsala, Sweden

Abstract:

Turbulence and reconnection represent two fundamentadaridlly understood aspects of plasma
dynamics and are important in transport within the péasheet. Observations show that the
magnetic fluctuations within this region exhibit key featwassociated with turbulence: multi-
scaling and intermittency. Recent numerical studies/ghat the reconnection leads to turbulent
flows in the later stages of the process. The oglahip between magnetic reconnection and
plasma turbulence is investigated using multipoint in-sit@sarements from the Cluster
spacecraft within a high-speed reconnection jet in tliedtial magnetotail. We show that work
done by electromagnetic fields on the particles, ldag,a non-Gaussian distribution and is
concentrated in regions of high electric current dgnkience, magnetic energy is converted to
kinetic energy in an intermittent manner. Furthermare find the higher-order statistics of
magnetic field fluctuations are characterized by nmaltiial scaling on magnetofluid scales and
non-Gaussian global scale invariance on kinetic scaleese observations suggest J.E within the
reconnection jet has an analogue in fluid-like turbuleheery in that it proceeds via coherent
structures generated by an intermittent cascade. This $sppethypothesis that turbulent
dissipation is highly nonuniform.



Name: Vania K. Jordanova

Title: Outstanding Inner Magnetospheric Questions and ProblesAr
Author(s): Vania K. Jordanova
Affiliation(s): Los Alamos National Laboratory, Los Alamos, NM 87545A

Abstract:

The Earth’s inner magnetosphere is a highly dynamic systeupled through a complex set of
physical processes to the outer magnetosphere and tdspiwre. The largest variations in the
inner magnetospheric plasma and fields occur during geonmagteins and are related to the
intensification of the ring current, the magneticatypiped charged particles (10's keV) circling
Earth between ~2 to 5 Earth radiigRThe mechanisms for particle injection in the neart
space environment and their subsequent trapping or loss hatvstodied for many years;
however their theoretical evaluation and implementationumerical models remain challenging.
We discuss critical problems in present-day numericalets which, although powerful tools to
study large-scale storm dynamics, depend on variousfsatsumptions as well as knowledge of
initial and boundary conditions. Using our RAM-SCB modhelttcouples the kinetic ring current-
atmosphere interactions model with an Euler potentis¢thahree-dimensional plasma equilibrium
code we address several outstanding questions in inner toggineric dynamics: a) the role of
convective versus inductive electric fields in ring curiemergization, b) the depth of particle
penetration into the inner magnetosphere, and c) thetefdf ion composition variation during
storms.



Name: Nadine M.E. Kalmoni

Title: Are all substorm onset arcs created equal?
Author(s): N.M.E. Kalmont, I.J. Raé C.E.J. Waft K. R. Murphy, C. Forsyth, C. J. Oweh

Affiliation(s): *Mullard Space Science Laboratory, University Collegedamn Holmbury St.
Mary, Dorking, RH5 6NT, UK

“Department of Meteorology, University of Reading, RegdUK

*NASA Goddard Space Flight Center, Greenbelt, ML, USA

Abstract: An auroral substorm is marked by a sudden brightening ar@vard expansion of the
most equatorward auroral arc, and corresponds to the&tarapid global reconfiguration of the
magnetotail. Using the high temporal and spatial resalutiaghe THEMIS All Sky Imagers, small
scale azimuthal structures (beads) have been observegth®onset arc in the minutes leading up
to substorm onset. These beads have been observethamouisly in both hemispheres and grow
exponentially. This suggests that beady substorm onseaa¢he ionospheric signature of a
magnetospheric instability which manifests itself &titimer edge of the plasma sheet. In our
previous work we have statistically characterised thevtirand spatial scales of the beads in a few
clearly beady substorm onsets and conclude that teeyast consistent with a Shear-Flow
Ballooning Instability. In this talk, we discuss the postipthat all substorm onset arcs are the
result of magnetospheric instabilities, and furtherudisamethods of analysis that could provide the
answer to the unsolved magnetospheric problem of “whatiesréi@e substorm onset arc?”
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Abstract:

Despite the fact the Earth's radiation belts weseavered more than fifty years ago, many
fundamental aspects of their dynamics remain only paortierstood. The outer radiation belt, in
particular, is very dynamical and shows variability mergetic electron populations that wax and
wane over several orders of magnitude. This variab#itgiue to energization and loss processes
that lead to enhanced and depleted numbers of electromgwirhspacecraft mission, Van Allen
Probes launched in the fall of 2012, carries a compreferssiite of instruments that measure
particles and plasma waves. The primary science gaalunderstand the physics of the radiation
belts. In more than 2 years of observations VannAReobes has succeeded in shedding light on
several fundamental questions regarding the acceleratid loss of outer Van Allen belt electron
population. However, the detailed observations have r@&gealed new phenomena such as the
“electron Storage ring”, and the “impenetrable barrieWWe review these and other observations
and discuss their implications regarding our understandinthe physics of these energetic
particles in the Van Allen belts.
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Abstract:

Earth’'s plasmasphere is a torus of cold (approximately) Lldense plasma that co-rorates with
Earth. Although the plasmasphere comprises the bulktgerithe magnetosphere and is a
controlling factor in wave propagation and scattering rabesspace science community has
focused their attention elsewhere. Recently, missanh as the Van Allen Probes and IMAGE
EUV have brought a wealth of plasmaspheric data to amagd generated new questions about
the plasmasphere that we may have not considered psévitn this talk, we will discuss recent
findings and the unresolved questions stemming from thessdts — including the unique behavior
the high energy (1-10 eV) plasmasphere population, wayeagation in the plasmasphere, and
recent insights and challenges in plasmapause detection.
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Abstract:

Auroral phenomena come in many shapes and forms, fiftuselto discrete, and spiral
complicated structures to long, thin arcs. Despite deaddesearch, there is no consensus on the
magnetospheric driver of even the simplest aurorahfoine auroral arc. Auroral arcs can often
span many hours of local time and be long-lived (10s of msnutenore). Discrete auroral arcs are
broadly understood to be created by, or associated witlonseof upward field-aligned current
(downward acceleration of electrons). Yet while macatesauroral structure is sometimes thought
to represent magnetospheric structure, exactly howah@spheric and near-ionospheric structure
maps to the magnetosphere is a major unsolved mystagidition, there are major questions
about the magnetospheric drivers of auroral arc — fleeais gradient of some magnetospheric
plasma parameter, etc. In this talk | will review cutiimking on the magnetospheric processes
that create auroral arcs, identify open questions, and fugg#sds for solving this fundamental
guestion.
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Abstract:

The primary science objective of the Van Allen Proiéssion, formerly Radiation Belt Storm
Probes, is to provide understanding, ideally to the poiptedictability, of how populations of
relativistic electrons and penetrating ions in space fmrghange in response to variable inputs of
energy from the Sur.o the point of predictability: knowledge and understandsngpi yet there.
There are some forecasting technologies currenfijaice, but their inherent limitations are
inhibiting substantive improvements in radiation betet@sts. Many radiation belt phenomena are
understood to some degree; there are two kinds of energizataxial diffusion and local
acceleration, and there are two regions of loss — thrthggimagnetopause and precipitation into
the atmosphere. And radiation belt models are beginniegamine and match observed
conditions. Growing statistics are also having sucdesSaaacterizing the state of the radiation
belts. But exactly when to expect certain behavioredas solar conditions remains a work in
progress. There is as yet no real connection betwesmiseon the sun and the response of the
radiation belts. A framework for success in this endeasa only be built on cross-disciplinary
coordination from a team of solar, heliospheric andmasaspheric scientists.
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Abstract:

The study of the Earth's aurora has been underwaytsiedeginning of the space-age, yet
significant challenges to our understanding of the underlyingipbiyemain to this day. This is
undoubtedly because the physics involved is fundamentallyikinenature making the plasma
physics quite non-trivial. While the idea of a potentiajdatong the magnetic field line is now
widely accepted, the detailed understanding of how this paiteinbp arises and evolves remains a
key question. Among topics for discussion are the questibthe distribution of field-aligned
potential drop along the field, the detailed, self-consistedelling of this region, and the role
which waves, particularly Alfven waves, play in the Barauroral zone.
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Abstract:

A number of distinct current systems exist in the rigath nightside magnetosphere, especially
during active times when fresh plasma is continuoushporadically injected from the tail. These
systems include the eastward and westward symmetricumgnt, the partial ring current, the
banana current, and the cross-tail current, includintgatsient diversion into the ionosphere as the
substorm current wedge. ldentifying and properly describing thphatmgy, intensity, and timing
of these current systems is a difficult task with preeslay observations, yet this is a critical issue
because the closure path of these currents is relatkd tgpe and magnitude of nonlinear
feedback on the dynamics of the geospace systemretést history of near-Earth nightside
current system definitions used by the community is ptedepointing out similarities and
differences between various studies covering this topie possible scientific implications of
misidentification of current closure path are explorastrating the unresolved nature of the issue
and the need for further examination. It concludes avitliscussion of some of the open questions
regarding near-Earth nightside magnetospheric currergragst
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Abstract:

Geomagnetic storms can be unpredictable, as long asgense of the radiation belts.

Sometimes we observe flux enhancements mainly aftee\@sts (electrons), or SEP (protons and
alpha particles), but there are also another tinveg;h are less commons, when particles almost
disappear from certain regions. These flux variatidfesctiand change the configuration of the
Van Allen Belts.

We present as an example of this situation the eveotireed on March 17, 2015. The new
instrument EPT (Energetic Particle Telescope), onbB&A satellite PROBA-V, launched May 7,
2013, has observed this behavior: the particles flux eehaat, a depletion of particles after the
increment, and finally a restructuration of the radiabelts.

We are trying to understand which mechanism are behind tlagsion, and why can be so
different from an event to another one.
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Abstract:

There are a number of problems in magnetospheric pHgsiegiich there is still no general
consensus, including the saturation of the transpol&npat, the factors that control the dayside
merging rate, and how and why substorms occur. Manyeséthhenomena have their
counterparts in the behavior of global MHD models, sugggshat there are processes working on
the MHD scale that can provide the answers to these gngséven if essential physics is missing.
For example (and most notably) ideal MHD codes do not thevphysics of reconnection in them,
but they mimic the role of reconnection in the m@algnetosphere. This, in turn must tell us
something fundamental about the ultimate drivers optbeess that are being mimicked. In this
presentation, | will discuss a variety of unsolved peotsl and present potential answers based on
the results of global MHD studies. | will also preisexamples from global MHD that present
challenges for our understanding of issues such as imeyhieeric polar cap asymmetries and
linear versus nonlinear behavior of the solar driver adpcing magnetospheric output.
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Abstract:

Earth’s magnetosphere and ionosphere are intrinsicallpled via magnetic field lines. During
geomagnetic storms, strong electric fields and curametsransmitted between the magnetosphere
and high-latitude ionosphere, providing an important soaire@mergy and momentum for the
coupled system. Enhanced energetic particles from theeatwspiere penetrate into the
ionosphere and upper atmosphere where they produce addaioimation and heating to affect

the chemistry and dynamics of these regions. This paifietiscuss the global energy portioning
in the high-latitude ionosphere and in the inner magne&ssgiased on various direct and indirect
observations, together with the aid of numerical satioihs. We will also assess and compare the
impact of different energetic particles (e.g., aurprakipitating particles of less than 30 keV
versus radiation belt and ring current particles oftgreghan 30 keV) on the ionosphere and
thermosphere.
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Abstract:

The idea of using a high-intensity electron beam tivelg probe magnetic field line connectivity
in space has been discussed since the 1970’s. Howeverpésneental realization onboard a
magnetospheric spacecraft has never been accompligivadde of serious spacecraft charging
problems. Unlike the case of beam experiments in thesmhrere, the tenuous magnetospheric
plasma cannot provide the return current necessary totkeegpacecraft charging under control
and alternative pathways must therefore be sought. (ute idea uses a high-density contactor
plasma to aid beam emission.

We perform Particle-In-Cell simulations to investigatigen a high-intensity electron beam can be
emitted from a magnetospheric spacecraft. We studyelkrase of a contactor plasma before and
after beam emission, with contactor current largen the beam current. After an initial transient
controlled by the size of the initial contactor cloutle tspacecraft potential can settle into
conditions that allow beam emission. A physical arption in terms of the Child-Langmuir law is
presented: the spacecraft can emit net positive chafgkeofuasi-spherical contactor cloud, thus
overcoming the space-charge limitations typical of mmam emission. We conclude that this
scenario offers a pathway for future electron beamraxeats in the low-density magnetosphere.



Name: John Lyon

Title: Understanding Flow Channels

Author(s): John Lyon, Michael Wiltberge?, Viacheslav Merkify Mikhail Sitnov?
Affiliation(s):1- Dartmouth College, 2- HAO/NCAR, 3-Applied Physics Latory

Abstract:

Flow channels are one name for the high speed, trariiesst seen usually in the mid tail also
known as bursty bulk flows (BBF). The head of the BB&wWchannel is a dipolarization front
(DF). It is now generally understood that the flow chdsmaee regions where the flux-tube volume
is reduced, leading to an interchange instability that sglagsna from the deeper tail toward the
inner magnetosphere. Global MHD simulations have repextio@any of the features of BBF's,
but leave a number of questions unanswered. What ieldt@n of reconnection to their
formation, are BBF’'s unique events or do they createitond for subsequent BBF's to follow the
same channel, what controls how far the flow channelstpate the magnetosphere, and what
effect does ionospheric oxygen have of the channeisWWhighlight agreements and
disagreements between simulations, both MHD and kireetit,0bservations. We will discuss how
the simulations have enhanced our understanding andeid iarwhich uncertainty and further
work are needed.
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Abstract:

It is now reasonably well known that meso-scale cbanof fast flow, consisting of reduced
entropy plasma, make a major contribution to nightgides weather disturbances along nightside
plasma sheet field lines. New evidence from ground-baskdgand all-sky imagers (ASIs) is

now suggesting that such flow channels are driven by chmohehhanced flow that impinge upon
the nightside plasma boundary, leading to localized regfitocalized, driven reconnection.
Furthermore, we have obtained preliminary evidence frontsad&ls, and polar orbiting
spacecraft that the polar cap flow channels can atigiftom localized reconnection occurring on
the dayside. If the above suggestions are found to battweuyld imply that a dayside-nightside
connection via flow channels makes a major contributotime driving of Space Weather.
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Abstract:

During geomagnetic storms, the power in ultra-low frequé€bit.F) waves can be orders of
magnitude larger than that predicted by statistics detednfinen an entire solar cycle. This is
especially true during the main phase and early recovesgpfiiese periods of enhanced storm-
time ULF wave power can have significant impacts @rtiorphology and structure of the Van
Allen belts. Either fast inward or outward radiaffd#ion can result, depending on the profiles of
the electron phase space density and the outer bouratatigion at the edge of the belts. Small
changes in the time sequence of powerful ULF wavesilze time sequence of any magnetopause
shadowing and the recovery of plamasheet sources estatthe ULF wave occurrence, has a
remarkable impact on the resulting structure of the .bElts overall impact of the enhanced ULF
wave power is profound, but the response can be veryatitfdepending on the available source
flux in the plasmasheet. We review these impacts Byng@xng seemingly different storms during
the Van Allen Probe era and whose dynamics can lalgetharacterised by changes in the time
sequence described above.
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Abstract:

Needless to say that over the last 15 years, the N'S®A Cluster mission has revolutionized
magnetospheric Physics. Data collected by the firsstedation of four magnetospheric spacecraft
flying in formation has indeed enabled a leap forward in owwkedge of the cusp region,
magnetotail dynamics, magnetic reconnection at thenstagause and in the tail, bow shock
structure and dynamics, foreshock cavities, solar windutence, auroral acceleration region
dynamics, the role and dynamics of oxygen outflow, gtémation and the role of cold plasma,
kelvin-helmholtz waves at the magnetopause and theiimr@kasma entry etc...

But of course, this leap forward does not mean that thiagyis solved, as always: more questions
than answers. This talk will focus on a few unresolyedblems in magnetopsheric Physics
uncovered by Cluster, or at least where Cluster hasilootg@d significantly, including: solar wind
turbulence, magnetic reconnection, ion outflow and aliem@eleration region.
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Abstract:

Statistical studies of auroral breakup and ground magnetigrpations show that substorm onset
usually occurs near 23 local time. If one accepts tlanrgection and associated flows are the
cause of substorm onset, then an answer to the questidrere, when and why reconnection
occurs in the tall is essential to understanding geontiagareivity. Studies in the tail indicate that
the most probable location for reconnection is ihia turrent sheet ~22 Re behind the Earth about
7 Re towards the dusk flank. Substorms typically occur wiahahour after a southward turning
and often at the time of a rapid northward turning ofiBtE. In this presentation we will review
evidence that supports these statements and discusams#os postulated by authors of these
works to explain their results.
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Abstract:

Magnetospheric dynamics are driven by the accumulamnadrelease of open magnetic flux by
magnetic reconnection at the dayside magnetopause #menmagnetotail. Understanding the rate
at which magnetopause reconnection occurs, at both tdwdles during southward IMF and at
high latitudes during northward IMF, is fundamental for ey and quantifying all subsequent
magnetospheric dynamics. This talk will explore wiiatknow, and especially what we don't
know, about the factors that control the magnetopeamnection rate.



Name: Thomas Earle Moore

Title: How do solar wind and ionospheres interact via reection?
Author(s): T E Moore, G A Collinson, K S Garcia-Sage, G V Khana
Affiliation(s): NASA Goddard Sp. Flt. Ctr. Code 670

Abstract:

Dayside reconnection redirects momentum and energytfiersolar wind into the ionosphere,
driving super-thermal flows of plasma relative to atpl@sic gas, dissipating energy in both, and
producing upwelling and massive plasma backflows. This is\Bakg an “ion pickup” process,
akin to solar wind ion pickup in the absence of a magpbtss, but it has yet to be clearly
observed, theoretically analysed or predictively sitedalon pickup taps bulk flow energy to
create a source of plasma wave free energy, wheraastream thinking about ionospheric
heating and outflow casts the ionosphere in theabtesimple wave energy sink. This
fundamental Heliophysical process also appears to prodseeveld ion power law tails, or
“kappa” distributions. In the reverse direction, tleating and backflow of ionospheric plasma
injects into the magnetosphere a cooler and denser cloundterial that is predicted to have both
bulk MHD and plasma physical impacts on dayside and naghtgiconnection. New observations
of this “feedback” on the configuration and rate of rewrction are anticipated from the NASA
Magnetospheric Multiscale mission, commissioning ofolths planned for completion by Sept.
2015.
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Abstract:

The response of the inner magnetosphere to differentagguatic storm and solar wind conditions
is still not fully understood. For example, electruxés in the outer radiation belt can be enhanced
or depleted depending on the energy of the particles, anghtthse or driver of the storm. In
addition, the time scale of the process can vary fromutes to several days. Wave-particle
interaction (such as stochastic diffusion or resbaaneleration) are believed to play an important
role regulating the dynamics of the particles. Howedespite decades of intense theoretical and
observational studies, a definitive framework for theverparticle interactions and the resulting
effects in the magnetospheric dynamics remains an ppeslem. To progress towards a better
understanding of the inner magnetosphere dynamics, a dempleracterization of the
electromagnetic fluctuations during storm should be rekeviere, using Van Allen Probes
observations we address the problem, present our findintygha questions arising from them, on
the importance of possible relations between electhorthe outer belt and the properties of
magnetic fluctuations during storms depending on local timegegeric distance and storm phase.
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Abstract:

ULF waves play an important role in the dynamicsadliation belt electrons during geomagnetic
storms through the action of ULF wave radial diffusionl potentially through coherent drift-
resonance interactions. Here we present a statistiody of the ULF wave power and the response
of the radiation belts during two different types of geomesig storms, those driven by coronal
mass ejections (CMEs) and those driven by co-rotatimgaotion regions (CIRs). Statistical
studies of geomagnetic storms have typically conceti@tesolar wind parameters and the
response of geomagnetic indices, such as Dst, to eimgngtyfrom the solar wind. Using an array
of ground-based magnetometers and the low altitude SAMREAlite we investigate the
magnetospheric response to storm-time driving, including Wa¥e power, trapped radiation belt
electrons and losses through magnetopause shadowingy Mieatharacterise the timescales of
both energization and loss during different types ohgggmetic storms for use in forecasting
models of the radiation belts.



Name: N. @stgaard

Title: Unanswered questions regarding solar wind - magnetosipiberaction.

Author(s): N. @stgaard (1), J.P. Reistad (1), P. Tenfjord (1), KLdundal (1), S. Haaland (1,2),
K. Snekvik (1), S. Milan (1,3)

Affiliation(s):

1) Birkeland Centre for Space Science, Department of &hgsid Technology, University of
Bergen, Allegt 55, N-5007, Norway

2) Max-Planck Institute, Gottingen, Germany

3) Department of Physics and Astronomy, University otésier, UK

Abstract:

From simultaneous conjugate auroral imaging we have leéinaeevhen IMF has a By
component, the auroral features in the two hemisphatiesot be at the nominal conjugate foot
points. The displacement of foot points are stronglyedated to the IMF By or clock angle, which
implies that there is a By component on the closald fine as well. From modeling efforts we
have learned that the By component in the closed magpigtre is not a result of IMF By
“penetration” but is induced by the asymmetric pressure inlbks when the IMF has a By
component. Some studies indicate that it will takeaur lor more to induce this By component
and consequently asymmetric foot points. Our own investiggbased on auroral imaging and
modeling indicate that this is established after 10-20 mén@&e this raises the question, what is
the actual response time of the magnetosphere-ionoghelnanges in the dawn-dusk component
of the IMF. The question is important because suchduced By component controls convection
patterns and possibly strength of Alfven generated aurorawarehts.

Auroral imaging of the two hemispheres has also shtaithere is a statistical significant
brightness difference in the dusk side polar auroraetaded with an IMF Bx component. We have
interpreted this difference in terms of a differentsalar wind dynamo in the two hemispheres.
From auroral imaging we can only establish this for upwarkeBnd (region 1) current
(precipitating electrons) in the dusk side. This diffeeemeans that the energy input in the two
polar caps will be different, but we do not know how laifgs difference can be, and we do not
know if a similar difference exists for the downwardkBland (region 1) currents in the dawn
sector.

Polar arcs or theta aurora have been known to bermptanon that exists during northward IMF
conditions.

Recently, it was shown by Fear et al., 2015 (Sciencé}hibaelectrons producing the polar arc
were on closed field lines. However, polar arcs hdse laeen shown to be a non-conjugate
phenomenon (e.g., Ostgaard et al. 2007), which raises thgoguége polar arcs on closed or
open field lines?
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Abstract:

The magnetospheric substorm is arguably the major miodiability in near-Earth Space which,
apparently unpredictably, dissipates a considerable arabieaamount of energy into the near-
Earth magnetosphere and ionosphere. What processomspes determine substorm onset and its
evolution is a key unresolved problem in magnetosphericgyathough it is evident that both
near-Earth plasma instability and magnetotail reconnegii@y a role in this energy conversion
process.

Recent work has highlighted that the growth and strugwinthe substorm onset arc has all the
hallmarks of a plasma instability operating in space. pvésent both specific case studies and
statistics of the conditions for plasma instabilitythie magnetotail using THEMIS and Cluster
conjunctions with ground-based instrumentation. We ussetbbservations to diagnose the source
of the instability and suggest ways to provide a unique saoltibdi the substorm onset problem.
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Abstract:

We have analyzed the evolution of the radiation Izedta function of energy and time during
transitions from quiet to active/enhanced times and tbairn from enhanced to quiescent states.
The quiet state shows a triangle-shaped inner zonextexids to higher L at lower energies and a
“wave-like” outer zone with an energy-dependent inner boyndde active state shows that the
slot is filled with electrons at energies up to someghold (typically hundreds of keV but, by
times, many MeV). For energies that do not penetratsltdt the inner zone is unchanged and the
outer zone shows an energy-dependent inner boundary thekiapgtes a straight line in
log(energy) vs L. Our analysis of these deep particéeiigns shows several striking features: (1)
In the outer zone, at lower energies there tene tmdre electron enhancements than at higher
energies. Or, said another way, a given event is lik@lg to produce an enhancement of lower
energy electrons than it is to produce an enhanceméme higher energies. (2) Events that fill the
slot region are more common at lower energies. Whéee were no slot-filling events in 2013 at
1.5 MeV there were approximately 7 slot-filling events at K&@ there were at least 24 seen at
234 keV. Another feature is that at lower energieslthe$ in the inner zone become comparable
to or greater than the fluxes in the outer zoneE(8)ancements of electrons in the inner zone are
more common at lower energies. In addition, at loareargies, the inner zone extends to higher L-
shells and consequently the slot region is also at higkéells. (4) Even when events to not fully
fill the slot region, enhancements at lower-enertged to extend to lower L-shells than higher
energies.

The return of the radiation belts from their enhargtate to their quiescent state is dominated by
losses that have energy- and L- dependencies that asisteoih with loss due to hiss. We discuss
the implications of these new observations for our tstdading of radiation belt acceleration and
transport.
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Abstract:

During geomagnetic storms there is strong precipitati@nergetic and relativistic electrons into
the polar atmosphere. This is expected, and supported by thikere whistler-mode and EMIC
waves pitch angle scattering through strong diffusitowever, different theoretical approaches
seem to predict significantly different precipitatidmacacteristics. For example, there seems little
agreement amongst theorists if EMIC waves can indeed signdicant relativistic precipitation.
The lower-energy for EMIC wave-electron interactosaries from values so high as to be
unrealistic in terms of the electrons present inbigles, down to just a few hundred keV. As
another example, the literature contains suggestionsvthstier mode chorus can drive rapid
strong diffusion to produce relativistic electron microbgjrbut also evidence that chorus can only
lead to weak diffusion of relativistic electrons. In thigesentation we will review some of these
apparent inconsistencies.
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Abstract:

Understanding the nature of the solar wind-magnetosphinaction is central to heliophysics.
The size, shape, and structure of the magnetopause, ndsgyraral ovals provide crucial
information concerning the evolving nature of this intdoec SMILE, the Solar wind
Magnetosphere lonosphere Link Explorer mission will ip@ wide field-of-view soft X-ray
imager (SXI) to track the global location, motiongdatructure of the bow shock, magnetopause,
and cusps and an ultraviolet imager (UVI) to track the, shape, and structure of the entire
auroral oval. A top hat light ion electrostatic plasamalyser (LIA) and a pair of three-axis
fluxgate magnetometers (MAG) will provide the simultaune solar wind plasma and
interplanetary magnetic field observations needed tertize three-year long high-inclination,
high-apogee mission self-standing. The soft X-ray imaglees on novel lobster-eye optics to
detect the soft X-rays generated when high chargesiltewind ions exchange charges with
exospheric neutrals in the cusps and dayside magnetosheatoncert with the other instruments,
the science problems to be addressed include the loeatibrate of reconnection on the dayside
magnetopause as a function of solar wind conditidwsnature of the substorm cycle, and the
development of geomagnetic storms. This joint ESA-Chiission is currently in its initial study
phase. If approved, launch is scheduled for 2021. Theomiasil enable a host of correlative
studies with ground- and space-based observatories, whithlkhs®eks to initiate.
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Abstract:

We studied the evolution of ion and electron distributioinctions, approximated by kappa
distributions, in the plasma sheet with the distanom the Earth using the data of the THEMIS
spacecraft mission. Five events were used to calculeemain parameters of the kappa
distribution. For these events at least four spadectkaie aligned along the tail between
approximately 7 and 30 Earth radii. It was found that fa ntiajority of events the values of kappa
increase tailwards. The observed radial profiles coeltelated to the inner magnetosphere sources
of particle acceleration and to the net tailward transpiopiarticles. This net transport is the result
of a balance between the average regular bulk transpeattd the Earth and the turbulent transport
by eddies in the tailward direction.
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Abstract:

Nearly eleven years after the insertion of the @aspacecraft into orbit around Saturn, we have
learned a great deal about the structure and dynamike eécond-largest planetary
magnetosphere in our solar system. In many waysasitoilEarth’s magnetosphere but in several
crucial ways quite different, Saturn broadens our unaledatg of the range of physical processes
that can govern magnetospheric behavior. In particwiarsee how plasma sources internal to the
magnetosphere can combine with rapid planetary rotagiproduce interesting modes of
transport, acceleration, and loss. However, themairefundamental questions about these
processes at Saturn: where they operate, what trigjggars whether they can quantitatively
account for necessary plasma shedding, how they arareguand what the influence of the solar
wind and of the ionosphere might be. At least sontee@Mmany open questions about Saturn’s
magnetosphere will be described in this talk.
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Abstract:

In this presentation, we will focus on unanswered questimncerning the physics of Earth’s
magnetosheath with the goal of addressing the moreroplatgve question of whether
magnetospheric scientists take the magnetosheagindoted. Topics and outstanding questions
that we will focus on include: i) differences betwasetar wind and sheath plasmas; ii) the nature
and effects of turbulence in the magnetosheath andftlct this has on the magnetosphere; iii)
mirror mode wave activity in the sheath and its aftecthe magnetosphere; iv) differences
between magnetosheath plasma downstream of the quasipg&ular vs. quasi-parallel bow
shock; v) how pressure variations, both inherent irsthar wind and self-generated in the ion
foreshock and magnetosheath itself, transmit througlstibath and impact the magnetopause; vi)
the nature of the sheath and its interaction with reexgpheric plasma far down-tail. On each of
these topics, we will ask how particular conditions @adous structure scales in the sheath may
lead to variations in reconnection at the magnetopales&na transport across the magnetopause,
and ultimately, how the solar wind drives magnetosphetivity.
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Abstract:

Recently, there has been quite a lot of discusdiontethe relevance of thermally induced
magnetic fluctuations in plasma, particularly in laboratond solar wind plasmas. These
fluctuations are produced by the random motion of partinlése plasma so that their
understanding requires a kinetic treatment that refieancextension of the fluctuation-dissipation
theorem. In the solar wind, this treatment has be&nta quantitatively describe their relevance to
the observed magnetic fluctuations [Navarro et all,,PR14] for anisotropic plasmas. This
analysis brings the question as to the relevanceesétthermally induced fluctuations in the
magnetospheric setting, in particular related to sinatiwhere the anisotropy of the particles
becomes relevant, such as the particle acceleratbmwave propagation in the ring current,
precipitation in auroras, anisotropic kappa-like distributiothe tail, etc. This analysis could be
useful in the understanding of the turbulence and wavieagga in the magnetosphere.
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Abstract:

An important (and controversial) part of substorm dawelent is the process known as near-Earth
X-line formation, onset of magnetotail reconnectidasmoid formation/ejection, and other names.
The phenomenology of the associated changes in magieédi plasma flow, and energetic
particle populations is reasonably well established frorerwasions, but the underlying physical
process itself is poorly understood. Outstanding open guesticlude: (1) What do we mean by
reconnection when it is assumed to originate in tg@neof closed magnetic field lines? (2) What
is the global magnetic topology of a plasmoid? afagnetic flux rope? are they related? (3) Can
the conventionally drawn two-dimensional plasmoid (Mighd lines that trivially close on
themselves) be generalized to three dimensions? (4) domedepresent a magnetic topology that
is intrinsically three-dimensional, has no planeyshmetry, and in general has only null points but
no null lines? These questions involve fundamental $sabeut the meaning of magnetic topology
and its role in reconnection.
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Abstract:

Spanning back to the beginning of the space physics disciptieegfdhe primary goals has been
to try to predict the occurrence and magnitude of geoetagdisturbances. Over time, the thrust
has matured, and recently a debate has developed as tembetameters within a magnetosphere
can impact the efficiency of coupling of energy fror folar wind into the magnetosphere. On
one hand, it has been suggested that plasma properties theéhhagnetosphere may decrease the
efficiency of reconnection and therefore the couplingrargy from the solar wind into the
magnetosphere. Alternatively, some models predictdngnetosheath will adjust to accommodate
the changes within the magnetosphere and will maiti@isame reconnection rates and coupling
of energy. Spacecraft observations from the THEMISimisand global multi-fluid
BATSRUS/MHD modelling will be presented to test thesmpeting theories.
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Abstract:

One of the ways electrons can be accelerated tivigiie speeds in the Earth’s Outer Radiation
Belt is via the transfer of energy from ELF and VLEwss through wave-patrticle interactions.
These waves are thought to be generated by sources eh&agy in the plasma, e.g. anisotropy at
lower energies (i.e. 1-100keV). The pockets of free gnierthe magnetosphere develop due to
particle drift through the inhomogeneous magnetic fieldjganprecipitation, magnetospheric
compression or combinations of these processes. Inwtnds, the sources of free energy driving
electromagnetic wave instabilities, that in turn driveiple acceleration in the Outer Radiation
Belt, are inextricably linked to the large-scale dynariche magnetosphere. We ask the question
whether it would be better to construct wave modelffadiation Belt dynamics parameterised by
the behaviour of 1-100keV plasma in the magnetospherer thdreby using typical
parameterisations such as magnetospheric activity. Webssevations from Cluster, THEMIS

and Van Allen Probes to make our case. We seek methatdsatihassociate Radiation Belt
dynamics more specifically to the unique evolution ofrtfagnetosphere during each geomagnetic
storm or geoeffective Space Weather event.
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Abstract:

This presentation will addresses the question of "Wleather actual values of ionospheric
conductivity and how do they vary?" The physical formtitas are used to calculate ionospheric
conductivity are thought to be well understood, as wethasonosphere models used to calculate
the values of the Hall and Pedersen conductivity. Owfimer hand, the various numerical
methods that require conductivity values, ranging from dssamilation to MHD models, seem to
end up over or under-estimating the electric potentiatsagnetic perturbations. There is also the
guestion of how variations in conductivity in both hgrhsres influences the coupling with the
magnetosphere. A review summary of what is knownptbblems, and what is unknown will be
presented.
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Abstract:

In-situ observations of heavy ions in the plasma shektiag current have repeatedly
demonstrated the importance of the ionospheric sounsaghetospheric plasma. Only recently,
however, have first-principles-based global modelsighedl this dynamic plasma source. These
studies have revealed a plethora of new processeshtraicterize the ionosphere not merely as a
source of plasma, but as an integral part of the noaflimagnetosphere-ionosphere system. This
presentation highlights the outstanding unsolved probieitigs area, including the effects of
outflow on reconnection and cross polar cap potentialpbtential influence of heavy ion outflow
on substorm and sawteeth oscillation development, agaetasphere/outflow feedback loops.
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Abstract:

What is the relative importance of small-scale, optrysical plasma processes to those occurring
on macroscopic scales? This is a fundamental and Uvedsguestion in plasma and astrophysical
research. In my talk, | will highlight and explore somork we have done showing the importance
of wave-particle interactions in the macroscopic dynamidke terrestrial radiation belts,
interplanetary shocks, and the terrestrial bow shacleach region, we find that small-scale waves
can play an important role in the evolution of thieége-scale regions and phenomena. For
instance, in the radiation belts, we observed whistletemeaves with (peak-to-peak) amplitudes
exceeding 8 nT. When we estimated the maximum kinetiggrgain, using the fully nonlinear
equations, of an electron interacting with this wave magefound an energy change between
~30-70 MeV. When we compare to the linear estimate afdeémum energy gained by
accelerating through the electric potential of one wength, we find values 3 keV. This

example is illustrative of the importance of electagmetic waves -- found in every heliospheric
environment we have explored -- in the large-scale dyrsmafimany other heliospheric and
astrophysical phenomena.



